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Owl Heat& 
RCCOGNITION 

The quick -acting principle in a.e. 
tubes is now, more than ever, ac- 
corded full appreciation by set and 
tube manufacturers, jobbers, dealers 
- and, most important, consumers. 

Arcturus pioneered that principle 
over three years ago, in May 1928 - 
with the famous 7- second action tube. 

This Arcturus contribution niet 
with immediate success as users no 
longer were willing to tolerate the 
delay in getting reception caused by 
the old slow- heater. The demand for 
quick- heaters has become so insistent 
that the old slow -heater type has now 
been relegated to an inferior classifi- 
cation and must of necessity be priced 
appreciably lower. This difference in 
list price is evidence that the superior 
merits of the quick -heater are fully 
appreciated. 

A lower price for slow -heaters is 
unimportant to set users. They will 
not sacrifice efficiency for price. So 
they demand quick- acting tubes. 

Arcturus Blue Tubes are all quick - 
acting -the same as the original 
"7- second tube ". Arcturus quick -act- 
ing tubes are positively not affected 
by "hum ". Arcturus quick- acting 
tubes have become the standard of 
the industry. 

ARCTURUS RADIO TUBE CO.,Newark,N.J. 

AOCTU S 
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Only the H Process 
can produce speaker diaphragms 

Ito meet these 4 specifications 

Flexibility 
The most critical part of the diaphragm is the 

flexing ring. The Hawley one -piece moulding 
process produces a mounting flange, flexing ring, 
and diaphragm in one piece. Subsequent treat- 
ment after moulding provides extreme flexibility 
in the flexing ring and thus furnishes a support 
for the diaphragm rim which is so uniformly flex- 
ible that perfect tone quality is obtained. 

Light Weight 
Hawley diaphragms are moulded by the special 

Hawley process. The Hawley diaphragm is a 

marvel of light weight and great strength. The 

diaphragm is devoid of inherent strains. The usual 
tonal distortions produced by "posted -up" dia- 
phragms are eliminated. 

Rigidity 
The apex has extreme rigidity in the area 

surrounding the voice coil. Response to har- 
monics is improved and greater realism in tone 
quality is obtained. 

Special Design for Each 
Speaker 

Hawley diaphragms are engineered and 
moulded to individual specifications for each 
speaker. Hawley acoustic engineers are at your 
service. Follow the example of world's leading 
radio manufacturers and standardize on Hawley 
Moulded Diaphragms. Submit your specifications 
for a Hawley quotation, today. 

THE HAWLEY HALL OF FAME 

HAWLEY 
MOULDED() DIAPHRAGMS 

These famous radio set and speaker manufacturers 
equip their speakers with Hawley Moulded Diaphragms 

Magnavox 
Utah 
Stewart -Warner 
Operadlo 
Lansing 
Colonial 

Jensen Majestic 
Rola Stromberg -Carlson 
American Bosch Crosley 
Trans. Corp.of Am. Melbar (Germany) 

p. Smith Stomping Sachenwerk 
Germany 

Oxford Feldman (Germany) 
Radio Products Neufeldt 8 Kuhnke 

Northern Engraving Angsten .Germany 
Best Quam -Nichols Co. Platon Texido (Spain) 

HAWLEY PRODUCTS COMPANY, 201 N. FIRST AVENUE, ST. CHARLES, ILLINOIS 
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REDUCTION IN PRICES OF RADIO 

RECEIVING TUBES 

WE wonder how the tube manufacturers 
can produce these modern dependable 

tubes for the lowered prices announced in 

October, but no doubt they know their 
business. 

What there is of sales resistance due to 
cost of receiving tubes for replacement 
should melt away in view of the new prices. 

RCA Radiotron, Arcturus, Cunningham, 
Sylvania and other tube manufacturers 
have reduced prices of receiving set tubes 
to a point where for $7.00 to $9.00 all of the 
tubes in an average eight -tube receiver may 
be replaced. 

If an immediate market of one hundred 
million tubes at a total cost approximately 
$120,000,000.00 can be sold within the next 
four months, the reduction in price will 
probably be a stimulating, constructive move. 

BRYAN S. DAVIS 
President 

JAS. A. WALKER 
Secretary 

Published Monthly by 

Bryan Davis Publishing Co., 
52 Vanderbilt Ave. 

New York City 

Inc. 
E. M. BACON 

Advertising Manager 

J. E. NIELSEN 
Circulation Manager 

Chicago Office -333 N. Michigan Ave.- Charles H. Farrell, Mgr. Kansas City Office -306 Coca Cola Building -R. W. Mitchell 
St. Louis Office-505 Star Building -F. J. Wright San Francisco Office -155 Sansome St. -R. J. Birch 

Los Angeles Office-h16 S. Broadway -R. J. Birch 

F. .'terril ne second rias m^tter August 26. 1931, at the Post Office at New York. N. Y., under 
Act of March 3, 1879. Yearly subscription rate $2.00 in United States. $3.00 in Canada 

and torcign countr es. 

c.. 
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You Will Find These Important Plus Values 

Behind Radio Tubes 
Made By 

Hygrade Sylvania Corporation 

1. Production Facilities 
The facilities of Hygrade Sylvania per- 
mit the economies of mass production 
(70,000 tubes a day) without any lower- 
ing of quality standards. Efficiency in 
inventory control assures every pur- 
chaser of new fresh tubes. 

2. Financial Strength 
One of the outstanding successes in the 
tube industry, Hygrade Sylvania offers the 
assurance of financial strength. There 
is no danger that economic pressure will 
effect any let -down in quality or falling 
off in prestige. This manufacturer is 
in the business to stay. 

3. Engineering Skill 
The success and growth of Hygrade 
Sylvania have been attended by the de- 
velopment of a large, highly competent 
engineering staff, abreast of the latest 
developments and able to handle the 
growing demands of the set manufacturer. 

4. Experience 
Hygrade Sylvania has an enviable back- 
ground of experience, drawn from years 
of close co- operation with some of the 
country's most exacting and successful 
set manufacturers. 

NO OTHER RADIO TUBE 

MANUFACTURER IS GEARED SO 

WELL TO THE REQUIREMENTS 

OF THE RECEIVING SET 

MANUFACTURER 

HYGRADE SYLVANIA CORPORATION 
HYGRADE LAMP DIVISION SYLVANIA DIVISION 

SALEM, MASS. EMPORIUM, PA. 
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CHANNELS FOR I RVING LANGMUIR, so 
far as the writer is in- 

formed, was the first engi- 
neer publicly to propose the 

utilization of micro rays for communication 
services. At the annual dinner of the Institute 
of Radio Engineers, New York, held in Janu- 
ary, 1926, Dr. Langmuir in a memorable ad- 
dress boldly suggested a way out of the con- 
gestion obtaining at that time in the ether chan- 
nels employed in broadcast and other commu- 
nication services. 

Little of practical use had been made of wave- 
lengths less than 22 meters, and only wave- 
lengths abòve 100 meters were employed com- 
mercially. 

Dr. Langmuir predicted that with further 
study and experiment it would be found that 
waves less than a meter in length might be put 
at work. 

The demonstration of March, last, between 
a station on the Dover cliffs, England, and a 
station near Calais, France, showed that wave- 
lengths as short as 10 centimeters could be em- 
ployed for commercial radio communication. 
The utility of micrometric wavelengths with a 
radiated power of but one -half watt was dem- 
onstrated. 

It appears now that by employing ultra short 
waves the radio spectrum for limited transmit- 
ting distances is expanded sufficiently to pro- 
vide space for the bands required for television. 
It is reported that the NBC has leased the top 
of the new 1,250 foot high Empire State Build- 
ing, New York, for the purposes of television 
transmission. Ordinary radio waves may be 
earth waves or sky reflected waves. Ultra 
short waves are like light rays in that they 
travel in a straight line. The higher the point 
of transmission the further away is the limit- 
ing horizon. 

TELEVISION 

EXCLUSIVE 
DEALERS 

SO long as there are more 
than a hundred manu- 

facturers of radio receivers, 
each manufacturer doing 

what he can to make sales, it is not possible 
for all dealers in the country to handle the 
receivers of only one manufacturer. Many 
dealers handling the products of only one 
manufacturer are doing good business and 

4 

are satisfied to handle but one line. The ex- 
clusive dealer of the X line may receive a 
discount of 35 per cent on parts for replace- 
ment purposes, while another dealer in the 
same locality handling the Y line has to pur- 
chase parts for any X receivers he may be 
called upon to service at a price carrying a 
much smaller discount than 35 per cent. 

This is one of these merchandizing situa- 
tions which has arguments on both sides. 
In many cases owners of X receivers prefer 
to have their servicing done by the particu- 
lar dealer who happens to handle only Y 
receivers. In these cases the dealer in Y 
receivers complains that he is penalized 
when he repairs an X receiver by having to 
get along with less profit than the X dealer 
would have from the same job. 

It is a noteworthy circumstance that the 
respective dealers seem to be getting along 
more amicably than are the respective man- 
ufacturers. In an effort to cooperate X deal- 
ers and Y dealers are supplying each other 
with replacement parts on a basis where the 
charge to the customer is uniform and 
where the profit is the same, no matter who 
makes the repair. 

Yes, we have heard the other side of the 
story and have listened to all the harrowing 
difficulties which beset manufacturers in 
their search for dependable, go- getter deal- 
ers, but there is a strained situation here 
worthy of business -like consideration. 

SHORT 
WAVES 

ELIEVING the ultra 
short -wave bands of 5 

meters and under offer 
great possibilities in radio, 

especially in television, Dr. E. F. W. 
Alexanderson has arranged for broadcast- 
ing one hour programs twice a week over 
W2XAW, operating on 5 meters. These pro- 
grams, the same as broadcast by WGY, will 
be sent out from 5 to 6 o'clock every Tues- 
day and Thursday afternoon. 

c7Zoil aJc c(_m-q-17,Cat 
Editor 
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MAKERS OF ELECTRICAL EQUIPMENT 

SAVE IN ASSEMBLING 
SLATE, EBONY ASBESTOS, BAKELITE, DUREZ, STEEL 

Western 
Electric 

CUTLER 
HAMMER 

Make superior fastenings at lower cost with Self - tapping Screws 

Manufacturers who make fastenings to slate, ebony 
asbestos, Bakelite, Durez and steel can profit by the ex- 
perience of the leading makers of electrical equipment. 
For these concerns have solved the problem of making 
fastenings to such materials securely and economically. 
They use Hardened Self- tapping Screws and Hardened 
Metallic Drive Screws. 

A cost comparison on a test assembly job, which led to the 
wide use of Self- tapping Screws by a great concern 
named above, is sufficient to show the notable economies 
effected by these Screws. This manufacturer adopted Self - 
tapping Screws in place of lead anchors and wood Screws 

for the job of fastening cleats and other wiring devices 

1--wr.r 

Type "Z" Hardened Self- tapping Sheet Metal Screws 

For joining and making fastenings to sheet metal up to six 

gauge; also aluminum, die castings, Bakelite, etc. Simply turn 
Screw into drilled, pierced or molded hole. It forms a thread in 

the material as it is turned in. Can be removed and replaced. 

to switchboard panels. Comparison of costs proved that 
Self- tapping Screws saved $3,120 a year in time, labor and 
material. A stop watch showed that a workman could make 
a fastening in 13 seconds less time. Before adopting the 
Screws for other assemblies, they also subjected them to 
security tests which demonstrated that Self- tapping Screws 
actually make stronger as well as cheaper fastenings. 

It will pay you to carefully consider Self- tapping 
Screws for your own fastening jobs. Let our Assembly 
Engineers tell you whether you can use these Screws to 
advantage. It costs nothing. Just attach a description of one 
or more assemblies when you mail the coupon for the 
booklets below. 

Type "U" Hardened Metallic Drive Screws 

This type of Self -tapping Screw is used for making perma- 
nent fastenings to iron, brass and aluminum castings, steel, 

Bakelite, Durez, etc. Just hammer the Screw into a drilled or 
molded hole. It forms a thread in the material as it is driven 

l 

PARKE R-KALON ci/ardened Self-tapping Screws 
PAT. IN U. S. AND FOREIGN COUNTRIES 

<- 14 Unbiased Reports on Savings. Scientists Explain Fastening Security -i 
PARKER -KALON CORPORATION, Dept. L, 190 -198 Verick Street, New York, N. Y. 

Send me free booklets on the Security and Economy of assemblies made with Self- tapping Screws. 

Name and Co. 

Address. 
....r.,I Rug I 
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Listening habits of 
radio broadcast 
audience 

WITHIN a radius of 125 miles of Pittsburgh, Penna., 
the principal KDKA audience zone, there are 5,891,- 

00(1 people representing 1,450,000 families -4.6 per cent 
of the total national population. 

It is difficult for one, unaccustomed to broadcasting reac- 
tions. to visualize the vastness of a radio audience. But 
the listeners are there, nevertheless. They live quietly 
until something disturbs their equilibrium. When "Amos 
'n' Andy" were changed to seven o'clock eastern standard 
time, it meant that on the west coast it was four p. m. Did 
listeners like it? They did not, and, what is more, they 
wrote in and said so; not by twos and threes, but by the 
thousands. 

It is this spontaneity of reactions found only in broad- 
cast advertising, which early indicates the likes and dis- 
likes of the listeners for the program and the product. 
Thus, being able to feel the pulse of the market, as it were, 
it is possible for the consistent user of broadcast advertis- 
ing to guide this powerful selling aid to produce the results 
desired. 

SEVERAL things influence the listening habits of the 
radio audience. Reception, weather conditions, living 

routine, time of day, season of year, etc., all have a direct 
bearing, but by far the outstanding influence is the pro- 
gram. Popular programs will win and hold the audience. 
Listeners will switch from one station to another to hear 
programs they like; they will even inconvenience them- 
selves in order not to miss a favored one. Very popular 
programs increase the size of the normal audience at a 
given hour. Not so long ago seven p. m. was considered by 
advertisers as a low audience time. Since the advent of 
Amos 'n' Andy the demand for space near this hour ex- 
ceeds the supply. 

With 97.7 per cent of the people interviewed having no 
choice of days for listening, which is verified by the even 
distribution of mentions of programs on all days, there 
appears to be no "best day" of the week. 

Because of the limitations imposed by occupational ac- 
tivities which take men and women to places of employ- 
ment and the children to schools, etc., a program cannot 
win and hold as large an audience during the daytime 
hours up to four or five p. m. However, the daytime 
audience, a great proportion of which is adult females, 
affords to the advertiser, in many cases, an opportunity 
to get his message to the group he is trying to reach under 
very favorable conditions. 

The accompanying curve shows the listening habits of 
the audience in the Primary Zone of Influence of Station 
KDKA, hour by hour on an average day. It was plotted 
from the 21,550 program mentions in reply to the ques- 
tion. "What programs did you hear yesterday ?" 
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MAGNET WIRE 
of EVERY TYPE and SIZE 

Specify General Cable Magnet Wire ! Available in a wide variety 

of sizes ... round, flat or square ... with insulations of enamel, 

cotton, silk, paper or asbestos. Manufactured under rigid inspec- 

tion, its uniform high quality will meet the strictest requirements. 

COILSGeneral Cable's coil facilities - engineering assistance, manufac- 
ee ..'?g experience and productive capacity - are at your service. 

GENERAL CABLE CORPORATION 
EXECUTIVE OFFICES: 420 LEXINGTON AVENUE, NEW YORK CONSULT OUR NEAREST OFFICE 

www.americanradiohistory.com

www.americanradiohistory.com


Page 8 RADIO ENGINEERING 

NEW 

70 
.Series 
A FEW OF OUR 
OTHER UNITS 
(Volume and Tone Controls) 

No. 20 Series 
Tandem Unit 

No. 40 Series, with "Under- 
writers' Laboratories Inspect- 
ed" Switch. Rated 1.5 Amps. 
250 Volts, 3 Amps. 125 Volts. 

No. 20 Series 
Single Control 

No. 20 Series, with "Under- 
writers' Laboratories Inspect- 
ed" Switch. Rated 1.5 Amps. 
250 Volts, 3 Amps. 125 Volts. 

No. 70 Series with Switch No. 70 Series, without switch 
"Underwriters' Laboratories Inspected" Switch. Rated 1.5 Amps. 250 Volts, 3 Amps. 125 Volts, 

Dominant among Volume 
and Tone Controls because 
of superior quality and value 

Leadership in any industry usually is founded upon several 
factors, not the least of which are that the product itself must 
be of superior quality and of unquestioned value. 

Our Volume and Tone Controls have won their position of 
dominance in the radio industry through sheer merit plus an 
easily recognized value. 

Striking examples of this are to be found in our recently 
announced "70" Series Composition Element Volume and 
Tone Controls, and in our No. 20 Series Wire -Wound Units, 
both of which are outstanding achievements in their respective 
fields. 

Our new "70" Series Controls offer surprising value and 
high quality in a low- priced unit of the composition element 
type. Similarly, our No. 20 Series, with its specially designed 
contact member, provided the first really practical solution of 
the problem of noise in wire -wound Volume and Tone Controls. 

We shall be glad to send full details of the seasoned principles 
involved in the construction of these controls, and invite 
inquiries from interested engineers. If you will send us exact 
specifications, we will, without obligation, submit samples 
free of charge. 

CHICAGO TELEPHONE SUPPLY CO. 
HERBERT H. FROST, INC. 

SALES DIVISION 

General Offices ELKHART, INDIANA and Plant 
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WHEN HOURS COUNT 
.. 

caa. 

0.4 °U \ \ ` 
.if ' 

Nr 

\N`a 

n emergency 
... when the un. 
expected happens 
... when each hour 
saved in material receipts means an 
hour gained in production ... in these 
emergencies you will find Inca ready 
to rush your order through at top =speed. 

There are times when reliability in de. 
livery is as vital as reliability in the 
product itself. 

Moreover a full and detailed record of 
each customer's requirements makes 
possible accurate and prompt ínterpre= 
tation of phone and telegraphic orders. 

4. a.h:. wá.-` 

"Hail Cuzco, glorious 
city, I salute thee!' 
Thus the Inca always 
greeted his capital city 

' when approaching it 
from afar. 

It 
feitAL 

MANUFACTURING DIVISION 
of NATIONAL ELECTRIC 

PRODUCTS CORPORATION 

FORT WAYNE, INDIANA 
Eastern Cffice: 433 Broadway, New York City 
Western Cffice: 1547 Venice Blvd.; Los Angeles 
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9 
REASONS 
why the latest development 
of the pioneer socket manu- 
facturer will be preferred by 
the Radio Industry in 1932. 

1 

SERIES 

BETTER CONTACT 
Eight points of contact on each tube prong. 

2 LASTING TENSION 

3 
Double action contacts provide double tension. 

TENACIOUS GRIP 
Easy insertion. Sets may be safely shipped 
with tubes in place. 

4 BUTTON GUIDE 

5 
Button type guide available if desired. 

SPEEDIER PRODUCTION 
Rigid, elevated soldering surfaces - heavily 
cadmium plated. 

6 SPACE ECONOMY 
Elimination of superfluous insulation makes 
for smaller space requirements and lower costs. 

7 GREATER INSULATION 
The 500 series has more insulation between 
contacts than any other inserted contact type 
socket. 

8 

9 

TERMINAL CHOICE 
Notched, slotted hole or hook type solder 
terminals available. 

SIZE SELECTION 
About thirty variations of size and contact 
arrangements with 11/2"-11;,"-I ..° mounting 
centers. Special mounting centers can be 
furnished to your specifications. 

Patents pending in U. S. 
and foreign countries. 

CENTRAL RADIO CORPORATION 
BELOIT WISCONSIN 

MOO CRC MEN 
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Pee 
Prot/ h 
_with this 
_Modern 

Lock Wash 

fr 

THE Shakeproof Lock Washer saves 
many precious minutes on the assembly 

line. It locks tight with only one quarter 
turn and because it is made in one continuous 
circle, it is spreadproof and tangleproof, too. 
What's more, the patented twisted teeth of this 
superior locking principle bite into both the nut 
and work surface. Vibration forces these power- 
ful teeth in deeper and the result is a lock that 
will not loosen. 

u.1. Patents 

1,411,564 

1,604,122 

1,617,154 

t.712.m 

Other ..Imis 

eW1.t. 
Fm11n Mlmis. 

Give your product the advantage of Shakeproof 
protection. It will improve performance and 
reduce service requirements to a minimum. Send 
the coupon below for free samples -mail it today! 

SIIAKEPROOF 
Locl¿WasherCompany "lt's the 

" 

T'wistea 

(Division of Illinois Tool Works) th 

2509 North Keeler Avenue, Chicago, Illinois Locrc 

Type 12. Internal Type 20 
For Type 1 I. External Type 15. Countersank Locking Terminals 

S. A. E. and Standard For Standard Bolls For all Countersunk For Radio and 
Machine Screws and Nuts Screws Electrical Work 

Shakeproof representatives are located in the following cities 

New York City Philadelphia Boston Pittsburgh Schenectady Cleveland 
Detroit Toledo Cincinnati Birmingham, Ala. Dallas, Texas Milwaukee 
Los Angeles Seattle San Francisco Toronto, Ontario, Canada 

COUPON 
Gentlemen: We want to test your Shakeproof Lock 
Washers. Kindly send us samples as indicated. 

Type Size 

Type Size 

First Name 

Address 

City Stale ....... 

By ,.. Till e « ................. 
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.. 

STANDARDS 

. . 

By AUSTIN C. LESCARBOURA 

IT is interestin g to watch the shift 
in radio standards. Some manufacturers are becoming in- 
creasingly conservative in their ratings. Certain resistor 
manufacturers, for instance, have deliberately decreased 
their wattage ratings so as to play absolutely safe. Other 
manufacturers are becoming increasingly rash in their 
ratings, in trimming costs by the crudest method so as to 
steal a march on competitors. 

The price market which now prevails will stand much 
watching in the absence of iron -bound standards. Unscru- 
pulous manufacturers are going to cut corners. Radio 
assemblies stand in danger of unexpected breakdowns be- 
cause of altered standards. 

It will be well for buyers to specify exactly what they 
want by way of materials and components, and to see that 
their purchases come within the terms of the specifications. 
Never before has the radio industry seen so much threat- 
ened short -changing in quality as now looms up on the 
horizon. 

DYNAMIC MICROPHONE 

ND now it's the dynamic 
microphone, following in the footsteps of the condenser 
microphone, the double carbon button microphone, the 
electromagnetic microphone (the phonetron of early WJZ 
history) and the original Bell Telephone microphone of the 
beginning of broadcasting. 

The idea is by no means new, yet the engineers have now 
worked out remarkably compact designs for the dynamic 
microphone. Several months ago we were asked to attend 
an informal demonstration of a dynamic microphone worked 
out by a very clever young engineer. The microphone 
proved capable of reproducing the voice and the piano with 
a naturalness that proved positively uncanny. However, the 
design was much bulkier than that now being introduced in 
broadcast studios. 

With a choice of microphones, the broadcaster can now 
make certain of the most desirable pickup technique. 

RCA SETTLES 

Y and large, the main news of 
the past month is the settlement of the long drawn out dis- 
pute between RCA and a number of independent tube 
manufacturers over the so- called Clause 9. Several years 
ago the DeForest Radio Company, then in receivership, 
began suit against RCA on the grounds of restraint of trade 
and unfair competition, based on the contract entered into 
between RCA and its radio set licensees, Clause 9 of which 
stipulated that only RCA or RCA licensed tubes were to be 
used as initial tube equipment in such sets. The DeForest 
organization and other independents claimed that their re- 
spective businesses had been seriously impaired by the 

Clause 9 practice. After long litigation, the courts ruled 
that RCA was guilty of restraint of trade and unfair corn - 
petition, and that the sufferers were entitled to triple 
damages. 

The suits have been settled -and at bargain prices. It is 
doubtful if RCA could have picked a better time to settle 
with most of the independents, sorely in need of ready cash 
at this time. The legal atmosphere is become more and 
more clarified, and it does begin to look as though radio 
firms will at last turn to radio manufacturing and merchan- 
dising as a means of making money for their stockholders, 
rather than banking on damages that may never be collected. 
Certainly the trade and the public will benefit by having 
manufacturers pay more attention to their business than 
ever before. Whether or not an all- inclusive patent pool 
comes out of all this settlement, there can be no denying 
the general clearing up of what has been a mighty 
troubled atmosphere. 

TELEVISION 

ELEVISION demonstrations 
are again in season. The latest equipment shown at radio 
shows bears all the marks of careful engineering, while the 
results promise sufficient entertainment value to find a place 
in the average living room. But when do wÇ get some real 
television production ? That's the question just now. 

It is positively annoying to note the manner in which 
television production is being delayed. Perhaps this is the 
natural reaction from earlier days when crude models were 
rushed into production on a scale hardly warranted by the 
engineering status of the struggling art. But today, the 
latest designs warrant a reasonable production at least to 
meet the demand which already exists without the aid of 
real sales promotion. 

Our impression is that unless the designers of good tele- 
vision equipment get under way without more delay on a 
production to at least meet the existing demand, they are 
going to find themselves displaced by that group of small, 
snappy, enterprising operators who know a good thing when 
they see it, and waste no time in exploiting it. Already the 
small operators are manufacturing kits and complete sets 
on a scale that is astonishing. While the television leaders 
are demonstrating, romancing and probably stalling, the lit- 
tle fellows are cleaning up by straightforward production 
and merchandising methods. 

CABINETS 

F the many impressions 
gathered at the New York Radio Show, one stands out in 
bold relief, namely, the striking absence of originality in 
cabinet designs. At a time when modernistic design is 
scoring so heavily and when eye value is of greater im- 
portance than ever in prying the public away from its 
money, one would naturally expect some striking innova- 
tions in radio cabinets. From this angle at least, the Radio 
Show has proved a disappointment. 
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Give his voice 
a good send-off! 

... with tubes that last two and 
three times their expected life 

Leading radio stations safeguard their reputa- 

fion for quality sound transmission by using 

only Western Electric vacuum tubes. They know these tubes 

are backed by 50 years of telephone making -that the name 

Western Electric assures uniform characteristics and long 

life! That holds good too for cathode ray oscillograph 

tubes, vacuum thermocouples and ionization manometers for 

The No. 242 -A ... a 50 Watt Three Element 
General Purpose Vacuum Tube. Characteristics: 
Filament Voltage 10 volts 
Filament Current 3 25 amperes 
Plate Voltage 750/1000 volts 
Plate Current . . . . 49/95 milli- amperes 
Grid Voltage 30/60 volts 
Plate to filament Impedence 2500/4000 ohms 
Amplification Constant 11/13 

use in the laboratory -and for photo -electric 

cells used in Sound Systems in theatres and talking picture studios. For electronios equipment, made to 

Bell System standards of performance, rely upon the natural leader in sound transmission- 

Western Electric! Mail the coupon - or write us what kind of electronic equipment you are interested in. 

Western electric 
ELECTRONIC EQUIPMENT 

Distributed by GRAYBAR Electric Company 

--I 
GRAYBAR ELECTRIC CO. RE1I.31 
Creybar Building, New York, N. Y. 
Gentlemen: I would like information on the following electronic II 

equipment: 

Tubes I am now using are 

! 
f 
N 

C 

NAME 
1`r 

ADDRESS 

CITY STATE ----------- 
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Back of Textolite Laminated .. . 
Years of Research 

Years of insulation research are be- 
hind the G -E insulators that protect 
this G -E experimental "lightning gen- 
erator" front a 15 foot bolt, 5,000,000. 

volt artificial lightning discharge 

and Manufacturing Practice 

Uniform durable insulation is vital to 
the satisfactory performance of the 
stationary armature for this G -E 

30,000 -kw. synchronous condenser 

are behindTextolite Laminated 

Proved service also characterizes these 
representative parts made front Text - 

olite laminated 

more than 40 YEARS 
Experience with All Types 

of Insulations 

For more than forty years, insulation has been a basic 

consideration of G-E engineering. 

Generators - motors - high- tension cable - vacuum 

tubes - the reputation of these and every other G -E 

product would not be maintained without high quality 

insulation. For this reason, G -E engineers and research 

men have steadily worked and progressed toward ulti- 

mate excellence in insulation. 

The long experience and extensive facilities of General 

Electric are back of Textolite laminated. It is especially 

appropriate for insulation needs in radio and electronic 

applications. Ask the G -E office in your vicinity about 

Textolite laminated, or inquire of the eastern or western 

fabricators. 

General Fabricating Co. 
37 East 18th St. 

New York City 

Electrical Insulation Corp. 
308 W. Washington St. 

Chicago, Ill. 

GENERAL 
ELECTRIC 
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- The good old days - 
By DONALD MCNICOL 

IT is one of the paradoxes of life that young 
men lacking long experience and a profound 
knowledge of life are as a rule optimists, 
while older men view the happenings of their 

times as of direful portent. 
This truism has perhaps obtained in all ages. 

The children in all ages have gamboled and 
frolicked until, each night, fatigue and dark- 
ness overcame them, while older folks at the 
same time gravely expressed fear that catas- 
trophe was just topping the hill and soon would 
engulf humanity, making ruin of all. 

Most of the apprehensive headwagging going 
on today is that done by those who have passed 
the meridian of life's span : youth has no fears 
for the future and is little disturbed by the 
colorful happenings of the day. 

And youth is right. When those who are 
now old were young, they were right in ac- 
commodating themselves to the constantly and 
rapidly changing conditions then experienced. 
As men grow old they look for serenity - for 
peace and quietness, but the daily press brings 
to them, seemingly, nothing save accounts of 
heedless and reckless activities of individuals 
bent upon rending the fabric of society. 

Expressions one often hears emanating from 
the armchairs around the chimney corner refer 
to "the good old days." The good old days! 
When could they have been? Was it the period, 
say, from the close of the civil war until 1890? 
1n that period there were no Big Four to wield 
a big stick : there were no Bolsheviks, known 
as such ; there were no soulless corporations. 
and there was no League of Nations begging 
for ratification. 

But, let us, for a moment, recall some of the 
events which the newspapers of those days 
played up in headlines. 

Let us start ten years after the civil war 
closed, to get away from its immediate recon- 
struction period. 

In January, 1874, it required the presence of 
United States troops in the Louisiana State 
House at New Orleans to protect the convening 
of the Legislature. In 1875 the chief clerk of 
the United States treasury, and the President's 
secretary were indicted for complicity in 
whiskey frauds in the west. In 1876 the Secre- 
tary of War was arrested for accepting money 
in consideration of appointments to office. In 
that same year the Sioux Indians massacred 305 

officers and nien of General Custer's command. 
In 1877 eleven "Molly Maguires" were hanged 
at Pottsville, Pa., for murder ; and in that year 
a railroad strike occurred which necessitated 
the calling out of State and Federal troops in 
five states, 200 lives being lost in Pittsburg, 125 
locomotives destroyed and 3,500 railroad cars 
burned. In 1878 a yellow fever epidemic in 
New Orleans claimed 4,000 lives, and in the 
same year a big savings bank in New York was 
robbed by burglars who carried away about 
$3,000,000. In 1881 an assistant Postmaster 
General had to resign on account of "Star 
Route" mail frauds. In 1882 the Government 
had to take steps to prohibit polygamy, and in 
the West Jesse James was unloading express 
cars between stations. In 1884 at Cincinnati, 
Ohio, there was a three days' reign of mob rule 
and terror as a result of an unpopular jury de- 
cision. The jail and courthouse were wrecked. 
and after the affair had ended forty -two dead 
and 120 wounded were counted. In 1885 a mob 
at Rock Springs, Wyo., massacred fifty China- 
men. In 1888 the Knights of Labor started 
business and for a time tied up half the rail- 
roads of the country; and in Chicago, in that 
year, it was found necessary to hang eight 
anarchists. 

The foregoing incidents are only a few of 
the happenings which the daily papers chron- 
icled in "the good old days." 

The foregoing paragraphs constituted an 
editorial written and published by the writer 
in the year 1920, at which time it was the com- 
mon view that the ribs or the guy -wires of 
civilization had given way, and that the people 
of the world were in for a final drubbing. 

It is thought that the matter is worth reprint- 
ing now -a decade later. 

Industry and civilization came out of the 
1920 crash -not quickly nor easily, but warily. 
Two or three years passed before confidence 
was restored. During the process of recovery 
the Western Electric Company, the Standard 
Oil Companies, the Brooklyn Edison Company 
and other going concerns had to issue 7 per cent 
bonds in order to survive and carry on. 

Throughout the country at the present time 
there are some gentlemen who have long mem- 
ories who believe that the fortunes of the fu- 
ture are being planned today -and that a time 
will arrive when people will refer to the decade 
1931 -1941 as The Good Old Days. 
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RC A Victor 
Standard Signal Generator 

TYPE TDiV -18 
and 

Beat Frequency Oscillator 
TYPE T M V- 28 

AN IDEAL PAIR 
for Receiver Measurements and General Laboratory Calibration 

MAY BE USED SEPARATELY OR IN COMBINATION 

Embodying the Features of 
HIGH OUTPUT VOLTAGE 
ACCURACY AND CONVENIENCE 

WIDE FREQUENCY RANGE 
HIGH PERCENTAGE OF MODULATION 

Specifi 
TM V -18 

STANDARD SIGNAL GENERATOR 
Output Voltage -0.25 microvolt 

to 2 volts 
Frequency Range -75 to 10,000 k.c. 
Percentage Modulation -0 to 80 
Push - Pull Radio Frequency Oscillator 
Power Supply -External Batteries 

cations 

Work 

TMV -28 
BEAT FREQUENCY OSCILLATOR 

Power Output -0.75 watts 
Frequency Range -30 to 10,000 cycles 
Impedance Range -2 to 24,000 ohms 
Reed type Frequency Meter for Adjusting 

Calibration 
Power Supply- External Batteries 

RCA Victor Company, Inc. 
INDUSTRI AI. PRODUCTS DIVISION 

Camden, N. J. 
"Radio Headquarters" 
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The electric 

condenser 
By R. A. LANE* 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII Illlllllllllill Illllllllllllilllllllllllllllllllllllllllllllllllllllllilllllllllllllllllllllllllllll !III 

A technical presentation of the subject of condenser 
design and assembly. The condenser considered is the 
foil -paper type, such as used in telegraph, telephone, 
radio and power factor operations. 

IN looking into the history of con- 
denser development, we find that 
the pioneer investigators discovered 
the ability of a dielectric to store 

electrical energy, before they under- 
stood the principle which governed the 
apparatus. This is indicated by the 
name condenser, a misnomer arising 
from early misconceptions of the elec- 
trical principles involved. The more 
recently applied term "capacitor" is 
more truly descriptive. 

Like many other important develop- 
ments the first condenser, in the form 
of the Leyden jar seems to have been 
arrived at by two investigators at ap- 
proximately the same time : Dean Von 
Kleist of the Cathedral of Camin in 
Germany in October, 1745, and Von 
Muschenbroek of Leyden in January, 
1746. Von Muschenbroek's results were 
the first to become generally known, 
hence the name of the apparatus. 

The names of Volta, Cavendish and 
Franklin stand out among the many 
early investigators of dielectric phe- 
nomena. Volta in 1782 observed that 
when a Leyden jar was discharged and 
left on open circuit for a time, a charge 
reappeared. This opened up a field of 
investigation which has occupied the at- 
tention of physicists up to the present 
time. 

¡Delivered before the Radio Club of America, 
September 16, 1931. 

"Consulting Engineer. 

Cavendish, from the hissing sound he 
heard just before the discharge of a 
Leyden jar developed his fluid theory 
of electricity. 

As Americans, we should be particu- 
larly proud of Franklin's investigations, 
which began soon after the discovery 
of the Leyden jar. 

Franklin seems to have been one of 
the first to put forward the idea that 
energy was stored in the dielectric. In 
one of his letters to Peter Collinson, 
of London, with whom he carried on 
an extensive correspondence on a vari- 
ety of subjects, he says : "Thus the 
whole force of the bottle and power of 
giving shock is in the glass itself, the 
lion- electrics in contact with the two 
surfaces serving only to give and re- 
ceive to and from the several parts of 
the glass, that is to give on one side 
and take away on the other." 

He later demonstrated this by making 
a plate condenser out of glass and lead 
foil, removing the plates after charging 
the condenser, and discharging with a 
second set of plates. 

Franklin also noted that dry air is 
a good insulator, but as the amount 
of moisture increased, the insulating 
value decreased. He mentions in one 
of his letters a Leyden jar which held 
at least a portion of its charge for 
seven months. 

Like most of the investigators of his 
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CAPACITOR OR 
CAPACITANCE 

FIXED CAPACITOR OR 
CAPACITANCE 

VARIABLE. MOVING 
PLATE INDICATED 

CAPAC TOR OR 
CAPACITANCE 

SHIELDED 

IIF- 
CAPACITOR OR 
CAATANCE 

VARIABLE 

/ 
Condenser symbols. 

time, Franklin, spent considerable time 
in working, up electrical tricks. He ar- 
ranged a picture. of the King in such a 
way that anyone who attempted to dis- 
lodge the crown would be bowled over 
by the discharge of a few Leyden jars. 

Franklin also was keenly interested 
in the effect of the "electrical fire" on 
living things. He found that two large 
Leyden jars would kill a hen, but turk- 
eys were tough, and while two jars 
would knock them out, it required five 
to kill them. He reports that "meat" 
killed in this way was particularly ten- 
der. 

Most of the work done by the earlier 
investigators was of a qualitative nature, 
but as knowledge was enlarged the more 
forward looking workers began to seek 
quantitative results. 

Faraday, in particular, appreciated 
the desirability of this sort of investi- 
gation, as shown by the opening para- 
graph of his paper on "Induction," read 
before the Royal Society in December, 
1837, where he said : 

"The science of electricity is in that 
state in which every part of it requires 
experimental investigation; not merely 
for the discovery of new effects, but 
what is just now of far more impor- 
tance, the development of the means 
by which the old effects are produced, 
and the consequent more accurate de- 
termination of the first principles of 
action of the most extraordinary and 
universal power in nature." 

In his efforts to obtain accurate in- 
formation Faraday built several pieces 
of apparatus with which he studied the 
properties of dielectrics. One of these 
consisted of two concentric hollow 
brass spheres, the inner sphere being 
insulated from the outer with a space 
of about inch between the two. 
The outer sphere was made up of two 
hemispheres which could be screwed to- 
gether. Two of these instruments were 
made and comparative tests made with 
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air for insulation in one, and various 
other materials in the other. From this 
work Faraday arrived at the idea of 
specific inductive capacity, and gave 
values for several different substances. 
He also observed the phenomena of 
residual charge, at first finding that 
all dielectrics, including air, showed it; 
but finally deciding that the solid in- 
sulation used as a support for the inner 
sphere was responsible for the residual 
found with the air dielectric. 

Maxwell, in 1873, gave out his theory 
of absorption, which later has been fol- 
lowed by other theories or modifications 
by Pellat, Boltzman, Van Schweidler, 
Wagner and others. 

During the 125 years between the dis- 

By -pass condenser. 

covery of the Leyden jar and Maxwell's 
work on dielectric theory, the condenser 
was almost exclusively a laboratory de- 
vice. Progress in the study of insula- 
tion had, of course, been made, but 
there had been no wide technical ap- 
plication of condensers to furnish the 
incentive for development. 

First Used in Submarine Cabling 
This incentive was furnished by the 

demand for condensers, first for teleg- 
raphy and telephony, later for ignition, 
radio and power factor applications. 

The story of condensers is, to some 
extent, the story of the development of 
high grade insulation, and the condenser 
engineer is primarily concerned with 
the selection of materials and develop- 
ment of processes which will Produce 
the most economical condenser to fit 
the need at hand. 

The necessity for high grade insula- 
tion is apparent when the square rela- 
tion between working stress and volume 
is considered. Suppose, in making a 
200 -volt radio by -pass condenser, we 
used instead of 1 mil of insulation, 10 
mils, which can easily be found on other 
apparatus rated at the same voltage: 
This by -pass condenser would then be 
100 times as large as it is now. 

Properties of Condensers 
The electrical properties considered 

in selecting a condenser dielectric in- 
clude dielectric constant, insulation re- 
sistance, dielectric strength and power 
factor. Since methods of processing 
affect most of these properties, process 
development must be carried on along 
with materials investigation. When 
enough information is available to de- 
termine probable safe working stress, 
cost of insulation per joule of energy la 

stored may be determined, and the eco- 
nomic usefulness of the material con- 
sidered. The ideal dielectric would 
have a high dielectric constant, negligi- 
ble leakage and losses, and a high di- 
electric strength. 

No ideal dielectric material has yet been 
developed, although almost every type of 
insulation has been tried for condenser 
dielectric at some time or other. For 
some, little or no commercial application 
has been found; others have properties 
which fit them particularly well for cer- 
tain applications. 

Some of the better known and more 
widely used dielectric materials are im- 
pregnated paper, mica, oil, glass and 
compressed gas. 

The development of impregnated 
paper insulation is particularly interest- 
ing, since condensers insulated with 
paper impregnated with either wax or 
oil are widely used for a variety of pur- 
poses. 

Early wax paper condensers, largely 
used on low, direct voltages, were, of 
course, far inferior to present conden- 
sers of that type, because neither mate- 
rials nor processes had been highly 
developed. 

A Bureau of Standards report, pub- 
lished in 1907, gives values of power 
factor from 1.3 per cent to 14.7 per 
cent for a number of condensers of 
various makes. In 1911 another set of 
tests was made on 13 condensers made 
by English, French, German, and Amer- 
ican manufacturers. The minimum 
value found was .87 per cent, while 
most specimens ran many times this 
value. In 1912 the Bureau made some 
power factor and insulation resistance 
tests on paraffine impregnated conden- 
sers, some of which used metal foil as 
conductor and others metallized paper. 
Tinfoil condensers showed power fac- 
tors from .4 to 4.1 per cent, Mans - 
bridge type from .9 to 1.9 per cent. In- 
sulation resistance in megohms per mi- 
crofarad varied between 323,000 and 
10 for the tinfoil type and between 74 
and 100 for the Mansbridge type. Tests 
were made at room temperature at 100 
cycles. It is interesting to note that 
the report that gives these values of 
insulation resistance states that while 
the values vary widely, even the lowest 
was satisfactory for the purpose for 
which the condenser was designed. Ap- 
parently the effect of leakage on the 
circuit in which the condenser was to 
be used was considered, rather than 
the leakage as an indication of the life 
of the condenser. 

The Dielectric 
The various types of paper, foil and 

impregnating compounds used in the 
manufacture of wax impregnated paper 
condensers were at first for the most 
part selected from available materials ; 

ter as requirements became better 

RADIO ENGINEERING 

known special materials were devel- 
oped. 

The paper used in present -day con- 
densers is the result of years of devel- 
opment by paper manufacturers in co- 
operation with condenser manufactur- 
ers. These efforts have produced an 
extremely thin closed sheet, practically 
neutral chemically, and remarkably free 
from conducting particles. 

Materials in most general use as con- 
ductors include tinfoil, aluminum foil 
and metallized paper. Aluminum and 
tinfoil are both available in thicknesses 
of .0003 inch. Tinfoil makes a heavi- 
er condenser and is usually more ex- 
pensive per sq. in. of coverage. 
Aluminum foil is more difficult to solder 
and condensers made with it do not 
press down as readily as those made 
with tinfoil. Some test results de- 
scribed further on seem to indicate, al- 
though perhaps not conclusively, a long- 
er life for condensers wound with alu- 
minum foil. 

Metallized paper or Mansbridge con- 
densers have not been used as exten- 
sively in this country as abroad. In- 
stead of using a thin sheet of foil, metal 
is deposited on paper to form a con- 
ducting plate. One of the advantages 
claimed for this type of condenser is 
that when a failure occurs the metal 
around the point of failure is so thin 
it will be vaporized and the fault cleared. 
The disadvantages include high conduc- 
tor resistance and difficulty of making 
a non -inductive winding. 

Paraffine, probably the first material 
used for condenser impregnation, had 
when first used, widely varying char- 
acteristics due to different methods of 
refining and different places of origin. 
Characteristics are more closely con- 
trolled at present and the material is 
still quite widely used, either alone, in 
combination with other waxes such as 

Tubular condenser. 

carnauba, or with a certain amount of 
mineral oil. Other petroleum deriva- 
tives having higher melting points are 
also available. Most of these have a di- 
electric constant of 2 to 2.5. Halowax, 
a synthetic material, is widely used, be- 
cause it combines good electrical prop- 
erties with high dielectric constant. 

Assembly 
The steps involved in producing a 

condenser include putting the paper and 
foil in proper relation, either by wind- 
ing or stacking, removing moisture 
from the paper, impregnating, cooling 
and sealing. 

Stacking, that is, building up the 
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condenser section with sheets of paper 
and foil cut to size, is very seldom used 
in making wax impregnated condensers, 
since the number of sheets of paper 
between foil is usually small enough to 
permit winding, which is a much cheap- 
er operation. 

Winding may be either inductive or 
non- inductive. Inductive windings use 
foil which is Ys to % inch narrower 
than the paper. The section is wound 
up with equal margin on each side and 
tinned copper strips laid in to enable 
a connection to be made. The non -in- 
ductive winding uses foil the same width 
as the paper, foils of opposite polarity 
protruding % inch or so on the opposite 
ends of the winding. Inductive wind- 
ings require less weight of foil per mi- 
crofarad, because all foil used is active. 
Winding labor is greater because con- 
necting strips must be put in. For 
certain radio applications, the non -in- 
ductive winding is necessary, and it is 
desirable when the condenser is to be 
used on alternating current, because 
this foil arrangement facilitates heat 
dissipation. 

Early methods of processing often 
did not involve the use of vacuum for 
removal of moisture from the paper, 
the sections being placed in the impreg- 
nating bath, kept there for a few hours, 
then removed from the wax and pressed. 
Sometimes vacuum was used on the im- 
pregnating tank, with no previous vacu- 
um treatment of the wound sections. 
This, of course, made a better con- 
denser than when vacuum was not used 
at all, probably as much due to the re- 
moval of entrapped air as to moisture 
removal. 

One method of pressing was to re- 
move the sections from the wax bath, 
a few at a time, and press in a hy- 
draulic or compressed air press, in a 
water cooled die. One objection to 
this method was the rough treatment 
the section had to stand. Another was 
the fact that sections would cool rapid- 
ly on the outside, remain hot inside and 
open up when removed from the press. 

In many cases the detrimental ef- 
fect of exposure to moisture laden air 
during cooling and assembly was not 
thoroughly understood, which resulted 
in a product which was extremely vari- 
able in quality. 

Details of present practice vary 
rather widely, due to different mate- 
rials in use and different production 
apparatus employed. In general, the 
wound sections are stacked in clamps. 
separated by metal spacers. Loaded 
clamps are then placed in a drying 
oven, heated and evacuated. Since the 
amount of moisture drawn off during 
the first hour or so of pumping is large, 
two vacuum systems are often em- 
ployed. one for primary and one for 
final evacuation. 

In some cases wax is run into the 

vessel in which drying took place and 
the impregnation completed without 
handling the loaded clamps. Another 
method involves moving the clamps 
from drying oven to impregnating tank. 
A few systems, after vacuum impreg- 
nating for a period of hours finish up 
by putting the impregnating tank under 
air pressure of about 50 lbs. per sq. in. 
for a time. 

Cooling starts in the impregnating 
tank when the heat is cut off. Since it 
is desirable to cool the condensers out of 
contact with any moisture laden atmo- 
sphere, the cooler they are when re- 
moved from the wax the better. Some- 
times when steam jacketed impregnat- 
ing tanks are used, the cooling is 
hastened by cutting off the steam and 
running water into the steam jacket. 

When removed from the impregnat- 
ing tank the clamps are cooled off 
in oil or in air from which the moisture 
has been. removed. 

To guard against penetration of mois- 
ture during the life of the condenser 
the section or group of sections is usu- 
ally dipped in a bath of wax after the 
leads have been soldered on, and just 
before placing in the container. After 
the block is in the container, pitch is 
poured in to insure complete protection 
against outside atmospheric conditions. 

Tests 

Capacity and over voltage tests are 
made before assembly is started to 
eliminate faulty sections before any 
work is done on them. Preliminary 
tests of this type are often made at three 
times rated voltage. After assembly the 
capacity is rechecked, insulation resis- 
tance checked and a final over -voltage 
test made. On condensers for d -c. 
service power- factor tests are often not 
made on total production, tests being 
made frequently on a few samples se- 
lected at random. 

The minimum value of insulation re- 
sistance specified as acceptable is often 
set at 1,000 megohms per microfarad 
at 25° C. Most carefully processed con- 
densers run considerably higher than 
that. 

Even a poorly processed condenser 
will often stand a 15 second breakdown 
test at a value far above twice or even 
three times its rated voltage, so that 
while the over -potential test will elimi- 
nate sections weakened by mechanical 
defects it is not a good check on process. 
The insulation resistance test is better 
in this respect, although by no means 
infallible. Best results by the manu- 
facturer are obtained by combining 
routine tests with a very careful check 
on every step in the process of manu- 
facture ; and best results for an organi- 
zation using condensers but not making 
them lie in patronizing a manufacturer 
known to do this. 

Long time life tests at two or three 
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times rated voltage are widely used to 
determine the quality of condensers. 
They are, of course, useful in the de- 
velopment of processes and materials 
rather than as a means of controlling 
production. 1,000 hours is often speci- 
fied as the minimum time for operation 
at double rated voltage. There is con- 
siderable difference of opinion as to 
the interpretation of the results of these 
accelerated life tests. It is sometimes 
considered that the life of the condenser 
on d -c. varies as the fourth or fifth 
power of the voltage applied. 

Thus, if a condenser operated at 
double voltage for 1,000 hours it would 
operate between 16,000 and 32,000 hours 
at normal voltage. In drawing conclu- 
sions from tests of this kind it must 
be kept in mind that "normal operation" 
means operation at varying tempera- 
tures, often with an a -c. component, 
and with the condenser subject to fre- 
quent surges. 

Such tests are, however, valuable in 
making comparisons when materials or 
process have been varied. Some time 
ago, when working with both aluminum 
and tinfoil it appeared to me as tlieugh 
aluminum foil sections stood exposure 
to moist air much better than tinfoil 
sections. To find out if this was true 
when conditions were controlled, two 
sets of sections were made up and im- 
pregnated at the same time. Samples 
of both types were exposed to moist at- 
mosphere at the same time for the same 
length of time, then assembled in the 
same way and put on double voltage 
life test. All the sections made up with 
aluminum foil remained on test well 
over 1,000 hours with no failures, while 
failures started on the tinfoil section 
in about 10 hours and very few lasted 
as long as 500 hours. Insulation re- 
sistance of the two sets of samples was 
about the same at the start of test. Un- 
fortunately power- factor tests were not 
made on either set of sections. 

Oil Impregnated Paper 

The use of oil impregnated paper in- 
sulation has been largely in condensers 
for power factor correction, although 
some have been used in radio work, 
particularly in broadcasting apparatus. 

Oil impregnated paper is superior to 
wax .impregnated for a -c. service, par- 
ticularly at the higher voltages when in- 
sulation is thicker. The combination 
of oil and paper is a much better con- 
ductor of heat than that of wax and 
paper, so that heat is passed out of the 
case for dissipation much more rapidly. 

Several types of paper have been used 
in oil impregnated condensers, including 
Kraft, a combination of wood pulp and 
cotton and pure linen tissue. Process- 
ing must be modified to fit the particu- 
lar material used, paper containing 
wood pulp being much more quickly 
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affected by high temperature than pure 
linen tissue. 

Mineral oil of about the same grade 
used in transformers is commonly used 
as an impregnating material. Some 
vegetable oils having high dielectric 
constants have been tried. 

Process in impregnating paper with 
oil is similar to that used with wax, 
drying being completed before admit - 
ing the oil, and the oil preheated before 
being run into the condensers. Care 
must be taken to get any occluded air 
out of the oil before it becomes hot 
enough to damage it by oxidation. In 
many cases the condenser is assembled 
completely, then dried out and impreg- 
nated in its own container. 

Condensers for a -c. service at 1,328 
volts and above are tested for 1 minute, 
at twice rated voltage plus 1,000, some- 
times at 2/ rated voltage plus 2,000. 

Dielectric losses are of particular im- 
portance in a condenser designed to op- 
erate on alternating voltage and must 

be kept at á low value, usually not 
so much because of the power cost as 
to insure long life for the condenser 
itself. Maximum allowable losses are 
set from .35 to .5 per cent of the nor- 
mal operating KVA, measurements be- 
ing made at 25° C. 

Dielectric Losses 

Many methods of measuring dielectric 
losses have been developed, but most 
of them require delicate apparatus, 
which takes considerable time to set up 
and adjust. A fair idea of losses may 
be obtained by preparing a dummy con 
tainer identical outside with the con- 
denser under test but containing a heat- 
ing element instead of a condenser. By 
adjusting the input to the heater until 
the case temperature is the same as that 
of the condenser under test the conden- 
ser losses may be considered equal to 
the input to the heater. 

One method which has proved suc- 
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cessful in production testing is the use 
of an inductance of known losses with 
which the power factor of the condenser 
is corrected to approximate unity. 
Losses in the combination may be meas- 
ured with an ordinary wattmeter and 
correction made for the losses in the 
inductance. 

Another method which is an adapta- 
tion of laboratory methods for produc- 
tion use has been developed by the 
Leeds & Northrup Company. This 
works on the phase defect compensation 
idea. that is, if the condenser were per- 
fect there would be no phase defect and 
the dynamometer used as a meter would 
not be deflected. Since the condenser 
is not perfect, there is a deflection until 
a variable inductance in the potential 
circuit is adjusted to bring the angle 
between voltage and current to 90 °. 
This variable inductance can be cali- 
brated in power factor, and once the 
apparatus is set up measurements can 
be made easily and rapidly. 

Newest ship radio borrows feature from 

automobile for increased efficiency 

By C. J. PANNILL 

AN INTERESTING develop- 
ment in shipboard radio trans- 
mitters has resulted from suc- 
cessful tests of the latest model 

vacuum tube transmitter of the Radio - 
marine Corporation of America on a 
voyage of the S.S. Santa Maria. 

Combining several new features mak- 
ing for compactness, convenience of 
operation and efficiency, the new trans- 
mitter is regarded as a distinct step 
forward in the design of marine radio 
apparatus. 

Among the many innovations in 
radio design which this new transmit- 
ter embodies, perhaps the most import- 
ant is the feature of using the same 
vacuum tubes and most of the other 
apparatus for its operation on two wide- 
ly separated frequency bands. It per- 
forms functions heretofore requiring 
two separate transmitter installations. 

The design and construction of trans- 
mitters to operate in the short wave- 
length band has always been a problem 
requiring special engineering considera- 

tion. Connecting wires must be kept at 
the minimum length -a necessity which 
has hampered designers in their efforts 
to provide the proper spring suspension 
to enable the apparatus to withstand 
the vibration and movement of the ship. 
In Model ET -3674 this difficulty has 
been met by the ingenious mounting of 
the entire transmitting panel on four, 
half -elliptical automobile springs. Thus 
instead of suspending certain parts 
within the case on springs, the entire 
transmitter is made to "float" on auto- 
mobile springs which insulate all parts 
against vibration and shock. 

For the practical testing of this new 
transmitter it was installed on the S.S. 
Santa Maria, in addition to her regular 
radio equipment. This enabled us to 
make direct comparison of its perform- 
ance with the regular equipment under 
exactly the same conditions. The re- 
sults obtained with the new model are 
more than gratifying, as the log shows. 
During the first day's sail from New 
York on her trip south, the Santa 

Maria was in communication with the 
station at Portishead, England, as well 
as San Francisco and Norddeich, Ger- 
many. All reported strong signals. Two 
days later a radio station in Otchishi, 
Japan, also reported loud signals from 
the Santa Maria. These are but a few 
of the highlights of the tests, during 
which the Santa Maria was in com- 
munication with a score of stations 
under many different atmospheric con- 
ditions. 

The principal advantage of being able 
to employ a single transmitter for both 
intermediate and short wavelength work 
is that it makes possible the greatest 
efficiency of a given power under all 
conditions. For example, communica- 
tion over average distances of a few 
hundred miles is most often best ac- 
complished on the intermediate fre- 
quencies. On the other hand, the high 
frequency or short wavelength band 
usually proves best on very long dis- 
tance work as has been demonstrated 
on many occasions. 
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Counteracting 

acoustic feedback 

through the tuning 

condenser 
By LEH BOUCK* 

THE advent of the console re- 
ceiver, in which the loudspeaker 
is mounted in the same cabinet 
with the tuning apparatus, gave 

rise to serious problems in acoustic 
feedback. An initial surge in the 
speaker fed back to the receiver proper, 
partially through the chassis supports 
and partially through the air, setting 
up the familiar sustained howl. Acous- 
tic feedback was mostly effected 
through vibration of the audio -fre- 
quency tubes -the detector and first a -f. 
amplifier. Cushioning these tubes, as 
well as dampening by means of weight- 
ed caps and the strengthening of the 
elements in the heater -cathode designs, 
have been effective in eliminating this 
particular species of feedback with all 
but defective or highly microphonic 
tubes. 

However, with the greater intimacy 
between the loudspeaker and chassis, 
occasioned by the increasing popularity 
of the midget receiver, a new problem 
arises involving a somewhat more sub- 
tle analysis. The feedback in this in- 
stance is through the plates of the tun- 
ing condensers, the vibrations causing 
slight variations in capacity which 
modulate the incoming carrier, are de- 
modulated in the detector circuit, and 
are passed through the audio system, 
building up into a howl. Careful cush- 
ioning of the entire chassis has been 
effective to an extent in reducing this 
acoustic instability, but obviously can 

*Chie/ engineer, Defur -Ammo Corporation. 

have no effect on feedback through the 
air itself. 

A consideration of the manner in 
which capacity varies with spacing sug- 
gests several modes of attack of vary- 
ing degrees of practicability. The ca- 
pacity of a variable air condenser hav- 
ing a certain number of plates of a defi- 
nite area, and at any given dial setting, 
can be expressed by 

C =K /D (1) 
where D is the spacing between the 
plates. 

By differentiating, we get an expres- 
sion for the rate change of capacity 
with spacing 

dC /dD = -K /D' (2) 
This expression indicates that, for 

small variations in spacing, the change 
in capacity will be inversely propor- 
tional to the square of the original spac- 
ing. In other words, as the spacing in 
a tuning condenser is decreased, the ef- 
fect of vibrations on the capacity in- 
creases by practically a square law. In 
an effort to conserve space in small re- 
ceivers, such as the midgets, by using 
fewer plates and closer spacing, the 
results of such vibration have necessa- 
rily been pronounced to a considerable 
degree. One solution of the problem, 
as obvious as its impracticability if 
compactness is to be maintained, is to 
increase the spacing between the plates, 
with larger plate areas, more plates, or 
both. 

If it were possible to maintain the 
same amplitude and phase of vibration 

Reduction of condenser dimensions, and of plate spac- 
ing, for the modern midget receiver, introduces distor- 
tion. This article by 'Ar. Bouck points to a practical 
solution of the difficulties. 
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in both the stator ana rotor plates, mod- 
ulation effects would not ensue. This 
condition, however, in view of size dif- 
ference and manner of staking, may be 
passed by as a physical impossibility, 
though, as will be pointed out later, 
some effort might be made in this di- 
rection. For the sake of our argument 
we are justified in assuming that one 
set of plates remains stationary (the 
stators) while the rotors are free to 
vibrate in accordance with the audio 
frequency impulses impinging upon 
them. 

Delving further into the capacity 
equation (1), the resultant capacity 
with a reduction in spacing may be 
expressed by 

C- f- AC,= K /D -AD 
and similarly the capacity with an in- 
crease in spacing by 

C- AC, =K /D -f- AD 
Rearranging these equations to define 

explicitly the changes in capacity, and 
combining with equation (1) 

AC =K A D / D(DD D AD) 
and 

AC:=K/D-K/D+ AD 
= KAD /D(D -{-AD) (4) 

Obviously 
AC, > AC: 

In other words, the change in ca- 
pacity for a given decrease in spacing 
is greater than the change in capacity 
for the same increase in spacing. 

However, if the amplitude of vibra- 
tion is slight -if AD is made small 
enough AC, and AC2 approach a corn - 
mon limit, dC, and for practical pur- 
poses AC, = AC2 = AC = dC. The to- 
tal change in capacity may then be ex- 
pressed by 

AC- OC±AC- OC....to n terms, 
n being the number of dielectric spaces. 
The AC's cancel, and the net change in 
capacity is zero. One way in which this 
condition can be attained is by reducing 
the amplitude of vibration to such an 
extent that the gain in capacity as the 
plates move toward the stators on, say 
the right side, is equivalent to the ca- 
pacity lost in moving away from the 
plates on the left side. This condition 
may be obtained by using heavier plates 
of a material that is acoustically slug- 
gish. It is reasonably certain that an 
alloy can be developed which will be 
more satisfactory for condenser plates 
than the metals used today. 

Improvement Possible 

However, it is still possible to im- 
prove matters without varying the de- 
sign of our present -day condensers - 
even the closely spaced midget type. 
While we have assumed, in the case of 
the ideal condenser described above, 
that AC, = ACE, outside of an infinitely 
small vibration this, mathematically, is, 
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of course, not me case. AC, will always 
he greater than AC,, and the summation 

AC, +AC,+ AC. +AC, ...> 
2AC9+ PCs +AC,+ AC,... 

Any vibration will result in a net in- 
crease in capacity, though the amplitude 
may be kept sufficiently low to prevent 
more than a negligible modulation, by 
the use of heavier plates, as already 
suggested, or by the very careful cen- 
tering of the rotor plates. 

If we substitute D, for D in (3) and 
D, for D in (4), and make D, larger 
than D,, it is apparent that AC, will 
become still greater than SC,. This is 
the condition existing when the rotor 
plates are not exactly centered between 
the stator plates. 

When the plates are exactly centered 
the same increase in capacity will be 
occasioned by a right -hand shift as by 
a left -hand shift of the plates. There- 

fore, the modulation frequency will be 
the second harmonic of the audio fre- 
quency, and, aside from asymmetrical 
variations caused by simultaneous vi- 
brations of both rotors and stators (dis- 
similar in respect to phase and ampli- 
tude) there will be no tendency to re- 
generate. (In completing one cycle of 
audio- frequency response, the vibrating 
plates will move from the center posi- 
tion to the left, with a capacity increase, 
back to the center and over to the right 
with another capacity increase and back 
to center, giving double frequency mod- 
ulation.) However, when the plates are 
not centered, a movement in one direc- 
tion will cause a greater capacity incre- 
ment than the movement in the opposite 
direction, resulting in modulation at 
the fundamental frequency, with en- 
suing regeneration. 

It should be possible, therefore, to 
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reduce acoustic feedback through the 
tuning condenser by more rigorous pro- 
duction methods effecting the following 
improvements. 

1. More perfect paralleling of the 
plates. 

2. The centering of plates by me- 
chanical rather than visual spacing. 

An approach toward perfection in 
these two considerations would reduce 
the amount of bending of the outer 
plates necessary to secure alignment, 
which process, on inspection of the 
foregoing discussion, evidently tends in 
itself to promote the conditions essen- 
tial to feedback. 

Probably additional staking of the 
rotor plates along the unmeshing edges, 
with less staking of the stators, would be 
attended with a more uniform vibratory 
period in both sections and a reduction 
of capacity. 

An amplification of ten quadrillion times 
llLVICE which amplifies an 
electric current ten quadrillion 
times was exhibited by E. S. 
Darlington of the vacuum tube 

engineering department of the General 
Electric Company at the radio and elec- 
tric show of the Electric League of 
Washington, D. C., which opened Sep- 
tember 21. The device is a low -grid- 
current tube, which in conjunction with 
a Thyratron tube is capable of utiliz- 
ing 0.00000000000000001 (10 -") am- 
pere to control 0.1 ampere -or 100 mil- 
liamperes- directly. The grid cap or 
terminal of the tube which picks up 

The Edison Polar Relay 

The invention of the Edison polar re- 
lay was covered in patents taken out by 
Mr. Edison in 1873 and 1874, for duplex 
and quadruplex systems of telegraph. 
His first duplex patent was No. 147,917, 
issued April 23, 1873, Patent 150,846 
of April 23, 1873, referred to the relay. 
The seven patents issued to Mr. Edison 
in August, 1874, covered the duplex and 
quadruplex as finally completed. The 
patent numbers were: 178,221, 178,222, 
178.223, 180,858, 207,723, 207,724 and 
480,567. 

these minute charges from space is 
smaller than an ordinary thimble. 

As a means of demonstrating the re- 
markable sensitivey of the low grid - 
current tube, Mr. Darlington utilized 
the relatively small amount of current 
generated by rubbing an amber rod with 
a piece of paper to turn on and off an 
incandescent lamp, with the amber rod 
at varying distances of from 5 to 15 
feet from the small box on which the 
sensitive tube was mounted. On the 
front of the box was a meter which 
showed plainly to what degree the tube 

' 
Electrolysis 

Electrolysis is the name given to the 
action which takes place when electric 
currents from street -car tracks or other 
foreign sources are allowed to flow 
through the lead sheaths of under- 
ground cables. At the point where the 
current leaves the lead sheath and re- 
enters the earth on its way back to the 
power- station, electrolytic action takes 
place which destroys the sheath in spots, 
permitting moisture to enter in and 

was being affected by positive and neg- 
ative charges obtained by rubbing the 
rod. Connected to the box was another 
one, on top of which were mounted 
a Thyratron tube and an incandescent 
lamp. Current was supplied to the 
lamp by the Thryatron tube; and the 
minute charge from the amber rod was 
amplified by the low -grid- current tube 
sufficiently to operate the Thyratron 
tube and turn the lamp on or off ac- 
cording to whether the charge was pos- 
itive or negative. A current of 10 -1i 
ampere thus directly controlled the 0.1 
ampere used by the lamp. 

short -circuit or lower the insulation of 
the cable conductors. 

Ohmic Equivalent of Back E. M. F. 
The ohmic equivalent of back electro- 

motive force E; that is, resistance R 
which is added to the circuit when the 
motor is prevented from turning its 
armature, causing the current I, flowing 
in the circuit, to remain unaltered, is 

E 
R - 

I 

Short -wave radio for Alberta (Canada) police 
Calgary headquarters of the Alberta Provincial Police has recently been equipped with short- 
wave radio apparatus. Broadcasting and receiving sets are being installed in all divisional 
headquarters throughout the province, following the one year experiment carried out success- 
fully in British Columbia. The set operates on a low wavelength, with the call letters CGS. In 
the future, the service will be extended to radio equipped cars permitting provincial police 
patrols to keep in constant touch with headquarters. 

e't 

www.americanradiohistory.com

www.americanradiohistory.com


NOVEMBER, 1931 Page 23 

Details of Radio City 

are revealed 

B 
1 DS have been received from gen- 
eral contractors for the construc- 
tion of three of the most impor- 
tant units in the colossal mid -town 

building project, popularly known as 

Radio City, which will transform the 
three blocks between Fifth and Sixth 
Avenues, from Forty -eighth to Fifty - 
first streets, New fork City, into the 
world's greatest entertainment, office 
and shop center under one ownership. 

Approximately one- quarter of the 
space in the entire development, which 
is being built by the John D. Rocke- 
feller, Jr., interests, will be leased as 

offices, studios. and theatres by Radio 
Corporation of America, the National 
Broadcasting Company, RCA Photo - 
phone. Inc., and Radio- Keith -Orpheum 
Corporation. RKO offices will he in 
the 31 -story building on the Sixth 
Avenue side of the block between Fif- 
tieth and Fifty -first streets. 

The largest of the three units will be 

a 66 -story office building with a 16- 

story wing. This structure will have a 

floor space, of 2,500,000 square feet, 
nearly half a million square feet in ex- 
cess of the gross area of any other 
office building in the world today. It 
will occupy more than half of the mid- 
dle block. This is the structure which 
will house the executive offices of RCA, 
the NBC general offices and studios 
and, in the 16 -story wing, the RCA 
Photophone offices and studios. 

A second unit is the International 
Music Hall of RKO, world's largest 
theatre, to be located on the west half 
of the block between Fiftieth and Fifty - 
first streets, and flanked on the Sixth 
Avenue side by a 31 -story office build- 
ing, where the offices of RKO will be. 
Similarly situated in the block between 
Forty -eighth and Forty -ninth streets 
will be a capacious RKO sound motion 
picture theatre, completing the trium- 
virate. 

Excavation work has been in prog- 
ress for several weeks on the sites 
of the three structures. Their actual 
construction will start some time in the 
autumn. The theatres will he conl- 

pleted by October 1, 1932, and the 
office building by May 1, 1933. 

The plans, slightly changed in detail 
from the preliminary ones announced 
some months ago, show a radical inno- 
vation in architectural city planning. 
The lower roofs and setbacks of the 
building in the three blocks will be 

turned into a modern and much mag- 
nified Hanging Gardens of Babylon. 
Seven acres of intensive landscaping 
will be devoted to waterfalls, fountains, 
reflecting pools, trees, shrubbery, formal 
flower beds, multi- colored tile walks, 
grass plots, and statuary. Plans for 
covering the outer walls of the build- 
ings with a heavy network of living 
ivy are also a tentative part of the 
scenic picture. 

An acre of ground space, visible 
from the street, will be devoted to a 

Sunken Plaza, studded with a central 
30 -foot fountain, smaller fountains, 
statuary, grass, flowers and mosaic 
pavements. In following out this plan. 
more than $17,500,000 worth of open 
land area will be devoted to beautifica- 

tion for the public's benefit. without 
any revenue to the owners of the de- 
velopment. Between a quarter million 
and a half million dollars will be spent 
on the general landscaping. 

Forty feet above the roof of the 16- 

story wing in the center block. a curved 
waterfall, a miniature of the famous 
horseshoe falls of Niagara, will send a 

tumbling torrent through a series of 
cascades to end at the roof level in a 

reflecting pool, from 80 to 100 feet long 
and 25 or 30 feet wide. The waterfall 
will have 50 feet of spillway, with ap- 
proximately a 30 -foot radius between 
the ends of the arch. The water from 
the spillway will drop about 20 feet 
into a ribbon pool, thence about 10 feet 
into another ribbon pool, from which it 
will spill into the large reflecting pool 
at the roof level. Fountains will play 
at each end of the lower pool. 

Thirty -foot trees, shrubbery, grass, 
flowers, and multichromatic walks will 
furnish a general background for the 
water effects. 

There will be two levels of land- 
scaping above the studios of the Na- 
tional Broadcasting Company, in the 
lower roof area between the main 
building and the main east wall of the 
16 -story wing. These areas will be at 
the thirteenth and eleventh floor levels 
and connected by stairways. They 
will have terraces, formal flower 
gardens, benches and geometric grass 
plots, with at least two small fountains. 
The general appearance will be that of 
a formal garden. 

Sunken plaza with view of entrance to world's largest office building in floor area. 

Canada has 452,879 receiving sets licensed 
Figures on privately owned radio receiving sets issued recently show a total of 452,879 radio 
sets licensed in Canada on August I . Toronto leads the list with a total of 68,034, Montreal 
second with 56,072 and Vancouver third with 23,196. 
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A neon tube 
audio -frequency 
oscillator 

By DALE POLLACK 

ONE of the most important 
pieces of apparatus in the 
radio laboratory is the audio - 
frequency oscillator, which 

has a multitude of applications in the 
testing and design of receivers. So 
long as the desired audio -frequency is 
fixed, the problem of obtaining a suit- 
able current supply is not a difficult one, 
and may usually be satisfied by 
means of a simple vacuum tube oscilla- 
tor, such as the one diagrammed in 
Fig. 1; the strong dynatron character- 
istic of the screen -grid tube has also 
been used recently to this end in cir- 
cuits similar to that shown in Fig. 2. 

However, the problem of securing a 
satisfactory audio -frequency supply, 
which is continuously variable to both 
extremes of the audio spectrum, prefer- 
ably with single dial control frequency, 
is not a simple one. It is not practicable 
to construct a vacuum tube oscillator to 
generate frequencies variable from, for 
example, 50 to 5,000 cycles per second 
and still control the oscillation fre- 
quency with only one dial. If circuits 
similar to Fig. 1 and Fig. 2 are em- 
ployed, the necessary changes in the 
inductance or capacity in the oscillator 
circuit would be much too gréat, and 
render their use infeasible with ordi- 
nary apparatus. 

The search for an oscillator which 
could be controlled over the wide range 
necessary for the audio oscillator has 
led to the development of the beat os- 
cillator. In this type of instrument, 
two similar vacuum tube high- frequency 
oscillators are interconnected in such a 
way to a third tube that, if the fre- 
quency of one of the oscillators is made 
to differ from that of the other, a beat 
note will be produced whose frequency 
is equal to the difference in frequency 
between the two oscillators, the beat 
being made audible in the third "mixer" 
tube. 

Description of a little 
known audio oscillator cir- 
cuit. 

A variation in capacity of .0001 mfd. 
in the circuit of a tube oscillating at 
500 cycles would produce a negligible 
effect on the oscillation frequency, but 
a similar change in capacity in the cir- 
cuit of an oscillator operating at 50 kc. 
would produce perhaps a one thousand 
cycle variation in its frequency. Large 
changes in the beat frequency may thus 
be made with only small changes in the 
circuit constants. In this manner the 
beat oscillator considerably simplifies 
the problem of single dial control of an 
audio -frequency source. Unfortunately, 
however, a satisfactory beat oscillator 
is difficult to make, because of certain 
intricacies which arise in its design, 
and, hence, its construction very often 
is complicated. For this reason a beat 
oscillator is an expensive apparatus, 
and, when several oscillators are needed, 
their purchase is often prohibitive. 
Were it not for its prohibitive cost and 
complex construction, there is no doubt 
that the beat oscillator would be su- 
perior to any other type of variable 
audio -frequency generator, but a sim- 
pler and less expensive instrument must 
be sought. 

It is the purpose of this article to 
present the use of a little -known oscilla- 
ting circuit employing a neon tube in 
the rôle of an audio -frequency oscilla- 
tor. It has almost escaped notice that 
the neon lamp, of television and ad- 
vertising fame, may be caused to oscil- 
late in a simple circuit. If a neon lamp 
is connected as in the diagram, Fig. 3, 
and a voltage of sufficiently high po- 
tential is applied, the lamp will flash 

intermittently, and an accompanying 
oscillatory current will be generated 
across the terminals of the tube. 

It is not difficult to explain the cause 
of this oscillation phenomenon. If the 
voltage applied to the terminals of the 
circuit is gradually increased from 
zero, the lamp will not glow until after 
a certain critical voltage, the ignition 
voltage is surpassed. However, once 
the ignition potential has been exceeded, 
the voltage may be reduced and the tube 
will not be extinguished, even after the 
applied voltage has fallen short of the 
ignition voltage, until the voltage 
reaches another critical voltage, the ex- 
tinction potential, after which the lamp 
finally goes out. Now, if the tube is 
connected in the oscillatory circuit of 
Fig. 3, and a battery potential higher 
than the ignition voltage is applied, the 
condenser will begin to charge, creating 
a voltage drop across the resistor. As 
the condenser charge builds up, the 
drop across the resistor diminishes un- 
til the voltage across the condenser 
finally exceeds the ignition voltage, 
when the lamp lights. Since the lamp 
in this condition is a far better con- 
ductor than when dark, the condenser 
discharges through it, and the voltage 
soon drops below the extinction volt- 
age, darkening the lamp. The cycle is 
then repeated at a frequency deter- 
mined by the constants of the neon tube, 
the applied voltage, and the values of 
the condenser and resistor. 

Pearson and Anson' have shown that 
the frequency of oscillation of a neon 
tube is inversely proportional to the 
products of the resistance and capacity 
in that circuit. Frequencies varying 
from one cycle in five minutes to 95,000 
per second have been obtained from 
this type of oscillator. 

The neon tube oscillator may be con- 
veniently substituted for the beat fre- 
quency oscillator in many of its appli- 
cations, in fact, in any position where 
a sinusoidal waveform is not essential. 
Its characteristics are such that the 
audio-frequency range may be com- 
pletely covered with a condenser of 

'S. O. Pearson and H. St. G. Anson, Proceed- 
ings, Physical Society, (London), 34, 204, (1922). 

Fig. 1. Audio oscillator for fixed frequency use. 
Fig. 2. Screen -grid tube used as dynatron audio oscillator. 
Fig. 3. Neon tube oscillator circuit. 
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reasonable dimensions. The circuit of 
the neon tube oscillator, in conjunction 
with an amplifier, is given in Fig. 4. 
Additional stages of amplification may, 
of course, be added in the usual man- 
ner, if desired, but, with one tube, as 
shown, a. loudspeaker is actuated at a 
comfortable level. Where a large out- 
put is necessary, a type '45 tube should 
be substituted for the '27 and the volt- 
age should be increased to 300, if it is 
desired to preserve the original wav- 
form. 

The operation of the oscillator is very 

Fig. 4. Variable neon tube audio oscillator 
and amplifier. 

C-.001 variable condenser. 
CI -2 mfd. by -pass condenser. 
R1-0 -5 megohm, variable resistor. 
R2-0-25000 ohm, variable resistor. 
R3 -10000 ohm output potentiometer. 
NL -Neon lamp. 
E-200 volt potential source; may be either 

battery or "eliminator." 
V -Type '27 vacuum tube. 

simple, as the positions of R1 and R, 
are not critical. R. should be adjusted 
until the vacuum tube draws its normal 
plate current, which, with the type '27 
tube, is 5 milliamperes. The value of 
R1 is gradually, increased from zero, 
until the neon tube begins to oscillate. 
It should be noted that the tube will not 
oscillate until the value of the resistor 
exceeds a critical minimum. Variation 
of the oscillation frequency is then ob- 
tained by means of the variable con- 
denser; with a 1,000 mmfd. condenser 
as shown, a frequency range approxi- 
mately from 5,000 to 35 cycles will be 
covered. A satisfactory neon lamp for 
use in this circuit is the Cooper- Hewitt 
G -10, which may be purchased at small 
expense, but any other lamp which may 
be available will operate equally well. 
If frequency stability is a necessary 
feature, the lamp should be operated in 
the oscillating condition for ten min- 
utes to permit the lamp parts to reach 
their normal operating temperature, be- 
fore any precise measurements are 
made. 

The wave shape of the voltage across 
a neon tube oscillator is of the form 
shown in Fig. 5. The voltage, as is 
shown, varies between the two critical 
voltages of the lamp. Reich' has used 
the peculiar saw -tooth characteristic to 

'H. I. Reich, Proceedings, Institute of Radio 
Engineers, 19, 401, (1931). 
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Fig. 5. Waveform produced by neon tube 
oscillator. 

advantage in the measurement of fre- 
quency discrimination in audio -fre- 
quency amplifiers and in detectors. He 
found that the amount of curvature 
which occurs in the positive branch of 
each saw- tooth, as observed in an 
oscillograph, after having passed 
through the amplifier being tested, is a 
measure of the amount of distortion 
taking place. In this manner any in- 
equalities in amplification at different 
frequencies may easily be made evident. 

The neon tube oscillator is ideally 
suited for modulating radio -frequency 
oscillators used in the production and 
service testing of radio receivers. Its 
superiority in the matter of portability 
makes it particularly valuable. 

Attenuation measurements 

on telephone and telegraph lines 

IN its most elementary form the 
measurement of the attenuation of 
a telephone or telegraph circuit 
consists of measuring the power de- 

livered to the line at the transmitting 
end and of measuring the power de- 
livered by the line at the receiving end. 
The attenuation- frequency character- 
istic of a line is obtained by repeating 
these measurements at a suitable num- 
ber of known frequencies. 

In making these measurements, the 
impedance of the load to which the line 
delivers energy is generally made equal 
to, or matched to, the characteristic 
impedance of the line, which can 
usually be considered as a pure resist- 
ance without appreciable error. If this 
matching condition is met, the power 
delivered by the source of energy to the 
line is identical with the power which 
the same source would deliver to the 

Chief Engineer, General Radio Company. 

By J. W. HORTON* 

load, were the latter connected to the 
source in place of the line. Further- 
more, when the line is connected be- 
tween the source and the load, the 
voltage across its input terminals and 
the voltage across the load terminals 
may be used as an indication of the 
power received and delivered, inasmuch 
as these voltages are impressed upon 
circuits of equal impedance. 

In practice, therefore, the measure- 
ment of line attenuation is effected by 
terminating the line in a suitable load 

impedance, and in measuring the volt- 
ages across its input and output termi- 
nals. From the ratio of these two volt- 
ages, the attenuation of the line, in 
transmission units, is obtained by the 
following equation: 

Vin 
N = 20 log,, - decibels. 

\rout 

In practice, the voltage at the receiv- 
ing end of the line generally has a 
magnitude so small that it cannot be 
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Fig. 1. Apparatus and connections for measuring line attenuation by the modification of the 
standard method described in the accompanying article. 
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Fig. 2. A method of measuring line attenuation like that of Fig. 1. except that an amplifier 
replaces the oscillator at the receiving end of the line. 

measured by any available calibrated 
instrument. It is customary, therefore, 
to resort to a substitution method in 
which a calibrated attenuator, having 
the same impedance characteristic as 
the line, is used at the receiving termi- 
nal. The arrangement of circuits is 
shown in Fig. 1. 

The attenuator receives energy from 
a source similar to that connected to 
the transmitting end of the line. The 
voltage across the input terminals of 
the attenuator is adjusted to be equal 
to the voltage across the input termi- 
nals of the line; hence, as the imped- 
ances are equal, the power delivered is 
the same in each case. An amplifier 
having an input impedance equal to 
the characteristic line impedance, and 
therefore suitable for use as a load, is 
connected alternately to the line and 
the calibrated attenuator, and the latter 
adjusted until the output of the am- 
plifier as indicated by any suitable in- 
strument is the same for both connec- 
tions. When this condition is reached, 
the voltage set up across the load by the 
line is equal to the known voltage set 
up across the same load by the cali- 
brated attenuator. For convenience, the 
latter is calibrated in transmission 
units- generally in decibels -and, hence, 
the attenuation of the line is indicated 
directly by the setting of the attenuator. 

As has already been noted, the cali- 
brated attenuator must have the sanie 
characteristic impedance as the line. 
This condition applies only to the in- 
put terminals of the attenuator, and 

MARINE RADIO STATION TO BE 

ERECTED IN INDIA 
THE first wireless station for ship - 

to -shore communication in India is 
to be erected at Bedi Port, Nawanagar 
State, according to a recent report. The 
station will be equipped with a tube 
transmitter capable of reaching vessels 
800 to 1,000 miles at sea and its re- 
ception apparatus will have a range of 
10,000 to 20,000 meters. The reception 
service is expected to include daily 
news bulletins from the station at Rugby 
(England) and other powerful stations 
throughout the world. The aerials are 
to be supported on lattice steel towers 
similar to those employed by the Bom- 
bay Broadcasting station at Worli, 
Bombay. The station is scheduled to 

it is imposed in order that equal volt- 
ages across the input to the line and the 
input to the attenuator shall indicate 
equal amounts of power. When this 
condition is met, it is apparent that the 
calibrated attenuator presents the same 
impedance to the secondary source as 
would the load. were the secondary 
source and the load connected directly 
together. 

Provided that the input impedance 
of the attenuator is the same as the 
load impedance, it is unnecessary for 
the output impedance of the attenuator 
to match the load impedance, inasmuch 
as the indicated attenuation for any 
setting refers to the actual ratio be- 
tween the power supplied to the attenu- 
ator and the power delivered by the 
attenuator to the load. In other words, 
in those attenuation networks which 
present a constant impedance to the 
source only (i. e., L -type networks) the 
loss due to the impedance mismatch on 
the load side is included in the calibra- 
tion. 

In making the measurement outlined 
in the preceding discussion it is, of 
course, necessary to be sure that the 
frequency of the current supplied to the 
line and the frequency of the current 
supplied to the calibrated attenuator 
are identical. In order to avoid the 
necessity for repeatedly making this 
adjustment, and also to permit the 
measurement to be made in cases 
where a duplicate source may not be 
available at the receiving end, it is 
possible to carry out the measurement 

commence operation about October 1, 
1931. (Assistant Trade Commissioner 
Paul L. Hopper. Calcutta, India.) 

BUENOS AIRES POLICE DEPT. 
PLANS RADIO AND TELEPHONE 

COMMUNICATION SYSTEM 
LI F.UTENANT -COL, CARLOS H. 
RODRIGUEZ, in a statement to the 

press on June 8, made an appeal to the 
public of Buenos Aires, through the 
Prefecture of Police, to interest them- 
selves and support the scheme for the 
introduction of a radio and telephone 
service for use exclusively as a guar- 
antee of public safety, according to the 
Buenos Aires Herald, June 9, 1931. 
Colonel Rodriguez, in giving a brief 
résumé of the measures for the better 

as indicated in Fig. 2. In this figure 
it will be noted that the oscillator of 
Fig. 1 is replaced by an amplifier which 
may be connected to the line whenever 
the load is connected to the output of 
the calibrated attenuator. The amplifi- 
cation of this secondary source ampli- 
fier is adjusted until the voltage across 
the input end of the attenuator at the 
receiving terminal is the same as the 
voltage across the input end of the line 
at the transmitting terminal. In this 
case. it is apparent that the frequency 
of the current delivered to the attenua- 
tor must be identical with the frequency 
delivered to the line. One objection to 
this method lies in the fact that the 
wave supplied to the attenuator may 
fail to duplicate exactly the wave sup- 
plied to the line, due to the presence of 
interference picked up by the latter. 

It should be noted, in connection with 
the alternative source of local current 
just described, that it is unnecessary 
for the input impedance of the second- 
ary source amplifier to match the line 
impedance, inasmuch as the efficiency 
of this connection plays no part in the 
measurement. It should further be 
pointed out that it is quite unnecessary 
to know the gain or amplification of the 
source amplifier, or of the load amplifier 
used in making the voltage comparison; 
the frequency characteristics of these 
amplifiers are, consequently, of no im- 
portance in connection with the attenu- 
ation measurement, provided that the 
gain is adequate at all frequencies. 

To summarize the requirements im- 
posed on the measuring equipment, 
therefore, we note that the calibrated 
attenuator must be designed so as to 
have the same input impedance as the 
line with which it is to be compared. 
and that the impedance of the voltage - 
indicating amplifier, which is connected 
alternately to the line and to the cali- 
brated attenuator, must match this 
characteristic impedance. 

security of the public which will be 
adopted when sufficient funds have been 
collected, gave as an example what is 
known as the "police circuit," which 
consists mainly of the linking up by 
direct telephones of police stations, 
points where policemen are on duty, 
banking premises, public and private 
buildings, with the Prefecture- General 
of Police. To complement the telephone 
service a wireless transmission station 
would be installed at the Central De- 
partment, which would use special 
short wave. The patrol cars would be 
equipped with receiving sets, perma- 
nently tuned in on the transmission 
station in such a way that interference 
or interruption through other stations 
would be impossible. 

www.americanradiohistory.com

www.americanradiohistory.com


NOVEMBER, 1931 Page 27 

A new 
television system 

By R. W. TANNER 

A system of television is here described which has 

possibilities in throwing the received picture directly 
upon a screen, without employing a lens. 

IT is a well understood fact among 
television engineers that, if tele- 
vision is to become popular in the 
home, the entire apparatus must be 

small enough to be installed within a 
console of reasonable size. The ten- 
dency at the present time is to employ 
a very small scanning disc (one manu- 
facturer has reduced the size of the disc 
to 6 inches in diameter) with a crater 
type neon lamp and project the picture 
on a screen located a few feet from the 
source of light. 

This method can never be very sat- 
isfactory. By making the disc small, 
the size of the holes must be extremely 
small, reducing the amount of light 
passing through the holes to a very low 
percentage of that available. Again il- 
lumination is further reduced by the 
use of a projection lens which necessi- 
tates placing the screen at a considera- 
ble distance from the disc. 

It would seem far better to employ 
some system using a scanner which 
would throw the picture directly on a 
screen without the use of a projection 
lens. In this case the loss of light would 
be less since the distance between screen 
and scanner would be decreased. As- 
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Fig. I. Exaggerated sketch of the mirror drum. 

Fig. 2. Curved mirror surface. 

suming a desired picture size approxi- 
mately 15 inches by 18 inches, the dot 
elements would have to be about 
inch square. A disc having holes of 
this size would require a diameter of 
at least 28 feet, certainly a size not 
very desirable for public use. 

Small Scanner 

A new system has been developed 
which employs a small scanner, ap- 
proximately 9.5 inches in diameter, and 
which throws a picture on a screen 15 
inches by 18 inches. The scanner is 
located only 12 inches from the screen, 
making use of the available illumina- 
tion to the fullest extent. The exag- 
gerated sketch in Fig. 1 shows details 
of this scanner. 

This is a mirror drum scanner simi- 
lar to types used in Europe, but greatly 
improved. Mirrors, one for each pic- 
torial line, are placed around the periph- 
ery of a hard rubber drum approxi- 
mately 1 inch thick. Each mirror is 
placed at a slightly different angle, with 
respect tothe axis of rotation, to give 
the vertical scanning. Horizontal scan- 
ning is accomplished by the horizontal 
rotation of the drum. The individual 
mirrors, instead of being plane mirrors, 
are slightly curved in order t6 provide 
a wider angle of reflection. If plane 
mirrors are used the picture size can- 
not be greater than 5 inches or 6 inches 
wide when the drum is located 12 inches 
from the screen. It is readily appar- 
ent then that the curved mirrors are 
a great improvement over the plane 
type. Fig. 2 shows details of the mir- 
rors. The mirrors may be of monel 
or other metal. 

Due to the light weight of the scan- 
ning drum, a motor of 1/25 h.p. is more 
than sufficient, making it easy to syn- 
chronize by means of a phonic wheel 
excited by the hole frequency in the 
signal. 

The source of light may be a crator 
neon if desired. In the system here de- 

scribed a mercury arc tube is used. 
This tube contains a filament which 
heats a small pool of mercury. After 
mercury vapor is formed, an arc is cre- 
ated between two electrodes, having a 
very high intensity. Details of this 
tube are shown in Fig. 3. 

Source of Light 

Generally the source of light is con- 
nected directly in the plate circuit of 
the power audio amplifier. This func- 
tions satisfactorily with neon and some 
other types of glow lamps. With mer- 
cury arcs there is danger that a dark 
strata may occur inside the positive 
column of light due to the direct cur- 
rent excitation. In this new system, 
stratification is avoided by lighting the 
arc by means of a radio frequency os- 
cillator which is modulated by the 
power audio amplifier. 

The oscillator is a 210 tube and the 
audio power amplifier a 250, resulting 
in an available power (to the mercury 
arc) of approximately 5 watts, depend- 
ing upon the plate voltages. The 100 
per cent modulation system is em- 
ployed which increases the power to 20 
watts on the modulation peaks. It 
should be understood, however, that it 
is never possible to frilly realize the 

TO OSCILLATOR 

POOL OF MERCURY 

Fig. 3. Details of the mercury arc tube used 
in Tanner system for illumination. 

full 20 watts in illumination from the 
arc tube due to the losses encountered 
in the transfer of the energy from os- 
cillator to arc and within the tube it- 
self. 

In the first experiments with this 
system the light from the arc was 
thrown on the scanning mirror drum 
through a conical tube, large at the 
end towards the arc and / inch square 
at the drum end. This cone was made 
from a piece of highly polished metal 
and rolled into a cone. Condensing 
lenses cannot be used, since, if the beam 
of light is focused to'a small point on 
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the mirror, the rays spread to 3 inches 
at the screen. 

While the polished metal cone pro- 
duces very satisfactory results, a new 
device has been developed. This is 
merely a solid glass cone, preferably of 
quartz, % inch square at the small end 
and increasing to 2 inches at the large 
end. The end facing the arc is con- 
cave as shown in Fig. 4. The entire 
glass is painted with a substance to 
render it opaque except the concave end 
and the small end. 

The Dark Box 

The arc tubes and concentrating glass 
are inclosed within a "dark box" with 
only the small end of the glass show- 
ing. This box is then placed at the 
proper distance from the scanning drum 
and at the proper angle to the drum. 
Fig. 5 shows a sketch of the "dark 
box." 

For a console job, the scanner, arc 

Fig. 4. Concentrating glass. 

Fig. 5. Showing the arc tube. concentrating 
glass and reflector in the "dark box." 

tube, etc., would be mounted within and 
having a ground glass screen in the 
front, throwing the light rays on the 

RADIO ENGINEERING 

back of the screen. The audience would 
then observe the picture from the front. 
It is advisable and very desirable to 
mount the scanning drum so as to ro- 
tate exactly horizontally with the "dark 
box" at a slight angle throwing the rays 
up on to the scanner. The screen would 
then be mounted also at an angle with 
the top slanting inward. This is only 
a suggestion, however. 

The Tanner television system has a 
great advantage over other systems em- 
ploying discs in that all of the available 
light (not considering losses) from the 
arc is used for each pictorial element. 
With a disc, the light beam is focused 
to cover the entire space of the picture, 
each element then utilizing only 114320 
part of the total light. 

A new tube of the mercury -argon 
type is now under development for use 
with this new system. It is hoped that 
this tube will give still greater illumi- 
nation than a plain mercury arc. 

Some radio questions answered 

I 
T is interesting to learn the nature of 
the questions forwarded to the offices 

of vacuum tube manufacturers. 
Herewith are nine questions received 

by and answered by the engineers of E. 
T. Cunningham, Inc.: 

Q. -Would it be practical to substi- 
tute a C -347 power output pentode in a 
receiver designed for a -345 power am- 
plifier? 

A. -No. This substitution would re- 
quire considerable alteration in the cir- 
cuit of the receiver. Also, it would be 
necessary to replace the output trans- 
former with one designed for use with 
the C -347; furthermore, the loudspeaker 
might not operate efficiently due to the 
different characteristics of the pentode. 

Q. -What causes dimming . and 
brightening of the heating element of 
cathode -heater types of tubes ? 

A.- Varying line voltages sometimes 
cause this peculiarity, but more often 
it is due to expansion of the filament 
(heater). As the filament heats it ex- 
pands and touches the insulator which 
encloses it. This cools the filament 
slightly, causing it to dim and, at the 
same time, to shrink. The shrinkage 
draws the filament away from the insu- 
lator and it goes back to the higher 
temperature and becomes brighter. This 
variation of heater temperature does 
not impair the efficiency of the tube, 
however. 

Q. -How many different types of 
tubes are employed in the present -day 
a -c. radio receiver? 

A. -Types extensively employed are 
the C -327, C -324, the CX -345 for out- 

put and the CX -380 rectifier. Some set 
manufacturers, however, have substi- 
tuted the super -control C -335 in place 
of the -24, and the power output pentode 
C -347 in place of the CX -345. 

Q. -I have a receiver which gener- 
ally reproduces very well, but at times 
it loses volume and the tone becomes 
distorted. Can you explain this action 
and how it can be remedied? 

A. -This would seem to indicate a 
tube in the set which has an intermit- 
tent short or open circuit, or it might 
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NEW TUBES FOR BROADCAST 
STATIONS 

In the December issue of RADIO 
ENGINEERING will appear a spe- 
cial technical article describing 
and illustrating the new high - 
power tubes being introduced in 
modern broadcast stations. A 
study of this important paper will 
bring radio engineers up to date 
in this subject. 

11111111111111111111 lllll 1111111111111111111111111111111111.1111.111111111111111111 llllllll 11111111111111111111111111111111111/11/111. 

be caused by a loose connection in the 
set. A swinging aerial also causes the 
same action at times. Suggest you have 
a serviceman inspect the tubes, circuit 
connections, and aerial. 

Q. -What tubes are commonly em- 
ployed in present -day sets using auto- 
matic volume control? 

A. -The C -327 and C -324 have been 

used to very good advantage. Among 
the more recent types used for this 
purpose is the C -335. 

Q. -What is a "ballast" tube and how 
is it employed? 

A. -This tube is a device used for 
maintaining constant input voltage to 
a radio receiver by equalizing the line 
voltage variations. 

Q. -Are the same type tubes em- 
ployed with short-wave receivers as 
with broadcast receivers? 

A. -Yes. The chief difference be- 
tween the two types of receivers lies in 
the circuit design. 

Q. -In what respect does the con- 
struction of the pentode differ from 
other screen -grid tubes? 

A. -The pentode, in addition to hav- 
ing the control and screen -grids, also 
has a third grid, known as the sup- 
pressor. This latter grid is connected 
inside the tube to the cathode and serves 
to eliminate the secondary emission ef- 
fects which limit the output of four - 
electrode screen -grid types. 

Q. -We would appreciate a descrip- 
tion of a simple circuit for finding the 
emission current of a tube. 

A. -For this test, the grid and plate 
are connected and 50 -volts applied 
across the terminal of this connection 
and the negative filament connection. 
A 0 -200 milliammeter and switch are 
placed in series with this voltage sup- 
ply. When the switch is closed the 
emission current is read from the am- 
meter. The switch should be closed 
only long enough to make the reading, 
otherwise the tube may be damaged. 
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Broadcast station 

coverage surveys 
By V. V. GUNSOLLEY 
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Radio stations dependent upon commercial support 
must employ dependable methods of determining their 
regular listener audiences. 

THE public has come to take 
radio for granted. The public 
no longer is largely responsive 
except to the most unusual pro- 

grams and these are very few and far 
between. The more programs of the 
unusual type the public is given, the 
less unusual programs become and 
the more difficult it becomes to stand 
the public on its ear, so to speak. 

The station that can command the 
most attention is the one making the 
most money, provided it is otherwise 
well managed. But there is also one 
other besides the public whom the sta- 
tion must attract, if it is going to make 
any money at all, and that is Mr. Ad- 
vertiser. While he is really a part of 
the public, yet he sees the radio broad- 
cast from an entirely different view- 
point, and stations with an eye for 
business are beginning to cultivate him 
industriously. In this respect about the 
best cultivating tool is a "bang -up" sta- 
tion survey that gives all the "facts" 
about the station in easily digestible 
form; graphs, color charts, maps, testi- 
monials, etc. 

So the holiday is over. The respon- 
sibility of management is increasing. 
The day is past when any former "ham" 
can manage a broadcasting station. 
The need for business principles is 
paramount as in other intricate busi- 
nesses. It is very detailed and complex, 
requiring minute attention to a multi- 
tude of small but exceptionally import- 
ant items. It combines at once the ex- 
actness of engineering with the uncer- 
tainty of the show business. It re- 
quires both cold, logical engineering 
and hot, gambling showmanship; two 
most incompatible elements, and lucky 
indeed is . the organization that has 
solved the problem of delegating re- 
sponsibility so that none of the gamb- 
ling is done in the engineering, and 
that none of the engineering is done in 
the gambling. Programs can no more 
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be built by cold plan and logic than 
can popular song hits. There is no ac- 
counting for tastes, and the sooner 
planning boards discover this the soon- 
er some of them will be disbanded. It 
takes intuitive genius to pick and plan 
programs just as it does to pick Broad- 
way hits, and no such foresight seems 
to exist on any planning commission. 

There is one reliable guide, however. 
It is the station survey. It gives no in- 
formation in advance, but it tells how 
well the program gets along. It is like 
theatre applause. It tells nothing of the 
mechanics or structure of the program, 
but tells in a general way what "works." 
It mirrors public preference but does 
not account for it. For some unknown 
reason a second program, like the first 
in principle, may fall flat. But unless 
a survey is made the program director 
is serenely ignorant of the fact not- 
withstanding that all the while the pub- 
lic suffers and station popularity unac- 
countably wanes. Thus there is need 
for constant sounding of public prefer- 
ence. It is the function of the survey 
to do this. 

Some are in the broadcasting busi- 
ness for the fun they get out of it, 
much like any other hobby. They sub- 
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When distance com- 
munication was by 
means of vi ual, day- 
light semaphore sig- 
naling, coverage was 
not difficult to de- 

termine. 
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sidize their station with the earnings 
of some other more profitable business 
in which they are engaged. It is a sat- 
isfaction to their pride and vanity to be 
able to have a broadcasting station for 
a plaything and as long as they are 
having a good time and getting publicity 
out of it, it matters little whether both 
ends meet or not. However, in the 
more general case, the only object of 
business is to secure a maximum of 
return for a minimum of investment, 
and, the whole study of business has the 
motive to determine what the minimum 
is in relation to the reasonable maxi- 
mum. To find this relation in broad- 
casting, private opinion must give way 
to demonstrated public preference. A 
survey tells what this preference is but 
cannot always do away with private 
opinion. The station which is governed 
by the know -it -all, egotistical type of 
manager who is still coasting on the 
results of three years ago; or even 
three months ago, has a manager who 
is not trading in his car as often as he 
used to and this may not be because 
of the "depression." It is because his 
preference regulates, so far as his 
audience is concerned. 

Various Forms of Surveys 

Station surveys take on various 
forms all of which may be divided into 
three classes, generally. They are: 

1. Commercial analysis. 
2. Listener analysis. 
3. Field strength analysis. 
Some surveys are a combination of 

all three forms; some well classified 
and others not so well defined. 

The commercial analysis has two 
justifications. First, there are some 
stations that know only too well that 
they have no chance in a popularity 
race and that they could not make a 
very good showing therefore on the 
basis of public preference. They have 
little to present to the advertiser on 
which to base service charges. The 
commercial analysis then becomes a 
sort of a racket to draw the adver- 
tiser's mind away from the real issue 
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by filling him up with a lot of booster 
talk about all the opportunities there 
are for business in the territory served 
by the broadcasting station. It does not 
say how well the station serves, but 
depends for the most part on the ad- 
vertiser's gullibility. An outline of a 
commercial analysis looks something 
like this. 

Commercial Analysis 

(a) Number of and counties served 
with Class A, B, and C signal. 

(b) Number of receivers by coun- 
ties for both city and farm. 

(c) Potential audience. (Without 
regard to time of season, day or hour 
and without regard for competing sta- 
tions.) 

(d) Number of commodity users in 
total and by counties for each principal 
commodity (automobiles, homes, farm 
implements, groceries, hardware, fur- 
niture, clothing, guns, boats, tobacco, 
etc., etc.) 

(e) Bank deposits and postal sav- 
ings, in counties served. 

(f) Estimated value of all physical 
property. 

(g) Life insurance in force. 
(h) Internal revenue receipts. 
(i) Value of all farm property. 
(j) Cash income from crops and live 

stock. 
(k) Value of manufactured products. 
(1) Value of mineral products. 
(m) Earnings of railroads. 
(n) Breakdown of station rates 

based on potential audience. 
It may readily be appreciated that the 

wise advertising salesman can take 
such an array of facts and impress the 
credulous advertisers. No doubt in 
time the advertiser will learn that such 
optimistic conclusions as may be drawn 
from the figures, are no guarantee of 
results on his investment. However, if 
the station is honest and bases its rates 
upon its actual service rather than on 
the commercial analysis, the advertis- 
ing will pay, and the station will have 
another satisfied customer. There is no 
reason why one should not advertise 
over a station of small coverage any 
more than in a paper of small circula- 
tion, provided the rates are reasonable 
for the service rendered. 

The Survey 

The second function of the commer- 
cial analysis is in combination with the 
listener analysis. These two analyses 
in combination form what is ordinarily 
termed a survey. In this respect it gives 
the prospective advertiser a statistical 
service that is helpful to him in decid- 
ing whether or not to advertise. The 
large advertiser or agency has all this 
information on file so that for him such 
an analysis is unnecessary. However, 
it is always desirable to round out a 

survey with a fair commercial .analysis. 
It gives more plausibility to the main 
message the station has to drive home. 

The listener analysis gives the sta- 
tion information as to who the listener 
is, what he does, and what he prefers. 
It shows what programs are liked best 
and gives some indication of how well 
any type of program is likely to be 
received. To the advertiser it gives 
valuable information as to what pro- 
portion of the listeners are likely to be 
in the market for his wares; that is, 
just what proportion is usable circula- 
tion. Not so many persons are in the 
market for roofing, harness or paint as 
there are for toothpaste, shoes or ciga- 
rettes. The advertiser whose product 
has a large proportion of usable cir- 
culation can be quite careless about 
what the proportion is. The advertiser 
with a patent poultry feed especially 
beneficial to chicks will choose the sea- 
son for his message with some wisdom. 
The manufacturer of steam shovels 

WESTINGHOUSE WILL RE- 
TAIN RADIO STATIONS 

"Certain rumors, which have 
been brought to my attention," 
states F. A. Merrick, president of 
the Nestinghouse Electric and 
Manufacturing Company, "have 
been to the effect that this com- 
pany is contemplating disposing of 
its interest in radio stations 
KDKA in Pittsburgh, WBZ in 
Boston, WBZA in Springfield, 
Mass., and KYW in Chicago. 

"The Westinghouse Electric 
and Manufacturing Company has 
no intention of divesting itself of 
ownership, operation or control of 
its broadcasting stations." 

and the builder of suspension bridges 
probably could not be convinced that 
there was enough usable circulation in 
proportion to the rates charged for 
time on the air. 

While to the station an hour must 
be productive of so much in revenue 
regardless of the message, to the ad- 
vertiser the value of the hour depends 
upon the proportion of usable circula- 
tion. This means that the most valu- 
able hours of the day will most likely 
be crowded with programs sponsored 
by advertisers whose products require 
a large percentage of usable circula- 
tion. These are some of the complica- 
tions that make it difficult for adver- 
tisers and executives to understand the 
basis for station rates. The listener 
survey makes it less difficult to base sta- 
tion rates and gives a better under - 
standing of what is going on in the 
minds of the listeners. The following 
outline gives some idea of the scope of 
such a survey. 

RADIO ENGINEERING 

Listener Analysis 
(a) Potential audience in different 

seasons, and on different days and 
hours. 

1. City. 
2. Country. 
(b) Measure of effectiveness. 
1. Percentage of potential audience 

actually listening for each of the vari- 
ous hours. 

2. Percentage of usable circulation 
for the various commodities also by 
hours. 

(c) Test of good -will. 
1. Type of program liked best. 
2. Best length of program to choose. 
3. Relative appeal of the various 

types of program. 
4. The tastes of the different di- 

visions of the radio audience and how 
they vary from time to time. 

5. Attitude toward record and tran- 
scription broadcasts. 

6. Attitude toward chain broadcast- 
ing. 

7. Attitude toward local programs. 
(d) Results of the broadcast. 
1. How sponsors obtain the highest 

efficiency from radio broadcasting. 
2. The actual results obtained. 
3. Coordination with other forms of 

advertising; adjustment to the adver- 
tising campaign. 

4. How to convert the favorable im- 
pression into sales. 

(e) Choosing the station. 
1. Building arguments for the sta- 

tion using pertinent facts obtained from 
the survey. 

2. How the station compares with 
others. both local and distant. 

(f) Description of the average audi- 
ence. 

Comparison of the sexes, different 
ages, city versus farm, the different 
financial levels, etc. 

(g) Basis of rates. 
I. Comparison with costs for other 

stations and mediums. 
2. Breakdown of station rates on ba- 

sis of usable circulation for the various 
commodities. 

Needless to say, the labor involved 
in securing timely information to fill 
out such an outline in great detail is 
very great. If the survey is to be com- 
pleted before it is already out of date, 
a large corps (,f investigators and sta- 
tisticians is required. This makes any 
attempt on the part of the station itself 
to turn out a survey very likely to be 
unsuccessful or at most very amateur- 
ish. 

It is not an uncommon thing for a 
station naturally biased about its own 
importance to use information years 
out of date, and to use notions in place 
of facts regarding its coverage and 
popularity. Some stations have the idea 
that power is a basis for coverage and 
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map out a circle within which all lis- 
teners are supposed to give undivided 
attention to its programs. No thought 
is given to the matter of competing 
interest in the programs of other sta- 
tions. One station formed its ideas of 
its own importance during its first 
birthday party during which interest 
was new and everybody who wired or 
wrote in received some kind of a prize. 
It now has the least popularity and the 
lowest usable circulation, naturally, but 
is unaware of the fact despite the dif- 
ficulty it has in selling the advertiser 
its service. The depression gets all the 
blame. 

The survey should be an honest dis- 
closure of the facts since no wise execu- 
tive will desire to deceive himself. He 
must be willing therefore to go to 
great pains and expense to find the 
facts. It will be least expensive in the 
end. 

To find the facts! That is the ques- 
tion. How may they be discovered? 
Several methods are at once obvious. 

1. House to house canvassers. 
2. Mail questionnaires. 
3. Telephone canvass. 
4. Fan mail. 
5. Actual results to advertisers. 
6. Distress the program. 
7. Keying the program. 
8. Contests. 
9. Requests for particular broadcasts. 

10. Field measurements, or tests. 
Sending out canvassers is the most 

expensive and the slowest but the most 
reliable and useful where detailed in- 
formation is to be obtained. When done 
by a station in its own interests, likely 
it will not be reliably done for there is 
too strong a tendency to ask leading 
questions. If the lady of the house 
knows who the canvasser represents, 
she will not likely condemn the station 
as freely as she would if she thought 
the census taker were unbiased, and 
condemnation is likely to be the most 
valuable part of any census. The can- 
vasser should be distinterested in any 
particular station: Whether he is or 
not will be disclosed by comparing his 
results with those of other canvassers 
and if his results are biased they will 
not run true to form. This may be 
suavely brought out by skillful conver- 
sation with the canvasser and if guilty 
he should be discharged. Herein lies 
the value of the station itself not mak- 
ing the survey. If an independent con- 
cern makes the survey, the canvasser 
need not know who is interested. 

2. The second method is not very re- 
liable since it must nearly always be 
addressed to a select list and therefore 
cannot reach a typical cross -section of 
the audience. The names must be ob- 
tained from some kind of a directory 
and no directory is complete. Further- 
more, only those reply who are enough 

interested or who feel intelligent enough 
to do so, while those who do riot reply 
listen to the radio and buy the adver- 
tiser's products just the same. Prizes 
are sometimes offered to stimulate in- 
terest in returning such questionnaires, 
but there is still much indifference on 
the part of those who nevertheless are 
good buyers and good listeners. Fill- 
ing out a large questionnaire reminds 
one too much of the income tax state- 
ment, and any small questionnaire likely 
does not request enough valuable in- 
formation to justify sending it out. 
However, the mail is very useful in ob- 
taining a general response; to see how 
well some particular program is liked. 

The third method, of using a tele- 
phone canvass, is in some cases very 
convenient, fast and quite reliable. It 
has the disadvantage that it is a se- 
lected list, but some advertisers feel 
that any one who has not a telephone 
is likely not the most desirable for their 
class of business, anyway, and actually 
value this form of survey the more. 
Of course, we know that this is not 
strictly true, but in general, the person 
with a telephone has more money with 
which to buy; uses the telephone to buy 
oftener since it is so convenient to 
order. 

Fan Mail 

Fourth, fan mail is a very reliable 
index of the relative response to one 
program compared with another pro- 
vided it is really applause mail and nct 
something cultivated by the advertiser. 
In general, however, fan mail is a very 
unreliable guide and should be used 
with great caution when forming im- 
portant decisions involving great ex- 
penditures. 

The fifth method is to actually in- 
vestigate the results obtained by the 
advertiser. Obviously this method can 
he used only after all the advertiser's 
results are in. If his is an emergency 
appeal in which the cry is to buy now, 
or where the customer has to buy in 
season, then up -to -date results may be 
obtained. In the case of the long -cir- 
cuit appeal ; the buy- the -next -time -you- 
need -it appeal, then it is seldom that 
such fact finding is of any value. Some 
businesses have had to greatly enlarge 
their production facilities as a result of 
consistent radio broadcasting and even 
though the appeal may be of the long - 
circuit type, it may well be pointed out 
as an example of the value of radio 
advertising as an investment. 

Interrupted Broadcas +s 

Sixth : Some advertisers actually 
have had their program interrupted at 
a crucial part where interest should be 
highest in order that the general flood 
of complaints may serve as an index 
to listener interest. This is dangerous 
since it has a negative effect on both 
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the program and the station. When 
the distress is genuine, and unavoidable, 
the advertiser should not lose sight of 
this opportunity to observe coverage. 

In the seventh method sometimes a 
program is keyed so that the advertiser 
knows how to trace his results. He 
then is enabled to find which program 
types produce the best results and use 
those types of program with greater 
frequency. 

By the eighth method, which is that 
of using contests, interest is stimulated 
only for the duration of the contest, 
and results therefrom cannot be used 
as a general index. 

A very reliable way of gauging how 
many are listening to a given program 
is to call for requests. The results are 
somewhat affected by the popularity of 
the program at the moment and many 
may be listening who are not interested 
enough either to send in a request or 
to re -dial. However, when the results 
are numerous, they are quite reliable 
as an index to listener interest. 

Engineering Inquiry 

By the tenth method, that of field 
measurement, the station can get an 
engineering measure of its signal 
strength over its useful signal range. 
It is generally conceded that, other 
things being equal, the station with the 
greatest signal strength has the greater 
coverage. This conclusion has but lit- 
tle value, however, for it is seldom that 
other things are equal. A man will 
listen with headphones on, if necessary. 
to get a program he wants and can get 
nowhere else, while powerful local sig- 
nals go to waste. The station with the 
greatest signal strength may prove to 
be only a greater nuisance than it 
would be with less signal strength. A 
1,000 -watt station can easily take the 
play away from a 10,000 -watt station 
especially during the day time since 
both have closely the same range, and 
at night the more powerful station has 
so much competition with outside sta- 
tions that even locally often it is "just 
another station." At fifty miles few 
stations enjoy a monopoly. 

Since the listener does not usually 
understand the meaning of the term 
"microvolts -per- meter" it is hardly nec- 
essary to go to the expense of such a 
survey. It is practically as well to go 
to his home and make a test on his 
receiver. Then the broadcaster and the 
listener understand each other on the 
sane terms. As soon as the broad- 
caster lays down a signal at the re- 
ceiver that is free from interference in 
general, it matters not whether his sig- 
nal is as strong as that of other sta- 
tions or not, especially in the case of 
receivers having automatic volume con- 
trol. When the slightest turn of the 

(Concluded on page 38) 
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Grid circuit 

linear detection 
By JAMES R. NELSON 

T1lIS article will discuss briefly the 
operation of the screen -grid tube 
used as a grid circuit detector. 
This type of detector will be com- 

pared with the several types of detectors 
in common use in order to show its 
marked superiority as regards sensitiv- 
ity under practical operating conditions. 

Fig. 1 shows the Ig Eg curves of an 
ER -224 tube taken with 200 volts on 
the plate and 45 volts on the screen 
grid. The curves are taken with vari- 
ous a -c. input voltages on the grid. If 
the grid is returned to the cathode or 
the point of zero potential through a 
resistor R the d -c. potential for any in- 
put voltage may be found from the in- 
tersection of the curve for that input 
voltage and the load line drawn from 
the point of zero potential with a slope 
equal to 1 /R. A one megohm load line 
is shown drawn in on Fig. 1. It can 
be easily seen that as R is increased 
the load line approaches the horizontal 
axis so that the change of d -c. voltage 
will be equal to the peak a -c. voltage 
applied to the grid provided the resistor 
R is by- passed for the carrier voltage. 
If the resistor R is not by- passed, all 
the a -c. voltage is not impressed on the 
grid and the change of d -c. voltage is 
correspondingly reduced. The resistor 
R is usually by- passed so that the fol- 
lowing equation is approximately true 
with the value of R at least one me- 
gohm. 

V =E (1) 
where V is the rectifier voltage, E is 
the peak value of a -c. input voltage. 

The method of operation is quite ob- 

vious from the curves. If an a -c. input 
voltage of E volts is applied, the grid 
will assume the d -c. potential given by 
the intersection of the load line, or the 
line drawn with the slope 1 /R, and Ig 
Eg curve for that input voltage. If the 
modulation is 100 per cent, the d -c. 
voltage will vary between that given 
for 2 E and O, while if the modulation 
is any other percentage, M, the d -c. 
voltage, will vary at the modulation 
frequency between E + ME and E - 
ME. This a -c. voltage of modulation 
frequency thus developed in the grid 
circuit is amplified by the tube in the 
usual manner. 

The audio output could be calculated 
in the usual manner knowing the Mu, 
rp and Rp external. There are, how- 
ever, several factors which are not 
taken into account in this method. The 
carrier frequency is also applied to the 
grid and the resultant carrier frequency 
current developed in the plate circuit 
limits the audio -frequency output. The 
Mu and rp of the screen -grid tube are 
also far from constant over the wide 
range of grid and plate voltages in- 
volved. 

It is much better to determine the 
plate current -plate voltage characteris- 
tics directly, thus automatically taking 
into account the above factors. Fig. 2 
shows the ID ED curves for 45 volts on 
the screen grid taken with various a -c. 
input voltages in the control grid. A 
60 -cycle input voltage was used, which 
was introduced with a megohm grid 
leak shunted by a 1 mfd. condenser in 
series with the tube, the 1 mfd. con- 

The study of the possibility of using a grid circuit linear 
detector to work directly into the power output stage 
has been somewhat neglected. The grid bias detector 
has worked well enough for practical purposes although 
it requires a large input voltage to obtain fairly linear 
rectification. This large input voltage imposes rather 
severe shielding and filtering problems on the amplifier 
design so that if the same results as are obtained with 
present detectors could be obtained by less radio - 
frequency voltage, a cheaper radio -frequency amplifier 
could be used. 

RADIO ENGINEERING 

denser having the same impedance at 
60 cycles as a 100 mmfd. condenser at 
600 kc. There was no a -c. impedance 
in the plate so that the conditions sim- 
ulate those with the detector output by- 
passed for radio frequency. The audio - 
frequency output is found in the same 
manner as described above for the grid 
circuit. 

A load line of 90,000 ohms is shown 
drawn in from 300 volts. The rectified 
voltage curve is shown plotted in Fig. 
3 -B for the 90,000 ohm load line. Rec- 
tification curves for 62.5 volts and 22.5 
volts on the screen grid are shown in 
Fig. 3 A and C. The load line should 
be chosen to fit the battery conditions 
as a study of Figs. 2 and 3 will show. 

The problem of finding the best ex- 
ternal load may be explained physically 
by means of the curves shown in Fig. 
2. For example, with 300 volts plate 
supply, the problem is to draw in a load 
line from this voltage intersecting the 
IP Ep curve for zero carrier as far to 
the left as the curved portion will allow. 
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Fig. 1. Ig -Eg curves ER224 tube. 
Ep -200 volts. Esg =45 volts. 

The load line drawn for 109,000 ohms, 
which is too large a value of resistance, 
illustrates this point. The rectified volt- 
age output curve is drawn in Fig. 3 -D 
for this case. The curve is fairly flat up 
to about 0.5 volt carrier. If a 0.5 volt 
carrier modulated 100 per cent were 
used, the audio -frequency voltage would 
swing from 9 to 0 volts and 9 to 47.5 or 
9 volts on one side and 38.5 volts on the 
other, resulting in very bad distortion. 

The rectification curve for 90,000 
ohms is fairly good. The curve is about 
as linear as it is for bias rectification 
with considerably higher voltages. 
Lower values of resistance will also 
give fairly linear output curves. If a 
tube having a higher plate current is 
used, the load line remains stationary 
and the ID E curves are shifted up. 
Thus for good results with all tubes 
the load resistance should be reduced 
somewhat from that found best for the 
average tube. It was found that a 10 
or 15 per cent reduction from the opti- 
mum resistance found for an average 
tube would take care of the plate cur- 
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rent variations round in the ER -224 
tubes. 

Sensitivity Comparisons 

There is no standard method of com- 
paring detectors. Sensitivity or dV /dE 
where dV is the small change of recti- 
fied output caused by a small dE of the 
carrier voltage expressed in peak value 
is one method which might be used and 
will be satisfactory here. The sensitiv- 
ity is really the slope of the rectification 
curve and should be constant for an 
ideal rectifier. 

In a previous article it was shown 
that the sensitivity of a C bias detector 
as the input voltage is increased ap- 
proaches the value 

R 

]t rp 
where Rg is the external resistance and 
rp is the internal resistance. 

In the case of a triode, the ratio of 
Rr /rp may be made equal to two or 
three. The ratio of tan is also greater 
than one with the usual triode so that 
with a typical 227 tube, for instance, 
the sensitivity with fairly high plate 
voltages may be about 7. Curve A of 
Fig. 4 shows the sensitivity for a typi- 
cal case. 

In the case of an automatic bias de- 
tector the internal resistance is high so 
that the sensitivity is reduced consid- 
erably. Curve B of Fig. 4 shows that 
the sensitivity of a 227 tube used in a 
typical automatic bias detector circuit is 
only about 3.5 or one -half that obtained 
when used as a C bias or a fixed bias 
detector due to the large rp when used 
as an automatic bias detector. The 
reason for the increase of internal re- 
sistance is that the drop across the bias 
resistor is impressed on the grid which 
voltage opposes the effect of the plate 
voltage, thus increasing the resistance. 
The Ip Ep curves are much flatter and 
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Fig. 3. Rectification 
ER 224 tube. 

A-Esg=67.5 V. 
B-Esg=45.0 V. 
C-Esg=22.5 V. 
D-Esg=45.0 V. 

characteristics, average 
Ep =300 volts. 

Rp= 46,500 ohms. 
Rp= 90,000 ohms. 
Rp= 256,000 ohms. 
Rp= 109,000 ohms. 

nuunwnlnnmmolotmmnnlnllm 

Fig. 2. Ip-Ep 
curves average ER 
224 tubes. 
Esg = 45 volts, 
various at volt- 
ages. f =60 cy- 
cles, Rg =1 meg- 
ohm, Cg =1 mfd. 
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do not cut off sharply as they do with 
a fixed bias. 

It was shown in equation (1) that 
the value of V approaches E so that 
the sensitivity in the grid circuit above 

approaches unity. The rectified voltage 
developed in the grid circuit is also 
amplified in the usual manner so that 
the total sensitivity of a grid circuit 
detector may be written from analogy 
with the amplifier equation as 

Rp 

S - u (3) 
r9 i- R9 

Thus it is seen that the sensitivity is 

less than the µ of the tube. It is neces- 
sary to keep Rg one or two times rp in 

a three -element tube so that the total 
sensitivity may be only about Y to 
of the mu of the tube. This is illus- 
trated in Fig. 4-C. 

In practice it is difficult to make the 
ratio of Rg/rp greater than It even for 
the case of a C bias detector. The grid 
circuit detector sensitivity approaches 
µ as a limit so that we would expect 
that the sensitivity of the C bias de- 
tector and the grid circuit detector 
would be about the same in the case of 
three -element tubes. It should be noted, 
however, that a large input voltage is 

necessary to obtain the maximum sen- 
sitivity in the case of the C bias de- 
tector while the maximum sensitivity is 

obtained with a small input voltage in 
the case of the grid circuit detector. 

In all electric receivers, however, a 

self -bias detector is used and a study 
of curves B and C of Fig. 4 shows that 
the sensitivity of the grid circuit de- 
tector is almost twice as great and 
more linear than that of a self -bias au- 
tomatic bias detector. It is better to 
use a 227 grid circuit detector rather 
than an automatic bias detector pro- 
vided that the output voltage is suf- 
ficient for the purpose. Typical output 
results were given for the ER -227 tube 
in another paper' and will not be re- 
peated here. 

Equation (2) holds also for the case 
of the 224 tube used as automatic bias 

11. R. Nelson -Grid Circuit Power Rectification, 
Proceedings 1. R. E., March, 1931. 

detector. The ratio of R9 to rp must 
necessarily be made small because oí 
audio quality considerations. A typical 
sensitivity curve is shown in Fig. 4-D. 
Thus we would expect to find that a 
224 automatic bias detector would be 
slightly more sensitive than a 227 auto- 
matic bias detector, and from the 
curves, we find that it is about twice 
as sensitive. It is to be noted, however, 
that the 227 grid circuit detector up to 
its output limitations is a much more 
linear detector and slightly more sensi- 
tive than the 224 automatic bias de- 
tector. 

Equation (3) holds also in the case 
of a 224 grid circuit detector. The 
values of dV /dE found from Fig. 3 

are plotted in Fig. 4-D. There is a 
large increase in sensitivity over any 
other type of detector discussed here. 
The difference is striking when com- 
pared with the case of automatic or C 
bias detectors for input voltages of less 
than one volt. The region of voltages 
less than .1 volt is that used in small 
signal detection and does not concern 
us in this study, as the audio amplifica- 
tion is such that the power ouput level 
delivered by the small signal, .1 volt or 
less, is very low. 

It is to be noted, however, that al- 
though the change in grid voltage is as 
linear as with a 227, the change in rec- 
tified plate voltage is not as linear. 
This is due to the variation of mu and 
r9 in the screen grid tube. The output, 
however, provided that the input is .2 

volt or more, will be fairly linear and 
about as linear as that of the 227 auto- 
matic bias detector with 4 or more volts 
input voltage. 

Grid Circuit Impedance Considerations 

An examination of Fig. 1 shows that 
the larger Rg the more linear the rec- 
tified grid input voltage will be. From 
the standpoint of by- passing Rg so that 
the voltage drop across Rg and Cg 

will be small the condenser Cg should 
be large. The larger Rg the less the 
resistance added to the tuned circuit 
both from Rg and the grid resistance 
of the tube. Audio quality considera- 
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tions, however, require that Tg be made 
not too large and Cg be made rather 
small. Due to the enormous gain in 
sensitivity some loss in input voltage 
will not be much of a factor. Taking 
all the above factors in consideration, 
a resistance R5 of one megohm with 
the grid condenser of 50 to 100 mmfd. 
will be good compromise values. 

Output Limitations 

An examination of Fig. 3 shows that 
about 100 volts rectified is all that may 
be realized with 300 volts on the plate 
fed through a resistance. This means 
that the 224 grid circuit detector re- 
sistance coupled would work a single 
245 on 100 per cent modulation. There 
is ample output, however, to work a 
new power pentode such as the ER -247 
on about 30 per cent modulation. A 
study of impedance coupling is beyond 
the scope of this article. It was found, 
however, that a push -pull 245 stage 
could be worked on full output with 25 
per cent. modulation by using a one to 
one transformer, such as is used in 
some of the present day receivers with 
45 or 67.5 volts applied to the screen 
grid of the 224 grid circuit detector. 
The plate of the 224 grid circuit de- 
tector was connected to either 250 or 
300 volts directly through the primary 
of the transformer. 

Rectification curves taken with 135 
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Fig. 4. Sensitivity or dV /dE curves for various 
aetectors. 

A -227 C bias detector Ecg =18. Ep =270. Rp= 
200,000 ohms. 

B -227 automatic bias detector R Cathode= 
35,000 ohms. Ep =180 v. Rp= 180,000 ohms. 

C -227 grid circuit detector Rg =1 megohm. 
Ep=300. Rp= 25,000 ohms. 

D -224 automatic bias detector R cathode =20,- 
000 ohms. Rp= 200,000. Ep =300 V. Esg= 

40 v. 
E-224 grid circuit detector Rg =1 megohm. 

Rp= 90,000 ohms. Ep =300 v. Esg =40 v. 

volts B- voltage showed that the screen 
grid detector using grid circuit recti- 
fication would not quite work the new 
6.3 volt pentode output tube (ER -236) 
with resistance coupling. There was 
ample output voltage, however, using 
the correct choke coupling with Eb as 
low as 100 volts so that an intermediate 
audio tube is not necessary. 

It must be emphasized main, how- 

RADIO ENGINEERING 

ever, that the plate circuit impedance 
must not be too high. In three element 
tubes a high impedance is desirable, but 
due to the different shape of the I-E, 
curves of a screen grid detector using 
grid circuit rectification, too high an 
impedance causes bad distortion for the 
same reason that too high a resistance 
does. The best method in insuring that 
the impedance is not too high is to in- 
sert a resistor in parallel with the choke 
or transformer. The approximate range 
of voltage swings may be found by as- 
suming that impedance has only the d -c. 
resistance of the choke and drawing in 
the load line through the operating 
point for the carrier voltage so that it 
acts only as an a -c. impedance and as- 
suming that the Io Ep curves will fol- 
low along a line having a slope equal 
to 1 /RP instead of following along a 
distorted ellipse. If the choke impe- 
dance is equal to the resistance of the 
shunting resistor at some fairly low 
frequency, say 60- cycles, this will give 
approximate results. 

Before using impedance or a trans- 
former coupler it is suggested that the 
receiver be tested with high percentages 
of modulation or that the I-E, char- 
acteristic diagram be studied carefully. 
If either of the above studies are made, 
the possibility of the receiver distorting 
badly on high percentage modulation 
till he eliminated. 

Cannot Refuse Wired Music 
UNDER its legally filed tariffs, 

the Public Service Commission 
of New York, in a decision an- 
nounced August 29, held that 

the New York Telephone Company can 
not refuse, in the exercise of its man- 
agerial discretion, to furnish leased 
lines for the transmission of musical 
programs from a central point to ho- 
tels, restaurants and private residences. 
It directs the telephone company to fur- 
nish certain facilities to Wired Music, 
with headquarters at 351 West Forty - 
second Street, New York. 

Wired Music, an association of per- 
sons doing business under that name, 
applied to the telephone company for 
the leasing of private lines for trans- 
mission purposes, with the ultimate in- 
tention, if the project is successful, to 
extend the service to other cities and 
sections which are served by the tele- 
phone company. The latter refused the 
request on the advice of its counsel, 
stating that "the company is not willing 
to undertake to furnish a system of 
network of circuits for such purpose." 
Wired Music made complaint to the 
commission, and public hearing was 
held by it. 

It was shown in the record that the 
telephone company now leases wires 

over which speeches, musical programs, 
convention proceedings and other events 
of general interest are carried from the 
actual locality to one or more broad- 
casting radio stations where they are 
released on the air to be picked up and 
amplified and reproduced by private or 
public radio receiving sets. 

Exactly the same service, it was 
shown, was asked by Wired Music so 
that programs could be sent over leased 
wires. No equipment is to be supplied 
by the telephone company at either end 
and it was also shown that the same 
service is now given burglar alarm 
companies, stock exchanges and news 
tickers and will serve television when 
commercially used. 

The company alleged that the ser- 
vice was not regular telephone com- 
munication and therefore not under the 
jurisdiction of the commission ; that al- 
though certain facilities are now fur- 
nished over leased wires, such service 
is from surplus facilities and not im- 
mediately needed for telephonic com- 
munication; that the use of such sur- 
plus facilities is in the managerial dis- 
cretion of the telephone company, and 
that it has the right to decide how much 
surplus facilities shall be used. 

It was also shown in the evidence 

that the telephone company is now 
using about 200 circuits for radio 
broadcasting and its witness stated that 
there does not seem to be any probable 
increase over that number. This num- 
her, it was contended, was no problem 
from the standpoint of spare facilities. 
Wired music, it was claimed, has possi- 
bilities of extending to many thousands. 
The company did not produce any evi- 
dence as to the extent of its surplus 
facilities, stating that they vary in dif- 
ferent exchanges. 

Commissioner George R. Van Namee, 
in a memorandum approved by the com- 
mission, said in part: 

"The question presented goes far be- 
yond reasonable rules and regulations. 
It goes to the very essence of the busi- 
ness and to the question of who shall 
be served by the company. In effect, 
the company claims the right to say 
what part of its business it will elect 
to do. If the company has no right to 
do a `leased wire' business it must stop 
doing such business with those who 
have already applied and to whom it 
has granted these facilities. If this is a 
legal part of its business it must come 
under regulation and the company must 
serve all who apply under proper con- 
ditions for the service." 
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Radio reception 
from distant stations, 
with receiver located 
close to powerful 
transmitter 

By C. H. W. NASON 

THERE are certain locations in 
which the reception of broadcasts 
from distant transmitters is im- 
possible due to the close proximity 

of a local station. A new device has 
made its appearance in Germany which 
bids fair to enable the poor fellow re- 
siding under the antenna of a local to 
find some enjoyment in his old receiver. 
It seems that for some years past at 
each annual radio exposition the Ger- 
man Broadcasting Company has posted 
a cash award for any device which will 
permit the reception of distant signals 
through the nearby locals. Until this 
year no device of sufficient merit to 
warrant the award has appeared. This 
year, however, a device offered by one 
Theodor Eckert not only merited the 
posted award, but was of such worth 
as to receive the Silver Medal of the 
Heinrich Hertz Institute, which has 
been withheld for the past three years 
because of the fact that no obviously 
worthy recipient has been in evidence. 

A normal four -tube receiver was op- 

erated within sight of the Berlin trans- 
mitter. Operating alone, the receiver 
was unable to bring in transmitters a 

hundred kc. or more removed from the 
local, the blanketing was so great. 
With the Eckert device a distant trans- 

mitter but 9 kc. removed could be 
brought in with no difficulty whatever. 
From the circuit arrangement shown 
in Fig. 1 it will be seen that a small 
portion of the signal from the inter- 
fering station was fed back into the 
antenna system of the receiver in re- 
verse phase. The input to the receiver 
of the desired signal frequency is ob- 
tained from a tuned circuit and is fed 

Fig. 1. 

through a variable, non -inductive re- 
sistance into the antenna terminals of 
the receiver proper. This resistance it 
is claimed reduces interferences due to 
impact such as from electro- medical 
devices, X -rays, etc. No data is avail- 
able concerning the efficacy of this por- 
tion of the device. 

The tuning of the first tuned circuit 
which is tuned to the interfering car- 
rier is said to be quite critical -a slight 
detuning being sufficient to permit in- 

terference to result. The second tuned 
circuit is tuned to the frequency of the 
desired signal and could be dispensed 
with were the arrangement incorporated 
in a receiver directly and not as a sec- 
ondary bit of equipment. In its present 
form the writer would suggest that a 
dummy antenna replacing the variable 
resistance might add to the efficiency of 

the arrangement. 
The necessary parts for constructing 

the unit are available here in America 
without danger of losing efficiency 
through the substitution. The antenna 
coupling coils can be Hammarlund 
HQC -29 units tuned by MC -M midget 
condensers. The coupling coils can be 

of twenty turns each on a 2 -inch form, 
care being taken that the proper po- 

larity is observed. 

Mechanics' Measurements 
To find the number of square yards in a floor or wall, multiply the length in feet by the width 

or height in feet, and divide the product by nine. 

Board Measure -If the board is one inch or less in thickness, the number of feet of lumber is 

found by dividing the length in feet times the width in inches by twelve. If the board is more 

than one inch thick, the number of feet, lumber measurement, is found by dividing the length 

times the width times the thickness by twelve. 

These questions are not electrical, but the answers are published because engineers frequently 

find it necessary to make these space measurements, and it is well to have the data in pocket 

note books. 
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Recording characteristics 

of radio signals 

and static 

BY S. R. WINTERS 

LIKE a certain brand of oil in its 
consolidation of units, a three -in- 
one instrument, developed by the 
Radio Laboratory of the Bureau 

of Standards, measures the strength of 
broadcasting stations, denotes fading of 
radio signals, and records static. Form- 
erly requiring individual units for each 
of the three services, the merger of three 
devices into one piece of apparatus like- 
wise effects a three -fold performance of 
functions -only slight modifications or 
additions being necessary to convert the 
instrument from a static recorder to a 
device for measuring the fluctuations of 
signals or to change it to equipment 
for determining the field intensities of 
radio transmitting stations. 

Instruments for measuring and re- 
cording the vagaries of radio waves as 
well as determining the strength of 
transmitting stations are of increasing 
value because of their diversified uses. 
A mere recital of the different services 
performed by measuring and recording 
devices would fill the pages of a cata- 
logue. Among the noteworthy uses are: 
Measuring the field intensities of 600 
broadcasting stations, 16,000 amateur 
stations, in addition to ship and commer- 
cial wireless stations; for denoting the 
direction and strength of static in its 
relationship to storms and weather con- 
ditions as a means of forecasting hurri- 
canes for the benifit of ships; harnessing 
fading in order that it may be analyzed 
with the possible view of designing sat- 
isfactory automatic volume boosters in 
our 10,000,000 receiving sets when 
music or speech waxes and wanes; re- 
cording and studying both static and 
fading in conjunction with trans- 

100 -acre laboratory for 
radio transmission re- 
search, established. 

Atlantic radio -telephone a n d inter- 
national broadcasting; investigating 
radio phenomena along the 30,000 miles 
of civil airways; obtaining charts for 
analyzing the effects of sunspots and the 
aurora borealis on radio reception; and 
recording weather maps on board ships 
and airplanes. 

Autographs of Fading and Static 
The three -in -one instrument, devised 

by T. Parkinson of the Radio Labora- 
tory of the Bureau of Standards, for 
making autographs of static and fading 
as well as measuring the strength of 
signals from broadcast stations consists 
of three essential units: the receiving 
set, the indicating device, and the means 
of converting indicated variations in 
static or fading into graphic records - 
word pictures, as it were. Charts show- 
ing the fading of signals from a broad- 
cast station are likewise records of the 
relative field intensity of that station; 
therefore, with the inclusion of a calib- 
rating unit with a fading recorder the 
field intensities of broadcast stations 
may be translated into absolute values. 
The intensity and source of static are 
the primary two -fold object of inves- 
tigations into atmospheric disturbances. 
These functions may be accomplished 
by a revolving loop or coil antenna, the 
only necessary addition to the fading 
recorder or field -intensity- measuring 
apparatus. 

Type of Antenna 
The kind of antenna employed with 

the new measuring and recording ap- 
paratus is a variable factor -depending 
upon the object of investigation. For 
example, Dr. L. W. Austin, in his 
measurements of the strength of signals 
and static from long -wave European 
transmitting stations, uses a hybrid 
type of antenna -combination of a loop 
or coil of wire within the laboratory 
with a towering overhead aerial -thus 
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View of the three -M-one instrument -a device that records station fading, and denotes field 
intensity of transmitting station. 

giving an uni- directorial effect. Con- 
trary to this system, no overhead an- 
tenna is to be used at the new 100 -acre 
open -air radio laboratory of the Bureau 
of Standards. Instead of elaborate out 
door pickup systems, direction- finding 
coils and loops and a vertical rod, 55 
feet high, will be employed. 

A design of direction -finder, known 
as the Adcock antenna, will be used. It 
obviates the pickup of the horizantal 
component of a radio wave and thus, in 
direction -finding, the night -shift effects 
are elimated. This 100 -acre outdoor 
radio laboratory -10 miles beyond Fair- 
fax, Va., and 30 miles from the Bureau 
of Standards, was selected because of its 
freedom from trees and the earth 
mounds. The ground acts as a mirror 
in the reflection of radio waves and in 
the study of the vagaries of wave propa- 
gation a rolling area would tend to com- 
plicate results. This novel laboratory is 
dedicated to a study of wave propagation 
phenomena. 

In general, however, any type of an- 
tenna is suitable for use with this three - 
in -one measuring and recording instru- 
ment in observing the fluctuations of 
radio signals, although the characteris- 
tics of fading may vary appreciably be- 
tween the use of a directrional and 
non -directional pickup system. Of the 
directional designs of antennae are the 
coil or loop of wire and the inverted L 
aerial, when the latter is low and rela- 
tively long. While investigators are 
without positive knowledge as to the 
percentage of fading due to lateral and 
vertical directions- shifts in the received 
signal and the amout due to absorption 
and interference p h e n o m en a, the 
directional antenna should be avoided 
if the effect of horizontal direction - 
shifts is to be eliminated from the fading 
records. Therefore, the choice of pick- 
up systems for fading observations is 
narrowed down to the vertical antenna - 
the T- type ---or an inverted L that is 
relatively high. 

Coil Antenna 

The coil antenna, with a grounded 
center tap for securing balance, is desir- 
able for use in measuring the relative 
strength of broadcasting stations. This 
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choice is dictated by the two -fold reason 
of the portability of a coil or loop of 
wire and because its electrical constants 
are readily subject to measurements and 
calibration. The ease with which the 
electrical constants are determined ren- 
ders it possible to match the voltage in- 
duced in the coil by the received signal 
with a local signal. The overhead type 
of antenna lends itself to this matching 
of signals but the process of measuremnt 
and calculation is the indirect or long - 
way -home route. 

Coil or loop antenna systems are em- 
ployed by radio inspectors of the United 
States Department of Commerce, on the 
radio - equipped trucks, for trailing 
down man -made interference with radio 
reception and for determining the field 

intensities of broadcasting and amateur 
stations; loop or directional aerials are 
used by the United States Navy Depart- 
ment and commercial laboratories for 
studying wave propogation phenomena 
in connection with ship and aircraft 
radio ; and coils of wire are being 
increasingly used by millions of broad- 
cast listeners because of their directional 
properties and virtue of reducing static 
when these loops are pointed in certain 
directions. 

The hybrid antenna -combination of 

loop and overhead aerial -is preferable 
when the direction of static or of lateral 
shift in radio signals is to be determined. 
When a coil of wire and a towering 
aerial are in harness, working together, 
the minimum signal -by which the dir- 
ection of static or signals is most sharply 
determined -occurs at only one point of 

the compass. However, when a coil 

aerial functions alone minimum points 
may be found at two opposite positions 
of the coil. When the overhead antenna 
and loop are joined together inductively 
a composite product of the signals re- 

ceived by the two pickup systems is re- 
ceived in the radio set. A resistance 
unit is inserted in the tuned circuit of 

the overhead antenna and by virtue of 

this the signal is reduced until it is 

approximately equal to the maximum 
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Fig. 1. 

Circuit connections of receiver unit to 
superheterodyne. Circuit of recorder unit 

within broken lines. 

signal received in the coil alone, when 
the latter is normal to the wave -front 
of the received signals. The combined 
signal from the two aerials, with the 
coil in the above -mentioned position, 
will be double that of either singly if the 
voltage phases of the two are identical, 
but will be zero if the phases are op- 
posite. As the coil is revolved there is 

always a maximum point of signal 
strength, when one side of the antenna 
points in the direction of the received 
signal and a minimum of signal strength 
when the position of the coil is reversed. 
The direction in which the latter side 
points, therefore, determines the signal 
direction. The coil antenna may be re- 
volved at a specified speed by mechanical 
or electrical means -for instance, the 
Laboratory for Special Radio Trans- 
mission Research of the Bureau of 

Standards employs an electrical motor, 
the normal speed of which has been re- 

duced by use of suitable reducing gear- 
ing. 

Type of Receiver 

In the selection of the radio receiver 
proper for use with the three -in -one 
measuring and recording instrument the 
choice is likewise a variable factor - 
governed by the elements of depend- 
ability and simplicity. The first -named 
requisite automatically eliminates the 
crystal detector, since the latter offers 
no assurance of constant sensitivity for 
appreciable periods of time. The well - 

known regenerative detector qualifies 
because of its simple nature and reason- 
able sensitivity. The circuit is so tuned 
that a beat note is produced between 
the locally generated signal and the in- 
coming signal. This beat note, neces- 
sarily, is of the same frequency, if re- 
sults are to be comparable, since no re- 
ceiving circuit is equally sensitive to all 
frequencies -despite claims of some 
radio manufacturers. Experiments con- 
ducted by the Bureau of Standards have 
lodged four disadvantages against this 
particular beat -note system of recording 
signals and static : (1) It is well -nigh 
impossible to repeat adjustments, es- 

pecially in securing the same amount 
of regeneration; (2) it distorts modu- 
lation so as to render monitoring dis- 

agreeable; (3) it virtually renders 
necessary continuous calibration by 

some method of matching the antenna 
signal directly by a measured signal; 
(4) the circuit does not qualify as suf- 

ficiently selective. 
Of the radio- frequency amplifiers, of 

the familarly known neutrodyne circuit, 
used with this three -in -one measuring 
and recording system, there was noted 
a net gain in dependability but a sacri- 
fice of simplicity. The Bureau of Stan- 
dards summarizes the advantage of the 
neutrodyne receiving set as a recorder 
of field intensities and vagaries of radio 
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Fig. 2. 

Circuit diagram for potentiometer type recorder. 

waves as follows: (1) Selectiyity is im- 

proved by employing extra tuned cir- 
cuits; (2) because regeneration is 

avoided it is feasible to duplicate tuning 
and amplilcation; (3) calibration of the 
amplification of the set for any specified 
frequency is feasible. Among the dis- 
advantages lodged against the neutro- 
dyne circuit for this special purpose are: 
(1) Too many tuning controls, although 
the present almost universal trend 
toward uni- control will largely eliminate 
this objection; (2) any amplification 
control, such as a variable resistance, 
will have a varying effect for signals 
of different frequencies, thus neces- 
sitating its complete calibration over the 
entire wavelength range of the receiver. 

Superhet Preferred 

The superheterodyne circuit, after re- 
peated tests, was endorsed as the re- 
ceiving set likely to yield most' satis- 
factory results when acting as an integ- 
ral part of a radio measuring and re- 
cording system. Mr. Parkinson, of the 
Radio Laboratory lists its commendable 
qualities as follows: (1) Beyond the 
first detector the frequency is always 
the same and, therefore, the amplifica- 
tion is uniform, regardless of the fre- 
quency of the received signal ; (2) for 
any specified frequency the amplification 
of the signal before reaching the inter- 
mediate- frequency amplifier remains the 
same so that a calibration showing rela- 
tive sensitivities of this portion of the 
circuit -system to the different frequen- 
cies can be used to correct any measure- 
ments made at the output of the receiver ; 

(3) the fixed intermediate or beat - 
frequency, to say 40 kilocycles, which 
for practical purposes is now the carrier. 
can easily be isolated from modulation 
effects by means of a transformer tuned 
to this frequency and coupled to a recti- 
fier and indicating device; (4) one cali- 
bration of the amplification control 
serves for all input frequencies, since 
this control affects only the amplifier 
and following stages, where the same 
beat -frequency is always involved; (5) 
a calibrating unit is required only from 
time to time for verifying and checking 
purposes and, therefore, one such unit 
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can serve for several receiving sets, and 
the size of the measuring outfit can be 
reduced for service afield. 

Modifications 

Slight changes are necessary to adapt 
the superheterodyne receiving set to re- 
cording uses, and these modifications 
are illustrated in Fig. 1. The auxiliary 
equipment consists of a two -electrode 
tube -rectifier, an intermediate- frequency 
transformer, and a recording galvano- 
meter. These auxiliary units may be 
incorporated in the cabinet of the receiv- 
ing set or permitted to constitute an 
individual unit. A rewiring of the 
superheterodyne receiver is necessary 
only to the extent of opening the plate 
circuit of the second detector or of the 
last intermediate -frequency amplifier and 
inserting lead wires to the primary 
winding of the extra transformer. Sub- 
stituting for the aforementioned two - 
electrode tube- rectifier, a three -electrode 
type may be employed, with the plate 
current balanced out of the indicating 
device. This arrangement would in- 
volve the use of such additional units as 
a B battery, a balancing battery, and 
resistance units. Voltmeters or am- 
meters are necessary in either arrange- 
ment, these being required in the A and 
B battery circuits to keep tab on the 
constancy of the power supply. A vari- 
able- resistance unit or potential divider, 
shunted across the primary winding of 
the first intermediate- frequency trans- 
former, is recommended by the Bureau 
of Standards as a stable means of con- 
trolling the filament current, whereas 
adjustment of this current from a tube 
by an individual rheostat is lacking in 
stable calibration. 

Indicators 

The static or signal intensity indicat- 
ing devices used with this three -in -one 
measuring instrument and recorder are 
not prescribed with rigid conformity to 
a certain type of indicator, although cer- 
tain requirements are outlined. For in- 
stance, in the measurement of low fre- 
quencies or long wavelengths there is 
the comparator method. This conforms 
to the general class of indicating devices 
using sound intensity which, in this in- 
stance. requires matching of pitches and 
intensities with those of some known 
values. Continuous waves or inter- 
rupted continuous waves, for example, 
are interrupted by keying sufficiently to 
cause variable errors in galvanometer 
records. A 1,000 -cycle tuning -fork pro- 
duces the constant pitch; the regenera- 
tive receiver is tuned to convert the in- 
coming signal to a beat -frequency of one 
thousand cycles. The comparator cur- 
rent is then adjusted by manipulation of 
a potentiometer until the two signals 
are of equal intensity in the head -tele- 
phone set. Having knowledge of the 

amount of current in the headset, the 
amplification of the receiving circuit, 
and the antenna constants, it is feasible 
to calculate the strength of field intensi- 
ties of the transmitting stations. This 
type of indicator, however, is useless for 
measuring modulated and rapid fluctuat- 
ing signals from broadcast stations or 
from the high frequencies of amateur 
stations. 

In contradistinction to sound- intensity 
indicating instruments, there are the so- 
called visual indicators which, as the 
term implies, parades the records of 
static or signals before the eyes. Of 
this type, the direct -current galvano- 
meter uses the rectified carrier -current 
and affords deflections proportional to 
the squares of the strength or field in- 
tensities of the transmitting stations. 
The Radio Laboratory outlines the fol- 
lowing advantages favoring use of the 
direct- current galvanometer type of 
visual indicator : (1) It makes continu- 
ous records possible; (2) it integrates 
the audio- frequency changes, thus isolat- 
ing the carrier from modulation effects, 
which is necessary for measurements of 
broadcast transmissions. The disad- 
vantages against this design of visual 
indicator are: (1) Extra analysis is re- 
quired to translate the ordinates of a 
record from square -law to straight -line 
relationships ; (2) the square -law effect 
reduces seriously the galvanometer 
range for field changes, thus necessi- 
tating frequent readjustment of receiv- 
set amplification to keep the galvano- 
meter pointer on the scale, and thus 
adding complications to the analysis 
work. 

The potentiometer method of visual 
indication of records functions in re- 
sponse to the slide -back principle. With 
a specified signal, a deflection is pro- 
duced in the galvanometer. By virtue 
of an opposing current, extending 
through the galvanometer, the deflection 
is curtailed to an arbitrary zero at the 
center of the galvanometer scale. Since 
the deflection points to an increase in 
signal strength, the potentiometer is re- 
adjusted so as to neutralize the increased 
positive charge on the grid of the de- 
tector by an equal negative potential. 
This swings the galvanometer deflection 
back to its central position. When the 
signal fades, the negative potential on 
the grid is likewise reduced by the op- 
posite potentiometer adjustment and 
again the pointer retreats to zero posi- 
tion. Virtues of this type of visual 
indicator, are: (1) It makes it possible 
to record with ordinates directly pro- 
portional to antenna currents ; (2) it 
can be made to control the entire ampli- 
fication system beyond the first detec- 
tor, thus preventing possible saturation 
of amplifier tubes. "With this latter 
arrangement, however," points out Mr. 
Parkinson of the Radio Laboratory, 
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"there is an inverse relationship be- 
tween deflections and antenna currents." 
Among the disadvantages of this type 
of indicator, the Bureau enumerates the 
following : (1) It is difficult to keep the 
deflection even approximately constant 
by manual control of the potentiometer; 
(2) the inertia of the recording system 
in automatic apparatus restricts its use- 
fulness for studying the character of 
rapid fading. 

BROADCAST STATION COVERAGE 
SURVEYS 

(Concluded from page .31) 

knob will equalize two fairly unequal 
stations, the weaker station has little 
to worry about if it has its programs 
gauged to public interests. The writer 
has seen a 10,000 -watt station unable 
to cover a radius of 18 miles city area 
when a 1,000 -watt station of practically 
the same frequency cut through with 
flying colors. The larger station is 
actually in need of more power or an 
improved location. There are times 
truly when the question of signal in- 
tensity is important, but too often it 
is made the sole concern and criterion 
by the management. 

In the foregoing we have confined 
ourselves to what may be called the ma- 
jor survey. There is another classifi- 
cation into which surveys may fall. 
It is the minor survey. Minor surveys 
are those made from day to day or 
from week to week merely to test out 
how well any given program is re- 
ceived. Naturally the expense of these 
surveys is much less and they are more 
quickly made. Their value, however, 
may be more immediately useful than 
the major survey. They are more up 
to date and, like theatre applause, give 
a quick and reliable indication of the 
value of the program as an advertis- 
ing medium. 

In conclusion, a station survey takes 
the place of theatre applause and en- 
ables the advertiser to visualize the na- 
ture and needs, likes and dislikes of an 
audience. It is the only means now- 
adays by which the live and aggressive 
radio station may stay at the top. The 
station that is not constantly sounding 
public preference is probably on the 
bottom without knowing it. 

INDEX NOTATION 
The small figure to the right of a 

number signifies the number of noughts 
contained in the whole number in- 
tended : 106 equals 1.000,000. 

Frequency -Wavelength 
Conversion 

300,000,000 
WL = 

a 
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Modern fabrication of 
radio receivers and 
other like assemblies 

By AUSTIN C. I.ESCARBOURA 
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This article describes and illustrates how Stromberg- 
Carlson, Crosley, Philco, General Motors, Pilot, Elec- 

trad, General Radio, Kennedy, Wurlitzer, The Trans- 

former Corpn., Zenith, and other radio manufacturers 
effect cost reduction and improve their products by 

employing modern methods. 

IT is of significant note that in the 
improvement of radio receivers dur- 
ing the past year outstanding has 

been the advance made in the refine- 
ment of mechanical design. Coming at 
a time when the industry is confronted 
with the problem of reducing produc- 
tion costs without prospects of an im- 
mediate increase in production, any de- 
velopment which will aid in accomplish- 
ing this seeming paradox is of decided 
interest. 

It was at one time considered that 
metal parts not incorporated in the elec- 
trical circuits of radio sets were detri- 
mental to performance, but now it is 
rare indeed that any other material, 
with the exception of insulating parts, 
is used. With this accepted type of con- 
struction, the assembly methods of a 
year ago must needs be revised. There- 
fore, it was necessary to develop an 
entirely new means of assembly. Proba- 
bly one of the most influencing factors 
that led to this change of design was 
the introduction of self -tapping screws 
to the radio industry. One of the most 
astounding facts is that these screws 
have been able to effect assemblies eco- 
nomically in this industry to which all 
the opportunities of quantity production 
and distribution of tooling -up costs in 
output running into thousands of units 
per day, were at hand; yet their appli- 
cation is responsible for the sanie per- 
centage of economy on a single unit 
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per day as on volume production. Rela- 
tively speaking, an even greater reduc- 
tion in assembly costs is obtained in 
small production operations because 
they do not necessitate investment in 
equipment, nor in special skill. Not only 
do they directly replace more costly 
fabricating operations using machine 
screws, bolts and nuts, welding, etc., 
in difficult and inaccessible locations, 
but by their nature make possible a 
simplicity of design that is impossible 
with any other means of fabrication. 

Oftentimes, costly metal flanges, 
welded on metal tap strips, forming op- 
erations, etc., are eliminated by the use 
of the single simple procedure of 
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Fig. 4. Type "U" hardened 
metallic drive screw. 
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fastening the component parts with self - 
tapping screws. However, it must not 
be assumed that these screws are advo- 
cated in every possible fastening oper- 
ation in radio assemblies. They find 
their greatest use when fastenings must 
be made in places that are hard to get 
at with rivets or bolts and nuts and 
where it is not practical to tap holes for 
machine screws because the metal is too 
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Fig. 2. Various forms of 
Type "Z" screws which 

can be produced. 
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Fig. 1. Type "Z" 
hardened self-tapping 

, sheet metal screw. 
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thin to give satisfactory results by this 
method of assembly. 

In fact, there are so many applica- 
tions wherein these screws are used 
with marked assembly economies that 
any generalization as to their applica- 
bility would be inadequate. 

Aside from the savings of time and 
labor that these screws effect, the 
fastenings they make are found to be 
better than those made with machine 
screws, bolts and nuts. A series of lab- 
oratory tests recently made at the Col- 
lege of Engineering, New York Uni- 
versity, show that they stand up better 
under tension ... under shear stresses 
... under vibration. 

There are two types of self- tapping 
screws that are used almost exclusively 
in the radio industry -Type "Z" hard- 
ened self -tapping sheet metal screws 
and Type "U" hardened metallic drive 
screws. 

FIGA FIGB FIGC FIGD 

Fig. 3. Methods of applyinif Type "Z" screws. 
under various conditions. Figs. A & B. When 
joining two thicknesses of light gauge sheet metal 
the holes may be drilled or clean- punched the same 
size in both sheets as shown in Fig. A; or both 
sheets may be pierced together so that the burrs 
are nested, as shown in Fig. B. The latter form 
naturally results in a stronger fastening. 
Figs. C and D: When fastening a part in which 
clearance holes are provided and the sheet metal 
is of a light gauge, it is desirable to make the 
holes in the sheet metal with a burr, as shown in 
Fig. C, thus presenting a greater cross -sectional 
surface for the screw to engage. In heavy 
gauges of sheet metal or where 
it is not practical to pierce the 
holes as shown in Fig. C. the 
holes should be drilled or clean - 
punched as shown in Fig. D. 
Fig. E: When making a fasten- 
ing to a solid section o4 alum- 
inum or die castings, Bakelite. 
slate or the like, clearance holes 
should be provided in the Dart 
to be fastened as shown in Fig. 
E. so as to permit of drawing the parts tightly 
together. 

Type "Z" Hardened Self- Tapping 
Sheet Metal Screws 

These are used for joining and 
making fastenings to sheet metal from 
28 -gauge (.015 ") up to 6 gauge 
(.203 "). They are also used for making 
fastenings to aluminum and die cast- 
ings, Bakelite, Durez, ebony asbestos, 
and similar insulating materials. 

The unique structure of the threads 
of these screws and the hardening treat- 
ment to which they are subjected make 
them capable of forming a thread in 
the material as they are turned in with 
a screwdriver. They can be removed 
when necessary and used over again 
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In the same holes without impairing 
the security of the fastening. By 
thus eliminating the tapping opera- 
tion, with its breakage of taps, mainte- 
nance of tapping equipment, losses from 
scrapped parts due to crossed threads 
and mistapped holes, etc., the screws 
save from 15% to 50% of the cost of 
radio assemblies. 

Another advantage in radio assem- 
blies, especially where they are used 
for joining two sections of sheet metal 
or making fastenings to light gauges of 
sheet metal, is that their hardened 
threads will not strip nor will they 
strip the threads they form in the ma- 
terial. This happens frequently when 
machine screws are used on the assem- 
bly line and often stops production un- 
til the unit is doctored up. 

How Type "Z" Screws Are Used 

The material in which the screws are 
to be used is first drilled with a hole 
slightly smaller than the outside diame- 
ter of the screw. The self- tapping screw 
is then turned into the metal, forming 
its own thread. The screw can be driven 
with any type of screwdriver, plain, 
spiral, portable electric, pneumatic or 
with automatic -feed machines where 
production warrants it. 

This type of screw is furnished for 
stock with round and countersunk flat 
heads. However, they can be made to 
order with various shapes of heads and 
also with a pointed pilot shown in Fig. 2 
as style 13. 

Fig. 3 illustrates the method of ap- 
plying Type "Z" hardened self -tapping 
sheet metal screws under various con- 
ditions. 

Type "U" Hardened Metallic Drive 
Screws 

The Type "U" hardened metallic 
drive screws, Fig. 4, are for making 
permanent fastenings to iron, brass and 
aluminum castings, steel, Bakelite, Du- 
rez, etc. They function in a manner 
somewhat differently than the Type 
"Z" screws. They are driven in with 
a hammer. As the screw is hammered 
in its hardened spiral thread cuts into 
the material like a tap. The unthreaded 
portion, or pilot, at the tip holds the 
screw in place before it is driven in and 
also guides it so that it will go in 
straight. Furthermore, the diameter of 
the pilot, being somewhat larger than 
the root diameter of the screw and 
slightly smaller than the outside diame- 
ter, the material that is displaced when 

the screw is hammered in is forced be- 
tween the threads and the pilot, thereby 
anchoring the fastening at the base. 
These screws make fastenings that are 
stronger and hold better than those 
made with machine screws, escutcheon 
pins, rivets, etc. Once driven in, they 
stay in. Because they cannot easily be 
removed, these screws are recommended 
only for assemblies that do not have 
to be disassembled. Like the Type "Z" 
screws, they eliminate the slow and ex- 
pensive tapping operation. This saves 
the cost of taps, maintenance of tapping 
equipment and losses due to scrapped 
parts resulting from mistapped and 
crossed threads. 

The various forms of Type "U" 
screws that can be obtained are shown 
in Fig. 5. 

How Type "U" Screws Are Used 

As when any other fastening device 
is used, in order to obtain the best re- 
sults, the holes for the drive screws 
must be made the proper size. Here 
again the size of the hole depends upon 
certain variable factors, such as the 
kind of material, its degree of hardness, 
uniformity, etc. Suggested methods of 
application are shown in Fig. 6. 

Structural Tests 

An extensive series of tests on both 
the Type "Z" and Type "U" hardened 
self- tapping screws were conducted in 
the College of Engineering Laborato- 
ries of New York University, and Co- 
lumbia, to determine the strength of 
the fastenings made with the screws 
under shear and tension stresses, and 
their dependability under vibration. A 
brief resume of these investigations are 
here given. 

Shear Tests -Type "Z" Screws 
Fig. 7 graphically shows the superior 

holding power of Type "Z" screws in 
comparison with machine screws under 
shear loads. Fifteen specimen assem- 
blies made with self- tapping screws and 
a like number made with machine 
screws of corresponding sizes were 
tested. The results shown are based on 
the minimum values obtained. 

Tension Tests -Type "Z" Screws 

Fig. 8 shows a comparison of the 
tension values of the Type "Z" screws 
and machine screws. The loads were 
applied to the screws through a straight 
pull on a lap joint. Fifteen each of 
hardened self- tapping sheet metal 
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Fig. 5. Various 
forms of Type 
"U" screws which 
can be produced. 
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Fig. 6. Methods of applying Parker -Kalon Type 
"U" hardened metallic drive screws under various 
conditions. A & B: When the screws are used to 
make a fastening to sheet metal or to join two 
thicknesses of sheet metal (see note below), the 
holes in the part to be attached, or in the upper 
section, may be clearance holes as shown in Fig. 
A. It is, however, advisable when possible to make 
the holes the same size in both sections, as shown 
in Fig. B. This will greatly increase the strength 
of the fastening and also prevent the screws 
from loosening. 
Fig. C: When using the screws for making a fastening to a solid section of steel, cast iron. aluminum, Bakelite, etc., the upper part should have a clearance hole, as shown in Fig. C so as to permit of drawing the parts tightly together. 
Note: Drive screws are recommended for use only in material that is thick enough to permit 
of a sufficient engagement of threads in the ma- terial to assure a satisfactory fastening. Gen- erally speaking, the thickness of the material 
should be equivalent to not less than the outside 
body diameter of the screw being used. 

screws and machine screws of equiva- 
lent sizes were used in this series of 
tests. As graphically shown, the ten- 
sion strength of the fastenings made 
with self- tapping screws far exceeds 
that of fastenings made with machine 
screws. 

Shear Tests -Type "U" Screws 

A graphic comparison of the holding 
power of Type "U" drive screws and 
machine screws when subjected to shear 
stresses are illustrated in Fig. 9. Fif- 
teen each of metallic drive screws and 
machine screws of equivalent sizes were 
tested in this series. The loads were 
applied to the screws through a straight 
pull on a lap joint. As shown in the 
curve, the shear strength of fastenings 
made with Type "U" screws greatly 
exceeds that of fastenings made with 
machine screws. 

Tension Tests -Type "U" Screws 
Tension tests were also conducted on 

the Type "U" screws in comparison 
with machine screws. Fig. 10 shows the 
results secured from testing fifteen typ- 
ical assemblies made with drive screws 
and corresponding sizes of machine 
screws. The faired curve shows that 
in every case the fastenings made with 
drive screws are stronger under tension 
than those made with machine screws. 

Vibration Tests 

Perhaps the most important factor 
regarding fastenings that the radio in- 
dustry is concerned with is the ability 
of the fastenings to stand up under vi- 
bration that the sets are subjected to 
from the time they are assembled until 
they are obsolete. First, the fastenings 
must be secure to withstand the stresses 
imposed when the receiver is in transit. 
Then, after it is installed, resonance vi- 
bration from the loudspeaker frequently 
sets up synchronized waves in the vari- 
ous sub -assemblies. Therefore, every 
component comprising the set must be 
fastened rigidly in place as the slight- 
est movement of condensers, chokes, 
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etc., frequently results in distorting the 
tone or the receptive qualities of the 
set. 

To prove that Type "Z" hardened 
self- tapping screws made fastenings 
that were as secure as those made with 
machine screws, bolts and nuts, split 
rivets, etc., an extensive series of vibra- 
tion tests were conducted. The first 
part was devoted to typical assemblies 
simulating conditions where two sections 
of sheet metal were fastened together 
with machine screws and hardened 
self- tapping screws. So severe was 
the vibration that some of the machine 
screws began to loosen after 8 hours 
but there was no sign of loosening of 
the Type "Z" screws although the tests 
were conducted some 24 hours after the 
last machine screw had fallen out. 

In addition to these tests and numer- 
ous tests which various radio manufac- 
turers made in their own laboratories, 
a stock model receiver, in the assembly 
of which 44 self -tapping screws had 
been used, was submitted to the Colum- 
bia University Testing Laboratories for 
an impartial investigation. To carry 
out the test a specially designed vibrat- 
ing machine was developed. The action 
of this machine simulated the conditions 
that would be encountered if the set was 
enroute to its destination in a freight 
car having a flat wheel moving at a 

high rate of speed. The vibration was 
so intense that many of the sheet metal 
parts of the set were twisted and broken. 
Six assemblies made with machine 
screws in the unit could not stand such 
a jolting. They quickly fell out yet not 
one of the 44 fastenings made with self - 
tapping screws loosened. 

Uses in Radio Production 

First is that of fastening the various 
units to the chassis such as shield 
plates, power chokes, condenser braces, 
power transformers, power condensers, 
transformers, etc. They also find ex- 
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Fig. 8. Comparative ten- 
sion strength type "Z" 
screws versus machine 
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tensive application for fastening speaker 
pots to the frame, wire clamps, neutral- 
izing condensers, name, escutcheon and 
instruction plates and for the final as- 
sembly of fastening the receiver in the 
cabinet. Some of the specific applica- 
tions for which the screws are being 
used by leading manufacturers in the 
industry and the benefits which have 
resulted follow: 

Crosley Radio Corporation 

In assemblies where nuts are hard to 
start, due to mechanical location, or 
where the metal is too thin to use an 
ordinary tapped thread, engineers of 
the Crosley Radio Corporation say 
"Type 'Z' hardened self- tapping sheet 
metal screws with hexagon heads have 
a decided advantage over ordinary ma- 
chine screws. Type 'Z' screws are be- 
ing used for mounting brackets, trans- 
formers, drives for variable condensers, 
etc., to the sheet steel chassis. They are 
also employed for mounting the chassis 
to the cabinet. In all of these assem- 

OIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIOÜ11111111 

Fig. 7. Comparative shear 
strength Type "Z" screws 
versus machine screws. 
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blies they have displaced machine 
screws, bolts and nuts and lock -washers 
resulting in savings ranging from 20% 
to 30% over the former methods of 
making assemblies." 

Electrad Corporation 

The assembly of this company's Tru- 
volt Divider involves the fastening of 
four resistance core brackets to a Bake- 
lite case and the resistant cores which 
are of composition lava must in turn be 
mounted on these brackets. Electrad, 
Inc., makers of this unique device, orig- 
inally used machine screws for attach- 
ing the brackets, necessitating the mold- 
ing of inserts in the Bakelite, a costly 
proposition. Then in mounting the lava 
composition insulation, they used a long 
bolt and nut running through the core 
from bracket to bracket, a means that 
frequently resulted in trouble by caus- 
ing short circuits. By adopting self - 
tapping screws for this assembly the 
expensive inserts were dispensed with 
and the product was mechanically im- 
proved because now the screws are 
turned into holes molded in the Bake- 
lite and the composition lava. 

General Motors Radio Corp. 

There are approximately 49 self -tap- 
ping sheet metal screws used in the 
assembly of each G. M. Radio receiver 
for fastening the various units to a 
.062" steel chassis. Not only have the 
screws eliminated the time necessary 
for the tapping operation but fumbling 
with nuts on machine screws, etc., and 
the production was increased to some 
extent. Furthermore, it was found that 
the use of these screws eliminated the 
necessity of using lock washers and 
other auxiliary locking devices. 

General Radio Co. 

This organization used round head 
Type "Z" screws for fastening name 
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plates to a Bakelite control panel. The 
Engineering Department says that the 
ordinary method would have been to 
use machine screws and tap the Bake- 
lite. However, self- tapping screws ob- 
viate the necessity of tapping and pro- 
vide a more reliable fastening consider- 
ing the nature of the Bakelite and the 
threads made by the self -tapping screw 
therein. 

Colin B. Kennedy Corp. 

The Colin B. Kennedy Corp. have 
devised a very interesting means of 
fastening a condenser housing to a 16- 
gauge sheet steel chassis. On account 
of the weight of the housing it was at 
one time thought necessary to use ma- 
chine screws and nuts, but they en- 
countered difficulty due to the fact that 
the fastenings frequently loosened when 
the set was in transit. It was considered 
impractical to tap the holes in the 16- 
gauge sheet steel. Therefore, it was 
suggested that self- tapping screws be 
tried out. After a little experimenting 
the screws were adopted with a decided 
saving in time over the former methods 
with the added advantage that the as- 
sembly was absolutely secure. On other 
units such as holding the sub -base to 
the chassis they are likewise giving the 
same results. 

Philadelphia Storage Battery Co. 

One of the most outstanding exam- 
ples of the extensive and well planned 
use of self- tapping sheet screws in the 
radio industry is their application in 
Philco radios. In the past two seasons 
this company used over 75,000,000 of 
the screws for fastening various units 
comprising several series of sets to 
the chassis members. A detailed study 
involving this application was con- 
ducted by a time study engineer of 
the A. C. Nielsen Co. and it was found 
that through the use of the self- tapping 
screws savings running into tens of 
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Fig. 9. Comparative shear 
strength Type "U" screws 
versus machine screws. 
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thousands of dollars a year were being 
made by eliminating the costly tapping 
operation and other difficulties incident 
to this work. A study of the Philco 
Balanced Unit Receiver shows that 
there are approximately 50 fastenings 
made with these screws to each chassis. 
They include such sub -assemblies as 
fastening shield plates, padding con- 
denser, condenser braces, power chokes, 
power transformer, power condenser, 
push -pull transformer, wire clamps, by- 
pass condenser, r.f. transformers, neu- 
tralizing condensers, etc. Almost with- 
out exception all of the self -tapping 
screws that were used in these assem- 
blies are with hexagon heads, the as- 
semblies being made with electric or 
pneumatic power tools. 

One assembly that is quite interest- 
ing is where the speaker pot is fastened 
to a cast -iron frame by the means of 
Type "U" screws. This assembly is 
subjected to considerable resonance vi- 
bration, hence it must be made as secure 
and as rigid as possible. Machine 
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screws and then a patented pin were 
tried out with indifferent results. The 
machine screws loosened readily and 
the pin quickly lost its holding power, 
causing a distortion in reproduced 
sounds. It was then found that metallic 
drive screws were an ideal means of 
making this fastening. The hardened 
metallic drive screws are forced into the 
frame by the means of a pneumatic 
press. 

Another interesting assembly in this 
same unit is fastening the cone to the 
pressed steel housing. Machine screws 
were formerly used for making this 
assembly, but as the use of these screws 
necessitated tapping, they were aband- 
oned in favor of self -tapping screws, 
which had demonstrated on other assem- 
blies remarkable fabricating economies. 

Philco engineers say that by the 
adoption of self- tapping screws they 
have avoided entirely all the troubles 
they frequently encountered when ma- 
chine screws and other fastening de- 
vices loosened under vibration. And 
aside from this mechanical improvement 
in the design of their product, assem- 
bly production, often running into 50,- 
000 sets in thirty days, has been main- 
tained. 

Pilot Radio and Tube Corporation 
The design of the receiver manufac- 

tured by this company in so far as fast- 
ening the various parts of the chassis is 
concerned, was predicated on the use 
of hardened self -tapping sheet metal 
screws because it was evident 
through the extensive u s e of the 
screws in well known sets that they of- 
fered a number of advantages that are 
not possessed by other means of as- 
sembly. The screws are used for fasten- 
ing by -pass and filter condensers to the 
bottom side of the chassis made of 
.062" sheet metal. They are also ex- 
tensively used for other sub -assemblies. 

(Concluded on page 45) 

Maximum Tension Load in Pounds 
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INDIFFERENCE or ACTION 
It is acknowledged that the product which offers more is met with orders, 

while indifference blocks the path of the unfit. By offering a better product 

-Synthane creates orders for itself. By using Synthane, manufacturers 

better their own products and - increase orders. 

Positive uniformity, the constant characteristic of Synthane, makes for 

smoother production, less waste, and dependable performance. These are 

facts -capitalized every day by present users of Synthane. Are you 

familiar with Synthane? The reverse side gives more information. 

, 11-i E XYNThAN 
laminated Bakelite 

Z 

SHEETS -RODS -TUBES -FABRICATED PARTS -STABILIZED GEAR STOCK 
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Y1%1IÏÏLLN E LAMINATED BAKELITE 

SHEETS 

TUBES & RODS 

FABRICATED PARTS 

STABILIZED GEARS 

FOR EVERY SPECIFICATION 
No matter what your requirements, you will find a grade of 
Synthane specially designed to meet them. 

Special grades made at no additional cost. All standard grades 
of Synthane, listed according to N. E. M. A. standards, are ready 
for immediate shipment. 

GRADE X. For General Use where low moisture absorption and 
good machining and electrical properties are required. Paper 
base. Will punch up to 1/32" cold, and when heated, to greater 
thicknesses. Machines readily. See "Sheets", "Tubes". 

GRADE XX. For Extremely Low Moisture Absorption and High 
Dielectric Strength. Paper base. Good machining qualities. Low 
moisture absorption. See "Sheets", "Tubes", "Rods". 

GRADE XP. For Punching Operations. Paper base. Punches and shears 
cold up to 3/32"; punches and shears in thicker sizes depending 
on design of die and temperature of material. See "Sheets". 

GRADE C. For Exceptional Structural and Impact Strength. Canvas 
base. Punches and machines readily. For use where high impact 
and transverse strength are required in connection with good 
insulating properties. See "Sheets", "Tubes", "Rods", "Gears". 

GRADE L. For Fine Machining. Linen base. Usually required not 
over 1/8". See "Sheets", "Tubes", "Rods". 

SHEETS. Size -36 " square. Thickness -.010 " upwards to 8". Color 
-Natural, Chocolate Brown and Black. Finish -Dull, High Gloss. 
Grades -X, XX, XXX, XP, C, L. Special as required. 

TUBES. Length -36 ". Diameter -Inside diameter from 1/8 " upwards. 
Outside diameter as required. Color -Natural and Black. Finish 
-Dull, High Gloss. Stocks- Round, Square, Rectangular. Grades 
-Wrapped X, C, L; Molded X, XX, C, L. Special as required. 

RODS. Length-36". Diameter-1/8" upward. Color - Natural, 
Black. Finish -Dull, High Gloss. Stocks- Round, Square. Grades 
-Molded XX, C, L. 

FABRICATED PARTS. Complete fabricated parts made to speci- 
fications in any of the above grades. Prompt deliveries to 
customers' requirements. 

SYNTHANE STABILIZED GEAR STOCK for Silent Gears. Standard 
sheets 36" square. Thickness -upwards to 8". Easy to machine, 
strong, resilient and light. Gear blanks of any diameter in 
stock for immediate shipment. 

SYNTHANE does not crack, break, dent, swell, warp, or cold flow. It 
has high dielectric strength, low moisture absorption, low surface 
leakage, good punching qualities, easy machineability, and high 
resistance to oils and chemicals. Genuine Bakelite resins, high - 

grade raw materials, specially designed machinery, controlled 
processes and supervised workmanship insure absolute uniformity 
of all Synthane products. 

YNT1iIAN E 
CORPORATION ,, OAKS PENNA 

NEW YORK -CHICAGO - BOSTON - DAYTON -LOS ANGELES -SAN FRANCISCO 
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As in contemporary construction, the 
parts to be fastened are provided with 
clearance holes, the screws being turned 
into the engagement material by means 
of power driven socket wrenches. 

Stromberg Carlson 

In No. 20 SC superheterodyne receiv- 
er (Fig. 12) 29 self- tapping sheet metal 
screws are used for fastening the capa- 
citor, power chokes, condensers, shield 
plates, transformer shields, etc., to the 
chassis. The former method of making 
these assemblies was by means of ma- 
chine screws and nuts or machine 
screws and tapped holes. This means 
was, however, found undesirable because 
with machine screws and nuts there was 
considerable fumbling with the nuts, 
especially in inaccessible places which 
frequently resulted in slowing produc- 
tion. Then, when the sets were in tran- 
sit the nuts would be apt to loosen and 
fall off. To overcome this, lock washers 
were resorted to but these increased the 
cost of the assembly and also slowed up 
the assembly operation. 

The abandonment of the machine 
screws eliminated the tapping operation 
as well as the expense of maintenance 
of tapping equipment, cost of taps and 
losses due to crossed threads, mistapped 
holes, etc. 

Transformer Corporation of America 

One of the most unique methods of 

fastening chassis end plates to the chas- 
sis proper is that which is employed by 
the Transformer Corporation of Amer- 
ica in their Clarion radios. The former 
method of making this assembly was by 

the means of spot welding. However, 
this was not practical because it was 
costly and also took too much time. 
The screws were then tried on a test 
assembly and a check up showed a sav- 
ing of about 22% over the cost of the 
former method and the production was 
speeded up about 12 %. 

Rudolph Wurlitzer Manufacturing Co. 

In sheet metal of comparatively light 
gauges it is impractical to tap holes for 
machine screws for making fastenings 
that will hold with any degree of se- 
curity. Therefore, it is necessary to 
provide some means of obtaining a 

greater area of engagement for the 
screws. This is especially the case 
where it is impossible to use bolts and 
nuts. Therefore, the expedient of ex- 
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Fig. II. Philco balanced 
unit receiver. 
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truded holes was resorted to. This 
mechanical compromise was not satis- 
factory because it added unduly to the 
cost of the assembly. The Rudolph 
Wurlitzer Manufacturing Co. was con- 
fronted with a problem of this kind and 
it was solved quite simply by the means 
of self- tapping screws. Formerly, ex- 
truded holes were formed in the chas- 
sis pan and then tapped for mounting 
audio input and r.f. transformers, by- 
pass condensers, variable condensers, 
shields and fastening bottom covers. 
Now, plain holes are substituted for 
extruded holes and self- tapping metal 
screws for machine screws. This seem- 
ingly unimportant assembly change has 
been responsible for a number of mark- 
ed economies. It has reduced tool and 
die costs. It has eliminated 90% of the 
tapping operation formerly required be- 
sides saving taps, scrapped parts and 
rejected assemblies. Besides, lock wash- 
ers formerly used with the machine 
screws have been eliminated. 

Zenith Radio Corporation 

Here again the adoption of self -tapp- 
ing screws has led to important savings 
in the fabrication of a well -known set. 
Zenith formerly used machine screws for 
fastening shields, brackets and covers. 
The change to self -tapping screws on 

these assemblies resulted in the elimina- 
tion of tapping equipment, breakage of 

taps, etc. In addition the space formerly 
occupied by the tapping equipment is 

being put to other uses. Moreover, the 
labor of extra men necessary to move 

the parts to the tapping machines and 
bring them back to the assembly line 
has been saved. 

Future Uses 

While many other similar applica- 
tions might be cited, it is felt that they 

Fig. 12. Stromberg -Carlson receiver chassis. 
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would add but little to the purpose of 
this paper which is primarily to sug- 
gest new possibilities for these harden- 
ed self- tapping screws in radio, sound 
reproduction equipment, etc. That the 
self- tapping screw has pointed the way 
to a new era of fabrication of radio and 
allied equipment appears well establish- 
ed. The hardened self -tapping screws 
herein described are manufactured by 
the Parker -Kalon Corporation, New 
York. 

COST OF TRAIN TELEPHONY IN 
CANADA 

IlV reply to the query made recently 
in the Canadian House of Commons 

at Ottawa, Ont., Canada, it was stated 
that the cost of telephone installation 
on Canadian National Railway trains 
was $37,156.70. This amount together 
with miscellaneous expenditures and ex- 
penses in connection with experimental 
work, brought the total outlay to $83; 
333.21. The average monthly revenue 
for the 12 months ended April 30, 1931 

was $73.43. 

DIRECT WIRELESS TELEPHONE 
COMMUNICATION BETWEEN 

FRANCE AND ALGERIA 
RADIO telephone service between 

Paris and Algeria is expected to be 
available by the end of the year. At 
both Paris and Algiers there will be two 
transmitting sets capable of allowing 
four conversations and two telegraph 
messages to be transmitted simultane- 
onsly during 16 hours of the day. Dur- 
ing 7 hours the line will be available 
for two telephone and one telegraph 
message, the remaining hour of the 24 
being devoted to testing and the adjust- 
ment of the apparatus. (The Elec- 
trical Review, London.) 
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TECHNICAL DATA OF GREAT 
VALUE 

B EGINNING in the January, 
1932, issue of RADIO ENGI- 

NEERING, and continuing serially 
for one year, or longer, will ap- 
pear a chronological history of 
the important events in electric 
communication - telegraphy, tel- 
ephony and radio. This historical 
engineering ,data has been twelve 
years in the making and will re- 
cord accurately inventions, discov- 
eries, development, statistics, with 
dates and names, from the begin- 
ning down to modern times. 

There will be a large demand 
for the issues of RADIO ENGI- 
NEERING for the year 1932. You 
will do your non -subscriber 
friends a favor by telling them to 
begin their subscriptions with the 
January issue. 
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Mr. Edison as 
THE passing of Thomas A. Edison 

at the age of eighty -four years 
brought forth a mass of biograph- 
ical material which is going the 

rounds of the press. Numerous refer- 
ences have been made to the great in- 
ventor's start in life, when he worked 
as a newsboy and later as a telegraph 
operator. Some of the material pub- 
lished is misleading and inaccurate. 

Mr. Edison became a telegrapher 
when he was sixteen years of age. The 
Civil War had just gotten well into 
swing at that time, and although the 
young telegrapher was employed in Can- 
ada, the demand for telegraphers in the 
United States, because of so many teleg- 
raphers leaving the commercial tele- 
graph service to take up war telegraph 
duties, created openings which were 
filled by boys. 

"Al" Edison, as he was called by his 
telegraph contemporaries, worked as a 
telegrapher from 1863 until 1868. Dur- 
ing this time he was employed in im- 
portant offices such as Cincinnati, 
Ohio, Louisville, Ky., and Memphis, 
Tenn., where at times he worked the 
heaviest wires. In these offices his tele- 
graph duties required that he apply him- 
self for long hours in the sending and 
receiving of telegrams. In these offices 
he developed the legible rapid penman- 
ship for which he was later noted. 

In 1868 he was employed in the Bos- 
ton office of one of the telegraph com- 

a telegrapher 
panics, coming there at the suggestion 
of a friend, Milton F. Adams, with 
whom he had previously worked in Cin- 
cinnati. There is in existence a 125 - 
word section of a press report copied 
by Edison while he worked in Boston. 

Telegraphers who were contempora- 
ries of Mr. Edison's and who are still 
alive include S. E. Barton, R. U. John- 
ston, E. C. Boileau, John Morison and 
John Lonergan. Of the telegraphers 
who first tried out Edison's quadruple 
telegraph in New York in 1872 -R. B. 
Lown, Fred. Catlin, Walter P. Phillips, 
Fred. Seibert and E. C. Boileau -only 
Mr. Boileau is alive. 

Although Mr. Edison's days at the 
telegraph key terminated in 1868 (he 
came from Boston to New York in 
1869), his inventions in telegraphy for 
several years thereafter kept him in 
close touch with the business and its 
personnel. Indeed, throughout his en- 
tire lifetime he retained a keen interest 
in telegraph development and main- 
tained continuous personal contact with 
his old -time acquaintances and with men 
who later became prominent in the tele- 
graph business. 

Because of deafness the great in- 
ventor found his knowledge of the 
Morse code of great use to him through- 
out the last quarter century. Many oc- 
casions developed where he made al- 
most daily use of this means of com- 
munication. 

The Fess Radio Bill 
By JOHN DUNSHEATH 

THE proposed Fess bill would set 
aside 15 per cent of all radio chan- 

nels for the uses of "educational institu- 
tions." 

If any one is in doubt as to what the 
result of this would be we would sug- 
gest that the inquirer post himself on 
what Governor Roosevelt, of New York, 
discovered about the intrenched position 
of the education lobby in his state when, 
recently, he sought cooperation in de- 
vising ways of reducing tax burdens. 

During the years of prosperity when 
the taxpayers of the country were de- 
voting all of their time to earning good 
incomes -and spending them, the edu- 
cation lobbies in all states were indus- 
trious in getting on the statute books 
laws that now leave education costs a 
subject practically beyond the control of 
taxpayers whose incomes have been 
decimated. Within the past two or 
three years as incomes declined and 

taxes continued to mount, men in pub- 
lic office discovered that more than one- 
third of all state income is being spent 
in so- called education. In New Jersey 
more than one -half of all tax money in 
many municipalities is given up to 
school authorities. 

Education lobbies have spent millions 
of dollars of tax money fabricating a 
mantle of sacredness around the idea of 
"free education." Free at a cost of 
$150 per year per pupil! 

There are advantages possible in edu- 
cational systems by making proper use 
of radio and modern sound amplification 
systems, but the public will be satisfied 
only with applications which will be 
economical substitution for and not in 
addition to facilities which now cost too 
much and which are far from efficacious 
in turning out a school product qualified 
to cope with the actualities of life. 

The Fess bill should be consigned to 
limbo. 

Radio 

transmitting 

hazard 

By K. W. KEENE* 

FOLLOWING the example of 
progress in so many other branches 
of engineering, development of the 
field of radio communication has 

recently disclosed a fire hazard which 
has as yet received little attention. For- 
tunately, it is a hazard which may easily 
be eliminated by careful planning. 

While operating a transmitter at a 
private radio transmitting station, con- 
tinuous extraneous sparkings, during 
operating periods, were noticed in rooms 
containing and adjacent to the trans- 
mitter apparatus. The sparks were 
characteristic of high frequency, small 
energy discharges, and were occurring 
between sprinkler piping and unused 
service piping and between steel electri- 
cal conduit and a roof leader. All pipes 
were grounded. The ceilings in the vi- 
cinity of the transmitting apparatus 
were well covered with conduit and 
sprinkler piping, and close to this pip- 
ing the antenna lead -in passed. 

To eliminate the fire hazard caused by 
the sparking, unused piping was re- 
moved; and a copper, non -magnetic 
grounding system was provided for all 
remaining piping. The main grounding 
conductor, which led to the basement 
and ground, consisted of copper straps 
more than one inch wide, and the 
branch conductors, connecting fre- 
quently to the piping systems, consisted 
of smaller copper straps. 

As an explanation of the sparking, it 
has been found, and can be shown 
mathematically that, if metal structural 
work of a building, water or sprinkler 
piping or electrical conduit is located 
close to a transmitter, there can be in- 
duced in any of these conducting mate- 
rials sufficient high- frequency electrical 
energy to cause sparking to other near- 
by conductors, even though both con- 
ductors between which the spark exists 
are grounded at a distant point. In in- 
stalling radio circuits in transmitting 
stations. therefore, it will be well to 
remember that such circuits should be 
kept well away from nearby conduct- 
ing materials, or else these materials 
should be grounded via a low impe- 
dance path. The fire hazard of sparking 
will then be eliminated. 

''Extract from article "Extraneous Sparkin., 
from Radio Tansmitters," in May issue of 

Laboratories Data," published by Underwriters' 
Laboratories. 
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of plant facilities, at the Radio Con- 

denser Co. factories are devoted exclusively to 
the manufacture of variable condensers for the 
radio industries. 

An immense laboratory, 
equipped with the most 
modern apparatus is at the 
service of manufacturers 
in solving condenser de- 
sign problems. 

Assembly Department 

Calibration Department 

You are cordially in- 
vited to visit our booth 
at the I.R.E. conven- 
tion. Members of our 
engineering staff will 
be present and at your 
service. 

Tool Department 

We are now serving the majority of nationally known Radio Set Manu- 
facturers. 
On the basis of past performance, scientific research and proven ability 
to render service, we solicit your patronage. 
Let us assist you in your 1932 variable condenser problems. 

Radio Condenser Company 
Camden, N. J. 
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THOROUGH BREDS 

CENTRAL RADIO LABORATORIES 

THOROUGHBREDS 

Lovers of horseflesh will tell you that 
pedigree promotes performance. 
The prestige of the past insures the 
successes of the future. The experi- 
ence and knowledge gained in the 
manufacture of more than twenty 
million CENTRALAB units gives a 

thoroughbred rating to a product 
that is now an integral part of many 
of the country's outstand -ng radio 
receivers. Experimenters, amateurs 
and set manufacturers everywhere 
pin their faith to CENTRALAB 
Volume Controls. 

Centralab Fixed Resistors 

are as permanent as stone, un- 
affected by moisture, and receive a 

baptism of fire at 2700 degrees F. 

Write for samples. 

MILWAUKEE, WIS. 
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Resistor Products 
ALLEN -BRADLEY RADIO RESISTORS 

With reference to the radio resistor 
situation the engineering department of 
The Allen- Bradley Company, 126 West 
Greenfield Ave., Milwaukee, Wis., state: 

"The quality angle is one which should 
receive a great deal of attention. Very 
few set manufacturers appreciate the im- 
portance of quality in resistors. Many of 
them pass over resistors with hardly a 
thought, and that situation is one with 
which we are primarily concerned at the 
present time. Many set manufacturers un- 
questionably believe that any one of 
several makes is perfectly satisfactory to 
use and that the performances are equiva- 
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lent. This, of course, is not true. It can 
be argued, of course, that in an application 
where the requirements are not strict, a 
mediocre resistor may be satisfactory and 
it might not be good commercial engineer- 
ing to spend more money for a better 
resistor, but certainly, price being equal, 
the better resistor is the best one to use 
always. The present problem, however, is 
not the result of such situations but is due 
more from the set manufacturer's lack of 
appreciation of the importance of tighten- 
ing up his requirements. 

"We note particularly that the set man- 
ufacturers with the best facilities and the 
most capable engineering departments gen- 
erally have the most rigid and carefully 
drawn specifications. We should do every- 
thing possible to get the customer to give 
serious consideration to the resistor prob- 
lem and to the tightening of the speci- 
fications to protect himself." 

CANDOHMS 
The Muter Company, 1255 South 

Michigan Avenue, Chicago, manufactures 
the well known line of Candohm resistors. 

The units are delivered in two general 
sizes. The smaller, Type G, is rated at 
one watt for each inch (of length). The 
larger, Type F, is rated similarly at two 
watts. 

They are specified and delivered in all 
lengths from one inch to eleven inches, 
the length, in most cases, being deter- 
mined by the watt dissipation required. 

The universal practice is to rivet Can - 
dohms directly to the chassis. For custo- 
mer convenience, mounting hole diameters 
are supplied for all usual production rivet 
sizes. 

The resistance range, per inch, is often 

as low as a fraction of one ohm and as 
high as eighteen thousand ohms per inch. 
The design lends itself readily to the 
assembly of single resistance sections; 
series sections, or several resistance sec- 
tions isolated from each other, all within 
one housing. In addition, the company 
often supplies additional insulated termi- 
nals built into the unit for the production 
convenience of customers. In further 
addition; they "ground" any designated 
terminal by soldering the particular termi- 
nal to the outer protective steel casing. 

The d -c breakdown point, between resis- 
tor and steel casing, is in excess of 3,000 
volts ; ample assurance that line surges or 
defective tubes will not cause resistor 
failures. 

CLAROSTAT FLEXIBLE RESISTORS 
Clarostat flexible type fixed resistors are 

finding many new applications in radio and 
sound equipment. Their particular ad- 
vantage is that they are very easily as- 
sembled, take the place of connecting wires 
are flexible enough to wrap around inter- 
fering objects, are protected by insulating 
sleeving, and maintain their normal re- 
sistance under mechanical and electrical 
stress. 

The woven flexible sleeving which pro- 
tects the actual winding is made in colors 
and with colored bands, in accordance with 
the RMA resistor color code. The core 
is composed of a flexible material which 
not only maintains a space between eaci- 
turn of wire, but is of an inactive material 
which does not oxidize or otherwise at- 
tack the winding. 

One of the largest radio manufacturers 
has put a number of these resistors 
through a thorough test and has reported 
100 per cent acceptance. The test con- 
sisted of five steps as follows: 

Six resistors were selected at random 
from a production lot shipped to the fac- 

tory and their resistance was measured 
and found to be in every case well within 
the 10 per cent plus or minus specified 
limits, only one of the resistors showing 
a plus variation as high as 7 per cent. 
After a 24 hour test at rated load the 
resistors were again tested and found that 
none of them had changed more than .01 
ohms. The resistors were then subjected 
to bending and twisting, while in the cir- 
cuit no change in resistance could be de- 
tected. These resistors were then subject 
to a 100 hour humidity test and showed 
a change in resistance of less than one 
half of one per cent. The resistors were 
then subjected to a pull test of two pounds 
and all of them maintained their resistance 
within limits of one half of one per cent. 

These tests indicated the unusual dura- 
bility of these apparently delicate devices 
which are made up to such exact re- 
quirements. 

LYNCH RESISTORS 
The Lynch Manufacturing, 1775 Broad- 

way, New York, in producing their line of 
precision wire wound resistors do the 
winding on a winding form of non- hygro- 
scopic ceramic having high insulation 
qualities, mechanical strength and low 
coefficient of expansion. Sectional con- 

struction permits winding sections in 
opposite directions giving a non -inductive 
resistor with low distributed capacity. 
There is no breaking of the insulation for 
testing purposes. 

Alloy wire of the highest grade and 
largest size consistent with resistance 
value is accurately gauged and specially 
enamelled to meet a rigid insulation test. 
The winding is impregnated with a spe- 
cial compound which hardens with high 
temperatures instead of softening as is the 
case with wax -impregnated units. 

Contact is insured by the same general 
method employed in the manufacture of 
Lynch metallized dynohmic resistors. A 
molded metal end cap cuts down contact 
resistance and avoids the weakness en- 
countered in a soldered or welded connec- 
tion. It also provides a seal against 
moisture and assures noiseless operation. 

HIGH -RESISTANCE UNITS 
The S. S. White Dental Mfg. Co., 152 

West 42nd Street, New York, advises that 
due to the frequent requests from labora- 
tories and manufacturers of sensitive 
vacuum tube equipment, S. S. White 
molded resistors can now be supplied on 
special order in practically any values 
from 10 megohms to 1012 ohms. 

These high value resistors have now 
been used over a year and have been 
found very satisfactory and stable. They 
are particularly desirable in values from 
10 megohms to 1,000 megohms for photo 
electric cell equipment, and condenser 
microphone amplifiers. 

The original designs of some of the 
types of S. S. White Molded Resistors are 

a '.: 
e `-> .71=1111 

such that they are readily adapted to 
midget sets or any equipment in which the 
space is limited. 

The Industrial Division of the S. S. 
White Company is interested in the 
development of any special resistor require- 
ments and would be pleased to cooperate 
with engineers on their resistor problems. 

AKRA -OHM RESISTORS 

The Shallcross Manufacturing Com- 
pany, 700 Parker Avenue, Collingdale, 
Pa., manufacture the type RM Akra- 
Ohm wire wound resistors, especially de- 
signed for heavy duty, and ideal for em- 
ployment in instruments and high grade 
electrical apparatus where high current is 
necessary in a small, accurately calibrated 
wire wound resistor. 

Many unusual mechanical and electrical 
(Concluded on page 52) 
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18,000 hours 
of line voltage 
fluctuations 
fail to affect 

T 
cLA 

T 
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Line Ballasts ! 

Two years ago we began a life test of 
stock Clarostat Line Ballasts. Periodically 
the current has been turned off and on .. . 

voltage has risen to over 140 ... dropped 
under 90. 

Yet, under all these conditions, 
single Ballast has broken down .. . 

one functions today as properly as 

installed. And the test goes on! 

Clarostat Line Ballasts are suitable for 
application on any transformer coupled 
electronic device requiring instantaneous 
automatic line voltage regulation. 

not a 
every 
when 

.4. H. Grebe & Co. chassis chowinp application of Clarostat 
Liar Ballast. 

Exhaustive tests made by prominent set manufacturers in their 
own laboratories have proved the durability and protective 
qualities of these Ballasts -and led to their wide adoption. 

Glad to send you bulletins on any of the Clarostat 
Products- Voltage Regulators, Volume Controls, 
Rheostats, etc. 

CLAROSTAT MFG. CO., Inc. 
285 North 6th Street 

Brooklyn, N. Y. 
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ANNOUNCING THE NEW 

PHOTRONIC CELL 
In use and construction, the Weston PHOTRONIC 

CELL is different- utterly simple -and low in cost. 

Revolutionizing in operation, amazing in per- 

formance, the PHOTRONIC CELL reduces light 

sensitive cell applications to a new simplicity. 

Reliability increased ... new fields opened . . . 

present developments advanced. The PHO- 

TRONIC CELL sets an entirely new standard 

of performance. Write for Circular YY. 

OUTSTANDING FEATURES 

Highly sensitive. 
High current output (approx. 5 mil- 

liamperes in direct sunlight -one 
microampere per foot -candle). 

Operates relays directly. 
Unlimited life. 
No drifting. 
No deterioration. 
No batteries. 
No dark current. 
No readjustments of circuit. 
Non -microphonic. 
Withstands direct sunlight. 
Not easily damaged. 
Nothing to replace. 
Low in cost. 

1vAl441(611 
ELECTRICAL INSTRUMENT CORP. 
612FRELINGHUYSEN AVENUE . . . NEWARK, N. J. 
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Condenser Products 
VARIABLE AIR CONDENSERS 

The Radio Condenser Company, Cam- 
den, N. J., has not introduced any new 
models so far this year. Last fall this 
company pioneered the gang condenser for 
superheterodynes carrying a specially 
shaped rotor plate for the oscillator tuning 
unit. This design permits the receiver 
designer to effect a saving in materials 
and assures him of uniform dial calibra- 
tion because these condensers are all cali- 
brated to a uniform capacity curve. This 
special condenser is gaining wider accept- 
ance every day and the company feels 
confident that within a short time this type 
of condenser will be used almost exclusive- 
ly in superheterodynes. 

Gang condensers are available in two 
models, the No. 10 which is the large size 
and the smaller No. 11. The model No. 
10's are available in single units and in 
two, three, four and five gang. The model 
No. 11 condensers are available in two, 
three and four gang. 

This season the efforts of the company 
have been largely directed toward furnish- 
ing a superior condenser, both mechani- 
cally and electrically, at very nominal 
prices. They have developed a new Bake- 
lite insulating material which allows their 
condensers to have a lower power- factor 
and consequently a lower equivalent series 
resistance. Receivers using these condens- 
ers show greatly improved selectivity at 
the higher frequencies, especially those of 
the t. r. f. type. 

SIEMENS AND HALSKE CON- 
DENSERS 

The well known Siemens and Halske 
condensers are handled by Morrill and 
Morrill, 30 Church Street, New York. 

These condensers embody long years of 
development and experience. They are 
exceptionally well built. The finest ma- 
terials, repeatedly subjected to the most 
exacting tests, are used in their construc- 
tion. They are rated on an extremely con- 
servative basis and assure the maximum 
in reliability. They occupy a minimum of 
space and present a remarkably neat 
appearance. 

The high voltage transmitter type from 
one to four microfarads and with operat- 
ing voltages from 1,000 to 3,000 volts 
direct current. 

AEROVOX HI -FARAD DRY 
ELECTROLYTIC 

The Aerovox Wireless Corporation, 
70 -82 Washington Street, Brooklyn, N. 
Y., have the following to say about their 
new product 

"When the electrolytic condensers first 
began to show promise of providing de- 
pendable, low cost substitutes for wax 
paper condensers in radio circuits, exhaus- 
tive tests were made by Aerovox engineers 
on all available commercial and laboratory 
units. 

"These first electrolytic condensers for 
radio circuits were far from being satis- 
factory for use in place of wax paper con- 
densers. This was due to certain disadvan- 
tages and weaknesses such as the use of a 
liquid electrolyte with its leakage, spill- 
ing, drying up and freezing characteris- 
tics, high power factor, poor filtering 

action, the difficulty of obtaining high 
voltage units and the tendency of the 
electrolyte to attack the electrodes. 

"After three years of intensive research, 
we are pleased to announce the Aerovox 
Hi -Farad DRY electrolytic condenser, a 
low cost, high capacity, compact, self - 
healing, dry electrolytic condenser for fil- 
ter and audio bypass use that has a 
voltage rating of 500 volts peak." 

DUBILIER CAPACITORS 
The Dubilier Condenser Corporation, 

New York, has, during the past few 
months brought out an entirely new line 
of high grade capacitors. Those interested 
in transmitting condensers should write to 
the company for a copy of the bulletin 
illustrating and describing Types 50, 51, 
52, 53 and 670. 

CARDWELL TRANSMITTING 
CONDENSER 

The Allen D. Cardwell Mfg. Corp., 91 
Prospect St., Brooklyn, N. Y., make 
transmitting condensers for high, medium 
and low power, as well as a wide line of 
variable receiving condensers. 

The transmitter condenser illustrated 
(on the right) is of 150 mmf., .070 inch 

air gap, and weighs 6 oz., and of 3000 
volts breakdown. Another type (on the 
left) has a capacity of 440 mmf., and a 
gap of .070 inch, weight 27 oz. 

POLYMET ELECTROLYTIC 
CONDENSER 

A bulletin issued by the Polymet Manu- 
facturing Corporation, 829 -839 East 134th 
Street, New York, referring to the Cor- 
poration's electrolytic condenser, says: 

"The electrolytic condenser of the type 
manufactured by Polymet consists of a 
formed aluminum anode, an aqueous solu- 
tion and a metal container. The operation 
of the device is based upon the asym- 
metrical conductivity of aluminum in con- 
tact with a suitable electrolyte. This 
effect was mentioned in a paper by Wheat- 
stone before the Royal Society as long 
ago as 1855, during an investigation of the 
position of aluminum in the electro- motive 
series. This discovery was followed by 
considerable research in all parts of the 
world, and led finally to the commercial 
development of rectifiers, lightning arrest- 
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ers and condensers using this principle. 
"In common with many other devices, 

the development and application of the 
electrolytic condenser has been accelerated 
by a demand for cost reduction. Filter 
condensers in the power supply of the 
radio receiver represent a sizable part of 
the total chassis cost and, therefore, reduc- 
tions in cost on this item are of extreme 
importance, especially in view of th_e keen 
economic competition now existing in 
industrial markets. 

"The 'E' condenser, however, has other 
qualities in addition to price to recommend 
it. An 'E' condenser, equal in capacity 
and working voltage to a paper condenser, 
can be made smaller physically, and the 
'E' condenser is able to recover completely 
from the effects of over -voltage of con- 
siderable duration as soon as normal vol- 
tages are restored. 

"The 'E' condenser may be applied 
wherever paper condensers are used, sub- 
ject to the following limitations: 

"1. The 'E' condenser must be used on 
direct current only, and the formed anode 
must be maintained positive with respect 
to the can or cathode. 

"2. The condenser unit must be used in 
a position with the vent on top (but may 
be shipped or stored in any position). 

"3. Power factor is higher than that of 
paper condensers. 

"4. Insulation resistance is lower than 
that of paper condensers. 

"In the average radio receiver, and in 
many other electrical applications, none of 
the above mentioned limitations are objec- 
tionable and, in fact, may be very desir- 
able." 

SURGEPROOF CONDENSERS 
The Tobe Deutschmann Corporation, 

Canton, Mass., says in reference to their 
new surgeproof condenser: 

"Experience has shown that absorbed 
moisture lowers condenser resistance and 
shortens condenser life. 

"Moisture may enter an uncased con- 
denser in three ways : the first, is through 
air bubbles or pin holes left in the wax at 
the ends of a condenser dipped in the 
usual manner the second is around the 
leads, which are easily pulled away from 
the wax : the third is through cracks 
which develop if the condenser is handled 
at all roughly. Moisture cannot enter the 
new Tobe surgeproof condenser in any of 
these three ways. 

"The Double End Seal (patented) 
leaves no air bubbles or pin -holes; it holds 
the leads firmly in place so that they can- 
not pull away from the wax ; it protects 
the edges of the condenser and thus avoids 
cracking of body wax." 

DE JUR -AMSCO CONDENSERS 
The De Jur -Amsco Corporation, 95 

Morton St., New York, says in regard to 
that company's superheterodyne ganged, 
tuning and oscillator tracking condensers: 

"The inevitable and natural trend of 
broadcast receivers requires that a com- 
mercially successful superheterodyne be 
single control as far as the resonance 
adjustment is concerned. This makes 
necessary the co -axial mounting of the 

(Concluded on Page 52) 
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ACRACON 
Electrolytic Condensers 

Are Now 

Specified 

By 

Over 30 

Leading 
Radio 

Manufacturers 

No other condenser offers all these features in 

electrical design and mechanical construction: 

I. Metal cover for proteetian and ap- 
pearance. 

2. Live rubber nipple. 
3. Nipple spun Into aluminum shell. 

Absolutely leak -proof. 
4. Anode spiral cold welded Into anode. 

giving rigid constru.tion. 
5. One -piece extruded aluminum con- 

tainer. 
6. Retaining flange for rubber gasket. 
7. Tapered anode stem for snug fit. 
6. Large cadmium- plated steel mount- 

ing nut. concave to insure tight con - 
ne:tion. 

9. ye" l6- thread neck for mounting. 
10. Metal washer. 

II. Anode nut. 
12. Anode soldering tab. 
13. Large si-e Insulating washer. 
la. Tapered hale to take tapered anode. 

15. Srecial live rubber Insulating gas- 
ket, free II am impurities. 

Id. Heavy, rigid anode stem of high 
purity aluminum. 

17. High purity anode. spiral, so wound 
as to elim'nate the necessity of In. 
sulating liner between anode and 
conta'ner. 

18. Special, high, critical voltage elec- 
trolyte, well over anode to insure 
long life. 

19. Leakpreof rolled seam as used In 
canning Industry. 

Acracon Electrolytic units are now available in capacities 
up to 16 microfarads at either 440 or 475 volt peak in 

the single anode type. 

Follow the leaders of the industry. Specify Acracon Elec- 

trolytic Condensers. Also By -Pass, Wax Impregnated, Oil 
Impregnated, Power and Transmitting types. Write today, 
enclosing specifications. 

*Acracon Features Are Protected by Patents Pending 

Condenser Corp. of America 
259 -271 Cornelison Ave., Jersey City, N. J. 

Factory Representatives In: 
ST. LOUIS SAN FRANC°SCO 

CHICAGO CINCINNATI LOS ANGELES TORONTO 
And Other Principal Cities 
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MOLYBDENUM 
PRODUCTS 

ELMET WIRE COMBINES 

GREAT STRENGTH WITH 

MAXIMUM STRETCH 
AND ACCURACY. 

% 

N ,ll' % . - i i 
--- = 

s lr - 

Built under the strictest 
supervision, from the finest 
of materials, in a new and 
modernly equipped facto- 
ry,- ELMET products are 
leaders in their line. If 
you wank the best and 
want it on time, specify, 

ELMET. 

20 Z STRETCHI 

One trial will prove to you that the difficulties in 

your grid department will be eliminated by using 
ELMET Molybdenum Grid Wire, in connection 
with our Technical Service. 

There is no substitute for ELMET Molybdenum 
Wire. k is backed by eighteen years of actual 
experience in this field. 

ELMET Molybdenum Wire is made not only for 
use in radio tubes but to your individual require- 
ments for various types of grid machines. 

Specify ELMET and get uniformity, 
accuracy, purity, and prompt service. 

DO NOT DELAY! ORDER ELMET 
MOLYBDENUM WIRE NOW! 

ELIMINATE YOUR SHRINKAGE, 
CUT YOUR PRODUCTION COST! 

For samples and prices write Dept. R -3 

AMERICAN ELECTRO METAL CORP. 
LEW ISTON MAINE 
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RESISTOR PRODUCTS 
(Concluded from page 48) 

features are incorporated in these resis- 
tors. The wire is single layer wound on 
a strong Isolantite tube that will not break 
in handling. Insulated wire is used and 
then covered with a special insulating 
protecting coating that will expand and 
contract with the wire as it changes 
temperature under load. 

Tolerance 2 per cent single layer wound. 
Brass caps fit standard 5 amp. fuse 

clips. Terminal studs cadmium plated 
permit easy soldering. Resistor length 
2% inches. Studs -% inch, overall 24 
inches. 

The type RM resistors can be made in 
resistances not listed within the range of 
the stock values, also special alloys can be 
employed when specified. 

WIDE LINE OF RESISTORS 
Eleçtrad, Inc., 175 Varick Street, New 

York, manufactures a wide line of resis- 
tors for radio and associated industries. 

Truvolt all -wire resistors are recom- 
mended for all purposes where heavy 
currents are to be handled, such as elimi- 
nators and power packs, bias resistors for 
power tubes, etc. 

Truvolt Resistors are "double- wound" -a patented method of construction ex- 
clusively used by Electrad. First, Ni- 
chrome resistance wire is wound on an 
asbestos covered copper core. This is then 
wound around a grooved fire -clay base. 

Electrad also makes Vitmonel Vitreous 
resistors of the highest grade resistance 
wire, space -wound on a fire -clay refrac- 
tory tube and coated with a specially 
developed vitreous enamel which protects 
the resistance wire against moisture and 
oxidation and also guards the wire against 
possible mechanical injury. 

In addition¡ Electrad manufactures small 
space replacement resistors. These resis- 
tors are wire wound on 'flexible core and 
covered with itylpregnated fabric. Pigtail 
terminals are pp((rbvided at each end. By 
reason of their design, these are adaptable 
to replacement. The values of stock sizes 
have been selected to fill practically all 
replacements where a resistor of less than 
twelve thousand ohms may be used in a 
radio set. 

ERIE RESISTORS 
Unit resistors from 15 ohms to 10 meg- 

ohms are manufactured by the Erie Re- 
sistor Corporation, Erie, Pa. These units 
are ipálntgd ,standard RMA color code. 
The resistors are made in six sizes: 
1/5, 1/3, 1/2, 1, 3 and 5 watts. 

The Corporation records show that less 
than one -half of one per cent of their 
units supplied to manufacturers have been 
found to be under standard. 

OHMITE RESISTORS 
The Ohmite Manufacturing Company, 

636 N. Albany Ave., Chicago, make a 
wide variety of vitreous enameled resistor 
units which are manufactured on order. 
These are for transmitting radio 
communication work and for industrial 
applications. 

The company recently organized a radio 
resistor department for the manufacture 
of Wirohm Red Devil type of unit, which 
is a small, compact wire -wound unit of 
high wattage capacity. These units are 
used in all places in the chassis where 

some wattage has to be dissipated, and 
they are proving popular with manufac- 
turers of sets at the present time. 

In addition to these units the company 
also manufactures a line of carbon resist- 
ors known by the trade name of Carbphm. 
These are at present made in the 1 watt 
and % watt sizes in all resistance values. 

CENTRALAB FIXED RESISTORS 

The Central Radio Laboratories, Mil- 
waukee, Wis., have issued a new bulletin 
which announces that Centralab fixed 
resistors look like stone, and are as per- 

- manent. Carefully calibrated resistance 
material is forced under tons of pressure 
through double dies in conjunction with a 
paste -like ceramic. This is baked for 
hours in huge ovens, and then fired at 
over 2,500 deg. Fahrenheit. After such a 
baptism of fire, no ordinary service or 
overload temperatures can damage the 
resistor. The material is entirely sur- 
rounded by a dense ceramic, hard as stone. 
No moisture can possibly penetrate, so age 
cannot change the resistance value. Great 
mechanical strength eliminates any chance 
of accidental breakage in handling. A 
heavy metal spray of brass makes contact 
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USEFUL INFORMATION 
COMING 

I\x the December and January 
issues of RADIO ENGINEERING 

will appear authoritative educa- 
tional engineering articles dealing 
with Class "A" and Class `B" 
broadcast amplifiers: new data on 
the multi -mu tubes and studies of 
broadcast channel betterment. 
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to the resistance material. Wire leads are 
looped and soldered to this sprayed metal. 
making a very solid connection. This is 
further assurance of permanent noiseless- 
ness. Resistance values read approxi- 
mately the same at any normal voltage- 
most important when resistors are pur- 
chased for service work. 

The small 54 x inch size is particu- 
larly suited to repair jobs. It has ample 
load capacity for most radio circuit loca- 
tions, and is much easier to install than a 
larger size. It will actually with- 
stand more current on accidental overload, 
without permanent change, than the 
inch size of many other makes. . . 

GANGED METALLIZED RESISTORS 
EXTENSIVELY USED 

For compactness together with economy 
and practicability, the ganged metallized 
resistors are proving popular, particularly 
in the small radio sets or midgets. There 
are two forms of ganged metallized resis- 
tor assemblies, namely, the Bakelite gang 
assembly and the molded gang assembly. 
In the former, the metallized resistors are 
provided with tips integral with the 
molded ends, said tips slipping into holes 
in a bakelite sheet and serving to rivet 
the resistor in place, together with a 
soldering lug, on the reverse side of the 
sheet. The molded gang assembly is made 
tip of metallized resistor units having a 
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cast metal center section with a hole 
through which is slipped a tie rod. A 
number of resistors can thus be grouped 
together and held by a tie rod, the 
threaded ends of which take the nuts that 
bind the assembly together. The Inter- 
national Resistance Company of Phila- 
delphia reports a brisk demand for both 
types of gang assemblies. 

DAVEN RESISTORS 
The Daven Company, 158 Summit 

Street, Newark, N. J., manufactures a 
dependable line of precision resistors, 
resistance boxes and attenuators. The 
company also announces a new line of 
volume controls in all standard sections. 

CONDENSER PRODUCTS 
(Concluded from page 50) 

condensers tuning the oscillator, preselec- 
tor and first detector stages, with the 
composite tuning arrangement so arranged 
that the oscillator will track at a given 
frequency above the preselector and first 
detector circuits at a frequency equal to 
the resonant frequency of the i -f ampli- 
fier-in present day broadcast receivers 
175 kilocycles. 

"Successful superheterodynes have been 
designed using condensers with identical 
tuning curves in the preselector and oscil- 
lator section by means of the so- called 
"padding" arrangements. Such circuits 
require extra fixed and semi -variable 
condensers and, in some designs, two addi- 
tional resistors. These accessories add to 
the material cost of the receiver, while the 
extra adjustment contributes another 
charge to the production bill. 

"Moreover, padding arrangements are, 
in many instances, a compromise and an 
approximation, the discrepancy between 
the desirable and actual capacities being 
more than ten micromicrofarads. This 
discrepancy varies at different dial posi- 
tions, resulting in a distorted sensitivity 
curve and poor reception at certain points. 

"Appreciating that the combination of 
a standard condenser (or condensers, de- 
pending upon the number of preselector 
stages) and a special rotor tuning the 
oscillator coil in accordance with the 
frequency difference requirement, would 
greatly simplify the problem, our type OT 
(oscillator tracking) 320 (approximate 
maximum capacity in mini) was developed 
in the DeJur -Amsco laboratories. Such a 
condenser makes the adjustment of the 
oscillator section as simple as that of the 
selector circuits, with exactly the same 
degree of accuracy readily obtained in a 
t -r -f receiver." 

HAMMARLUND CONDENSERS 
The Hammarlund Manufacturing Com- 

pany, 424. W. 33d Street, New York City. 
manufactures a complete line of variable 
air condensers, also a wide variety of ad- 
justable, or semi -variable condensers us- 
ing mica as the dielectric. 

Isolantite is used in most cases where 
insulating supports are necessary. The re- 
markably low power factor of this material 
aids in holding the total losses in the vari- 
ous types of condensers to an almost ir- 
reducible minimum. Even in cases where 
extremely low power factor is unnecessary 
its use is often justified by its great me- 
chanical stability. 

VARIABLE CONDENSER 
The Premier Electric Company, 1802 

Grace Street, Chicago, announces the 
Premier Low -min Variable Condenser. 
The condenser has a low of .000013 mf., 
and a high of .00035 mf. 
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THE COMPACT 0; 
The New Wedge Drive 62 Tuning 

Unit, complete with escutcheon as 

shown above, is designed as a low 

priced unit for midget or console 

sets in which space is limited. The 

62 occupies less space than any 

of the friction drive units, requiring 

only one hole, 21X6 in diameter 

in the panel for mounting. The 

escutcheon is generous in size, ad- 

equately concealing the aperture. 

A ratio of 6 -1 gives the 62 unusual 

smoothness and power. The scale 

is riveted to the back of the es- 

cutcheon and slopes backward at a 25° 

angle. The pointer is in an overhead posi- 

tion and travels through a i8ó arc. This unit, 

under another number, will soon be avail- 

able with a travelling light. 

The Tuning Meter Escutcheon shown at the 

left is a stock pattern, for general use. 

Write or wire for samples and prices. 

rqQwí 
NAME PLATE & MANUFACTURING CO. 

1 739 Grace St. CHICAGO ILLINOIS 
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450 VOLTS 
Also Lower Voltages at Lower Prices 

THE Elkon electrolytic water -free* condenser has a working range up to 450 volts -and 
withstands without injury transient peaks in excess of 575 volts. The highest capacity of 

any condenser of equal size! Because it is free from water it can be mounted at any angle, will 
withstand extreme winter cold, yet it is stable, has high filtering capacity and extremely low 
leakage. Furthermore Elkon has practically the same characteristics as paper condensers -but 
is lower in cost and much less bulky ... and here's news -all of the above characteristics apply 
to our new By -pass condensers. 73 leading set manufacturers have standardized on Elkon. A 
request today will bring you your sample tomorrow. Complete information will be sent to 
all members of your technical staff. Just send their names. 

-water of crystalli.ation of 
cours -hut no free water. 

Elkon Division of P. R. MALLORY & CO., Inc., Indianapolis, Ind. 
Sales Offices: New York Cleveland Detroit Chicago Los Angeles 

E L K O N CONDENSERS 

COST LESS TO BUY AND LESS TO INSTALL 
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RADIO TUBE MANUFACTURE 

The Chamber of Commerce of Lewiston, 
Me., in reporting on the industrial situa- 
tion in that locality states that in the 
metal manufacturing line the production of 
the American Electro Metal Co., was re- 
corded as greater for each month of 1931 
than in the corresponding months of 1930. 
1930 production was larger than that of 
1929. 

The American Electro Metal Co., man- 
ufactures Elmet wire for hooks and grids 
and Elmet sheet for plates of radio tubes. 

R. F. SHEA IN CONSULTING WORK 

Richard F. Shea, formerly chief engi- 
neer of Pilot Radio and Tube Mfg. Co., 
has gone into radio consulting work, with 
offices at 24 Dewey Street, Lawrence, 
Mass. Mr. Shea is specializing in manu- 
facturers' production and engineering 
problems, such as condenser and trans- 
former design and manufacture, and 
receiver and testing equipment design, in 
all of which lines he has had considerable 
experience with many of the leading radio 
manufacturers. In particular, Mr. Shea 
is expert on short wave converter design, 
having worked out several commercial 
jobs, including the new Pilot All Wave. 

TUBE PRICE REDUCTIONS 

E. T. Cunningham, president of the RCA 
Radiotron Company, Inc., announced on 
October 17 substantial list price reduc- 
tions on RCA Radiotrons and Cunningham 
radio tubes, ranging up to 40 %, and affect- 
ing the popular type tubes which make up 
82% of the tube demand. This is the fourth 
price reduction on tubes since 1930, making 
today's price about 50% under those exist- 
ing before July of last year. 

The'types affected and the reduction on 
each type follows : 

Type Old Price New Price 
UX -171 -A $1.40 $0.90 
UX -201 -A 1.10 .75 
UY -224 1.50 1.00 
UY -224 -A 2.00 1.60 
UX -226 1.25 .80 
UY -227 1.25 1.00 

RCA -235 2.20 1.60 
UX -245 1.40 1.10 

RCA -247 1.90 1.55 
UX -280 1.40 1.00 

EISLER ELECTRIC SPEED SPOT WELDING 
MACHINES 

The Eisler Electric Corporation of 740- 
772 South Thirteenth St., Newark, N. J., 
have expanded their line of speed spot 
welders which they have been manufac- 
turing for the past twelve years. 

The range now covers % to 35 K.V.A. 
with machines of the following capacities: 
?,, 1, 3, 5, 10, 20 and 35 K.V.A. capable 
of handling from 0005 -inch to a -inch 
combined thickness of steel, made foot and 
m'tor drive. 

Speed welding machines are extensively 

employed in the manufacture of radio 
tubes, automotive and electrical appliances. 

Speed welders' principal advantages are 
speed in production- produces uniform 
welds -positive and smooth in action - 
simplicity of construction -few working 
parts -rugged and compact -wide range 
of heating steps -low maintenance cost. 

A few of the metals that can be welded 
to each other are aluminum, ascoloy, 
brass, copper, galvanized iron, lead, monel, 
nickel, nichrome, tin plate, zinc, phosphor 
bronze, nickel silver and many others. 
Most of these materials will also weld to 
each other. 

NEW PRESIDENT OF DE FOREST AND 
JENKINS 

The DeForest Radio Company and the 
Jenkins Television Corporation of Passaic, 
N. J., announce the resignation of Charles 
G. Munn as president of both companies, 
and his election as chairman of the execu- 
tive committee of both companies. Leslie 
S. Gordon, who has been identified with 
banking and manufacturing activities in 
Chicago, succeeds Mr. Munn as president 
of the DeForest and Jenkins companies. 
The personnel of both organizations re- 
mains the same. 

POWER TRANSFORMERS 
The Halldorsen Company, 4500 Ravens- 

wood Avenue, Chicago, report that in the 
production of power transformers their 
engineers have constantly stressed the im- 
portance of designing the product so that 
it will operate at the highest efficiency, 
and insulating it so that it will hold up 
under all conditions. The original designs 
are tested under actual operating load be- 
fore being submitted, so that their operation 
may be observed and checked before they 
are submitted to customers. 

JEFFERSON NEW ELECTRIC PLANT 

Announcement was made recently of 
what is claimed to be the largest indus- 
trial development in the Chicago area dur- 
ing 1931. Jefferson Electric Company pur- 
chased a 19 -acre tract in Bellwood, a west- 
ern suburb, on which it will erect at once 
a $550,000 manufacturing plant. This will 
house in one building their two Chicago 
plants now at 15th and Laflin Streets and 
at Congress and Green Streets, and will 
care for their entire business with the ex- 
ception of the Canadian subsidiary in To- 
ronto. The company now employs approxi- 
mately 1,800 and the new plant will have 
facilities for 3,000 workers. 

The property fronts 700 feet on 25th 
Avenue and 1,000 feet on Madison Street. 
extending from Madison Street 1,278 
feet along the Indiana Harbor Belt Rail- 
way to Jackson Street. In addition to 
being served by the Belt Railway, the new 
plant will have the Chicago, Aurora and 
Elgin Railroad, the Chicago and Great 
Western and a freight line of the Chicago 
and Northwestern Railroad. 

Jefferson Electric Company, of which J. 

A. Bennan is president, J. C. Daley, vice - 
president and treasurer, and A. E. Tre- 
genza, vice -president and general sales 
manager, was established twenty years ago 
and merged fifteen years later with the 
Chicago Fuse Manufacturing Company, 
which had been organized more than four 
decades ago. They have paid dividends 
every year without interruption since or- 
ganization, it is stated. 

The chief products manufactured include 
transformers such as are used for bells, 
signal systems, electrical toys, oil burners, 
radio receivers, and neon signs, as well as 
electrical fuses, automobile ignition coils, 
outlet boxes, switch boxes, and miscellane- 
ous electrical products. The annual busi- 
ness approximates $5,000,000. 

KINGSTON TRANSFORMERS 

The Kingston Products Corporation, 
Kokomo, Ind., manufacture a high -grade 
line of radio power transformers. The 
corporation has issued a new booklet list- 
ing various types of transformer to meet 
the requirements of radio manufacturers. 

THE JEWELL PROFESSIONAL 
COMBINATION 

There is a rapidly growing percentage 
of radio servicemen who consider their 
work in the light of a profession. The 
whole industry is indebted to them for the 
superior service methods they have evolved. 

These mien demand complete radio ser- 
vice equipment that is adequate for making 
all tests and adjustments on any receiver. 
To meet their needs most conveniently the 
Jewell Electrical Instrument Company. 
1650 Walnut Street, Chicago, has devel- 
oped a single compact unit that provides 
all necessary servicing functions. 

The Pattern 531 Professional Combina- 
tion includes a Jewell Pattern 444 Set 
Analyzer, the new Jewell Compact Oscil- 
lator similar to the Pat. 563 and a power 
unit that supplies power for testing all 
tubes independently of a receiving set. 

The analyzer and oscillator may be re- 
moved from the carrying case for conveni- 
ent use in the shop or in the customer's 
home. 

CHARLES GILBERT NOW WITH DUBILIER 
CONDENSER CORPORATION 

Since July 1st, 1931, Charles Gilbert has 
been with the Dubilier Condenser Corpo- 
ration of New York City as assistant to 
the president, William Dubilier. Mr. 
Gilbert has long been identified with the 
radio industry as one of its pioneers and 
builders. He served as president and 
treasurer of the DeForest organization 
from 1915 till 1924. He was vice -president 
of the Brandes- Kolster organization for 
four years. More recently, he was execu- 
tive vice -president of the Pilot Radio & 
Tube Corporation. Mr. Gilbert has spe- 
cialized in the financial, merchandising and 
material control phases of radio manufac- 
turing, bringing to the Dubilier organiza- 
tion a wealth of experience and knowledge. 
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NINV DEVELOPMENT 

2OF THE 1DNÏIi 
DAYRAD DIRECT READING TUBE TESTER 

With base dimensions of 9" x 17" and 
with the back panel 12" high, the Type 
360 DayraD direct reading tube tester is 
the ideal instrument for stores and depart- 
ments where space is limited, but where 
tube sales are an important part of the 
merchandising. 

This instrument is all a -c. operated. 
Tubes are tested at voltages sufficiently 
high and appropriate to make the readings 
reliable and accurate. 

A separate tube socket is provided for 
each type of tube. Similar tubes are 
grouped and each group of sockets is of 
colored bakelite in contrast to the adja- 
cent group. 

The large meter scale is divided into 
three sections, Good, Weak, and Poor. 
Tests are made for quality, shorts and 
opens. 

The cabinet is finished in instrument 
black and is of hardwood. 

SPECIAL IMPEDANCE MATCHING 
TRANSFORMERS 

Ferranti, Inc., 130 West 42nd St., New 
York, in addition to their standard audio 
and output transformers, are specializing 
in the manufacture of special impedance 
matching transformers giving a particu- 
larly flat curve from 30 to 8,000 cycles. 
This type of transformer is exceptionally 
well suited for broadcast stations, sound 
studios, communication engineering and 
various types of special vacuum tube work. 
The accompanying curve is a typical line - 
to -line transformer which shows a drop of 
less than one -half of 1 db. from 30 to 
8,000 cycles. 

These transformers are wound to suit 
customers' requirements, a few of the usual 
types being microphone to line, tube to 
line, line to line, tube to speaker, line to 
speaker and line to tube. Due to the spe- 
cial type of construction used in these 
transformers the leakage reactance and 
self and mutual capacities have been re- 
duced to a minimum, thus obtaining the 
flat curve along with a high transfer of 
energy. 

Literature will be sent on request. 

BURGESS VACUUM CONTACT MOUNTING 
To facilitate the application of the Bur- 

gess Vacuum Contact to relays and other 
actuating mechanisms, a conveniently 
mounted unit has been developed by the 
Burgess Battery Company, New York 
City. The unit consists of a C- shaped 
metal casing to protect the glass vacuum 
contact held in a pair of clips, a connect- 
ing link for coupling the actuating mechan- 
ism to the extension stem of the vacuum 
contact, and a pair of screw binding posts. 
An adjustment screw with lock nut permits 
of applying counter pressure to the con- 
necting link in offsetting the inherent 
spring tension that normally keeps the 
vacuum contact close, when operating as 
an open circuit device. By rotating the 
vacuum contact one -half turn in its spring 
clips, it may be operated as a closed cir- 
cuit device after adjusting the connecting 
link. 

The Burgess Vacuum Contact Mounting 

is especially applicable to the standard type 
telephone relay. It may also be applied 
to any mechanical, manual or thermostatic 
form of actuation. An actuating force of 
6 to 10 ounces, with a movement of but 
.02 inch, is sufficient to operate the vacuum 
contact which in turn controls up to 6 
amperes continuously or 8 amperes inter- 
mittently, at potentials up to 220 volts. 
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Curve of S00 ohm 
line -to -line Ferranti 

tra nsformer. 
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A. C. AUDIO OSCILLATOR 
Audio oscillator Model No. 304 is in- 

tended for use in places where operation 
from the 110 -volt a -c. line, and where 
audio output voltages in the neighborhood 
of 100 volts is desired. The frequency 
range is continuously variable between 40 
and 10,000 cycles per second. Two 224 - 
type tubes are used as oscillators, a 227 - 
type tube serves as the mixer tube, while 

he amplification is accomplished by a 224 
and two 245 -type tubes. A 280 tube acts 
as the power pack rectifier which is built 
into a separate compact unit. 

An output voltage meter is included in 
the device and reads "output volts" di- 
rectly. No hum can be heard in the out- 
put even when using sensitive ear -phones. 
The oscillator is supplied with a calibra- 
tion curve covering the entire range. 

The harmonic content of the output 
wave is approximately 5% above and 10% 
below 100 c.p.s. (percentages are in rela- 
tion to fundamental voltage). 

The output voltage is between 100 and 
160 volts between 60 and 10,000 cycles per 
second and can be varied continuously be- 
tween zero and maximum by means of the 
volume control. 

It is manufactured by Wireless Egert 
Engineering, Inc., 179 Varick St., New 
York City. 

F. W. SICKLES COMPANY 
The F. W. Sickles Company of Spring- 

field, Mass., pioneer radio -frequency coil 
manufacturers, have recently developed a 
series of standard coil units, both shielded 
in attractive aluminum cans and the con- 
ventional unshielded coil. These coils are 
single layer space wound solenoids and 
bank wound Litz coils, with high efficiency. 

Intermediate frequency transformers, of 
unique designs, enable the manufacturer to 
obtain any desired band -width and "gain." 
Of special interest is the new type inter- 
mediate with close coupled primary and 
secondary, requiring a trimmer condenser 
on one side only. This offers a saving 
for midget supers. 

This company is also specializing in 
short -wave coils for converters and tele- 
vision receivers and manufacturers are re- 
quested to write regarding their require- 
ments in this field. 

The F. W. Sickles Company maintains 
a fully equipped radio -frequency measur- 
ing laboratory and will be glad to assist 
manufacturers and coil engineers in de- 
veloping special items. 
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WIRE 

The Radio and Electrical Indus- 
tries have found in GILBY Wire 
that extra quality that lifts it 
above the commonplace. 

Regardless of trade conditions, 
The GILBY Wire Company re- 
fuses to compromise with Quality. 
Only the Finest may bear the 
G. W. trade -mark. 

We will continue to devote our ef- 
forts to the production of such 
superior materials as GILBY 
FILAMENT, GILBY SELVAGE 
MESH, "ROL -CEEL" and our re- 
cent development for the improved 
grid -GILGRID. 

Our Engineering Department will 
be pleased to consult with respon- 
sible manufacturers. You, too, 
may be able to reduce production 
costs and at the same time in- 
crease efficiency. 

GILBY WIRE COMPANY 
Wilbur B. Driver, Pres. 

NEWARK - - NEW JERSEY 
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Dual and 
Single Models 

The New 

HAMMARLUND 
MIDGET 
CONDENSER 

THE new Hammarlund Condenser is 
ideal for airplane or automobile re- 

ceivers, where the utmost reliability and 
compactness are essential. 
High capacity and wide -range - 20 to 
325 mmf. per section. Soldered brass 
plates, rugged frame, accurately fitted 
bearings, double four -point bronze wiping 
contact, firmly rivetted against vibration. 
Dual and single unit models. Straight line 
or "Midline" tuning curve. Baseboard or 
one -hole mounting. 
Ideal for tuning Short -Wave Receivers. 

For 
Tuning 

INTERMEDIATE 
TRANSFORMERS 
Specially tested Isolantite base mounts 
inside transformer shield. 
Self- aligning phosphor- bronze adjustable 
spring plates, double rivetted. Selected 
mica insulation. 
Proved design -will not change in resist- 
ance or capacity from humidity, tem- 
perature or vibration. 
Three ranges in single or double models - 
10 to 70 mmf. - 70 to 140 mmf. - 140 
to 220 mmf. 

Mail Coupon for sample 
and quotations. 

ití3iartax Radio- 

ámmarlun PRECIS/ON 
PRODUCTS 

`: ' 4,,..:y 

a 
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VISUAL TEST SET 

Type TMS -36 

This new visual test set, the result of 
more than ten years of research and de- 
velopment, offers to both the engineer and 
manufacturer a most rapid and accurate 
means for adjusting intermediate frequency 
amplifiers and their component parts. The 
operation is extremely simple as an im- 
age of the resonance curve is projected on 
a screen, and it is only necessary for the 
operator to adjust the device under test 
to give the required resonance curve. The 
screen may be calibrated, both as to band 

width and amplification. An attenuator 
system is included for adjusting the sig- 
nal to the proper level for the various 
stages when cascade amplifiers are being 
tested. An impedance matching unit is 
included, eliminating the use of an ad- 
ditional tube when individual transformers 
are being tested. 

This instrument contains a variable fre- 
quency oscillator, and attenuator, an im- 
pedance matching unit, a combination am- 
plifier or detector unit, and a single ele- 
ment oscillograph. The output frequency 
of the oscillator is varied over a predeter- 
mined range by a sweep condenser. The 
signal thus generated, after being properly 
attenuated, is impressed on the input of 
the device under test. The output voltage 
is then fed through the amplifier and de- 
tector unit to the galvanometes of the os- 
cillograph. The oscillograph mirror rotat- 
ing in synchronism with the sweep con- 
denser produces a standing image of the 
resonance curve which is projected on the 
screen. 

For testing small inductors and capaci- 
tors, an additional unit can be supplied for 
mounting in the lower center section of the 
cabinet. 

The Visual Test Set, Type TMS -36, is 
supplied, either in a cabinet of walnut 
finish or black duco, as specified by the 
customer. The visual test set is manufac- 
tured by the RCA -Victor Company, Cam- 
den, N. J. 

NEON LAMP CABLE FOR INDOOR USE 

An indoor -type neon sign cable an- 
nounced by the General Electric Company 
is available in ratings of 5,000, 10,000 and 
15,000 volts. The cable for 5.0% -volt ser- 
vice is a No. 14, 19- strand, single conductor 
covered with a special high- tension rubber 
compound, a single braid of hard -finish 
cotton, and 12 individual coats of high - 
tension lacquer. The cable is slightly less 
than % inch in overall diameter, and its 
weight about 50 pounds per thousand feet. 

The 10,000 -volt cable is similar except 
for a heavier coating of rubber. Its over- 
all diameter is 0.350 inch, and its weight 

about 75 pounds per thousand feet. 
The 15,000 -volt cable is a No. 14, 19- 

strand, single conductor of tinned copper, 
with an even heavier covering of the spe- 
cial high- tension rubber compound. Over 
this is applied a single braid of cotton 
put through a flame -resisting finish, a 
single braid of glazed cotton, and 12 in- 
dividual coats of high- tension lacquer. The 
overall diameter is slightly less than 
inch, and the weight approximately 115 
pounds per thousand feet. 

The standard color of the finish is 
brown, but special colors such as black, 
etc., can be furnished at additional cost. 

NEW TUBE CHECKER 
The Cable Radio Tube Corp., 230 North 

9th St., Brqoklyn, N. Y., has introduced 
the Speed Tube Checker. Fitted with an 
easily readable, flush -mounted meter, seven 
inches in diameter, and located so that the 
customers can see for themselves how the 
tubes test. Reading limits for each type 
are plainly shown, permitting visible com- 
parisons to be made by the customer - 
establishing an impressive demonstration. 

Assembled in a beautiful walnut -finished 
cabinet, twenty -five inches wide, twenty - 
two inches deep and twenty -four inches 
high. (Table to match, thirty -one inches 
high, supplied if desired.) 

H. F. CONVERTER 
The LEPEL Type "D" High Frequency 

Converter illustrated herein is of the tung- 
sten quenched gap type, having a variable 
primary high frequency exciter circuit 
tunable to a free swinging high frequency 
load circuit. The coupling between these 

circuits is arranged to utilize the entire "L" 
value of the secondary or load circuits 
without the use of external tapping points 
and other complications or losses. This 
feature with other refinements make the 
unit ideal as a source of high frequency 
energy for bombarding of radio tubes on 
automatic exhaust, trolley or metallurgical 
research where heating or melting metals 
by high frequency induction are desired. 

Manufactured by the Lepel High Fre- 
quency Laboratories, 39 West 60th St., 
New York. 

POWER SUPPLY FOR RADIO TRANSMIT- 
TERS AND SOUND SYSTEMS 

The type 30 -A power supply was origin- 
ally developed for testing aircraft radio 
telephone transmitters. Because of its com- 
pact design and portability, it is useful in 

RADIO ENGINEERING 

many other applications. It will supply 
plate power for 50 -watt radio telephone 
installations, sound trucks equipped with 
high power audio amplifiers and public - 
address systems, and is particularly valu- 
able in laboratories where a source of 
high voltage direct current is required. 

The unit consists of a single -phase full - 
wave mercury vapor rectifier, filter sys- 
tem and automatic switching and protec- 
tive circuits, including a time -delay relay 
and overload circuit breaker. Two re- 
ceptacles at the rear of the frame make 
it possible to use either 110 or 220 volt 
supply at will. The output leads are 
brought through rubber bushings at the 
side. It is completely enclosed in a per- 
forated metal frame. The top is hinged 
to provide access to the rectifier tubes and 

is equipped with a door switch to pre 
vent application of the high voltage whit(' 
the frame is open. 

The unit has a maximum rated output 
of .5 ampere at 1000 volts and will deliver 
.4 ampere at this voltage continuously. 

In addition to the portable model 
shown, this unit is also furnished for 
mounting in a standard relay rack. The 
30 -A power supply is one of a complete 
line of radio telephone transmitters and 
allied equipment manufactured by R. C. 
Powell & Co., Inc., of New York City. 

BROADCAST STATION OUTPUT 

A circular from the General Radio Corn - 
pany, Cambridge, Mass., reads as follows: 

"Ten per cent as the maximum har- 
monic content of a broadcast station out- 
put is the subject of a Federal Radio 
Commission order. While the measure- 
ment of harmonic content may be made 
by an oscillograph, such records are in- 
convenient to take and, in addition, do not 
give reliable quantitative data on distor- 
tion of this magnitude. 

"A direct reading instrument is required, 
and one which may be used not only to 
determine the harmonic content of the sta- 
tion output, but also to check through the 
amplifier in order to determine the source 
of the distortion. Not over a minute should 
be required to take a reading. Such an 
instrument is now available in our Type 
536 -A distortion -factor meter. 

"The use of this meter in the output of 
a station requires, in addition, a carefully 
designed linear rectifier. Such a rectifier 
is contained in our Type 457 -A modula- 
tion meter. The combination of these two 
meters, which give direct readings in per- 
centage modulation and distortion, is an 
essential factor in keeping the station with- 
in the requirements of the Radio Commis- 
sion and in reaching a larger listener audi- 
ence." 
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RADIO 
NEEDS 

Modern radio must deliver 
better reception to match the 
tremendous improvements in 
broadcasting, in talent, in 

programs. 

It costs the manufacturer 
little more to give his sets 
the superior performance ad- 
vantage that Mershon Elec- 
trolytic Condensers conf er- 
lifetime perfection of noise- 
less service, never interfer- 
ing with the listener's enjoy- 
ment. 

Equip your sets with the 
original puncture -proof elec- 
trolytic condenser -the 
Mershon -with exclusive 
quality features that have 
made this unit the choice 
of leading engineers for the 
majority of America's finest 
radio sets. 

iilayrravvx CoruparryLíd 
Executive and Sales Offices: 

155 East Ohio St., Chicago, Ill. 

Factories: 
Fort Wayne, Ind. 

G..ldiories: 
The Magnavox Company 
Electro Formation, Inc. 

Magnavox (Great Britain) Ltd. 
Magnavox (Australia) Ltd. 

MERSHON 
ELECTROLYTIC CONDENSERS 

AVAILABLE IN A WIDE RANGE OF CAPACITIES TO SATISFY 

THE REQUIREMENTS OF EVERY MAKE OF RADIO. SEND FOR 

ENGINEERING DATA 

IS Tp 

o` 

Page 59 

NEW PRICES 4et 
NEW LOW-COST RECORDS 

You can now use Thordarson Trans- 

formers with actual saving ... so 

attractive are the new prices at which 

this quality product is offered. Yet 

Thordarson Transformers are designed 

and built for those radio 

turers who insist upon the 

ing performance of their 

manu fac- 

outstand- 

product. 

The "Pentran" (Power for the Pen- 

tode), illustrated above, is but one 

development in line with engineering 

progress in the radio field. Intensive 

and continuous research keeps our 

Engineers right in step with your 

requirements. Let us work with 

you. The experience of nearly 40 

years' leadership in quality trans- 

former production is at your service. 

Thordarson Electric Mfg. Company 
500 W. Huron St., Chicago, Illinois 

TflOR1 SON 
TRANSFORMER 
SPECIALISTS 
SINCE 1895... 
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A new Jewell Oscillator 
-at an astonishing low price! 

In the Pattern 563 Test Oscillator, Jewell has 
again set new standards in service instrument value. 
At a remarkably low price, this instrument combines 
every oscillator feature necessary in servicing all 
modern radios, and Jewell dependability of opera- 
tion. 

Rugged construction and adaptability to every 
test requirement make the Pattern 563 especially 
suited for use by manufacturers' and distributors' 
service organizations. Its low cost permits a larger number of units to be used with the resultant greater speed of servicing in an organization. 

Features of the Pattern 563 
Output adjustable to any frequency in the broad- cast band from 550 to 1,500 K.C. and in the two intermediate bands of 125 to 185 K.C. and 175 to 450 K.C. 
Handsomely finished metal carrying case pro- tects instrument from damage and effectively shields oscillator. 
Operates from self- contained batteries. 
Output continuously variable from maximum to zero. 
Single control adjusts output frequency. Three -position switch allows instant change to any of the three frequency bands. Filament rheostat and tapped "A" battery pro- vide proper filament voltage for tube at all times. Trimmer adjustment permits spotting any much used intermediate frequency at a convenient point on the dial. 
Space provided in carrying case at left of con- trol panel for Jewell Pattern 559 Output Meter, which may be purchased separately. Completely equipped with shielded output lead. calibration curves in cover, instruction chart, '30 type tube, and all necessary batteries. 

Write for complete information 
31 YEARS MAKING GOOD INSTRUMENTS EWEL. 

Mail coupon today 

Electrical Instrument 
Company, 

16well Walnut Street, Chicago, Illinois. 

1642 -p complete information 
about the 

please send me 
63 Oscillator. 

Jewell Pattern 
... . . 

Name ...... . . . . . 

................... 

Address State ............... 

City .......... 
. ....... 

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 
hundreds of manufacturers in 
the radio and allied industries 
have used this Group Plan for 
years, in renewing their sub- 
scriptions to RADIO ENGINEER- 
ING. 

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

Remember this Group 
Plan when Your 
Subscription Expires 

(Radio Engineering) 

Bryan Davis Publishing Co, Inc. 
52 Vanderbilt Avenue 

New York, N. Y. 

Los Angeles Chicago Cleveland 
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LITZ 
BANK WINDINGS, 

SHIELDED R.F. UNITS, 
AND LONG WAVE COILS, 

INTERMEDIATE FREQ.TRANS, 
SUPER HETERODYNE COILS 

R.F. CHOKE UNITS, 
SPECIAL COILS 

FOR MFRS 
FNgrgtetep 

THE F W. SICKLES CO. 
SPRINGFIELD, MASS. 

I 
ACME WIRE PRODUCTS 

All ACME products are made to 
recognized commercial standards, 
including those of : 

Nat'l Electric Mfrs. Assn. 
Radio Manufacturers' Assn. 
Amer. So. for Testing Materials. 

For 

THE 

Magnet Wire 
(All Insulations) 

Parvolt Condensers 
(Filter and By -Pass) 

Also Condensers for Power Factor Correction 

Coils, Magnet Wire Wound 

Varnished Insulations 
(Cambric, Paper, Silk, Tape) 

Aerial Wire 
(Stranded and Solid) 

over 25 years, suppliers to the largest radio and 
electrical manufacturers. 

ACME WIRE CO. 
New Haven, Conn. 

YOU CAN'T SEE IT 
BUT IT'S THERE! 

No nearly imitative rearrangement of 
the CARDWELL design, the original 
metal end plate -grounded rotor con- 
denser. has ever matched the genuine 
CARDWELL for its unique electrical 
efficiency. 

You can't see it -but it's there. 
CARDWELL condensers are used by 

the Army and Navy and by the greatest 
radio engineering and manufacturing 
concerns in America, in apparatus where 
performance is the paramount require- 
ment. 

By what standard do you judge con- 
densers? 

CARDWELL 
CONDENSERS 
THE ALLEN D. CARDWELL MFG. CORP. 

91 Prospect Street, Brooklyn, N. Y. 

"THE STANDARD OF COMPARISON" 
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IIN El 

MOLDING RESINS 
LAMINATING VARNISHES 

RESINOX CORPORATION 
A SUBSIDIARY OF COMMERCIAL SOLVENTS CORP. 

ANO CORN PRODUCTS REFINING CO. 

230 PARK AVE. NEW YORK CITY 

S. S. WHITE 
RESISTORS 

S. S. White Resistors, noted for their reliability, are used in 
all RCA Aircraft Radio Receivers, Type A. Their small size 
enables them to be used in compact receivers of this type 
without loss of quality or efficiency. 
S. S. White Resistors are made in six different standard types 
and are being used extensively for special radio receivers, 
motion picture sound amplifiers, condenser microphone ampli- 
fiers, photo electric cell amplifiers, traffic controls, geophysical 
instruments and many other special types of equipment re- 
quiring the very best resistors available. 
Standard values are carried in stock and special values manu- 
factured up to resistance of 101Y ohms. 
Further information, descriptive circular, and quotation will 
be furnished on request. 

The S. S. WHITE Dental Mfg. Co. 
INDUSTRIAL DIVISION 

Knickerbocker Bldg. New York, N. Y. 

RADIO ENGINEERING 

A DUNCO CONTRIBUTION TO THE 
RADIO INDUSTRY IS THE STURDY 

MIDGETT RELAY 
measures only 1h" x 24" but in'corporates the same tried and proven three- legged stool principle of Dunco Heavy Duty relays that are used by the world's largest industries. 

MIDGETT Relays come in eight contact arrangements and will handle up to six amperes. Non- inductive at 110 volts AC -coils for any voltages from 60 to 120 volts AC-60 cycles, 24 volts, DC. Free of hum or chatter. 
Underwriters' Laboratory approved and listed. 
Circuit diagrams and literature sent promptly. 
NOTE -We have our full force at work and can make imme- diate deliveries. Remember the Dunco slogan, "Put your relay problems up to us." 

Precision Resistance Units for 
Yoùr Own Test Apparatus 

Radically new features incorporated in the design of our new 
series of decade - resistance boxes makes it possible for us to offer 
individual decade units ready for mounting on your own test 
panels. 

Each unit is identical in electrical characteristics with the new TYPE 602 Decade -Resistance Boxes and has, in addition, an indi- 
vidual shield as a protection against dust and stray fields. A 
smooth- running switch fitted with a rugged and positive detent reduces the contact resistance. An etched -metal name plate is 
supplied with each unit. 

Write for data on the TYPE 510 Decade- Resistance Units and 
the TYPE 602 Decade -Resistance Boxes. 

GENERAL RADIO COMPANY 
OFFICES :: LABORATORIES :: FACTORY 
CAMBRIDGE A, MASSACHUSETTS 
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LEPEL 

II 

High Frequency Lab. Inc. 
39 W. 60th St., New York 

are in a position to 
supply the vacuum tube 

industry with 

BOMBARDING 
equipment capable of 
meeting all demands. 

Units carried in stock for 
high speed automatic exhaust, 

large power tube bombarding 
and small laboratory work. 

Also short wave gas detecting 
oscillators. 

DESIGNERS AND BUILDERS OF 

HIGH FREQUENCY CONVERTERS 
FOR OVER 20 YEARS. 

OHNS ON'S j INDUSTRIAL TAPE 

Does not need loud- 
speaker 

not need a loud- 
speaker to broadcast its 

perfection. 

Radio engineers all know of 
and recognize its superiority, 
its holding properties, lasting 
adhesion and non - corrosive 

action. It will outlast any 
other tape put to 

similar usage. 

Write for free sample and convince 
yourself of its excellence 

JOHNSON & JOHNSON 
New Brunswick, N. J. 
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oils 
CHOKE COILS » 

TRANSFORMERS 

SPEAKER COILS 

ALL OTHER TYPES 

FOR SPECIAL USE 

Kellogg Switchboard 
and Supply Company 

1066 West ADAMS Street 
CHICAGO 

A POWER SUPPLY 
for Radio Transmitters, Sound 
Trucks and Testing Laboratories 

4 

IRO 

This unit delivers .4 amperes at 1000 volts DC. 
It consists of a rectifier and filter system with auto- 
matic time delay and overload relays, two plugs and 
receptacles are provided for using either 110 or 220 

volt supply. furnished as portable model as shown 
above or for relay rack mounting. Weight, 175 lbs. 
Overall dimensions, 16" square. Price complete with 
four 866 rectifiers, $350.00 net, f.o.b., Ridgefield, N. J. 

.Manufactured by 

R. C. POWELL & CO., Inc. 
350 MADISON AVENUE, NEW YORK CITY 
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SEN BERNIE 
and his orchestra, is back 
again for the Fall and 
Winter Season - - - 

COLLEGE INN 
One of the features that efP make travelers choose -- 

't`: HOTEL 

SH ERMAN 
1700 ROOMS 
1700 BATHS 

Rotes from 
a9 with both 

RANDOLPH CLARK 
LAKE LA SALLE 

:ira. «111 
Has Television 

really arrived? 
See 

TELEVISION 
ITS METHODS AND USES 

BY EDGAR H. FELIX 
RADIO CONSULTANT 

Just published 
276 pages, 5I/ s 8, illustrated. $2.50 

HERE is a plain and understandable 
explanation and discussion of Tele- 
vision today -with a frank and im- 

partial analysis of the problems it faces, 
its probable future and commercial possi- 
bilities. Unnecessary technicalities have 
been avoided as far as possible to make 
this a practical and readable book for the 
interested layman, the amateur television 
and radio experimenter -and for all con- 
cerned in any way with the commercial 
progress of television. 

See these books 10 days free 
Send this coupon 

Just Out! 
Projecting 

Sound Pictures 
A Practical Textbook for 
Projectionists and Managers 

AARONbNADELL 
Publix Theatres Corpora- 
tion; Formerly of Electrical 

Research Products, Inc. 
265 pages, 6 x 9, 
illustrated, $2.50 

McGraw -Hill Book Co.. Inc. 
370 Seventh Ave., New York City 
Send me the hooks checked below. postpaid. for 10 days' free amain ifton. 
1 agree to pay for or return the hooks with 10 days of receipt. 

Felix -Television. 52.50 
Nadell- Projecting Sound Pictures. 52.50 

Name Posit Ion 

Address l'onlpanY 

Illy and State RA -10 -31 

"Projection 

Engineering" 

Published monthly, and dealing with the 
manufacture, engineering, service, installa- 
tion and operation of public address sys- 
tems, centralized radio, theatre talkies, 
home talkies. Covering the subjects of 
design, production, materials, acoustics and 
the practical problems encountered by field 
engineers, contractors, installation men and 
service men. 

The subscription rate is $2.00 a year (no 
newsstand circulation) -$3.00 for 2 years. 
($3.00 yearly in foreign countries.) 

u m n n lnm lmn m mom maommtn 

Bryan Davis Publishing 

Co., Inc 

52 Vanderbilt Avenue 
New York City 
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STANDARD MOTION PICTURE BOOKS 

MOTION PICTURES 
WITH SOUND 

By JAMES R. CAMERON 

Introduction by WILLIAM FOX (Fox Film Corp.) 

400 PAGES FULLY ILLUSTRATED 

COMPLETE INFORMATION ON BOTH THE THEORETI- 
CAL AND PRACTICAL SIDE OF SOUND MOTION PIC- 
TURES -WITH INFORMATION FOR THE CARE AND 
OPERATION OF ALL SOUND EQUIPMENT IN USE 
TODAY. 

PRICE FIVE DOLLARS 

SOUND PICTURES 
TROUBLE SHOOTERS' MANUAL 

By JAMES R. CAMERON -JOHN F. RIDER 

Introduction by WILLIAM F. CANAVAN, Pres. I.A.T.S.E. M.P.M.O. 

1120 PAGES 560 ILLUSTRATIONS 

THE PRODUCING AND REPRODUCING OF' SOUND 
MOTION PICTURES IS COVERED THOROUGHLY AND 
IN AN EXPERT MANNER. EXPLAINS IN DETAIL THE 
CONSTRUCTION, OPERATION AND CARE OF SOUND 
RECORDING AND REPRODUCING EQUIPMENT. EVERY 
KNOWN TROUBLE TO SOUND EQUIPMENT IS LISTED 
IN THIS BOOK WITH FULL SIMPLE DIRECTIONS FOR 
ITS CURE AND EXPLANATION OF ITS CAUSE. 

PRICE SEVEN -FIFTY 

MOTION PICTURE PROJECTION 
JAMES R. CAMERON 

Introduction by S. L. ROTHAFEL ( "ROXY ") 

1248 PAGES 500 ILLUSTRATIONS 
FOURTH EDITION 

Used Throughout The World As 

"THE STANDARD AUTHORITY 

PRICE SIX DOLLARS 

AMATEUR MOVIE CRAFT 
By JAMES R. CAMERON 

A BOOK DEALING WITH THE TAKING AND SHOWING OF 
16 M.M. FILMS. 

PRICE ONE DOLLAR 

A list of our Motion Picture Books sent on request 

CAMERON PUBLISHING COMPANY 
WOODMONT, CONN. 

Specify M & W Lacquers 
An ever growing number of Radio 

Engineers and Production men are 
realizing the importance of specifying 
Finishes designed by a manufacturer 
who understands their requirements. 
They also know that many others 
specify M & W products because they 
are reliable and are specially built for 
the purpose. A partial list follows- 

Chassis Coils 
Cadmium Lacquer Clear Insulating lacquer 
Water Dip Lacquer Black Insulating Enema 
Bronze Lacquer Winding Cement 
Prlsmlar Enamel Speakers 

Shields Paper Cement 
Clear Lacquer Metal Cement 
Bronze Lacquer Leather Cement 

Cans Wire Cement 
Lacquer Enamel Voice Coll Cement 
Prismlac Enamel Waterproof Paper Ennnel 

May we have an opportunity to offer 
suggestions to you? 
Your inquiry is invited. 

MAAS & WALDSTEIN CO. 
Executive Offices and Plants: 

442 Riverside Ave., Newark, N. J. 
Chicago Office end Warehouse: 115 W. Washington B }d. 
Los Angeles Office and Warehouse: 2410 Enterprise St. 

The border of this advertisement is a photographic 
reproduction of M & W Prisminc. 

GBATRADIOTuBE PARTS,INr. 
11 15T1, STREET. BROOKLYN.N.Y. 

\TVBL% 

Too previous ? 
Did we get ahead of you, with Parts 
for the new No. 418 Tube? If so, 

what of it? Surely, you would ratter 
see us ready before you want us than 
to have to indulge in costly waiting. 
Anyway, we are ready to supply the 
418 Parts and await your inquiries. 
(But of course you will never forget 
that we make Parts for all other 
Tubes; all so RIGHT -in metal. in 

form, in accuracy, and in price.) 

GOAT RADIOTUBE PARTS,INC. 
33 35th STREET, BROOKLYN ,N.Y. 

"GOAT Quality Purls 
Will frd YrnmS/IRIA%C4GE" 
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Single Microphone Line Amplifier 
Model No. 506 

Ideal for extreme portability for 
broadcast and public address 
work. Designed to operate into 
a 500 ohm line. Overall gain 
Is 40 D.B. Frequency charac- 
teristic Is essentially flat over 
the entire band between 70 and 
0000 c.p.s. All essentials In- 
cluded. such as means for 
measuring tube and microphone 
current. monitor jack. etc. 

Overall dimensions 10" x 7%" 
a 7,;.,". Wright. including hat 
series. 211 Ib,. 
Price. less batteries and tubes 

$97.50 
Wireless Egert 

Engineering, Inc. 
179 Varick St., N. Y. 

Write for Our New Catalogue B 

FRED C. STRYPE 
148 LAFAYETTE STREET 

NEW YORK CITY 

Linen and Kraft Condenser Tissues 

in all calipers from .0003 inches 
to meet rigid specifications. 

SPOT WELDERS / ; 

From .0005 To 1/4" 
Combined Thickness 

1 t -' Ij, '' Let us solve your 
Spot Welder Problems 

- EISLER ELECTRIC \: ' 760 South 13th Street 
- NEWARK, N. J. 

RESISTORS 
A. 1 `1ï 

ENGINEERS -Write for latest Data Sheets and 
Catalog RE, illustrating and describing LYNCn 
Resistors. Send us your Resistor specifications ana 
requirements so that samples can be submitted 
with new low prices. 

LYNCH MFG. CO., Inc., 1775 B'way, N.Y. 

Metallized Resistor 

Using Improved 
Type K" Filament 

Precision Wire Wound 

LAMINATIONS 
Special shapes to fit individual requirements. 
Stock shapes of scientifically designed balance 
for high performance. 

QUALITY SERVICE PRICE 

LAMINATION MANUFACTURING CO. 
Division 

Bevin Bros. Mfg. Company 
EAST HAMPTON, CONN. 

RADIO ENGINEERING 

Baach -International 
Compound High Vacuum Pumps 

We manufacture all sizes of High Vacuum Pumps from 
I -200 cu. ft. per min. All pumps tested at t/2 micron 
before leaving factory. Write for details. 

INTERNATIONAL MACHINE WORKS, Inc. 
527 -529 Thirty -Second Street, Union City, New Jersey 

CONDENSER PAPER 
182 Cornelison Ave. _ Mills at Newark Ave. 
Jersey City, N. J. - Idltubeth, N. J. 

PETER J. SCHWEITZER, Inc., 
I 200 Fifth Ave. New York 

COILS 
Choke-Impedance- - Magnet- Transformer 

TRANSFORMERS 
Audio -B -Power Unit- Broadcast Station-Output 

Filament Heating- Power -Stepdown 
Have us quote to your specification 

POWER TRANSFORMER CO., 145 W. 22nd St., New York City 

NICKEL 
CUT 

For Radio Tubes 
between .070 and .006 dia. 

±.002 " -no burrs -every piece straight 
Capacity 10,000.000 pieces daily 

Small metal parts to your blue print. 100 to 675,000 pieces per lb. 

Art Wire and Stamping Company 
18 -2Z Boyden Place, Newark. N. J. 

FLAT 
ENDS 

Stampings 
Pressed Metal for Radio Industry 

Steel, Aluminum, Copper, Brass and all Alloys 
Send Inquiries and Drawings 

METAL SPECIALTY CO. 1CS1m3ci ivtersiil Dr. 

B A R E A N D T I N N E D 

COPPER WIRE 
For All Purposes 

Fine Sizes Our Specialty 

SPARGO WIRE COMPANY 
ROME, NEW YORK 

Established 1885 

*CLAMP NAILS 
For All Olitered Joints 

F61,,. 

Hf. 
,,,,d 

CLAMP NAIL CO. 
Li lx r.la,.r G., 
nnsCO, 11.1.. 

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 
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Steel Products C 
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NEW 
PREMIER 

"LOW-MIN" 
Variable Condenser 

Get the dope on a real 
job -.000013 M. F. Min. 
Cap..00035 Max. -small 
size 23/q " x 3" x 2 "- 
Precision at a lower 
price. Write today. 

PREMIER ELSE E1 W EOMPANY 
Estati. 1905 

Chicago, U. S. A. 1802 Grace Street 

WE offer to manufac- 
turers interested in 

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

AD. lei UMEMA, INC* 
Manufacturers' Export Managers 

116 Broad Street, New York, N.Y. 

Astatic Microphone 
Type 230 

Many features including signal 
lights and three values of out- 
put impedance makes the 230 
of outstanding value for Public 
Address, Recording and Broad- 
cast use. 
Bulletin No. 3 on request. 

ASTATIC MICROPHONE 
LABORATORY 

YOUNGSTOWN, O. 
NEW YORK: R. C. Powell & 
Co.. Inc.. 350 Madison Ave. 
CHICAGO: Royal Recording & 
Film Studios. 661 N. Michi- 
gan Ave. 
ST. LOUIS: Scientific Radle 
and Television Co., 3619 N. 
Grand Boulevard. 
DALLAS: The Bolcom Ca., 
319 North Bishop St. 

for Audio & 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 

Page 67 

Equip your Midget Radios with 
Receivers can then be set directly 
on polished surface without danger 
of scratches or marks. Your sales 
personnel will be quick to see this 
sales appealing angle. 

Three types: machine 
screw and nail. 

Free sample of any 
type you want 

screw, wood 

FELT' 

átt y 
`ggt 

T. R. BRAWLEY FELT COMPANY, INC. 
279 -20th Street, Brooklyn, N. Y. 

BRASS -BRONZE COPPER 

NICKEL SILVER -ZINC 
PHOSPHOR BRONZE 

In Gauges .001 and Thicker. 1/16" to 16" Wide 

HOT TIN COATED METALS IN COILS AND STRIPS 

THE BALTIMORE BRASS CO. 
1206 WICOMICO ST., BALTIMORE, MD. 

COMPLETE LINE OF 
GENERAL RADIO 

Parts and Electrical Testing Instruments. Also 
magnet wire of every description. Large selection 
of antenna wire in any length up to 5000 feet. 
Wholesale distributors for every worth while 
line at lowest wholesale prices. 

LOWEST POSSIBLE WHOLESALE PRICES 

LES 
:7l9NHolrm *BMW 

45 VESEY STREET, NEW YORK CITY 

NICKEL 
WIRE CLOTH 

for the 

RADIO TUBE INDUSTRY 
Any mesh woven accurately to your specifications. 

"CLEVELAND" 
Wire Cloth renowned for its Uniformity, its Superiority, 

its Durability. 

Advise us of your Requirements 

The Cleveland Wire Cloth & Manufacturing Co. 
3571 E. 78th Street, CLEVELAND, Ohio 

www.americanradiohistory.com

www.americanradiohistory.com


Page 68 RADIO ENGINEERING 

DEPENDABLE 
QUALITY- UNIFORMITY 

SERVICE 
ON 

WAXES --&- MELTABLE 
INSULATING and WEATHER- 

PROOFING COMPOUNDS 
WAXES -All kinds. 

IMPREGNATIONS -Condensers, Coils, Rubber - 
Covered and Weather -Proofed Wire, Telephone 
and Electrical Cables, Etc. 

SEALING COMPOUNDS - Coils, Condensers, 
Batteries (Wet & Dry), Pot Heads, Cables, Wir- 
ing Devices and Specials. 

FINISHING -All grades of Weather Proof and 
Rubber -Covered Wire. 

SPECIAL COMPOUNDS 

35th St. & Maplewood Ave. 
Chicago, Ill. 

"For over 35 yrs." 

ROEBLING 
WIRE- Antennae (plain or enameled). Con- 
necting and Ground (Rubber covered, 
braided or plain). 

STRAND -Antennae (plain or en- 
ameled) - Double Galvanized. 

BUS BAR -Litzendraht -Loop 

MAGNET (Cotton or Silk) 

WIRE 
PRODUCTS 

JOHN A. ROEBLING'S SONS CO. 
Trenton, N. J. Branches in Principal Cities 

INDEX OF ADVERTISERS 
A 

Acme Wire Co., The 01 
Ad. Auriema, Inc 67 
American Electro Metal Corp 51 
Amplion Products Corp 69 
Arcturus Radio Tube Co Second Cover 
Art Wire & Stamping Co 66 
Asiatic Microphone Lab 66 

B 
Bakelite Corp Back Cover 
Baltimore Brass Co., The 67 
Broeley Felt Co., Inc., T. R 67 

C 
Cameron Pub. Co 65 
Candy & Co 68 
Cardwell Mfg. Co.. Allen D 61 
Central Radio Corp 10 
Central Radio Laboratories 47 
Clamp Nail Co 66 
Clermont Mfg. Co 49 
Cleveland Wire Cloth & Mfg. Co.. The 67 
Condenser Corp. of America 51 
Crowe Name Plate & Mfg. Co 53 

Eisler Electric Corp 66 
Elkon Division 54 
Erie Resistor Corp 70 

F 

Fansteel Products Co.........Third Cover 
Frost, Herbert H., Inc S 

G 

General Cable Corp 7 
General Electric Co 14 

General Radio Co 
Gilby Wire Company 
Goat Radio Tube Parts, Inc 

H 

lIammerlund Mfg. Co 
Hawley Products Co 
Hygrade Sylvania Co 

I 
Inca Mfg. Division 
International Machine Works, Inc 

J 
Jenkins & Adair, Inc 
Jewell Elec. Inatr. Corp 
Johnson & Johnson 
Johnston Tin Foil & Metal Co 

S 
Kellogg Switchboard & Supply Co 

L 

Lamination Mfg. Co 
Leeds Radio Co 
f.epel High Frequency Labs. Inc 
Lynch Mfg. Co.. Inc 

Mc 

McGraw -Hill Book Co.. Inc 

M 
Maas & Waldstein Co 
Magnavox Co.. The 
Mallory Co.. P. R 
Metal Specialty Co.. The 

62 
57 
65 

57 
1 
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66 

69 
60 
63 
01i 

03 

60 
67 

63 
66 

64 

65 
56 
54 
60 

P 

Parker -Salon Corp 
Powell & Co., R. C. 
Power Transformer Co 
Premier Electric Co 

R 

ItCA Victor Corp., Inc 
Radio Condenser Company 
Resinox Corporation 
Roebling's Sons Co., John A 

S 

Schweitzer, Peter J., Inc 
Shakeproof Lock Washer Co 
Sickles Co., The, F. W 
Silver -Marshall. Inc. 
Spargo Wire Co 
Sprague Specialties Co 
Struthers Dunn. Inc 
Strype. Fred C 
Synthane Corp.. Inc 43, 

T 

Thomas & Skinner Steel Products Co. 
Thordarson Elec. Mfg. Co 

R' 

Western Electric 
Weston Eke. Inst. Corp 
White Dental Mfg. Co.. S. S., The 
Wireless Egert Eng.. Inc 
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JENKINS & ADAIR 
SPECIAL 

PURPOSE TUBES 
For audio amplifying 
and control circuits 
where long life and 
uniformity are essen- 
tial. 

Send for bulletin. 
Prices in U. S. A. 
and Canada. 
J &A 102 tube.. ea. $ 6.00 
J &A 205 tube ... ea. 6.00 
J &A 211E tube ea. 25.00 

Prices are net, f.o.b. 
Chicago. 

Special prices for 
quantities. 

JENKINS & ADAIR, INC. 
ENGINEERS 

CHICAGO, U. S. A. 

Cable Address: JENKADAIR 
Phone, Keystone 2130 3333 Belmont Avenue 

British Offices: 76 Old Hall Street, Liverpool, England 
40 Buckingham Gate, London SWI England 

French Office: 16 Rue de Chateaudun, Asnieres, France 
Mexican Office: Av. 5 de Mayo 10, Mexico D. F., Mexico 
Indian Office: Queen's Road, Bombay 2 

,l,,,,, 1.v,e1,,,,,11,,,ev 1 lv11v,,,11,1v,,,, 1,1i:i11,11v1,11,1111,111,11v1e11,1, 1,,,1,,,,1, 

announcing the 
New Amplion 

OCTOPHASE 
heavy duty 
dynamic unit 
I n the Octophose. the space between a scien- 
tifically domed piston diaphragm of great 

Into 
eight 
'HOMY 

divisionstre with 
lightness, 

ectionsviin each 
wavysio 

are twprovidedr ter 
sections 

conveying ll 
Channel 

the sound 
impulses from these twenty-four sections to the 
throat of the horn. Space and time relations 
aro so designed that the impulses from each 
space reach the throat of the horn at the same 
moment in perfect synchronism. .By means of 
this construction, there is realized great et. 
11cieney, greater frequency rangy and the ability 
to reproduce tremendous volume without blasting. 
M usic is reproduced in its full range and speech 
is reproduced with a finesse that retains every 
shade of human emotion. From these eight 
divisions OCTOPHASE derives its name. 

Oc ophase in Relation to Amplion Horns 
Ampl ion ho n interiors are high polish, finished to afford maximum yet 
resonant vi ration. Non -porous. weatherproof, -rain, heat or frost does not 
affect them in any way. They are available in air columns, 3 ft.. 4% ft.. 
6 ft.. 9 ft. and 12 ft. Used with Octophone units, they are superior to 
any modern reproducer. 

AMPLION PRODUCTS CORP. 
38 W. 21st St. New York City 
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TIN FOIL 
FOR CONDENSERS 

MAXIMUM YIELD 
HIGH TENSILE STRENGTH 

UNIFORM THICKNESS 

Over 40 Years' 
Manufacturing Experience 

GIVE US A TRIAL 

The Johnston Tin Foil & Metal Co. 
ST. LOUIS, MO. 

Standard Widths in Stock for Prompt Shipment 

Eastern Office F. W. Flad, Sr. 
1224 Halsey Street Tel. JE 1549 

Brooklyn, N. Y. 

First 3- Channel 
Mixer at a 

Popular Price 

PA -54A MIXING PANEL 

Accommodates a total of 6 input circuits, three of which 

may be used simultaneously. Constant impedance volume - 
controls used throughout. Individual control for each channel 

plus a master control for regulation of combined output. 
Input impedance 200 ohms each channel. Output impe- 

dance 500 ohms. Panel size: 6 by 21" or 5'/4" by 19 ". 
Complete with dust cover. 

Additional new panels available: 60 -B Volume Indica- 
tor, 90 -A Microphone Control, 80 -A Output Control, and 
many others. 

Write to Mr. Gray for prices, details and the new Novem- 
ber Catalog. 

SILVER -ARSHALL, Inc. 
6401 West 65th Street Chicago, U. S. A. 

Export Division: 41 Water Street, New York City. U, S. A. 
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CON DENSE RS 
SPRAGUE 

PLUS S RVICE 

Small 
Space 

High 
Capacity 

Single 
Hole 

Mounting 

High 
Voltage 

Self 
Healing 

One 
Piece 

Anode 

Metal 
Enclosed 

Vent 

Dull 
Nickel 

Cart 

'NC0E 
SPECIALTIES Ca ri 

M 
OST of the leading radio 

manufacturers of the coun- 
try have discovered that 
they can rely on Sprague 

Condensers because in efficiency, 
economy and absolute uniformity 
Sprague Condensers contribute to 
the excellence of their own prod- 
ucts. And on Sprague Service 
because at all times our engineer- 
ing laboratories are ready to coop- 
erate in adapting condensers to 
the manufacturer's specific require- 
ments. If you are not as yet familiar 
with either condensers or service 
we would welcome the opportunity 
to tell you more about both. 

SPRAGUE 
SPECIALTIES CO. 
North Adams, Mass. 

PRAGUE for 
years has been 
the chief 

source of condenser 
supply to the radio 
industry. Let us send 

you full information 
about Sprague Pa- 

per and Electrolytic 
Condensers, includ- 

ing illustrated book- 
lets, diagrams, etc. 

SPRAGUE 
Eloctrolyfic &Paper 

CONDENSERS 

RADIO ENGINEERING 

Leading manufac- 
turers specify ERIE 

RESISTORS be- 
cause they know 
that satisfactory 
performance under 
every condition of 
use is assured. 

Our experience has 

proven the need of 
daily laboratory 
checks on the dif- 
ferent steps in the 
manufacturing 
processes to insure 
resistors of constant 
quality. 
MAY WE SEND YOU 

SAMPLES AND 
PRICES 7 

,E psesge 
Erie Resistor Corporation. Er e. Pa. 

In the Center of file Rack. Industry 
Factories in Erie, Pa., and Toronto, Canada 
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FANSTEEL 
Moly Wire "G" 
1. Greater uniformity 
2. Less hardening when bent and heated 

The past few months have been especially 
fruitful for Fansteel in perfecting ways 
and means for improved working of 
Molybdenum into ductile, workable form 
for use as grid wire. Two very important 
objectives have been attained: 

Much better uniformity in elongation, 
strength and surface now assured by 

OFansteel's Molybdenum "G." As a result, 
there is far less tendency for the wire to 
break in grid winding, or when finished 
grids are being stretched to shape. 

The tendency of Molybdenum wire to 
©harden where it is bent or welded has been 
almost entirely overcome in this improved 
Fansteel product. Brittle, weakened or 
broken grids are no longer a necessary 
evil. 

Fansteel Moly "G" is especially recom- 

mended for flat grids, such as the '45 
type, where wire must be bent at sharp 
angles, welded, rolled, stretched and 
fired. Giving Fansteel Molybdenum "G" 
wire a try out in this severe service has 
shown many manufacturers that spoilage 
can be largely eliminated with life of 
tubes increased. 
Great pains are taken to make this Fan - 
steel Moly "G" the best, most dependable 
tube material ever offered. There is fre- 
quent laboratory check on uniformity of 
the metal. Closer tolerances as to round- 
ness and diameter are maintained than 
ever before. Samples are taken for test 
from each individual spool of wire before 
it is shipped or placed in stock. Yet it 
is not high priced. 

Test Fansteel Molybdenum "G" in your regular tubes -watch it pay for itself 
in lowered shrinkage. See if those tubes don't stand up better in hard use. 

FANSTEEL PRODUCTS 
COMPANY, Inc. 

North Chicago, III. 
larticiturn, turupwl, . 'r ruy-D.usa WJfl 
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Guarding the vital spots 
with Bakelite Molded parts 

"Beauty is only skin deep" is o saying that hardly can be 
applied to the new Webster electric pick -up. For, the some 
attention to fine design that led to the adoption of the 
beautiful modernistic bronze exterior, is plainly evident 
in the choice of Bakelite Molded for the needle -carrying 
block and wire spools in the interior of this device. 

The Bakelite Molded needle- carrying block is formed in one 
piece with square and round holes, three metal inserts and 
sharply defined raised lettering, all formed in the one mold- 
ing operation, eliminating machining, finishing and assem- 

Bakelite Molded back 
plate and spools used 
in electric pick-up, 
made by Webster 
Electric Co., Racine, 

Wisc. 

bling. The use of this material for these vital spots assures 
freedom from short circuits and metallic vibration, and helps 
make the tone of the pick -up as beautiful as its appearance. 

Bakelite Materials, Molded, Laminated, and Varnish have 
long played an important part in the manufacture of 
efficient electronic devices. Applications range from small 
spools and bushings to complete radio cabinets. Write for 
Booklets 38M,"Bakelite Molded ", 38L,"Bakelite Laminated", 
and 38V, "Bakelite Varnish". You will find them full of 
valuable suggestions and authentic technical information. 

Bakelite Engineering Service -We manufacture a wide variety of Bakelite resinoid molding materials, varnishes, lacquers, enamels, cements, and 
other products. Twenty -one years experience in the development of these materials for electrical and other uses, provides a valuable background 

for the cooperation offered by our engineers and laboratories. 

BAKELITE CORPORATION, 247 Park Avenue, New York. CHICAGO OFFICE, 635 West Twenty- second Street 
BAKELITE CORPORATION OF CANADA, LIMITED, 163 Dufferin Street, Toronto, Ontario 

BAK LITE 
1. arad ,rade . bngu,b m 

' aa.red by Batee Copo,oro. NK vapnal "Bu ibe 

THE MATERIAL OF A THOUSAND USES 
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