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i NG111 
A 

NEW 
RADIO 
TABE 

IF this were merely the an- 
nouncement of another new 
radio tube, it would not com- 
mand your interest. New radio 
tubes arrive all too frequently. 

But this is the new radio tube, 
long awaited. It is the radio tube 
which had to come, as the nat- 
ural result of the formation of 
the National Union Radio Cor- 
poration. 

It was to be expected that this 
huge $16,000,000 combine of 
resources and engineering 
genius would result in a radio 
tube new in quality, new in sales 
appeal, and new in its possibil- 

ities for profit to dealer and 
jobber. 

This new tube will represent 
a high water mark of present - 
day radio tube engineering. It 
will offer evidence in its tone, 
its performance and its long 
life, of the untiring efforts of a 

famous group of engineers. It 
will take its place among the 
more noteworthy achievements 
of American industry. 

It will be produced in plants 
that are modern -to- the -minute, 
equipped with the newest and 
most remarkable developments 
in automatic machinery and 
manned by the finest workers 
in the field. 

NEW. 
IN QUALITY 
So much painstaking care will 

be lavished on the production 
of this new tube, that it will 

create a new conception of how 
good a radio tube can be. A 

Sales Inspection Department, 
without responsibility for speed 

or cost -of- production, will 
double -check the daily output. 
There is little question in the 
minds of dealers and jobbers 
as to the very tangible effects of 
radio tube quality on radio tube 
sales. We have built our new 

tube with that thought in mind. 

NEW 
IN SALES 
APPEAL 
We have clothed this new radio 
tube with an idea which will 

make it a star of the first magni- 
tude in the radio sky. The most 

brilliant of merchandising, the 
most effective of advertising 
will be employed in its behalf. 

To the dealers and jobbers who 
will be entrusted with the pres- 
entation of this tube to the 
American public, we offer these 

assurances of a prosperous 
business relationship. 

WAIT! 
NATIONAL UNION 
RADIO CORPORATION 
400 jiladISoIl cAvelllle.> » » New 'York » » ork Cíty 
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SPONSORED BY) 

RADIO NEEDS YOU 
Let RCA Institutes show you the way to 
SUCCESS in this fast -growing industry 

REACH out fora big -pay job in Radio... very source of radio achievement ... the 
Tie -up to the fastest -growing indus- vast world -wide organization that has 

try in the world today ... See for yourself made Radio what it is today . . . that 
what other men have done ... You, too, sponsors every lesson in this course. 
can do the same ! Hundreds of fellows RCA Graduates Find it Easy to Fill 
just like you are now earning from $2,000 Good Radio Jobs 
to $25,000 a year in RADIO. J. H. Barron, There has been a radio job for practically 
Radio Inspector of the U. S. Department of every graduate of RCA Institutes. Gradu- 
Commerce says that a most seri- ates are actually Trained for Suc- 
ous shortage in trained Radio cess because they learn radio by 
men exists right now Thou- , actual experience with the 
sands of trained men are r ,w': RCA Institutes famous 
needed. Broadcasting sta- 

tions, manufacturing 
plants, retail and whole- 
sale dealers, as well as 

ships at sea and planes in 
the air, require trained Radio 
men. 

Learn Radio at Home .. . 

RCA Institutes Will Train 
You for Success! 

Radio Mechanics earn 
up to $4,800 a year. 

outlay of apparatus given 
to every student of this 

course. You learn to solve 
every radio problem such 

as repairing, installing, and 
servicing fine sets. Hereisevery- 
thing you need know in order to 
fill a well -paid position in Radio. 

Send for this Free Book 
"Radio ... the Field of 
Unlimited Opportunity" 

RCA sets the standards for the entire ra- Read these 40 fascinating pages, each one 
dio industry. The RCA Institutes Home packed with pictures and text that tell you 
Laboratory Training Course gives you everything you want to know about the 
the real, inside, practical training in Ra- many brilliant opportunities in Radio and 
dio, quicker than you could obtain it in about RCA Institutes, the world's oldest 
any other way. It's easy to learn at home and largest radio training organization. 
in your spare time. You get your lessons Tune in on Radio. Send for this free book 
and criticisms direct from RCA . . . the today and speed up your earning capacity! 

Clip this Coupon NOW 

RCA INSTITUTES, INC. 

Formerly 
Radio Institute of 

America 

RCA INSTITUTES, Inc. 
Dept. RB -3, 326 Broadway, New York 

Gentlemen: Please send me your FREE 40 -page 
book which illustrates the brilliant opportunities in 
Radio and describes your laboratory -method of 
instruction at home! 

Nane. 

Address 
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... among other things 

FRANK G. LOGAN, who describes the Ward Leonard 
"Adaptoron" in this issue has been connected 

with the radio division of the company for many years. 
Nlail reaches him at Mt. Vernon, New York.... O. B. 
Hanson, writing on volume levels in broadcasting, has 
been active in the technical side of broadcasting since 
"way back when." Mr. Hanson was with WEAF when 
its towers dominated 24 Walker St., New York, followed 
its fortunes to 195 Broadway, and when the National 
Broadcasting Company took WEAF unto its heart from 
the Telephone company, Mr. Hanson was made man- 
ager of plant and operations.... Edwin A. Uehling's 
article on magnetic circuit design in this number is one 
of those unusual articles which you may expect to find 
in RADIO BROADCAST. Mr. Uehling is a graduate of Wis- 
consin and has been with the Bell Laboratories, Grebe, 
and Fada. He is now in the Graduate School, University 
of Michigan.... For the past five years, II. D. Oakley, 
while he has been employed by General Electric, has 
been engaged in the invention and development of high - 
frequency measurement apparatus. Associated with 
Mr. Oakley are H. J. Schrader and G. S. Jacobs. Their 
enthusiastic interest and ability for this sort of work is 
responsible for much of the advancement which has 
been made in the creation of measurement tools and 
technique, Mr. Oakley tells us. 

ccIN APRIL, the story about phonograph record - 
changing mechanisms by Thomas Piazze, promised 

for this issue, will appear. Other articles will include: 
E. L. Brown, aircraft radio development; Jesse Marsten, 
high- frequency response; Von Ardenne, use of the 
cathode -ray tube to measure percentage of modulation; 
Mancill, describing construction of a laboratory and 
testing apparatus used; Oakley, input and output 
audio- frequency measuring apparatus; and an article 
from American Bosch describing the design and charac- 
teristics of their automobile radio receiver. All the 
regular departments for service and practical workers 
will appear, as usual. 

CC 
Tiniouda ONE of those often unexplicable and 
always embarrassing typographical errors, the 

formula appearing in the article by Ernest Amy and 
J. G. Aceves on page 206 of our February issue was 

1 
made to read This, as most readers know, should 

1 
be f - 7.\./LC 
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G ViNTLMYWN 

HAVE YOU A 

CONDENSER 
PROBLEM in your 
lab? 

IF SO we can 
help you. 

WE HAVE 
very extensive 

RESEARCH LABS 
headed by 

CAPABLE ENGINEERS 
specializing in the 
application and production 
of 

ELECTROLYTIC and 

PAPER CONDENSERS 
TO 

HELP DESIGN AND 

PRODUCE A -1, 

FILTER SYSTEMS 

AT A LOWER COST. 

HOW ABOUT 

PRODUCTION? 

120,000 SQUARE FEET 
in our new 

PLANT devoted entirely 
to the manufacture of 
condensers. 

WE ARE ONE SPECIALIST 
it costs nothing 

TO CONSULT. 
YOU ARE both 

JUDGE and 

JURY. 
HOW ABOUT 
A TRIAL? 

SPIIAGM SPE CIAL,TIE S COMPANY 
QUINCY, MAS SACHUSE TTS 

SOME SPRAGUE ELECTROLYTIC OR PAPER CONDENSER 
WILL SOLVE YOUR. CONDENSER PROBLEMS 
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Saving Cents 
versus 

Making 
Dollars 

ONE conspicuously successful radio manufacturer, 
whose name is a by -word in America, has risen 

to the position because he insists upon building his 
product as well as he know how to build it. In that 
plant any suggestion that a few cents can be saved, by 
buying parts or materials not thoroughly approved, is 
quickly frowned upon. 

Permanency in a fast -changing industry can be attained 
only by building a genuine and accumulative good will 
over a period of years. 

You will secure ïn Dongan Power Parts the most recent 
developments that will stand the acid test of perform- 
ance. Not the lowest in price -but the finest Power 
Parts that can be made by an organization which has 
devoted twenty years to the single purpose of designing 
and building fine transformers. 

Exclusively M'f'rs 
of Parts for the 
Set Manufacturer 

Transformers 
Chokes 
Condenser Units 

Dongan Electric Manufacturing Co. 

2991 -3001 
Franklin Street 

Detroit 
Michigan 

IFIIICCP 
RADIO --"441' 

COVERS 

O N AND OFF 

INA JIFFY 

" FULCO" covers are used by those dealers 
who realize the importance of making de- 
liveries in perfect condition - without 
scratches or mars. For they know that com- 
plaints mean dissatisfied customers and loss 
of business. 

FULCO" covers are a real service feature 
that helps sales and holds trade. 
Substantially constructed, heavily padded, 
box -shaped, providing perfect protection. 
Give us the dimensions of radios handled 
and let us quote special prices on your in- 
dividual needs. Write our nearest house. 

Fulton Bag Cotton Mills 
Ifsamaradarees S&e /870 

ATLANTA NEW ORLEANS DALLAS ST. LOU IS 
MINNEAPOLIS BROOKLYN. KAN.CITY.KAN 

I I I 

Profits 
in it with 
Reliable 

Equipment 
"A penny saved is a penny earned" 
is not true in purchasing instruments 
for radio servicing work. The small 
difference in cost between the best 
obtainable meters and those of secon- 
dary value comes back to you many 
times over in the money you can make 
and the business reputation you acquire 
through the use of reliable equipment. 

Shown herewith are two designs of 
miniature panel instruments -2" and 
31" diameter -for use in the repair 
shop and in portable testing work. 
These are the instruments selected by 
Commander Byrd for his Polar expedi- 
tions. Preferred for their nicety of 
construction and superior electrical 
characteristics. 

Made in A. C., D. C. and Thermo - 
Couple Types, and in all the required 
ranges. Open scales almost to zero 
position. Designed for flush panel 
mounting. Write for Circular JJ, 
containing complete descriptions and 
prices. 

PIONEERS 
SINCE 1888 

INSTRUMENTS 
WESTON ELECTRICAL 

INSTRUMENT CORPORATION 
604 Frelinghuysen Ave. Newark, New Jersey 
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`IMPORTANT EvErrrs- National Car- 
bon retires from receiving set field, un- 
loading sets throughout the country at 
less than half of list price. List of Radio 
Corporation tube licensees mounts to 
12 with addition of Triad, of Pawtucket. 
(Others: Allen, CeCo., Champion, Hy- 
grade Ken -Rad, La Salle, National Un- 
ion, Sylvania, Raytheon, Tung -Sol, and 
United Radio). Revelations continue 
in Washington before Senate Interstate 
Commerce Committee with B. J. 
Grigsby, of Majestic, saying that the 
industry is badly hampered by the 
clouded and unhappy patent situation 
and the effect of the RCA licensing 
policy, and Oswald F. Schuette reveal- 
ing list of 54 members of the Radio 
Protective Association. (RADIO BROAD- 
CAST, February, p. 199.) International 
broadcasting renewed on January 21 
with great success. Four more com- 
panies reported in receivership proceed- 
ings, increasing the total to thirteen. 
New companies Temple, Kolster, De- 
Forest, Balkeit. (De Forest receivership 
petition was dismissed on February 5.) 
Others; Earl, Freed, A. C. Dayton, 
Marti, Neonlite Tube, Buckingham, 
United Reproducers, Erla. McGraw -Hill 
announces new magazine, Electronics, to 
appear in April. The publication will 
cover technically, the entire field in 
which the vacuum tube is used. 

DISTRIBUTION- RCA -Victor Corpo- 
ration is reported planning exclusive dis- 
tributor policy with merchandising of 
Victor sets to continue as before. The 
Camden plant of RCA -Victor will 
produce both Victor and RCA sets, the 
latter to be marketed under four trade- 
marks: Radiola, Greybar, General Elec- 
tric, and Westinghouse. Brunswick re- 
ported returning to the jobber system. 

NEW MODELS -In spite of the un- 
happy position of some manufacturers 
who are moving present stocks of mer- 
chandise announced about the middle of 
last year, five manufacturers have an- 
nounced new models; Majestic, Philco, 
Silver, Zenith, and Stromberg. Several 
other makers may follow soon. 

BROADCAST ADVERTISING- President 
Aylesworth, N.B.C., states to Senate 
Committee that broadcast advertising 
while successful must be carefully 
guarded against excesses. Excesses re- 
ported from the West Coast. (RADIO 
BROADCAST January, p. 126.) Writes 
our private detective from Los Angeles: 

SOME OF the events in the 
world of radio in recent 
weeks may have escaped 
you. A few of the more 
important, to our way 
of thinking, are presented 

on this page. 

" If you think some East Coast adver- 
tisers lay it on thick, you should hear 
some of the three -minute, wheedling, 
direct -selling discourses which the an- 
nouncers here put on between about 
equal intervals of canned music. How- 
ever, a reaction may be setting in." 
Evidence : advertisement of Silverwoods, 
Los Angeles, from a recent issue of the 
Los Angeles Times. "Listen to Silver - 
woods `No- Advertising' program over 
KILL ... We have determined upon a 
change of policy in our radio programs. 
Beginning to- night, there will be no 
advertising ... When you extend to us 
the courtesy of listening to our program 
... we' become a guest in your home... 
We think there is too much intrusion of 
advertising over the radio to-day and 
are pleased to do our small part toward 
correcting this situation." 

IN LAwrRLAND -The Supreme 
Court refuses to review the decision of 
the Circuit Court of Appeals, Second 
district, in Wildermuth vs. Hazeltine 
Corp. case (Atwater Kent -Hazeltine). 
Hazeltine brought suit on patent No. 
1,538,858 said to cover grid circuit neu- 
tralization. The decision favored Hazel- 
tine. Atwater Kent is now moving to 
reopen the case on the ground of new 
evidence. RCA sues De Forest and Uni- 
versal Wireless Communication in the 
Federal Court at Wilmington on certain 
communications patents. DeForest sues 
Grigsby -Grunow on their Coyer patent 
relating to the winding of grid elec- 
trodes in tubes. 

NEW TuBEs ?- Considerable interest 
evidenced in the pentode tube. Three 
American makers have produced experi- 
mental models: Arcturus, Champion, 
and CeCo. January 15th meeting of the 
Radio Club of America addressed by 
Keith Henney and Howard Rhodes of 
RADIO BROADCAST with a paper de- 
scribing measurements on experimental 
American tubes and probable receiving 
set application. The meeting was well 
attended by tube and set makers. Ap- 
pearance of a tube in commercial quan- 
tities is practically certain but its prob- 
able influence on set design of 1930isnot. 

REVELATION -Fifty four companies 
made up Oswald Schuette's very vocal 
Radio Protective Association. Of the 
fifty four, twenty three companies have 
now merged, resigned from the Asso- 
ciation, or are in the hands of receivers. 
Of the thirty one remaining, seven are 
set manufacturers: Advance Electric, 
Los Angeles; Metro Electric, Chicago; 
Premier Electric, Chicago; Shamrock 
Mfg. Co., Newark; Sparks -Withington, 
Jackson; Tyrman, Chicago; Wilcox 
Laboratories, Charlotte, Mich. The 
other active members are: Callite Prod- 
ucts, Union City, N. J.; Cardon Phono- 
craft Corporation, Jackson, Mich.; Da- 
vis Industries, Chicago; Diamond Elec- 
tric, Newark; Duovac, Brooklyn; Dura - 
tron Products, Union City, N. J.; 
Eisler Electric, Newark; Gold Seal, 
New York; Halldorson, Chicago; Ox- 
ford, Chicago; Parker- McCrory, Kan- 
sas City; Perryman, New York; Pilot 
Radio and Tube, Brooklyn; Polymet, 
Brooklyn; C. H. Quackenbush, Cleve- 
land; Radio Electric Works, New York; 
Schickerling Products, Newark ; Scran- 
ton Button Works; Sonatron Tube, 
Chicago; Specialty Appliance, Cleve- 
land; Transformer Corp of America, 
Chicago; Triad, Pawtucket; United 
Scientific Laboratories, New York; Van 
Horne Tube Company, Franklin, Ohio; 
Vesta Battery Corporation, Chicago; 
Western Coil and Electrical Company, 
Racine, Wisconsin. 

THE SERVICE GOSPEL - Substitute 
"radio" for "car" in the following: 
"In the Ford Motor Company, we em- 
phasize service equally with sales. It 
has always been our belief that a sale 
does not complete the transaction be- 
tween us and the buyer, but establishes 
a new obligation on us to see that his 
car gives him service. We are as much 
interested in your economical operation 
of the car as you are in our economical 
manufacture of it. This is only good 
business on our part. If our car gives 
service, sales will take care of them- 
selves. For that reason we have installed 
a system of controlled service to take 
care of all Ford car needs in an eco- 
nomical and improved manner. We wish 
all users of Ford cars to know what they 
are entitled to in this respect, so that 
they may readily avail themselves of 
this service." -From a full-page news- 
paper advertisement of the Ford Motor 
Company. How many radio manufac- 
turers are there who could sign such 
a statement? 
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View of 
centrifugal 
snitch 

By FRANK G. LOGAN 
Ward Leonard Electric Company 

The engineering problems associated 
with the design of radio receivers for oper- 
ation on d.c. have always been serious - 
the available voltage is limited, line noise 
has been hard to eliminate completely, 
and a d.c. receiver giving good results m 
one district may not give satisfactory oper- 
ation in another location. On the other 
hand, the development of a special re- 
ceiver for 110 -volt d.c. operation is costly, 
and, since production is comparatively 
small, tool and production costs are 
higher. The power output is very limited 
in designs suitable for public use and the 
owner of a d.c. set who moves to an a.c. 
district must purchase an entirely new 
receiver. 

In rural homes equipped with 32 -volt 
farm -lighting systems either battery - 
operated receivers or a.c. sets with motor 
generators or rotary convertors have been 
used in most cases. Motor generators or 
rotary converters in sizes suitable for use 
with radio sets which require only about 
100 watts are quite inefficient, generally 
being not more than about 40 per cent. 
efficient. Therefore, a 100 -watt a.c. set 
powered from a convertor connected with 
a 32 -volt system places a load on the line 
of about 0.25 KvA. -which is undesirably 
large for such systems are seldom rated at 
more than about 1 KVA. 

There is an obvious need for some device 
which will make it possible to build effi- 
cient sets for 32 -, 110 -, and 220 -volt d.c. 
systems which will not cost much more, 
and which will give, in every way, a per- 
formance equivalent to that obtained 
from a standard a.c. receiver. Consider- 
able work on such a device has been in 
progress at the laboratories of the Ward 
Leonard Company and a very satisfactory 
final design has been produced. This de- 
vice is known as the Ward Leonard Adap- 
toron. A most important featurc of this 
device is economy; the cost of an alterna- 
tor or converter to supply 0.25 KVA, is 
much in excess of the cost of an Adaptoron 
for equivalent duty. 

COMMUTATOR 

A 
D.C. TO A.C. 
64 CONVERTOR" 

A Device to Permit the Operation of A.C. Radio Receiv- 
ers From a 32 -, 110 -, or 220 -volt D.C. Supply. Efficiency 
Approximately 80 Per Cent.; Automatic in Starting; 
Quiet in Operation. 

Briefly, the Ward Leonard -Adap- 
toron consists of a specially designed 
rotating reversing switch which reverses 
the flow of current from the direct- current 
line 120 times per second. This gives the 
effect of a 60 -cycle alternating current as 
it requires 1 /60th of a second to go through 
a complete cycle, or reversal in both direc- 
tions. The switch is in the form of a com- 
mutator with four brushes, the commu- 

The Adaptoron installed in the 
battery compartment of a radio 

console cabinet. 

tator being rotated by a small direct - 
current motor similar to those used in 
small hair driers, vacuum cleaners, and 
other household appliances. 

By using a motor with fairly good speed - 
regulation characteristics, a frequency 
may be pre-selected and maintained within 
limits. The relation between motor speed 
and the frequency of the output voltage is- 

f 
r.p.m. 

30 
By other arrangements of the commuta- 

tor segments and brush, this motor speed- 

RI 

l -The neon -tube Adaptoron circuit. 

frequency ratio may be altered as de- 
sired. 

The efficiency of this device is approxi- 
mately 80 per cent. as compared with 50 
per cent. delivered by the average motor - 
generator for radio and 40 per cent., or 
less, with the average rotary converter 
for radio use. The standard model is 
designed to carry loads of 0.125 KVA., or 
less. This, roughly, is the equivalent of a 
radio receiver consuming 120 watts. 

The output voltage is dependent upon 
the voltage of the direct -current line but, 
unlike motor - generator sets and conver- 
tors is independent of motor speed. A 
variation of loads, within limits, causes 
little change in output voltage. On the 
average direct -current line of 115 volts 
ample a.c. voltage is supplied to the re- 
ceiver using the low -voltage tap. For those 
who live in a district where the d.c. line 
voltage is low a booster transformer is 
supplied at slight additional cost. Such a 
transformer is also supplied with the 32- 
volt model. 

Filters Prevent Interference 
The design of the device not only in- 

cludes adequate filters but the housing 
itself forms a double shield which prevents 
the radiation of electrical disturbances. 
A filter circuit is included in both the in- 
put and output circuits. This effectively 
prevents any disturbance arising in the 
device itself and a majority of the "line 
noises" from reaching the receiver and 
interfering with reception. 

The small driving motor rotates at the 
comparatively low speed of 1800 r.p.m. 
This low speed reduces vibration and les- 
sens bearing wear and brush loss. On the 
other hand, many motor -generators and 
rotary convertors operate at speeds of 
3600 r.p.m. 

The motor of the 'Adaptoron is sus- 
pended from helical springs inside the case, 
thus preventing all motor vibration from 
being transmitted to the case. The free- 
dom from noise due to this arrangement 

BELL -RINGING 
TRANSFORMER*" 

Fig. 2 -Tite bell- rinbing Adaptoron circuit. 
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Adaptoron. equipment of the type used for purposes other than radio, that is, neon -light and bell- ringing circuits. 

permits it to be placed near the radio re- 
ceiver. In fact, it has been designed for 
placement in the console type cabinet 
which houses the receiver and loud 
speaker. As the driving motor may be 
wound for any direct- current voltage, 
models are furnished for operation upon 
32-, 115 -, and 230 -volt direct- current lines. 

The direct- current motor used has only 
one function in the circuit: To drive the 
special commutator at a constant speed. 
The power consumed in this service is 
small and it represents practically the 
entire inefficiency found in the device. 

Centrifugal Switch 
This device is self -starting. It requires 

only a simple switch as compared with the 
accessories required with motor - generators 
and convertors. Since, if the d.c. supply 
to the special com- 
mutator were closed 
with the motor at 
standstill or rotat- 
ing at a very slow 
speed, the d.c. line 
would be shorted 
across the primary 
of the power trans- 
former, a small cen- 
trifugal switch is 
connected to the 
shaft of the motor. 
This switch does 
not close until the 
motor reaches about 
normal speed and 
as a result prevents 
the line from being 
shorted across the 
transformer pri- 
mary. 

The final design 
of the device was based on a number 
of measurements to indicate the effect 
of varying the length of the commu- 
tator segments and of varying the con- 
stants of the filter circuits associated 
with the input and output circuits. In 

View of Adaptoron nit]i. front shield removed. 

The Adaptoron chassis with both shields removed. 

all cases the output of the device was 
connected to a step -up transformer with 
a turns ratio between the primary and the 
high- voltage secondary of 3.5 to 1. Across 
the secondary a 9800 -ohm load resistor 
was connected. The measurements taken 

were the d.c. input 
voltage, the a.c. out- 
put voltage, the a.c. 
voltage across the 
secondary, and the 
wave form across the 

C4 ; I primary. 
The first tests were 

I made with a simple 
commutator system 
to determine the ef- 
fect of varying the 
length of the commu- 
tator segments. Some 
of the wave forms ob- 
tained are indicated 
in Fig. 4 (page 302). 
It should be noted 
that the lengths 
of the segments arc 
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Fig. 3 -The Adaptoron for radio use. 

given in electrical 
degrees. Since there 
are four segments, 
giving two complete 
cycles per revolu- 
tion, the total elec- 
trical degrees in the 
circumference is 
720 °. Since all the 
segments are of 
equal length the 
maximum number 
of degrees per seg- 
ment is 180 °. The 
wave forms shown 
in curves 1, 2, 3, 
and 4 of Fig. 4 were 
obtained with seg- 
ment lengths of 110, 
130, 140, and 150 
electrical degrees. 

The area of the curves increases as the 
commutator segments are lengthened be- 
cause of the greater length of time the 
circuit is closed. Increasing the segment 
length to 160 or 170 degrees caused the 
commutator to flash over. The sharp sides 
of the curves indicate the presence of a 
large number of harmonics and the suc- 
ceeding experiments were made to deter- 
mine the effect on the wave form of 
various filter circuits. A commutator 
length of 150° was chosen since it gave 
high efficiency without any tendency for 
the segments to flash over. 

Filter Systems 
Placing a condenser across the primary 

terminals (points 1 and 2 in Fig. 4) or a 
choke in series with the primary circuit 
caused excessive sparking at the com- 
mutator. Much better results were ob- 
tained by the use of filters containing both 
types of reactances. In Fig. 5 are some 
data and curves obtained by the use of 
the filter system indicated. A series of 
curves made with a choke in both legs 
instead of only one leg (as indicated in Fig. 
6) gave a somewhat purer wave form, es- 
pecially if the condenser had a capacity 
of more than 8 mfd. The wave form corre- 
sponding to a C of 16 mfd. approximates 
that of the final design for radio use. The 
short horizon near the beginning of each 
cycle is due to a defect in the commutator, 
and is, therefore, not present in the wave 
forms of the commercial units. 

A double - section filter was next tried. 
The circuit, voltage readings, and wave 
forms are shown in Fig. 7. Various capaci- 
ties were placed at the input and output 
of the filter circuit, and, as indicated, 
they had quite an effect on the wave form. 
The lowest curve for capacities of 8 mfd. 
at input and output evidently contained 
a large third harmonic (180 cycles) but 
not much of any other harmonics. 

Variation of the load will, of course, 
(Continued on page 302) 
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CHARACTERISTICS OF PENTODES 
A Discussion of the Pentode With Particular Reference 
to the Characteristics of Some Experimental American 
Tubes. The Curves Given Include Static and Dynamic 
Characteristics, Power Output, etc. 

By KEITH HENNEY* AND HOWARD E. RHODES f 
'Director of the Laboratory and tTechnical Editor, Radio Broadcast 

Mention of the pentode tube first ap- 
peared in English and Continental radio 
publications in 1928 and 1929. Essentially 
it is a power output tube which, compared 
to a triode, delivers more a.c. power output 
per watt d.c. expended in heating the 
plate. At the same time it is more sensitive 
than triodes, i.e., it delivers more a.c. 
power output per a.c. volt input squared. 
The tube may have resulted as a natural 
development of tetrodes where secondary 
emission is bad or it may have been the 
result of the search for more economical 
power tubes. In this country there are 
already two kinds of five- element tubes. 
One is a power pentode and the other 
(CeCo) is a screen -grid pentode for r.f. 
or a.f. circuits. 

Until very recently foreign pentodes 
delivered about 500 -750 milliwatts when 
operated with 150 -180 plate volts and 
with plate currents of the order of 10 -15 
milliamperes. The grid excitation required 
is roughly one tenth that required to de- 
liver the same amount of power from a 
triode. Recently more powerful tubes have 
been developed; i.e., those 
using 300 volts on the plate 
and delivering 2000 milli - 
watts. Such tubes are made 
by Mullard, Philips, Mar- 
coni, etc. 

In the United States the 
desire is not so much for 
greater economy as it is 
for greater power output. 
llcnce the trend in experi- 
mental tubes so far is to in- 
crease the possible power 
output from a 250 -volt 
tube. At the same time the 
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superior sensitivity of the pentode is a dis- 
tinct advantage. It will eliminate the very 
large grid swing necessary to load up a 
push -pull amplifier using low -mu triodes. 

CATHODE 
-' GRID 

F 

FIG. 1 

CONTROL 
GRID 

HIGH 
VOLTAGE 
GRID 

1+ 

1 
TABLE I 

The pentode is a three -grid tube (See 
Fig. 1). One grid is the usual signal or 
control grid. The second grid, situated 
between the control grid and the plate, 
is a high- voltage grid. It has the effect of 
moving the plate nearer the filament and 
reducing the plate resistance. The third 
grid is very near the plate and is perma- 
nently connected to the filament. It is, 
therefore, at zero potential with regard to 
the d.c. and a.c. voltages within the tube. 
It is called the cathode grid and its purpose 
is to return to the plate any secondary 
emission from the plate. The arrangement 
of the five elements is indicated clearly in 
the diagram on the left. 

Secondary emission is due to high -energy 
electrons striking the plate and knocking 
other electrons out of the latter element. 
The fact that a high -potential grid is in the 
path of the electrons speeds them up 
considerably and hence increases their 
kinetic energy. If, as in the screen -grid 
tube, there were no retarding influence 
between the plate and the positive or ac- 
celerating grid, these secondary electrons 

would find themselves in 
the field of the positive 
grid and would represent 
a decrease of plate current. 
The cathode grid which is 
at zero potential represents 
a wall over which the sec- 
ondary electrons cannot or 
prefer not to jump. There- 
fore, they return to the 
plate. 

The curves presented 
here are largely from an ex- 
perimental tube developed 
in Arcturus laboratories. It 

PRESENT POWER TUBES AND THE PENTODE FROM THE STANDPOINT OF 
SENSITIVITY, D.C. POWER INPUT, AND EFFICIENCY. 

Tube Ec Ep Ip Output 
Mw 

ill,, 
E2 

112A 9 135 7 120 2.9 
171A 40 180 20 700 0.47 
210 31 400 18 1325 2.73 
250 84 450 55 4050 1.12 
245 50 250 32 1600 1.27 
PE 7 12 250 42 2200 30.5 
150 -Volt 

Pentodes 10 150 12 500 10.0 
Etr = output power _ input d.c. power 
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will deliver about 
2 0 0 0 milliwatts 
with a plate cur- 
rent of about 40 
milliamperes at 
250 volts, and re- 
quires a grid vol- 
tage (a.c.) of only 
12 volts peak. 
This may be com- 
pared to a 245 - 
type tube which 
delivers 1600 mil- 
liwatts on ap- 
proximately the 
same amount of 
d.c. power and 
with a grid volt- 
age of 50 volts. 
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TABLE II 
Name Ef If Rp Mu 

Cossar 230 2 0.3 20 X 103 40 
415 4 0.15 20 40 

Marconi PT 240 2 0.40 55 90 
PT 625 6 0.25 

Milliard PM 24 4 0.15 28.6 65 
PM 24A 4 0.275 
PM 22 2 0.3 62.5 80 

Six Sixty 
ss 230 pp 2 0.3 64 80 

415 4 0.15 27 60 
4pen 4 0.275 

Mazda 425 4 0.25 
Philips C443 4 0.25 40 60 
PE 7 2.5 1.75 40 80 

Et- filament voltage It- filament current 
Rp-plate resistance 
Mu- amplification factor 
Is-- current to high -voltage grid 

Characteristic Curves 

Plate current -plate voltage characteris- 
tics of the Arcturus PE -7 tube are shown 
in Fig. 4. There is Still some secondary 
emission at low plate voltages. The effect 
of varying the potential of the cathode 
grid is shown in Fig. 2. At high negative 
voltages on this grid, all the electrons are 
speeded back to the plate and there is no 
secondary emission. 

While it is probably not correct to use 
the usual method of laying out load lines 
on the Ep-Ip curves to determine the 
proper load resistance and the second 
harmonic distortion, some idea of the 
respective values can be discovered by so 
doing. These data are presented here 
with the knowledge that they may mean 
very little indeed. Thus it may be cal- 
culated that the Arcturus experimental 
tube with an internal resistance of about 
40,000 ohms will work best into a load 
resistance of from 4000 to 8000 ohms. 
Within these two values the second har- 
monics (according to usual methods of 
calculation) will be less than 5 per cent., 
the usual criterion for distortionless ampli- 
fication. At the same time the power out- 
put does not increase appreciably for 
values of load resistance in excess of 8000 
ohms. (Fig. 3). 

It is probable that the third harmonics 
are the worst offenders in the pentode and 
at the present time there seems to be no 
generally accepted and easily worked 
method by which the percentage of third 
harmonics can be calculated from the 
characteristic curves. 

Use of the Pentode 
In Europe the pentode has been worked 

with magnetic loud speakers whose well - 
known impedance characteristics are any- 
thing but straight flat lines. As a rule 
the impedance of these loud speakers in- 
creases rapidly with frequency. Since 
greater and greater distortion is the result 
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TABLE III 

-10 0 

Filament volts 
Filament amperes 
Control grid bias 
Space-charge grid volts 
Screen -grid volts 
Plate volts 
Mutual conductance 
Plate resistance 
Amplification factor 
Plate current 
Screen current 
Space charge current 
Maximum amplfication 

(into 100,000 ohms) 

New CeCo 
Screen -Grid 

Tube 
2.5 
1.75 

( +) 10 
( +) 180 
250 
2300 
250,000 
575 
3.9 ma 
1.5 ma 
5.0 ma 
164 

Present 
Screen -Grid 

Tube 
2.5 
1.75 
( -) 1.5 

( +) 75 
180 
1050 
400,000 
400 
4.0 ma 

84 

14 
14 
16 
26.5 
12 
18 
13 

13 
12 
18 
18 
28 
40 

500 
2000 

500 
2000 

350 

350 
500 

2000 
750 

1.6 
1.6 
6.0 
7.0 
3.0 
5.0 
3.5 

3.5 
3.0 
5.0 
5.0 

in favor of the 
electrodynamic type which has a flatter 
impedance characteristic. Since the pen- 
tode should be worked into a load lower 
in resistance than itself, it can be coupled 
to an electrodynamic loud speaker through 
the same transformer which usually 
couples it to a 4000 -ohm tube. In the 
Laboratory the fidelity from such a tube 
and a Peerless loud speaker compared 
very favorably with that obtainable from a 
245 -type tube, and with a given grid volt- 
age input the output was some 15 DB 
higher. In other words, feeding 12 volts 
into a 215 -type tube produced about 100 
milliwatts but the same voltage fed into 
an Arcturus pentode produced about 2000 
milliwatts. This is a very appreciable 
difference in volume. 

Practical Applications 
One of the important applications of this 

tube may be in the detector socket as a 
truc power detector. Thus it may be used 
with the loud speaker in its plate circuit. 
however, whether it will make a good 
power detector tube has not been deter- 
mined by experiment. A glance at its grid 
voltage -grid current curve (Fig. 6) in- 
dicates that it will make a good grid- circuit 
detector. The problem then becomes one 
of obtaining sufficient power from it. 
Development of more efficient loud speak- 
ers will make it possible to eliminate the 
audio -frequency amplifier entirely and to 
use only the pentode as a power detector 
working directly into the loud speaker. 

It has been suggested that the tube in 
this capacity might serve in automobile 
radio receivers and in other places where 
the space limitations are severe. The 
fidelity obtainable from a small loud 
speaker under the best conditions cannot 
be extremely good, and so the use of a small 
magnetic or electrodynamic loud speaker 
in connection with a pentode detector 
supplying perhaps 500 milliwatts may be 
an important application. 

In this particular tube, which may not 
(continued on page 293) 
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A Chrysler car equipped with a Transitone radio. The Bosch radio control on the dash of a car. 

AUTOMOBILES `VITH RADIO 

Opinions on the desirability of 
radio as a standard accessory in 
the automobile differ widely 
among passenger car manufac- 
turers, but the question com- 
mands some consideration in 
practically all quarters where 
automotive topics are discussed. 

Quite recently a number of 
automotive executives, whose in- 
terest in the radio -equipped car 
previously had been rather indif- 
ferent, have displayed a decided 
curiosity. There are a number of 
executives representing some of the largest 
automobile manufacturers, on the other 
hand, who admit doubt about the future 
of radio equipment, and who feel that the 
public should be given more time to mani- 
fest its attitude. 

Since radio receiving sets first gained 
popularity in American homes, some seven 
or eight years ago, there have been in- 
dividual cases of radio-equipped automo- 
biles. These early examples, however, 
proved more of a novelty than anything 
else, and their use was restricted more or 
less to purposes of advertis- 
ing. There were too many 
technical difficulties to be 
overcome and the cost of in- 
tensive experimental work 
was not recognized as com- 
mensurate with the likelihood 
of immediate demand by the 
public. 

In recent ycars the radio 
has developed from a novelty 
and a luxury to something 
closely approaching the in- 
dispensable. The phenomenal 
expansion of the radio indus- 
try is something unmatched 
except by the amazing devel- 
opment of the automobile 
industry. The product of each 
has become an item of para- 
mount importance to the 
American family, and the pos- 
sibility of combining the ad- 
vantages of radio and the 
automobile has been consid- 
ered by far -visioned car manu- 
facturers for some time. 

In some quarters argument 
has been advanced that a 
radio set in an automobile 
must necessarily act as a dis- 
traction to the driver. There 
has even been some discus- 

This Development, Which is Rapidly 
Gaining Headway, is Being Exploited 
by a Number of Manufacturers; Sev- 
eral Are Selling Cars With Radio as 
Standard Equipment While Others 
Provide Wiring to Facilitate Installa- 
tion at Time of Sale. Three Manu- 
facturers Make Suitable Equipment. 

sion of the possibility of adverse legisla- 
tion, or at least legislative control of the 
use of radios in cars. However, Automotive 
industries (from which much of this ma- 
terial is abstracted), states that it has not 
learned of any definite move on the part of 
any group to place legislative limitations on 
the use of radio in motor cars' The informal 
argument to the effect that a loud speaker 
would tend to claim too much of the 
driver's attention, has been met with 
the opinion that conversation between the 
driver of a car and his passengers also 

might be termed a distraction, 
and one which is offset by the 
presence of the receiving set. 

Within the past several weeks 
Alfred P. Sloan, Jr., president 
of the General Motors Corp:, 
and Walter P. Chrysler, presi- 
dent and chairman of the Chrys- 
ler Corp., have expressed the 
attitudes of their companies on 
this subject in no uncertain 
terms. Mr. Sloan said in part: 
"Not only do we believe that 
there is a great opportunity for 

the development of the radio business as 
an adjunct to the automobile, but the ra- 
dio field in general is one that is closely 
related to the automobile and electric busi- 
ness, in which General Motors is engaged." 

Mr. Sloan's statement said further: 
"New Cadillac and LaSalle cars have been 
designed for radio installation and thou- 
sands of installations already have been 
contracted for by dealers. As quickly as 
possible the same facilities will be available 
for other makes of General Motors cars." 

A survey among major automobile 
manufacturers just completed 
by Automotive Industries has 
revealed that in the near fu- 
ture a number of other com- 
panies will introduce cars 
either with radio as optional 
equipment or with the instal- 
lation already made for the 
provision of receiving sets. 
However, the number of 
manufacturers who have 
taken no steps for the in- 
stallation of radio in their 
products is probably larger. 
Several automobile executives 
stated positively that they 
could see no indication of 
public demand of sufficient 
strength to warrant any meas- 
ures for the provision of ra- 
dios in their cars, at this 
moment. 

For several weeks Transi- 
tone automobile receivers, 
the radio receiving sets man- 
ufactured by the Automobile 
Radio Corp., of New York, 
h a v e be en incorporated as 
standard equipment on Dodge 
Brothers Senior Six models 
and on Dodge Brothers mo- 
tor coaches. More recently 
Walter Chrysler announced 

Interior view of the tuning unit of a Transitone auto- 
mobile radio receiver. 
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that the dosed models of the Chrysler 
"70" and "77" lines were being wired 
for the installation of radio receiving sets 
at the owner's option. Mr. Chrysler's 
statement said in part: 

"After exhaustive tests on the road and 
in the laboratory by engineers of the 
Chrysler Corp., the Transitone radio was 
found to provide perfect reception under 
all conditions imposed by motor car in- 
stallation. Its inclusion as an engineered 
unit in Chrysler cars was immediately 
directed." 

The Transitone is a six -tube set built 
integral with the car so that only the tun- 
ing dial and switch are visible on the in- 
strument board. The antenna is concealed 
in the top of the body, the lead -in wire 
running through the right windshield post. 
The entire set is composed of four units; 
loud speaker, receiver, audio-frequency 
amplifier, and batteries. These, with the 
exception of the batteries, are enclosed 
in metal boxes, held in place by heavy steel 
brackets under the cowl. 

Type of Circuit Used 
The receiver has three stages of tuned - 

radio-frequency amplification, a detector, 
and two stages of transformer- coupled 
audio - frequency amplification. Three 201A- 
type tubes are used in the radio-frequency 
sockets; one 112A -type tube in the detector 
socket; one 201A -type tube in the first 

The complete chassis of the Bosch automobile radio. 

and an automatic volume control, so that 
the driver does not have to readjust his 
volume control each time he passes behind 
a steel building or under overhead wires. 
A volume control knob is provided to allow 
the driver to set the volume to the desired 
level where the automatic control holds it 
as long as the station signal strength does 
not become too weak. 

The set uses two stages of screen -grid 
radio-frequency amplification, a power de- 
tector, and two stages of resistance- coupled 

Chassis view of the Delco -Remy automobile radio. 

audio-frequency socket, and one 112A -type 
tube in the last a.f., or power stage. These 
sockets are cushioned to prevent the trans- 
mission of road shocks, and, under normal 
driving conditions, the tubes are said to 
last virtually the same length of time as 
those in a regular set. 

To facilitate installation of Transitone 
equipment at the time of sale, a number of 
leading motor car manufacturers are build- 
ing antennas in the roof of their 1930 
models at the factory and in other ways 
specifically designing their products to 
accommodate radio receivers. Among 
these are: Chrysler Models 70 and 
77, Desoto, Franklin, Gardner, Hupmo- 
bile 8's, Jordan Airway Models, Moon, 
Packard, Peerless 8 Series 3, and Pierce- 
Arrow. Arrangements have also been 
concluded whereby the Willard Storage 
Battery Company's nationwide system of 
service stations will sell, install, and service 
Transitone receivers. 

The receiving set for automobiles intro- 
duced by the Delco -Remy Corp., of 
Anderson, Ind., and being used in Cadillac 
and La Salle cars is now being manufac- 
tured by the recently organized General 
Motors Radio Corp., of Dayton, Ohio, 
which also manufactures the Day -Fan 
radio receiving sets for home use. The en- 
tire manufacturing and engineering work 
has been transferred from Anderson to 
Dayton. 

Automatic Volume Control 
Ease of control is essential because the 

driver does not have time to adjust several 
dials and controls while he is driving. The 
Delco -Remy set has a single dial control 

audio-frequency amplification. Three var- 
iometers are mounted in line on the same 
shaft to tune the radio-frequency stages. 

The set is mounted between the instru- 
ment board and dash to the left of the 
middle of the car and is out of sight. The 
tuning dial is connected to the set through 
a flexible shaft similar to a speedometer 
drive cable, to prevent any disturbance to 
the tuning adjustments, which might be 
caused by a slight weaving of the car. A 
gear reduction is used at each end of this 
flexible shaft, in order to give a vernier 
action on the dial as well as to reduce the 
effect of twisting the flexible shaft. The set 
is connected by flexible leads to a terminal 
box on the loud speaker. 

The antenna consists of five parallel 

wires strung lengthwise between the outer 
covering of the car top and the upholster- 
ing inside the top. The lead -in wire con- 
necting the antenna to the set is covered 
with a copper braid to prevent it picking 
up spark noise. 

The Bosch Motor Car Set 
The American Bosch Magneto Corpor- 

ation announced and displayed the Bosch 
Motor Car Radio for the first time during 
the New York Automobile Show. The re- 
ceiver utilizes screen -grid tubes and is 
thoroughly shielded from outside inter- 
ferences and from the electrical system of 
the automobile. The receiver and the cone - 
type electromagnetic loud speaker are 
contained in one small compact unit which 
is mounted out of sight on the dash, behind 
the instrument panel. A solid shaft oper- 
ates the receiver from the tuning control 
unit which can be mounted in any con- 
venient position on the dash. 

This control unit, no larger than a man's 
hand, contains a key switch to prevent 
unauthorized operation in the absence of 
the owner. One knob controls the tuning 
and the other controls volume. The station 
selector dial is electrically lighted and tun- 
ing is made easier through the use of the 
Bosch "Line -O- Lite" dial. 

The receiver operates from the storage 
battery of the car and from dry -cell bat- 
teries which are carried in a weather -proof 
steel container mounted underneath the 
car. No mutilation of the dash, top, or up- 
holstery is necessary in the installation of 
Bosch Motor Car Radio. The antenna is 
not located in the roof of the car but con- 
sists instead of a metal plate fastened 
under the car. 

The list price of Bosch Motor Car Radio, 
complete in every way with tubes, B bat- 
teries, shielded wiring, etc., including in- 
stallation, will be $140.00. All Bosch dis- 
tributors and some automotive distribu- 
tors will handle the receiver. 

Transitone automobile radio, model RN109, in the position in which it 
is installed beneath the cowl. 
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Reviewing the Commission's Reign 

Too Much Politics in Radio Licensing 

The Jellyfish Commission 

The Federal Radio Commission, after a reign of nearly 
three years over broadcast allocation, stands nervously 
before the bar of public opinion. Its only notable action in 
three years of broadcast regulation was the adoption of 
General Order 40 and the allocation accompanying it. This 
action was preceded by a year and a half of purposeless 
bungling and alibis. 
Only the passage of 
the Davis Amend- 
ment forced the 
Commission from its 
initial policy of dilly - 
dallying and com- 
promise, almost un- 
influenced by the 
demands of the listening public. Many acceptable reasons may 
be advanced to account for the delay in adopting a general 
plan of allocation, but the principal and only important one 
was lack of courage to face the issues involved. Improvement, 
of course, was effected before General Order 40 but, so chaotic 
were conditions when the Commission started work, that a 
committee of high school seniors could have brought about 
improvement. 

From the moment of its inception, the Commission was 
aided by sound engineering advice. Within 30 days of its 
formation, it had in its hands a complete allocation plan based 
on thoroughly demonstrated engineering principles. Had it 
acted promptly, the Commission, aided by the backing of 
public opinion and, if required, additional power of confisca- 
tion through legislative action, could then have accomplished 
a wholesale reduction in the number of stations. During the 
first few days of its operations, the owner of every pirating 
broadcasting station expected hourly announcement of the 
cancellation of his license. But the Commission feared to test 
its powers. It sought to do "gradually" what could be done 
only on a wholesale basis. 

Station managements soon discovered the temper of the 
Commission. It has been yielding to individual pleas ever 
since, each a further narrowing of service to a specially 
favored area. 

The most important action, as we have stated, taken by 
the Commission in its long history, was the adoption of Gen - 
eral'Order 40. But it has failed to stand behind this order with 
the vigor necessary to insure its success. The value of the 
regional channels has been almost nullified by power increases 
and excessive loading so that they are to -day little better 
than local channels. The invaluable cleared channels, on 
the other hand, have been occupied very largely by stations 
of such small power that they should be on regional chan- 
nels. The few really powerful stations on cleared channels 
have abundantly proved that their assignment represents the 
most efficient possible allocation. But allocation to cleared - 
channel operation lias not been considered an obligation to 
render a rural service. Instead, the wide -spread use of cleared 
channels for regional service only bas been construed as evi- 
dence that cleared channels are unnecessary. 

; ' 'r,:$40. r 
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Yieldings to political pressure in behalf of particular sta- 
tions have become more and more difficult as conditions have 
become more and more crowded. It has been inevitable, 
therefore, in absence of firm resistance to compromise of 
engineering principles, that the standards set up in General 
Order 40 should be gradually lowered. Regional assignments 
are supposed to give the stations allocated to them the op- 
portunity to serve the audiences within their high -grade and 
regional service areas an interference -free signal. There were 
to be no more than 125 regional stations operating simul- 
taneously, but the number has been progressively and sub- 
stantially increased. The power assigned to regional stations 
has, in many instances, been increased beyond the point that 
permits other stations on the same channel to serve their in- 
tended range. For example, wizu, worthy of a cleared as- 
signment, if one is available, finds itself operating in the face 
of WFLA -wsUN, Florida, which pumps a strong signal into its 
territory, while man, in Maine, on the same channel, has had 
a power increase to 500 watts. WJAY, in Ohio, in response to 
vigorous protest, has recently been shifted to another chan- 
nel, but now Philadelphia stations are being interfered with 
by that station. Its new assignment has effectively converted 
the 610 -kilocycle Philadelphia channel from a regional to a 
local one. 

The requirement that 50- kilocycle separation be main- 
tained among stations within the same area now appears 
slated for abandonment. This essential principle should be 
rigidly supported, not only to avoid cross -talk trouble on aver- 
age receivers but also to prevent undue concentration of sta- 
tions in populous areas. In spite of the clutter of stations operat- 
ing simultaneously in the New York area, wcss, apparently 

through political influence, 
has secured a so -called "ex- 
perimental" license for 600 
kc., only 30 kilocycles from 
WMCA and wrryc. It is au- 
thorized to use 250 watts at 

_ night in total disregard of 
ME ' wCAO, in Baltimore, less than 

170 miles away, attempting 
to serve that area with Columbia programs. 

Perhaps the most reprehensible feature of such jellyfish 
yielding fo political importunities is the fact that most of these 
arbitrary licenses are secretly granted. Stations which suffer 
from these disastrous assignments are not notified in advance 
nor are they given opportunity to present formal evidence 
showing the effect of such assignments. All one must do, ap- 
parently, is gather unto himself a couple of Congressmen, 
visit the most weak -kneed commissioner available, make a 
few grand statements about service to the public, and some 
way, regardless of the general good of the listener, will be 
found to accommodate the pleading station. Without the 
political support, however, pleading is of little avail for 
the very practical reason that the ether is hopelessly over- 
crowded. 

With increasing frequency, the Federal Radio Commis- 
sion is making adjustments and reassignments without 
notifying affected stations or giving them opportunity to 
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OT RADIO 
The R.C.A. on the Griddle at Washington 

Has the R.C.A. a Monopoly of Radio Patents? 

have their protests heard in advance of such assignments. The 
unfortunate wording of the Radio Act makes it practically 
impossible for stations adversely affected by such political 
panderings to bring their cases before the Court of Appeals 
because that privilege is accorded only to those who initiate 
an application which is denied by the Commission. Most of 
the peculiar assignments are made without hearing and the 
listening public, as nearly as it can be represented by stations 
imposed upon, has no opportunity to make itself heard or to 
secure review of unwise and arbitrary decisions of the Com- 
mission. 

We should not be too ready to put all the blame on the 
present Commissioners. The greatest blame should be attached 
to those who formed the original Commission. They had the 
whole situation in their hands with full support and con- 
fidence of public and politician alike. But, with crass dis- 
regard of the listening public, they adopted the attitude of 
the broadcast station owner and spent much of their time in 
discussing his property rights. But the present Commission 
must take the full blame for permitting the progressive de- 
vitalization of the benefits conferred by the adoption of Gen- 
eral Order 40 and for its extraordinary failure in grasping, or 
rather selling, through public education, the merits of alloca- 
tion based on engineering principles. 

"A Patent Pool for Public Service" 
The hearings before the Senate Interstate Commerce Com- 

mittee for the purpose of guiding the destinies of the Couzens 
Bill have not been particularly helpful to the prestige of the 
Radio Corporation of America. In fact, every interest not 
directly affiliated with the RCA in one way or another has 
taken the opportunity 
to issue some withering 
blasts. Newcomb Carl- 
ton of the Western Union 
told the Senators that 
the British cable -radio 
threat claim is "one of 
the most fantastic bogies 
that has ever been 
dressed up." He pointed out that the message business 
across the Atlantic during the past nine months, consisting 
of 51,100 messages daily, was divided as follows: West- 
ern Union 44 per cent.; Commercial I. T. & T. 29 per 
cent.; French cable 7 per cent.; merger cables 2.9 per 
cent.; merger beam radio 1.8 per cent.; RCA with the 
British merger 3.5 per cent.; and RCA with all other Euro- 
pean countries except Great Britain, 10.2 per cent. In other 
words, this allegedly all- consuming merger does less than 5 

per cent. of the total business and shares but 3.5 per cent. 
with RCA. 

Joseph Pierson, president of Press Wireless, Inc., before 
the same committee, described his difficulties in procuring ap- 
paratus from the RCA to operate on the channels assigned the 
newspaper group by the Federal Radio Commission. The 
newspaper men were asked to pay the base cost of the appara- 
tus charged by the General Electric Company to the Radio 
Corporation, plus a 45 per cent. profit to the RCA, plus 5 

1 

per cent. royalty on gross message busincss, plus a surrender 
without any charge to the RCA of all patents held by Press 
Wireless, plus the requirement that Press Wireless must 
charge its clients with a view to earning a profit and not as a 
mutual company, plus a prohibition against using the facili- 
ties for anything else but telegraph code work and specifically 
not for transmission or reception of facsimile pictures and the 
like. For a benevolent monopoly (if we interpret the high - 

sounding phrases of Messrs. 
°u a Young and Harbord cor- 

rectly) the RCA is exceed- 
ingly jealous of prospective 
competition. 

B. J. Grigsby, president 
of the Gr i g s b y- Grunow 

weiwol Company, revealed that 
his company has paid 

$5,302,879.15 in royalties in a year and a half to the Radio 
Corporation of America for patents which he does not 
consider worth this amount of royalty. "But the radio 
combine has so terrorized the industry and so intimi- 
dated the jobbers and dealers everywhere that they 
were afraid to handle what they called `unlicensed' sets. 
Our bankers said they would not finance us unless we 
took out a license." . . . "When the Radio Corporation 
fixed this royalty of seven and a half per cent., it did so on the 
pretext that it had a complete monopoly of the radio patent 
situation and that its patents covered every part of the radio 
receiving set. This is untrue. We are now paying royalties 
to three other patent owners and are being sued by five ad- 
ditional companies for infringement of seven patents. In no 

case has the Radio Corporation protected 
us against these patentees or helped us in 
the suits which have been filed against us." 

Mr. Grigsby, like Mr. Pierson, has be- 
come impatient with the patent pool 
"formed at the urgent request of high Gov- 
ernment officials." One of the unfortunate 
features about the RCA license situation 
is the fact that their royalty rate is such 

a burden upon manufacturers that independent inventors 
have had the greatest difficulty in securing recognition. 
The RCA, on the other hand, collects huge royalties on 
patents, many of which have not been adjudicated. 

The industry has paid a toll of tens of millions for patent 
rights to the RCA group. The companies from which the 
RCA has procured its patent structure have spent substan- 
tial sums for research which have been handsomely returned 
in commercial and manufacturing advantages and, what is 
more unusual, have also yielded immense royalty returns 
although only a very minor proportion of these patents have 
withstood the test of the courts. If radio had not been such 
a bonanza at the start, its executives would not have been 
so ready to pay royalties on unadjudicated patents and 
would have driven a much harder bargain. Under these con- 
ditions, many an independent patent, now out in the cold, 
would now be receiving the recognition intended by the 
protection of the patent law. -E. H. F. 
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Walter Danirosch and the National Orchestra. 

VOLUME CONTROL IN BROADCASTING 
Factors Which Limit Range of Volume that Can be 
Handled by Broadcast Circuits. Effect of Cross -Talk 
and Repeater Overloading, Frequency Characteristic of 
Tie - Lines, Limitations Imposed by the Receiver, etc. 

All mechanical and electrical devices 
have their limitations as man has not yet 
constructed a machine or a piece of appara- 
tus that is known to be able to operate at 
100 per cent. efficiency under all condi- 
tions. 

In broadcasting less than ten years 
have been required to develop the present 
equipment, and the progress which has 
been made in this direction may be classed 
as remarkable. The reception enjoyed by 
radio listeners to -day is in marked con- 
trast to the early days when it was thrill- 
ing to receive any signal at 
all, whatever might be its 
quality. 

Nevertheless, we have not 
yet reached the point of say- 
ing, "Well, that's about as 
good as we can do." Every 
day we are working, experi- 
menting, discovering, and re- 
fining. And each step we take 
leads to another step. It is 
probable that the progress has 
been so gradual that each 
succeeding stride has not been 
generally recognized by the 
average listener. 

Pioneers among radio lis- 
teners will undoubtedly recall 
man yof the undesirable noises 
that marked early broadcast- 
ing. There was, for instance, 
a raucous vibrating rattle 
when volume increased be- 
yond a certain point, and it 
could not be eliminated by 
adjustment of the radio re- 
ceiver. This was the result of 
faulty production, transmis- 
sion, or volume control in the 
studio. To -day we have little 
of this trouble from properly 
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By O. B. HANSON 
Manager Plant Operation and Engineering 

Dept., National Broadcasting Co. 

constructed and operated equipment, but 
our improvement has required years of 
study. 

We have learned something of the rela- 
tion of volume control to other factors, 
such as size of the broadcast studios and 
their acoustic properties, "balance" of 
producing units such as orchestras, 

volume range of primary amplifiers, etc. 
We have learned many of the limitations 
of the radio transmitter itself, and of the 
receiving sets in use. 

In our study of volume control, we have 
found important limitations imposed by 
the avenues over which the signal trans- 
mitted reaches the radio receiver -the 
ether itself and the wire over which the 
sound must be sent. 

There has been established a scale of 
energy level in order that the limitations 
in these various stages may be compared 

with volume variations of 
program material being trans- 
mitted. The unit of measure- 
ment of electrical energy in 
audio -frequency circuits is the 
transmission unit, which has 
recently been christened the 
" decibel." And the basis to 
which all levels are compared 
is known as "zero level." 
Originally, zero level was es- 
tablished by the telephone 
companies in the early days 
of the telephone. It was the 
level of the average electrical 
energy deve'_oped by the aver- 
age speaker talking into the 
ordinary telephone carbon 
transmitter. This energy level 
in standard electrical terms 
is approximately twelve milli - 
watts. In broadcasting circles, 
when engineers speak of "zero 
level" they usually refer to 
the maximum peaks which 
are their most serious con- 
sideration. These maximum 
peaks in most cases do not 
exceed twelve and one half 
Inil liwatts. 

The instrument used to 
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measure energy level in broadcast equip- 
ment is known as the volume indicator, 
which in reality is a vacuum -tube volt - 
meter. The scale of the instrument runs 
from 0 to 60, 30 in the center of the scale 
being the calibrating point to represent the 
peak level. This is chosen, of course, to 
permit the needle to swing freely past this 
point without hitting the back stop. 

There are two major sources which im- 
pose limitations on volume variation - 
the wire lines and the ether. Under the 
present conditions of broadcasting, with 
only a limited amount of power permitted, 
the ether cannot be depended on as a 
certain medium beyond rather definite 
limits. Therefore, in nationwide distribu- 
tion of programs, it becomes necessary to 
use wires. 

Wire Lines in Broadcasting 
Telephone lines in the United States 

are designed primarily for the transmission 
of speech from city to city. When these 
existing lines were built there was no 
thought of transmitting music 
as it is done to -day. The lines 
were designed for the trans- 
mission of voice only and the 
quality of the speech was not 
so important as the intelligi- 
bility. It is this transmission 
system which is used to -day 
for the transmission of music, 
and music im poses more 
stringent requirements for its 
transmission than does intel- 
ligible speech. 

To obtain intelligible speech 
it is only necessary to trans- 
mit frequencies between 250 
cycles and 2500 cycles, where-. 
as to obtain satisfactory 
transmission of music it is 
necessary to transmit fre- 
quencies of from 100 to 5000 
cycles. 

To change a telephone 
system over to meet these 
requirements requires con- 
siderable engineering and is 
after all somewhat unsatis- 
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factory. More repeaters must be intro- 
duced, and these amplifiers must have 
better frequency characteristics than 
those required in the transmission of or- 
dinary speech. 

Musk, unlike telephone conversation, 
varies considerably in its volume. We have 
the range from triple pianissimos to triple 
fortes. This variation, when expressed in 
transmission units, is approximately 60 
decibels in the case of a symphony or- 
chestra. The average long telephone circuit 
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is not capable of satisfactorily handling 
such a variation in volume. There is a 
limitation placed on the maximum energy 
level which can be transmitted over tele- 
phone lines. The maximum safe level is 
something of the order of plus six decibels 
and this is imposed primarily by the cross- 
talk factor. 

Cross -Talk Problems 
Hundreds of telephone circuits run 

parallel to each other for many hundreds 
of miles, and even though these wires are 
carefully insulated from one another, and 
transposed in an attempt to reduce the 
cross -talk effect, the electrical energy 
being transmitted on one pair will induce 
small currents to flow in adjacent wires. 
Everything has been done, of course, to 
reduce this effect to its economic mini- 
mum. The higher the frequency the greater 
is the possibility of this phenomenon. 

The greater the energy in one 
circuit, the more cross -talk to 

The monitor while seated in front of his controls may view 
activities in the studio through a sound -proof glass win- 
dow but he listens to the program from a loud speaker. 

another circuit, and experi- 
ence has indicated the maxi- 
mum permissible level on a 
telephone circuit to be plus 
six decibels. This, therefore, 
is our limitation on the out- 
put. 

This means that our triple 
fortes must not be trans- 
mitted to the line at a greater 
level than plus six decibels. 
We also have our limitation 
at the bottom of the volume 
range. The telephone circuit 
running for miles adjacent ta 
another circuit carrying a 
program will receive from 
that circuit by induction a 
certain energy level of cross- 
talk. If an amplifier with con- 
siderable gain is connected to 
the end of the dead circuit, 
cross -talk can be amplified to 
a point where it is clearly 

(Continued on page 292) 

A glimpse of tile monitor in front of his controls from a studio at WEAF. 
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Some Developments in 
IIIGH- REQUENCY MEASURING EQUIPMENT 
By H. D. OAKLEY 
General Electric Company 

During the past few years there have 
heen developed systems of telemetering, 
remote control of apparatus, wire and wire- 
less carrier communication, etc. As these 
systems come more and more into use 
their complexity increases and the condi- 
tions which the apparatus of a system 
must satisfy hecome more exacting. And 
so it becomes necessary to supplement 
the design of such apparatus with meas- 
urements made on the apparatus itself, 
not only for the purpose of improving its 
design but also to determine its perform- 
ance characteristics before being put into 
service. 

The systems mentioned make use of 
modulated high- frequency current. There- 
fore, in order to make measurements on 
apparatus huilt for these systems there 
must he availahle equipment with which 
it is possible to generate and control mod- 
ulated high -frequency current and to fix 
the characteristics of this current so that 
they meet the needs of the apparatus upon 
which measurements are to he made. 

There has heen developed in the Gen- 
eral Engineering Lahoratory of the Gen- 
eral Electric Company equipment -sig- 
nal generators, a.f. oscillators, etc. -to 
provide facilities for this class of meas- 
urements. This article, and those that are 
to follow, will describe this equipment 
and show its main electrical and operat- 
ing features. Although the particular ap- 
paratus which is the suhject of this article 
venerates currents whose frequencies lie 
m the broadcast band and modulates 
them with frequencies in the audio -fre- 
quency hand, still its design is adaptahle 
to other ranges of high frequencies and 
modulating frequencies. This article de- 
scribes the signal generator equipment. 

The Signal Generator 
An inspection of the two pictures on 

this page of the signal generator will 
information one with nformation concerning 

its appearance, construction, and arrange- 
ment. The signal generator generates a 
current of a particular high frequency, 

The signal generator apparatus 
described in this article was devel- 
oped in the laboratories of the Gen- 
eral Electric Company. The second 
article of this series will describe the 
audio frequency voltmeter circuits 
used. These have a range of from 
about 0.2 volt up to 200 volts. The 
third installment will describe a volt- 
age attenuator system using mutual 
inductors. 

Additional information on these 
instruments can be obtained from 
the Engineering Products Division 
of the RCA - Victor Corporation of 
America through whom the appara- 
tus is available. 

-THE EDITOR. 

modulates it, amplifies it, and delivers it 
to the output terminals. The signal gen- 
erator must in addition indicate the ah- 
solute value of the frequency of the cur- 
rent it is generating and the degree to 
which it is modulated. 

The circuits and units of the signal gen- 
erator have heen arranged in six groups, 
and as far as practicable each group has 
been restricted to the performance of a 
single function. There are thus six panels 
and any one of these may be removed for in- 
spection or adjustment without disturbing 
the other groups. This panel type of con- 
struction also provides the additional ad- 
vantage of making it possihle to change 
units to meet special conditions; for in- 
stance, the high -frequency oscillator panel 
can be removed and replaced hy another, 
enabling the signal generator to cover 
another hand of high frequencies. 

The circuit of the r.f. oscillator (Fig. 1) 
is of the tuned -grid, self -biasing type. 
The plates of the 
variable conden- 
ser are shaped 

so that the frequency of the oscil- 
lator changes in proportion to the angle 
through which the condenser is turned. 
The scale is marked directly in kilocycles 
(500 -1500) and an additional scale permits 
reading frequency differences down to 200 
cycles. In parallel with the main tuning 
condenser is a small vernier condenser. 
This vernier makes it possible to set the 
frequency of the oscillator so that it 
agrees with the frequency value marked 
on the scale. The tuned circuit of the 
oscillator is inductively coupled to the 
grid of the modulator tube. 

The Modulator 
The high -frequency voltage supplied to 

the grid of the modulator bTthe oscillator 
is of constant amplitude. This constant 
voltage or current is of relatively little 
use in the systems we are considering. 
It is necessary to arrange the system so 
that this r.f. voltage can be modulated. 
There may he required, for instance, a 
500 -kc. voltage modulated with 500 cycles. 
This means that there is required a voltage 
whose frequency is 500 kilocycles, but the 
amplitudes of successive cycles instead 
of heing the same value rise and fall ahout 
some mean value and go through this 
series of values 500 times a second. 

The modulator is a device which when 
supplied with a high - and a low- frequency 
voltage combines them in such a manner 
that in its output circuit appears the high - 
frequency voltage modulated hy the low. 
In the signal generator a screen -grid tuhe 
is associated with the proper voltages and 
circuits to make it act as a modulator. 
The process of modulation in this case is 
briefly this: The control grid of the tuhe 
is supplied by the oscillator with a high - 
frequency voltage of constant amplitude. 
So long as the screen -grid voltage is held 
at some constant value there appears in 
the output of the modulator a high-fre- 
quency, constant- amplitude voltage. Now 

Two views of the signal- generator equipment 
developed in the laboratories of the General 

Electric Company. 
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PART I 
A Description of General Electric Signal 
Generator Equipment. This Installment 
Deals with the Design of an Oscillator, 
Modulator, and Indicator of Depth of 
Modulation. Subsequent Articles on As- 

sociated A.F. Voltmeter and Attenuator. 

if the screen -grid voltage be raised and 
lowered about its original value, the 
amplitude of the high- frequency voltage in 
the modulator output will also rise and fall, 
and thus there will be generated a modu- 
lated high- frequency voltage. Therefore, to 
effect modulation it is merely necessary to 
supply the screen grid with the proper mod- 
ulating voltage. This may come from a 
microphone, a magnetic pick -up unit and 
phonograph records, or some sort of audio- 
frequency oscillator. One of the pictures 
shows a type of audio-frequency oscillator 
which has been used in some installations 
for supplying the modulating voltage. 
This oscillator will generate a voltage of 
any frequency within the range of from 
30 to 10,000 cycles, and the frequency of 
the voltage generated can be read directly 
from a scale. The wave shape throughout 
the entire range is usually good. The out- 
put voltage of the modulator excites the 
grid of a one -tube, resistance -coupled am- 
plifier. This amplifier simply increases the 
voltage to a value sufficiently large to 
control the grids of the output tubes. 

The Output Circuit 
The output circuit consists of a single 

tuned circuit and milliammeter. The cir- 
cuit is designed to be used with low - 
impedance apparatus connected to its 
output terminals. The meter indicates 
the amount of current flowing in the cir- 
cuit. Variable mutual inductance coupling 
exists between the output circuit and the 
modulation meter. The coupling between 
the output circuit and out- 
put tubes is inductive and 
quite loose. The output . 
tubes are connected in 
parallel and the inductance 
in their plate circuit is large 
enough to make them oper- 
ate as a linear amplifier un-. 
der all possible conditions 
of the output circuit. 

In making measure- 
ments with modulated volt- 
ages it is not only necessary 
that this voltage be gen- 
erated but also the degree 
to which it is modulated 
must be known. The de- 
gree of modulation is usu- 
ally expressed in terms of 
percentage. For example, if 
the amplitude of a modu- 
lated voltage rises to 110 
per cent. and falls to 90 
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Fig. 1- Schematic diagram of the signal generator. 

Parts Used in Generator 
HIGH- FREQUENCY OSCILLATOR 

1. Grid condenser, 0.00025 mfd. 
2. Grid leak, 100,000 ohms 
3. Frequency correcting condenser, 15 mmfd. max- 

imum 
4. Main tuning condenser, 0.0006 mfd. maximum 
5. Oscillator inductance, 150 µh. (approximately) 
6. Coupling coil, 4µh. 
7. Plate by -pass condenser, 0.005 mfd. 
8. Plate choke, 60 mh 
9. Plate resistor, 12,000 ohms 

MODULATION METER 

10. D.C. plate meter scale, 0 -10 mA. 
11. A.C. plate meter scale, 0 -50% modulation 

(thermocouple heater 700 ohms resistance) 
12. Load resistor, 12,000 ohms 
13. Condenser, 4 mfd. 
14. Plate current limiting resistor, 50,000 ohms 
15. Choke, 60 mh. 
16. Battery, 22.5 volts 
17. Resistor, 100,000 ohms 

MODULATOR 

18. Coupling condenser, 0.00025 mfd. 
19. By -pass condenser, 0.1 mfd. 
20. By -pass condenser, 0.00025 mfd. 
21. Choke, 60 mh. 
22. Coupling condenser, 0.0005 mfd. 
23. Resistor, 5300 ohms 
24. Choke, 60 mh. 
25. Coupling condenser, 0.00025 mfd. 
26. Resistor, 12,000 ohms 
27. Resistor, 12,000 ohms 

OUTPUT CIRCUIT 

28. By -pass condenser 0.012 mfd. 
29. Primary coil, 900 µh. (approximately) 
30. Tuning condenser, 0.001 mfd. maximum 
31. Thermo -ammeter, 0 -350 mA. 
32. Output circuit coil, 60 nth. 
33. Modulation meter coupling coil, 100 µh. 

per cent. of its mean value the voltage 
is said to be modulated 10 per cent.; and 
again, if the values were 150 and 50 per 
cent., the degree of modulation would be 
50 per cent. The modulation meter is a 
device for determining the percentage of 
modulation of the current flowing in the 
output circuit of the signal generator. 

This meter consists of two main parts, 
a linear rectifier and an audio -frequency 
voltmeter. The rectifier is of a type that 
was devised and used by Dr. A. 'V. Hull 
and is strictly linear over its operating 
range. To understand the action of the 
modulation meter assume for the present 
that there is current of constant amplitude 
flowing in the output circuit of the signal 
generator. By induction this current pro- 
duces a constant -amplitude voltage in the 
grid circuit of the rectifier and this volt- 
age, in turn, causes a current to flow 
through that resistor which is common 
to the grid and plate circuits of the recti- 
fier. This is a direct and not an alternating 
current. The explanation is that although 
the voltage applied to the rectifier grid is 
alternating, and because of the rectifying 
action of the tube, one would expect that 
the current in the resistor would be pulsat- 
ing; yet it is not, because connected to the 
resistor is the grid circuit of another tube 
which acts as a condenser in shunt with the 
resistor. This condenser smooths out the 
current pulses giving rise to a flow of di- 
rect rather than pulsating current. The 
other tube just mentioned is the voltmeter 
tube of the modulation meter. 

An inspection of the cir- 
cuit diagram (Fig. 1) seems 
to show that no bias has 
been provided for the volt- 
meter tube but actually 
there is a bias resulting 
from the flow of the direct 
current through the re- 
sistor. It is evident that the 
value of this bias can be 
controlled by varying the 
voltage supplied to the grid 
of the rectifier. This can be 
effected either by varying 
the coupling to the output 
circuit of the signal gen- 
erator or by varying the 
current flowing in the out- 
put circuit. There then ex- 
ists means by which it is 
always possible to set the 
bias to a predetermined 
value provided there is cur- Rear view of the high frequency oscillator panel. 
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rent flowing in the output circuit. Should 
there be no current there would be no 
bias and ordinarily the plate current of 
the voltmeter tube would rise to an excess- 
ive value, but in this case the current is 
limited to a safe value by the resistor in 
the plate circuit. 

When a measurement of percentage 
modulation is to be made the operator ad- 
justs the coupling of the 
modulation meter until 
the needle of the d.c. 
meter (which is in the 
plate circuit of the volt- 
meter tube) rests on a 
predetermined scale divis - 
ion. After this operation 
has been performed the 
following conditions exist. 
The values of the volt- 
meter plate current, grid 
bias, and the high -fre- 
quency voltage across the 
grid of the rectifier have 
the same values as they 
did have at the time the 
modulation meter was cali- 
brated. Also the values of 
grid bias, plate current, 
and plate circuit resist- 
ance are such that the 
tube will operate as a 
linear audio-frequency 
amplifier. The external plate circuit is 
made up of two parallel branches. One 
consists of a d.c. milliammeter and a 
resistance; the other of a condenser, re- 
sistance, and the heater of a thermocouple. 
The first carries the d.c. plate current of 
the tube. Should there be set up in the 
grid circuit of this tube an audio -frequency 
voltage, there would appear in the plate 
circuit a corresponding alternating current, 
and nearly all of this current would flow 
through the second circuit rather than 
through the first. The magnitude of this 
current could be determined from the in- 
dication of the thermocouple microamme- 
ter. 

So far the following conditions have 
been assumed: A constant amplitude cur- 
rent in the output circuit, the coupling 
between this circuit and the modulation 
meter set so that a predetermined set of 
conditions exist, and the voltmeter tube 
operating as a linear audio -frequency 
amplifier. Let all the conditions remain 
unchanged except the first. Instead of a con- 
stant- amplitude current assume a modula- 
ted one. Now the conditions in the grid 
circuit of the voltmeter tube have changed. 
The grid -bias voltage is still the same but 
in addition there is an audio-frequency 
voltage whose frequency is the same as 
that which is modulating the output cur- 
rent. The magnitude of this voltage is 
dependent upon the degree of modulation 
of the output current; the higher the 
degree of modulation the greater the am- 
plitude of this voltage. Obviously there will 
be in the plate circuit an alternating cur- 
rent whose frequency is the same as the 
modulating frequency and whose ampli- 

tude is dependent upon the degree of 
modulation of the output current. There- 
fore, the indications of the thermocouple 
microammeter can be interpreted in terms 
of percentage of modulation of the signal - 
generator output current. There is one 
more requirement that the voltmeter 
must meet. Since the modulating fre- 
quency may have any value in the range 

potential of the filament generator is 7.5 
volts and that of the plate generator 450 
volts. The currents from both generators 
pass through filters which suppress the 
commutator ripple. The controls and in- 
dicators for the motor generator are on 
the power panel. There are a field rheostat 
and a voltmeter for each generator, a 
line switch for starting and stopping the 

motor, and a pilot lamp 
which, when lighted, in- 
dicates that the motor is 
connected to the line. 
There is another switch 
which in one position con- 
nects the filaments and 
plates of the signal- gener- 
ator tubes to the power 
supply and in the other 
position disconnects the 
tubes but still supplies 
power to any auxiliary ap- 
paratus which may be con- 
nected to the power panel. 
Behind the panel are lo- 
cated the motor line fuses 
and a safety switch. When 
the rear doors of the cabi- 
net are open the safety 
switch opens the field of 
the high -voltage genera- 
tor and so it is impossible 
to get at the signal gen- 

erator circuits while the bigb -voltage cir- 
cuits are alive. 

The distribution panel receives power 
from the power panel and distributes it to 
the four panels of the signal generator 
proper. In the distribution panel are a 
voltage- dividing resistor and by -pass con- 
densers, and the filament and high -voltage 
fuses. From the voltage divider are ob- 
tained the plate and the modulator screen - 
grid voltages. 

The audio -frequency oscillatorfor generating modulating voltage. 
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of from 30 to 10,000 cycles, the ratio be- 
tween the a.c. voltage across the grid of 
the tube and the alternating current flow- 
ing through the thermocouple must re- 
main unchanged throughout this range of 
frequencies; otherwise percentage modu- 
lation determinations will be in error. 

Table I 
Variations between the high- frequency 

oscillator scale readings and the generated 
frequencies are indicated in the figures 
below. 

Scale Reading 
Kilocycles 

Oscillator Frequency 
Kilocycles 

500 501.0 
600 611.6 
700 714.2 
800 812.4 
900 908.6 

1000 1004.2 
1100 1103.6 
1200 1202.0 
1300 1299.0 
1400 1393.5 
1500 1500.0 
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The Power Panel 
The filaments and plates of the tubes 

of the signal generator are supplied with 
power by a three -unit motor generator. 
The motor is a single -phase, 110 -volt, 
60 -cycle induction type. It possesses the 
desirable feature of running at constant 
speed over quite a range of line voltage 
fluctuations and so the generated d.c. 
voltages are remarkably free from varia- 
tions due to line -voltage fluctuations. The 
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Fig. 3- Modulation meter calibration curve. 
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Calibrations 
Three calibrations are required: the 

scale of the high- frequency oscillator, the 
modulation characteristic, and the mod- 
ulation meter scale. 

In calibrating the high -frequency os- 
cillator scale the dial is turned until the 
1500 - kilocycle mark appears. The fre- 
quency generated by the oscillator is 
beaten against the fifteenth harmonic of 
a 100 -kilocycle crystal oscillator. If there 
is a beat note the vernier condenser of the 
oscillator is adjusted until zero beat is 
obtained. The oscillator scale reading and 
frequency then agree. The dial is then set 
on 1400, 1300, 1200 kilocycles, and so on 
and at each setting a beat is obtained be- 
tween the oscillator frequency and the 
corresponding crystal harmonic frequency. 
The beat is brought to zero by turning the 
dial of the oscillator. The amount that the 
oscillator frequency differs from the scale 
readings can then be immediately deter- 
mined. For instance, suppose a zero beat 
is obtained between the tenth harmonic 
of the crystal and the oscillator and say 
the oscillator dial scale read 1002 kilocycles. 

(Continued on page 3001 
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Fig. 2- Modulation characteristic curve. 
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MAGNETIC 
CIRCUIT 
IDESICN 
By E. A. UEHLING 

Theory and Practical Design of Magnetic Circuits; Air - 

Gap Flux Density as a Function of the Length and Area 
of the Magnet; Factors Influencing the Choice of Mag- 
netic Material. 

Magnetic fields of high concentration 
are of importance in many instruments 
and machines in which energy of one form 
is converted into that of another form. 
Among the most important of such instru- 
ments in radio engineering is the electro- 
magnetic and the electrodynamic loud 
speaker. The magnetic fields in the air 
gaps of these instruments are spoken of 
as having a high concentration because 
the flux density in these fields is usually 
of the order of the magnetic saturation 
point of the highest flux -carrying- capacity 
material known. Such densities are in the 
neighborhood of 10,000 to 20,000 lines 
per square centimeter. Magnetic fields of 
this character are not always easily ob- 
tained, and when they are obtained it is 
not always with the greatest economy. It 
will be of great value to consider the 
properties of such circuits, and to discuss 
empirical formulas that greatly simplify 
the design of many types of magnetic 
structures. First of all we will consider 
magnetic circuits in their more general 
aspects. 

Analogous to Electricity 
Magnetic circuits are closely analogous 

to the more familiar electrical circuits, 
and many of the principles of electrical 
circuits can be used in the design of mag- 
netic structures. There are, however, many 
important differences, and it is these vari- 
ations in the behavior of electricity and of 
magnetism that is quite largely respon- 
sible for the surprising results that engi- 
neers sometimes have when testing a care- 
fully designed structure. Among the most 
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important of the differences in the proper- 
ties of electricity and of magnetism, and 
the properties which are responsible for 
the more or less general belief in the 
elusiveness of much of the subject of mag- 
netism are: (1) The static nature of mag- 
netism as compared with electricity; (2) 
The smaller differences in the permeabil- 
ity of various media which accounts for 
the difficulty of insulating magnetic flux 
and of causing it to flow in definite paths; 
and (3) The distributive nature of the 
motivating force; i.e., of the magneto- 
motive force. 

These conceptions will become evident 
as we proceed with the discussion of actual 
design formulas, and they need not be dis- 
cussed further. Much that we shall say 
regarding magnetic circuits can be at- 
tributed to electromagnetic and perma- 
nent- magnetic structures equally well, for 
there is essentially no difference in the two 
types of magnetism. 

The Fundamental Formula 
Corresponding to the Ohm's Law of 

electrical circuits there exists a relation- 
ship of a similar nature between the mag- 
neto- motive force of the circuit, the re- 
luctance, and the magnetic flux. The mag- 
neto- motive force is expressed in Gilberts, 
the unit of which is defined as the force re- 
quired to force one line of magnetic flux 
through a reluctance of one Oersted. The 
Oersted, which is the unit of reluctance, 
is defined as the reluctance to magnetic 
flux that is offered by a centimeter cube 
in air. The reluctance of an air -gap may 
then be expressed as the ratio of the air - 
gap length in centimeters to its area in 
square centimeters. If the magnetic struc- 
ture to be designed is of the electromag- 
netic type, the required magneto- motive 
force necessary in the electrical circuit 
will be given by the relation 

MMF = R4 
where the available magneto- motive force is 

MMF = 0.47rNI 
and, where R is the reluctance of the air -gap 
computed as already shown, and 4 is the 
total flux desired in the air -gap. Then 
R(I) Lcb LB 

NI = 0.41t 0.4irA = OA% 
L being the length of the path and B the flux 
density 

With this relation ends practically all 
that can be borrowed directly from our 
knowledge of the analogous electrical cir- 
cuit. From this point magnetic circuits 
must be designed as such, and our failure 
to do so is largely responsible for many 
strange results obtained in the laboratory. 

The distinct nature of magnetism be- 
comes more obvious when we consider 
that in the magnetic flux as such no en- 
ergy exists. A magneto -motive force may 
be required to hold an established condi- 
tion of magnetism, but once established no 
further energy is given to the magnetic cir- 
cuit. Energy is given, of course, to the elec- 
trical circuit, the coil of the electro- 
magnet by which the magnetic field is 
maintained, but all of this energy is dis- 
sipated in the form of heat in the winding 
itself. Once this conception becomes es- 
tablished much of the apparent difference 
between electromagnetic and permanent 
magnetic structures disappears. 

Permanent Magnetic Circuits 
For purpose of design it is of consider- 

able importance to consider magnetic cir- 
cuits that depend upon a permanent mag- 
net for the maintenance of the magnetic 
condition. Such circuits have a very great 
importance in nearly all of the various 
types of electromagnetic loud speakers. 
They have not yet become important in 
the electrodynamic loud speaker where an 
electromagnet is usually used to supply 
the required magneto -motive force. How- 
ever, many laboratory models of the elec- 
trodynamic loud speaker with permanent 
magnets have been made. Experiments 
of this nature have been in progress for 
some time, with what might seem to be 
encouraging results, in view of the rather 
difficult problem involved. Before dis- 
cussing this subject, however, it will be 
necessary to discuss the formulas relating 
the magnetic circuit with the flux that 
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can be obtained from a given permanent 
magnet. 

In designing magnetic circuits using a 
permanent magnet to supply the magneto- 
motive force, the reluctance in the per- 
manent magnet must be considered as 
well as that of the air -gap. This reluctance 
is, however, unknown, and the design 
formula desired should not contain re- 
luctance as a factor in the equation. 
Such a formula is easily developed. We 
will assume a well- designed magnetic cir- 
cuit of negligible leakage flux, and at- 
tempt to allow for leakage flux when it 
exists in another manner. We have the 
preliminary relation - 

MMF 
R 

where MMF is that part of the total 
magneto- motive force used to force the 
total flux through the air -gap, R is the 
reluctance of the air -gap alone, and is 
the total flux in the magnet and in the 
air -gap. If B is the flux density in the 
permanent magnet, and A' is the area 
of the magnet cross- section- 

MMF 
BA' R 

But R is equal to L /A, the length of the 
air -gap in centimeters divided by the 
area of the air -gap in square centimeters. 
Making this substitution, and dividing 
by L', the mean length of the permanent 
magnet in centimeters, and finally, repre- 
senting MMF /L' by MMF', the magneto- 
motive force of the permanent magnet in 
Gilberts per centimeter length available 
at the air -gap is- 

MMF' A'L 
B AL' 

The B -H Curve 
The left side of this equation requires 

interpretation before the equation can be 
used in a practical design problem. It can 
be interpreted in terms of the B -H curve 
of the material of the magnet, giving a very 
convenient and practical relationship be- 
tween quantities the values of which are 
easily ascertained. A typical B -H curve 
for tungsten steel is shown in Fig. 3. This 
portion of the entire B -H curve is all that 
is used when considering the properties 
of permanent magnets. The coercive force 
of the material of the permanent magnet 
multiplied by the length of the magnet 
represents the total magneto- motive force 
in the circuit. 

If no demagnetizing force exists in the 
magnetic circuit, the value of the flux 
density is given by the highest point of 
the curve of Fig. 3, which is the retentivity 
value. If demagnetizing force exists, as, 
for example, the demagnetizing force or 
counter magneto- motive force of an air - 
gap, the flux density in the magnet will be 
less than the retentivity value, and is 
determined when the value of the right - 
hand side of the above equation is deter- 
mined. We can consider this value of the 
flux density as the operating point, P 
and draw a line from it to the origin mak- 
ing an angle e with the vertical through 
the origin. Drawing another line through 
the operating point perpendicular to the 
line of coercivity we divide the coercivity 
per centimeter length of the magnet in 
two parts. The interval between this ver- 
tical line and the origin represents the 
magneto -motive force per unit length of 
the magnet used in overcoming all de- 
magnetizing forces in the circuit, as, for 
example, that of the air -gap, and that of 
the free poles of the magnet. The interval 
between the vertical line and the coerciv- 
aty value for the material represents the 
magneto-motive force per unit length used 
in overcoming the reluctance of the ma- 
terial of the magnet. Only the former value 
enters into the above design equation. It 
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is the term MMF' given in this equation, 
provided the magnet is long enough so 
that the demagnetizing effect of the poles 
of the magnet is negligible, which is usually 
the case. The other factor, B, of the left 
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Table I 
TABULATION OF DATA IN DESIGN OF A PERMANENT 

MAGNET* 
(Volume of magnet -357 cm3) 

Am Lm tane Bat Ba 
3.225 110.6 .001554 8300 26,800 7530 
4.031 88.5 .002193 8000 32,300 9075 
4.838 73.8 .003152 7600 36,800 10340 
5.645 63.3 .004285 7100 40,100 10940 
6.450 55.3 .005615 6500 41,900 11770 
7.256 49.2 .007095 5900 42,800 12030 
7.655 46.6 .007900 5600 42,850 12050 
8.062 44.3 .008765 5250 42,350 11900 
8.869 40.3 .010585 4600 40,800 11480 
9.675 36.9 .012620 4000 38,700 10870 

10.482 34.0 .014820 3600 37,700 10580 

*Chrome Steel Magnet 
Air -gap Dimensions -(3.56 cm .2 x. 172 cm.) 

side of the above equation is the ordinate 
to the operating point of the B -H curve. 
Then- 

and accordingly 

MMF' 
tan e B 

tan e AL' 
In other words, the product of the air - 

gap length and the area of the cross- section 
of the permanent magnet, divided by the 
product of the area of the air -gap and the 
length of the permanent magnet, is equal 
to the tangent of the angle between a line 
drawn from the origin to the operating 
point and the vertical through the origin. 
This is a very useful equation, and one 
that greatly simplifies the problem of de- 
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Air -Gap Determinations 
The nature of the air -gap is determined, 

of course, from other considerations. In 
the electrodynamic loud speaker, for ex- 
ample, it is determined by the size and 
type of voice coil used. Having the air -gap 
completely determined, two of the factors 
of the design equation are determined. A 
third factor, the area of the steel, may be 
given a definite convenient value as a 
preliminary trial in the calculations. This 
value of the area of the steel together with 
the value of the desired flux in the air -gap 
determines a fourth quantity in the 
equation, the tangent of the angle e, 
provided that the leakage flux is small. The 
fifth and last quantity of the equation, 
the required length of the magnet, is 
then determined. 

A permanent magnet satisfying all the 
requirements of the air -gap has then been 
determined, but the magnet may not and 
generally will not be the most economical 
possible. It is obvious that for a given air - 
gap, an optimum ratio of the area of the 
magnet steel to the magnet length exists, 
for an increase in this ratio without limit 
would only increase tan O without limit, 
and reduce the flux density in the steel 
to a negligible value. Consequently the 
area of the magnet cross -section is not 
completely arbitrary, and should not be 
given any one of the many possible con- 
venient values. 

The Complete Determination 
A convenient method of making the 

complete determination and the one used 
by the author for some time is as follows: 
Determine from considerations of cost and 
the reasonable limits of weight and size 
the total volume of steel to be used in the 
magnet. Then tabulate for successive 
values of magnet cross -section the corres- 
ponding values of magnet length, and con - 
tinue this tabulation using the design equa- 
tion given above to include corresponding 
values for tan e, the flux density in the 
magnet, the total flux, and finally, the 
flux density in the air -gap. The length and 
cross -section corresponding to the maxi- 
mum flux density in the air -gap is that of 
the most economical magnet. A typical 
tabulation of this kind is shown in Table 
I and as a curve in Fig. 1. If the maximum 
value of the flux density in the air -gap 
found in this way is larger than required, 
a smaller value for the volume of steel in 
the magnet should be chosen, and all the 
values retabulated. If this value of flux 
density is less than that required a greater 
volume of steel will have to be used. 

The reluctance of the soft iron parts in 
the circuit may not always be neglected. 
Another reluctance that is often of impor- 
tance is that of the partially saturated 
soft iron parts in the neighborhood of the 
air -gap. These reltictances may be taken 
into account by assigning to them an 
equivalent air -gap length, determined 
from the dimensions of the soft iron parts 
and the estimated permeability at the 
flux density at which these parts will be 
used. 

Magnetic Materials 
The three principal materials of which 

permanent magnets are made are chro- 
mium magnet steel, tungsten steel, and co- 
balt steel. The latter can be obtained in 
several different percentages of cobalt al- 
loyed with chromium, and in castings or 
forgings, each type having magnetic prop- 
erties different than the others. The B -H 
curves for each of these materials are 
necessary to facilitate any determination 
of the best possible magnet to satisfy a 

(Continued on page 282) 
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Probably the most easily constructed 
form of sensitive galvanometer is that 
in which the magnet is suspended by 
a fiber removed from a silk thread. A 
rather long pointer of very fine wire is 
attached to the magnet and at right 
angles to it. The coil is in two sections, 
as shown in Fig. 1, to provide space for 

Fig. 1 

the suspension fiber. Another form of 
makeshift galvanometer may be con- 
trived by using a high- resistance coil, 
such as one half of the secondary wind- 
ing of a Ford spark coil, and suspend- 
ing the magnet therein by means of a 
fine wire yoke, as shown in Fig. 2. 
In either case, the whole must be in- 
closed in a glass container, such as a 
Mason fruit jar or lamp chimney. 

Such galvanometers are not satis- 
factory for radio work as they are dis- 
turbed by the slightest jar, and when 
used, considerable time must elapse 
before the needle comes to rest. For 
general purposes, therefore, it is more 
practicable to support the magnet on 
a pivot, as in a pocket compass. 

A Practical Instrument 

A satisfactory magnet may be con- 
structed from two pieces of bicycle 
spoke three fourths of an inch long, 
which have been heated to a bright 
red and plunged into water. Across the 
center of these a small brass block is 
neatly soldered, as indicated in Fig. 3. 
Take the end of a sixteenth -inch drill 
and make a small center punch with 
a sixty- degree point. With this, the 
bearing may be formed in the brass 
block. The depression should be about 
-A" deep, in order to prevent the mag- 
net from being jarred off the pivot. The 
magnet is now placed on the point of 
a sewing needle and carefully balanced, 
by grinding off the heavier end. 

The pointer should he of very fine 
wire, No. 40 nichrome, preferably, as 

Fig. 2 
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it is quite stiff. Care must also be 
taken to have it quite straight, after 
which it is soldered to the brass block 
with the merest speck of solder, ap- 
plied by using the end of a piece of 
tinned copper wire as a soldering iron. 

The supporting pivot is soldered to 
a piece of No. 30 soft sheet brass, 
shaped as shown in Fig. 4. This form 
readily permits of adjusting the plate 
so that it may be snugly pushed into 
the inside of the bobbin on which the 
coil is wound. The sewing needle to be 
used as a pivot should be let down into 
a block of wood, with the end project- 
ing just enough to permit the magnet 
to swing clear with a safe amount of 
space above the small brass block. 
This clearance on top need not be more 
than about a hundredth of an inch, 
otherwise the magnet might slip off the 
pivot if the instrument were turned 
upside down. After soldering, the lower 
portion of the sewing needle is to be 
cut off and ground flush with the bot- 
tom of the brass plate. Two brass pins 
are now to be soldered, heads down, to 
the plate to limit the swing of the needle 
to 90 °. Without these, any excess of 
current would cause a violent deflec- 
tion, throwing the delicate indicating 

Fig. 5 

pointer against the coil and probably 
bending it. 

Mounting the Instrument 
Such a galvanometer was built in 

one of those cases in which the works 
of a watch are received by the jeweler. 
The upper rim was removablc, and con- 
tained a plain glass top. The magnet 
was about three quarters of an inch 
long, and was made and supported in 
the manner just set forth. The coil was 
wound on a brass bobbin, made by 
neatly forming a thin brass rectangular 
tube, just large enough to accommo- 
date the magnet, and soldering two 
rather heavy end plates to it. The 
latter, of course, each had a suitable 
rectangular opening just large enough 
to slip over the ends of the tube. After 
lining the bobbin with paper, it was 
filled with No. 40 enameled wire. (A 
coil of 6000 ohms resistance makes a 
fairly sensitive galvanometer.) The end 
of the wire was soldered directly to the 
metal bobbin, using a non -corrosive 
flux, thus avoiding the necessity of 
bringing out a loose end. 

After the magnet and needle have 
been inserted into the bobbin, the lat- 
ter may be secured to the bottom of the 
case by means of a couple of drops of 
solder, applied with a very small iron. 
A small block of hardwood or fiber 
should be fastened in position to sup- 
port the paper scale. This may be ac- 
complished by the use of two slender 
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rivets. The metal case forms one ter- 
minal, and the other end of the magnet 
winding is soldered to the end of a brass 
pin run in through the block that sup- 
ports this scale. A hole somewhat larger 
than the pin is made in the metal case, 
so that it will not make contact with 
the pin. 

Fig. 3 

Such a galvanometer should show a 
full-scale deflection with the minute 
current generated by dipping the end 
of a fine iron wire into a little saliva 
placed on a dime. 

In Fig. 6 is a completed galvanometer 
and when placed directly in a radio cir- 
cuit, the instrument should be con- 
nected as shown in Fig. 5. Across the 
galvanometer coil is an 1.5 -rnfd. fixed 
condenser. In series with this combina- 
tion is a crystal of galena to rectify 
the high -frequency current. R is a 
non -inductive variable shunt with a 
range from about 2 to 25 ohms. The 
introduction into an oscillatory circuit 
of a galvanometer connected in this 
manner will add no more resistance 
than the resistance of the shunt. The 
small amount of current that funds its 
way through the crystal rectifier, how- 
ever, is sufficient to operate a sensitive 
galvanometer. The large fixed con- 
denser increases the effect on the gal- 
vanometer. 

The base is simply a wooden box in 
which the fixed condenser is placed. 
The upper portion consists of a wooden 
frame, having a glass top, for which 
a Kodak plate was used. 

The experimenter should have no 
difficulty in contriving a suitable crys- 
tal detector, preferably of the in- 
closed type. By providing three bind- 
ing posts, A, B, and C Fig. 5, the in- 
strument may be used as a regular 
direct -current galvanometer by con- 
necting to posts A and B. 

In constructing a shunt for a radio 
galvanometer it is very necessary that 
it be non -inductive, variable, and sus- 
ceptible to measurement. Fig. 7 illus- 
trates one way of providing such a 
shunt. A strip of hardwood about three 
fourths of an inch wide is provided, and 
on this is stretched a length of No. 36 
nichrome wire, which has a resistance 

(Continued on nest page) 
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(Continued from preceding page) 
of over 25 ohms per foot. Along the 
underside of this runs a piece of bus - 
bar wire, so that a small spring clip 
may be snapped on at any point along 
the strip in order to connect the resist- 
ance wire and the bus wire together 
at that point. In this manner the re- 
sistance is readily varied, and by pro- 
viding a paper scale, the resistance 
being used will always be known. The 
heavy projecting wires, No. 14, are 
set in suitable holes drilled edgewise 
through the strip. These serve to make 
connection with the binding posts of 
the galvanometer, and are spaced ac- 
cordingly. In the shunt illustrated, the 
length was a little over eight inches, 
and it contained over sixteen ohms. 

How to Use the Galvanometer 
While a telephone receiver and crys- 

tal detector provide a more sensitive 
method of detecting a minute radio 
current, it is often desirable to pro- 
vide some visual indication of the cur- 
rent strength that will not only 
accurately indicate when the current is 
at a maximum, but will also enable one 
to determine the relative value of the 
current. This feature is particularly 
important when measuring high -fre- 
quency resistance. In a commercial 
laboratory, the thermo -element gal- 
vanometer provides such a means As 
such an instrument does not lend itself 
to amateur construction, a galvano- 
meter such as has been described may 
be used, and if it has been properly 
constructed, will be equally, if not 
more, sensitive. 

The action of the galvanometer in 
this connection may be tested by the 
experiment as illustrated in Fig. 8. 
The galvanometer with the crystal 
rectifier and shunt is placed directly in 
the oscillatory circuit. As the conden- 
ser C approaches the point of reson- 
ance, the galvanometer will indicate 
the fact, even when the shunt resis- 
tance is reduced to a few ohms. 

What actually goes on in the circuit 
is as follows. When the condenser of 
the circuit under test is adjusted so 
that the circuit is roughly in tune with 
the buzzer -driven oscillatory circuit, 
current at the frequency of the driver 
will flow in the test circuit. This radio- 
frequency circuit flows through the 
crystal detector in series with the con- 
denser across the galvanometer. If the 
condenser is sufficiently large to offer 
little reactance to the radio -frequency 
current, the galvanometer will have no 
effect upon the a.c. current flowing. 
This radio -frequency current will be 
rectified by the crystal detector. In 
this process a dircct current will be 
produced which will flow through the 
galvanometer and its shunt resistance. 
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shunt/ 

If the proper position of the two cir- 
cuits with respect to each other is de- 
termined so that the galvanometer 
needle will not go off scale at reso- 
nance, a resonance curve can be plotted 

G 

Fig. 8 

Fig. 9 

by noting the deflection at each de- 
gree setting of the tuning condenser. 

It will be observed that when the dis- 
tance between the primary and secon- 
dary circuits is increased, the point of 
resonance is more sharply defined, and 
if the coupling is made sufficiently 
loose, the point of deflection can only 
be maintained by the most careful man- 
ipulation of a sensitive vernier conden- 
ser. 

It will also be noted that if additional 
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resistance is added to the circuit, and 
the resistance of the shunt R is in- 
creased to bring the deflections up 
again, the point of resonance is not so 
sharply defined, thus verifying the im- 
portant fact that in a radio circuit the 
resistance should be kept as low as 
possible if selectivity is desired. 

The detector circuit in Fig. 8 em- 
braces all the elements of a good wave - 
meter, assuming that the coil is of 
low resistance (say 1 layer of No. 18 
d.c.c.) and that the galvanometer is 
sensitive. 

The galvanometer may be used as a 
resonance indicator if it and the crystal 
are shunted with a single turn of wire 
about five inches in diameter. In this 
case the shunt running between the 
binding posts should be disconnected. 

Fig. 9 indicates a method of, using 
a galvanometer in this manner. On 
one side of the circuit LC is the gen- 
erator (a buzzer connected to an oscil- 
latory circuit), and on the other is the 
galvanometer with its single turn of 
wire. 

When measuring the distributed 
capacity of inductance L, the con-. 
denser C is disconnected. As soon as 
the generator is adjusted to the natural 
wavelength of the coil, relatively strong 
radio currents will flow in the latter, 
and as a result sufficient current will 
be induced in the turn of wire to de- 
flect the galvanometer after rectifica- 
tion by the detector. The arrangement 
is very advantageous as it necessitates 
no connection whatever with the coil, 
the distributed capacity of which is to 
be measured. 

This method of using a galvanometer 
also has considerable application in 
connection with vacuum -tube oscilla- 
tors. In such cases it is only necessary 
to bring up the instrument to deter- 
mine whether the circuit is oscillating. 
Further use of the galvanometer may 
be made when the measurement of 
high -frequency resistance is under- 
taken. 

268 RADIO BROADCAST FOR MARCH 



The fundamental purpose of any device 
for testing receivers is to make possible a 
quick and accurate measurement of the 
voltages and currents supplied to the va- 
rious tubes in the receiver. Practically all 
the important circuits in a receiver finally 
end at the terminals of the various tube 
sockets; accordingly if measurements are 
made at the tube socket terminals of all 

Model 
]99 
Set 
Tester. 

the voltages and currents 
it is not difficult to de- 
termine in what circuits 
defects exist. If when 
checking any particular 
socket a defect is indi- 
cated, a good tube can 
be substituted and if the 
defect disappears the 
fault was obviously due 
to a bad tube, whereas if 
the defect remains some 
circuit in the receiver is 
evidently at fault. 

Good instruments for 
servicing radio receivers 
are made by a number of 
manufacturers who have 
spent considerable time 
and effort to make such 
equipment complete, ac- 
curate, and rapid in 
operation. In selecting 
service equipment the 
.cost is, of course, a factor 

Model 409 
Set Tester. 

THE 
SERVICEMAN'S 
EQUIPMENT 
By J. IL MILLER 
Chief Engineer, Jewell Electrical Instrument Co. 

Importance of Service Equipment; Details 

of Two Types of Jewell Radio Set Testers, 

Models 409 and 199. 

but attention should also be paid to the 
speed with which tests may be conducted. A 
set analyzer with four instruments, such as 
the Jewell model 409, is more rapid in 
operation than the Jewell Model 199 which 
utilizes only two instruments. 

The two additional meters on the Model 
409 are available for continuous reading of 
plate voltage and plate current, an obvious 
advantage since these two quantities can 
be noted at any time during the test. By 
using all four meters simultaneous readings 
can be taken of filament or heater voltage, 
grid voltage, plate voltage, and plate cur- 
rent. The adapter plugs supplied with the 
instrument have five prongs so that meas- 
urements may be made on tubes which 
have their cathodes biased with respect 
to the filament. Four -prong adapters are 
also supplied so that measurements may 
be made on all types of four -prong tubes. 

In these Jewell set analyzers all of the 
instrument terminals are also brought out 
to separate binding posts so that the in- 
struments may be used separately to make 
other measurements. For example, if the 
maximum voltage from the B supply is to 
be determined two leads can be run from 
the B -power unit to the two binding posts 
that connect to the high -range voltmeter, 
and, by pressing the appropriate push 

button, the maximum B voltage may be 
measured. Having the various instru- 
ments available at separate binding posts 
also makes it possible to make measure- 
ments to determine the value of resistors, 

Model 
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condensers, etc. Proper 
testing apparatus is ob- 
viously essential in the 
servicing of radio receiv- 
ers and any serviceman 
who knows something 
about the circuits of sets 
can double his efficiency 
with the proper kind of 
servicing equipment. 

If records are kept of 
all of the readings on an 
analysis chart of the 
type illustrated, the logic 
of the method cannot be 
questioned. If a carbon 
copy of the analysis is 
left with the set owner, 
it is just as much of a 
receipt as a prescription 
which the physician 
leaves, if only for sugar- 
coated pills. And, in the 
long run, the service 
(Continued on page 297) 
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THREE YEARS OF THE 
FEDERAL RADIO 
COMMISSION 

By L. G. CALDWELL 
Formerly, General Counsel, Federal Radio Commission 

The third anniversary of the enactment 
of the Radio Act of 1927 fell on February 
23, 1930. With the enactment of that law 
radio regulation, which for fifteen years 
had been entrusted to the Department of 
Commerce under the Radio Act of 1912, 
was given over to a commission of five 
members for a temporary period of one 
year from the date of the first meeting of 
the commission. Certain important re- 
sponsibilities, however, such as the exam- 
ination and licensing of operators, inspec- 
tion and investigation services, the filing 
of applications, the assignment of call let- 
ters, and the like, were left in the Depart- 
ment of Commerce. The law provided that 
at the end of the first year the Department 
of Commerce should again become the li- 
censing authority, subject to revision of its 
decisions by the Commission in controver- 
sial matters which were appealed or re- 
ferred to the Commisson. Further provi- 
sion was made for appeals from decisions 
denying applications for construction per- 
mit, license, renewal of license, or modifica- 
tion of license, to the Court of Appeals of 
the District of Columbia. 

Commission Becomes Permanent 
The Commission held its first meeting 

on March 15, 1927. If there had been no 
amendment to the law, it would have be- 
come an appellate tribunal on March 16, 
1928. By virtue of three successive amend- 
ments to the law, however, the Commis- 
sion has been continued as the licensing 
authority and, as matters now stand, it 
seems virtually certain to continue indefi- 
nitely as buch (subject to being replaced 
by a Commission on Communications if 
Congress should act favorably on the bill 
now pending before it for that purpose.) 

The very recent third anniversary of the 
formation of the Commission offers an 
appropriate occasion for a brief discussion 
of the advantages and shortcomings of the 
commission form of regulation of radio 
as they appear from the experiences of the 
past three years. 

It would be unfair to enter upon such a 
discussion without reference to facts and 
circumstances which are not necessary inci- 
dents of commission regulation but which 
nevertheless have played an important rôle 
in shaping conditions as we find them in 
radio to -day. Judgment cannot be rcn- 
dered on the commission form of regula- 
tion abstractly; account must be taken of 
the peculiar nature of the subject matter 
to be regulated, of the character, ability, 
and experience of the men to whom the 
regulation is confided, and of the problems 
and difficulties which have becn imposed 
from without. The limited scope of this 
article will not permit more than passing 
mention of such considerations which are, 
however, generally known to the industry. 

Ten Men in Three Years 
Ten men have filled the five positions on 

the Commission in three years, and only 
one of the original appointees still holds 
office. Because of delays of the Senate in 
confirming appointments, thcre have been 

considerable periods in which the Com- 
mission has had three members and even 
less. The terms of office, which under the 
original law were to have been on a six- 
year basis, have twice been cut down to 
one year, and at the end of each year the 
commissioners have been subjected to 
gruelling inquisitions as to their conduct 
and their views by Congressional com- 
mittees. During the first year the Com- 
mission had no appropriation at all and 
during the last few months its appropria- 
tion has been grossly inadequate. Two 
men have filled the office of secretary. In 
the last eighteen months three men have 
filled the office of general counsel, and 
two (both borrowed from other govern- 
mental departments), the office of chief 
engineer. 

The subject matter of radio regulation is 
difficult enough, merely from the point of 
view of its complicated engineering and 
economical aspects taken together with 
the rapid advances in the art. These have 
had their counterpart in legal problems 
which are unique in the history of juris- 
prudence, for the solution of which anal- 
ogies fail and precedents are dangerous. 

Other Problems 
In addition, however, to the difficulties 

which are unavoidably inherent in the 
subject matter, the Commission at the out- 
set found an intolerable situation of con- 
gestion in the broadcast band which has 
been its most perplexing problem and 
which was not of its malting. Its solution 
of the problem has been hampered by the 
unscientific Davis Amendment and by a 
host of engineering and economic heresies 
which have found formidable advocates in 
Congress, among the public, and, sad to 
relate, even in the radio industry itself. 
Witness the hue and outcry against cleared 
channels, the complaint against the so- 
called duplication of chain programs, the 
condemnation of "high power," the ad- 
vocacy of "synchronization," and the like. 
To the foregoing must be added the prob- 
lems created by a complicated patent 
situation, the alleged existence of a "radio 
trust " and the anti -monopoly provisions of 
the statute, the inadequacy of existing in- 
ternational agreements, the political pres- 
sure constantly exercised (usually by 
Senators and Congressmen) in all manner 
of cases, the flood of mail and protests 
from the public (usually uninformed) and 
many others. 

If the Commission has failed to accom- 
plish all that was expected of it, the blame 
cannot be laid entirely upon its shoulders 
or upon the commission form of regulation 
generally; Congress, the public, and the 
industry must share the responsibility. 
Whether, under the circumstances, a single 
executive officer would have done better 
is impossible to say ; much would have de- 
pended, of course, upon the character, 
experience, and ability of such an officer, 
just as much has at all times depended 
upon the character, experience, and abil- 
ity of members of the Commission. While 
there has been a difference of opinion as 
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to virtually every appointment made to 
the Commission, it must be conceded that 
the average quality of the appointments 
has been very high, in fact surprisingly so 
in view of the unattractive prospects and 
the uncertainty of tenure which go with 
such an appointment. 

Defects in Administration 
The foregoing should not be taken as 

indicating the writer's belief that defects 
have not developed in the form of regula- 
tion provided by the Radio Act of 1927. 
Serious defects have developed, both in the 
provisions of the law itself and in the ad- 
ministration of that law. Except as to a 
very few controversial matters, however, 
(such as the zone system, the Davis 
Amendment and the anti -monopoly and 
anti- merger provisions of the statute), 
there is remarkably little difference of 
opinion as to what the defects are or as to 
the manner in which they should be cor- 
rected. The industry generally can be of 
service in informing itself of the nature of 
the necessary changes and in supporting 
the recommendations so far as it finds it- 
self in agreement with them. Already bills 
are in course of preparation which follow 
a large proportion of the recommendations 
of informed persons on noncontroversial 
matters. 

With respect to the fundamental ques- 
tion of the form of regulation, it must be 
remembered that the issue is not one purely 
between a single executive officer on the 
one hand and a commission on the other. 
If the Radio Act of 1927 had been allowed 
to take its course, there would still have 
been a commission to which virtually 
every controverted matter would have 
been referred or appealed almost automa- 
tically; Section 5 of the Act gave the 
Commission plenary power (subject to 
review by the Court of Appeals) to reverse 
or revise "any decision, determination, or 
regulation of the Secretary of Com- 
merce." In the years immediately preced- 
ing the enactment of the Radio Act of 
1927 there was no bill pending which con- 
templated lodging regulation solely in the 
Secretary of Commerce; the most that 
was urged in this direction was what 
would have been the situation to-day if 
the original powers of the Commission 
had not been extended from time to time 
by Congress. 

Needed Amendments 
Space will not permit discussion of 

necessary amendments to the Radio Act 
which do not have some relation to the 
nature of the licensing authority. No dis- 
cussion will be entered into, therefore, of 
the Davis Amendment, the inadequate 
procedural provisions with respect to 
hearings before the Commission and ap- 
peals, the undue rigidity imposed by the 
cumbersome provisions as to construction 
permits, licenses, and renewals of license, 
the unnecessarily drastic restrictions on 
the issuance of licenses to corporations 
with alien stockholders, officers, or direc- 
tors, the anti -monopoly and anti- merger 

provisions, and the penal provisions. 
Leaving these aside, let us inquire into 
what defects have developed that have 
more or less direct bearing on the nature 
of the licensing authority. 

In the first place, the present form of 
regulation has proved defective in not 
giving the Commission any latitude in 
delegating purely administrative matters 
to a subordinate officer. As matters now 
stand, the Commission must go through 
the form of making a finding and a formal 
entry in its minutes before any license, 
renewal of license, or modification of li- 
cense can be issued. This is a tremendous 
and unnecessary burden with respect to 
such matters as amateur, ship, and air- 
plane licenses and, in the great majority of 
cases, with respect to renewals of license of 
any character. A single executive officer 
can unquestionably perform such duties 
more efficiently than a commission. If the 
law were amended so as to permit the 
Commission to delegate such purely ad- 
ministrative and routine matters to a 
subordinate (e. g., its secretary or a 
"Director of Radio "), the Commission to 
reserve to itself a decision on any contro- 
verted matter, the situation would not be 
very different from that originally pro- 
vided by the Radio Act of 1927 and the 
law could be made to work even more 
efficiently than under the ambiguous and 
almost unintelligible provisions of Section 
5 of that Act. 

Lack of Stability 
A second defect has been the lack of 

stability in the Commission manifested in 
an inconsistency of decisions, in its tardiness 
in arriving at definite policies in accord- 
ance with engineering principles in the 
broadcast band, and in the amount of 
political pressure which is constantly exer- 
cised upon it. It is significant that after 
nearly three years of existence, it has not 
yet adopted any rules and regulations 
other than a rather heterogeneous lot of 
"General Orders "; that it has established 
no standards on such comparatively ele- 
mentary matters as the proper geographi- 
cal separation between broadcasting sta- 
tions of a given power on regional and 
local channels, or as between stations 
given daylight assignments on any chan- 
nels (including cleared channels); that it 
still refrains from adopting and announc- 
ing definite policies with respect to the 
desirability of cleared channels and the 
use of high power; that it called an engi- 
neering conference for January 17, 1930, 
to obtain the views of engineers on such 
questions as synchronization and antenna 
construction; that it has not yet come to 
any conclusion as to whether the alleged 
unnecessary "duplication" of chain pro- 
grams really exists; that, with the excep- 
tion of the unsuccessful venture made in 
the summer of 1928 to eliminate stations, 
it has done virtually nothing to decrease 
what every one concedes to be an exces- 
sive number of stations and, on the con- 
trary, has made the situation worse by 
allowing many stations of the regional 

Harold A. 
La Fount 

Judge Ira E. 
Robinson 

Sam 
Pickard 

William D. L. 
Starbuck 

Maj. Cert. C. 
Mck. Saltzman 

RADIO BROADCAST FOR MARCH 271 



class to increase in power. On the other 
hand, it did, by its General Order 40 and 
its allocation of November 11, 1928, in- 
troduce a substantial measure of improve- 
ment in the broadcast band. Whether a 
single executive officer would have done 
any better in the face of similar difficulties 
is at best doubtful. It is obvious that 
it is precisely in those matters in which 
Congress and its individual members have 
been most vocal that the Commission has 

Thad H. Brown, general coun- 
sel of the Federal Radio Com- 

mission. 

fallen somewhat short of following the 
mandates of radio physics. 

The Good Points 
By way of contrast the Commission has 

accomplished a creditable, efficient, and 
reasonably speedy performance of its du- 
ties in various fields of radio communica- 
tion other than broadcasting. The inherent 
difficulties of these fields, particularly in 
the high frequencies, have certainly been 
no less than in the broadcast band but, 
with minor exceptions, pressure from Con- 
gress and its individual members has been 
absent. Opinions may differ as to the cor- 
rectness of certain of the Commission's de- 
cisions on particular applications but there 
is virtually no criticism of the soundness of 
the engineering structure and standards 
which it has set up or as to the allocation 
of frequencies as between the various ser- 
vices. When it is considered that virtually 
every available frequency between 1500 
kc. and 23,000 kc. has been assigned, that 
the applications for these frequencies were 
many times greater than the available 
facilities, and that many complicated and 
lengthy hearings have been held, it must 
be conceded that the job has been well 
done. For this, of course, no small share of 
the credit must go to the engineering ad- 
vice which the Commission had from ex- 
perts loaned to it by the United States 
Navy. In general, the Commission has 
followed the recommendations of engi- 
neers in all fields other than broadcasting, 
and has not had to contend with advice 
from Congress as to what is or is not sound 
engineering. 

International Agreements 
The Commission has also played its part 

well in maintaining the interests of the 
United States in international conferences. 
The United States delegation to the first 

meeting of the International Technical 
Consulting Committee at The Hague in the 
fall of 1929 was ably headed by a member 
of the Commission and the results of the 
meeting were a matter for congratulation 
to the delegation. There was some com- 
plaint that the agreement entered into 
with Canada on March 1, 1929, covering 
the high frequencies from 1500 to 6000 kc., 
was unduly generous to Canada but one 
of the strongest proponents of this point 
of view was one of the two members of the 
Commission who formed part of the delega- 
tion which negotiated the agreement. 
There has been no criticism of the engi- 
neering aspects of the agreement. 

The defects in the law and in the Com- 
mission's administration of the law which 
have contributed most signally to the lack 
of stability seem now in a fair way to being 
remedied. It is true that the terms of the 
present members of the Commission expired 
on February 23, 1930, and that each of the 
appointments to be made by President 
Hoover (whether of the resent incum- 
bents or of new members) will probably 
be subjected to close scrutiny in the Sen- 
ate, with the possibility of either delay or 
refusal of confirmation. On the other hand, 
the amendment enacted by Congress in 
December, 1929, which extended the pres- 
ent powers of the Commission indefinitely 
"until otherwise provided by law," for the 
first time gives a measure of assurance of 
a substantial term of office, a stability of 
organization, and a continuity of policy. 
Unlike the two previous amendments, the 
most recent one does not shorten the terms 
of office to one year, and the new appoint- 
ments may henceforth be made on a six - 
year basis. Engineers and lawyers may be 
employed without fear that at the end of 
a year their positions will cease to exist by 
reason of a reversion of radio regulation to 
the Department of Commerce. 

In March, 1929, generous provision was 
made for employment of competent attor- 
neys to handle the Commission's legal 

Louis G. Caldwell, the author of 
titis article and formerly gen- 
eral counsel of the Federal Ra- 
dio Commission. Mr. Caldwell 
is also Chairman of the Com- 
mittee on Communications 
(formerly the Committee on 
Radio Lasa) of the American 
Bar Association and Chairman 
of the Executive Council of the 
American Section of the Inter- 
national Committee on Wire- 

less Telegraphy. 

problems; by the recent amendment sim- 
ilar provision wa3 made for engineers. It is 
unlikely that the re will be further difficul- 
ties on the score of appropriation. It is to 
be hoped, therefore, that within a few 
months we shall have a Commission which 
is freed from many of the handicaps of the 
past three years and in a position to act 
with full judicial independence on contro- 
verted issues, aided by the advice of com- 
petent lawyers and engineers employed 

Carl H. Gutman, secretary of 
the Federal Radio Commission. 

on a permanent rather than a temporary 
basis. In the meantime, the Commission 
is gradually freeing itself from such un- 
desirable practices as the zone system of 
administration (under which system each 
member of the Commission gave little or 
no attention to matters concerning zones 
other than the one from which he was 
appointed). 

The industry can contribute a great deal 
to the achievement of a stable, efficient 
licensing authority. Its various branches 
(and particularly broadcasting stations) 
can and should refrain from bringing any 
pressure, political or otherwise, upon the 
Commission, particularly where univer- 
sally recognized engineering principles are 
at stake. They can and should refrain from 
misrepresenting scientific facts and prin- 
ciples either to Congress or to courts. The 
strongest support should be given the En- 
gineering Division of the Commission in 
its endeavor to bring about the observance 
of engineering principles; the same degree 
of support should be given to the Legal 
Division in its endeavor to prevent the 
injustice which inevitably results from 
failure to observe the fundamental require- 
ments of due process of law (which require 
notice and a fair hearing to all interested 
parties in every matter where interests 
other than those of the applicant are 
concerned). 

Conclusions 
There is ground for optimism, for, if the 

defects pointed out are remedied and if the 
industry coiiperates as it should, the com- 
mission form of regulation will be success- 
ful. It must, however, have a fair trial. 
Those who, while placing every obstacle 
in !he way of its success, point to the re- 
sults of their conduct as evidence that it 
cannot succeed, are not serving the best 
interests of either the radio industry or the 
public. 
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STRAYS FROM THE LABORATORY 
Square -Law Detectors 

ONE OF THE disadvantages of de- 
tectors which operate according to 
a square law, that is, where the a.f. 

output is proportional to the r.f. input 
squared, is that the stronger the a.f. input 
to the broadcasting station microphone, 
the greater is the distortion occurring in 
the detector. Audio tones which completely 
modulate the transmitter (100 per cent. 
modulation) produce in the plate circuit 
of a square -law detector a second har- 
monic which is 25 per cent. of the funda- 
mental. Thus, if a 1000 -cycle signal of 
10 volts is produced in the output of a 
square -law detector, there will also be a 
2000 -cycle voltage of 2.5 volts in this out- 
put. Such distortion is distinctly audible 
to the trained ear. The greater the signal 
(a.f.) the greater the distortion. The actual 
value of the second harmonic is propor- 
tional to M2 where M is the modulation 
percentage. 

A graphical representation of this dis- 
tortion may be constructed according to 
Fig. 1. Let us look at this illustration in 
which is plotted the relation between r.f. 
input to such a detector and the a.f. 
output. Now let us assume a fully modu- 
lated input of 2 volts. This means that at 
some instants the r.f. voltage is 4 volts 
and at some other instant it is zero. The 
a.f. voltage output corresponding is 16 
when the r.f. is equal to 4 and zero when 
the r.f. is equal to zero. Now looking at the 
Cunningham Tube Book, page 19, we find 
a method of calculating the second har- 
monic distortion in such circumstances. 
It is equal to- 

1 (Ima. +'min) - I. 
(Imax - Imin) 

and substituting the above figures in this 
equation we get - 
2 (16+0) -4 

16 - 0 - r = + = 25 per cent. 

The output a.c. voltage would look like 
that in Fig. 2 if a fully modulated wave 
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of 2 volts (r.f.) were placed on a square - 
law detector. 

Capacities of Coils 
Various attempts have been made to 

calculate the distributed capacities of 
radio-frequency coils. Out of such calcula- 
tions and experiments have come several 
interesting facts. 
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In the Journal of the Institute of Electri- 
cal Engineers, (England) vol. IX, p. 63, 
Howe shows that the capacity in mmfd. 
of coils with a length of winding equal to 
half the diameter is equal to 0.6 R where R 
is the radius of the coil in centimeters. 
If the diameter is half the length of wind- 
ing, the distributed capacity in mmfd. is 
equal to 0.64 R where again R is the radius 
of the coil in centimeters. In other words, 
the ratio of length to diameter does not 
change appreciably this empirical relation 
between radius of coil and distributed 
capacity. 

Another interesting relation is that of 
Drude which states that the natural wave- 
length of the coil in meters is equal to 
2.54 times the length of wire on the coil 
in meters. 

Changes in Stations 
The following data are taken from The 

Voice of Columbia, a publication of the 
Columbia Broadcasting System, Inc. They 
give changes in station power, etc., among 
members of this important broadcasting 
chain. The changes are prefaced with the 
statement that installation of crystal 
control and 100 per cent. modulation in- 
creases a station's signal strength by three 
or four times. 

In Philadelphia, WCAU has increased its 
power from 1000 to 10,000 watts, and 
KMOx in St. Louis has received a permit 
to set up a 50,000 -watt transmitter. In 
Detroit, WGHP is preparing to have new 
1000 -watt, 100 per cent. modulation equip- 
ment in operation at an improved location 
within the next two months. 

With the installation of new equipment, 
wn1AK in Buffalo becomes a 1000 -watt 
station with 100 per cent. modulation, as 
does WSPD in Toledo with its power in-. 
creased from 500 to 1000. In Boston, 
WNAC has installed a new 1,000 -watt, 100 
per cent. modulation transmitter at a loca- 

tion which gives good New England 
coverage. Within the next few weeks, 
when its new equipment is installed, wKRc 
in Cincinnati plans to increase to full time 
and operate at maximum efficiency. In- 
stallation of 1000 -watt, 100 per cent. 
modulation equipment is completed for 
KOIL in Council Bluffs. At ,Fort Wayne, 
wowo has a 50,000 -watt transmitter which 
is all set to go when the word is given. 
KIvmc in Kansas City and WLBL in Oil City 
have installed 100 per cent. modulation 
facilities and an order for similar equip- 
ment has been placed by wares of Pitts- 
burgh. 

About a month or so from now, win( 
of Cleveland should have its new 5000 - 
watt, 100 per cent. modulation transmitter 
replacing its present 1000 -watt equipment, 
and in a more advantageous location. 

Quartz Crystals 
Quartz crystals may be obtained from 

the Crystal Grinding Laboratories, 215 
West Cook St., Santa Maria, California, 
at the following rates: 3500- 3650 -kc. band, 
$7.50; 1750- 1825 -kc. band, $5.00; Oscil- 
lating blanks, $3.50. The Laboratories 
offer immediate service; frequency to 
within 0.1 per cent. 

A Correction 
An unfortunate error occurred in the 

article in January, 1929, RADIO BROAD- 
CAST, entitled "A Radio Dealer's Tube 
Tester." Fig. 2, a circuit diagram, was in- 
correct. The correct diagram is given in 
Fig. 3 on this page. The lamp, B, should 
be connected to the grid terminals of the 
tube sockets and not to the plate terminals 
as indicated in the January issue. 

Recent Articles of Interest 
An analysis of the design and applica- 

tions of beat -frequency oscillators is con- 
tained in the General Electric Review, 
October, 1929. The article, by M. S. Mead, 
Jr., describes not only the construction 
of an instrument built by the General 

(Continued on page 302) 
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This device for measuring the resistance of 
wire -wound resistors within 1 per cent. is at- 

tached to each winding machine. 

In this, the third of a series of articles 
dealing with production testing of radio 
appurtenances, the discussion centers 
around the testing of a miscellany, which, 
while just as important as either capaci- 
tances or iron -cored items, does not come 
under either group. For example, the test- 
ing of r.f. coils is, in the writer's opinion, 
secondary in interest only to the testing 
of gang condensers. The acceptance limits 
must, of course, he held just as closely as 
those of gang condensers as they are used 
in conjunction with one another. 

Testing R. F. Coils 
In testing r.f. coils we have tried a num- 

her of systems, including matching sets of 
coils, adjusting turns, etc., hut have found 
that all of these resulted in manufacturing 
difficulties which made them impractical. 
Several years ago we tried the matched -set 
system in which every coil is graded ac- 
cording to the position of a condenser dial 
at which the tuned circuit resonates. The 
coil is then marked high, medium, or low 
and is used with a condenser conversely 
marked. Our manufacturing, repair, and 
service stations branches soon protested, 
and, while we operated with this method 

= 7016 Kn, d a 
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PRODUCTION 
TESTING 
EQUIPMENT 

By J. A. CALLANAN 
Stewart Warner Corporation 

that year, the system was more costly than 
either the turn -adjusting system or our 
present one. The turn- adjusting method 
was very good, hut it was not very fast and 
therefore required more labor. From these 
experiences our present system was 
evolved; it is neither costly nor slow and 
has heen entirely satisfactory to all con- 
cerned. For those who may he interested 
in a similar procedure a detailed descrip- 
tion of our coil -winding and inspection 
system is given helow. 

Upon receipt from the factory the coil 
forms are first dried to prevent a possible 
variation in size due to the ahsorption of 
moisture in shipping. They are next placed 
in a double split ring gauge which measures 
the circumference at either end of the coil 
form. A dial indicates the average circum- 
ference to the thousandth part of an inch. 
The gauge is necessarily constructed so 
that even if the shape of the coil form is 
distorted a true circumference reading is 
ohtained. In our particular case we find 
that a difference in size of 0.003 inch makes 
a i -turn difference in winding so we have 
made our factory acceptance limits plus 
and minus 0.003' . This makes a difference 
of one full turn in apparent inductance, or, 
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Fig. 1- Circuit for checking low -inductance r.f. 
transformers. A crystal oscillator supplies the power 
and the coil under test is connected in the grid cir- 
cuit of the V.T. voltmeter tube. The secondary is first 
checked alone and then primary and secondary are 
connected, series aiding, to test both windings and 

the mutual inductance between them. 
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in other words, Fives us three possihle 
groups of coils, viz. minus I turn of 150 
turns (our standard), 150 turns, or 150 + 
# turns, and each is interchangeable in the 
completed receiver. 

The tested coil forms are first punched 
and wound with the required number of 
turns as shown by the inspection ticket, 
the coils heing space wound to prevent 
error due to varying wire diameter. The 
coils are then doped and soldered after 
which endless belts or conveyors carry 
them along until they are placed in the 
receiver. 

Our coil test equipment consists of two 
types of machines, one for the "A" coils 
with relatively few primary turns and the 
other for "B," "C,' and "D" coils which 
have sufficient primary turns to resonate 
below the broadcast band when connected 
in parallel with the tuhe capacity. The 
schematic diagram of the "A" coil ma- 
chine is given m Fig. 1, while the machine 
for testing B, C, and D coil is shown in 
Fig. 2 and the accompanying picture. 
These test fixtures consist of a 

coil oscillator to which is coupled the coil under 
test, resonance heing indicated by a V.T. 
voltmeter connected across the coil. 
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Fig. 2 -This circuit for checking high -inductance 
r.f. transformers operates in a similar fashion to Fig. 
l except that only the secondaries are tested, the 
limits being plus or minus one half turn. All primary 
coils are tested for resistance and only a small per- 
centage of the production receives an inductance 

test. The rejects run about 1 per cent. 
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PART III 
Apparatus Designed and 
Used by the Stewart - 
Warner Corporation for 
Testing Radio -Frequency 
Coils and Chokes, Loud 
Speakers, and Wire - 
Wound and Fixed Re- 
sis tors. 

The calibrated condenser is of the trans- 
mitter type and is equipped with special 
bearings to resist wear. The "A" coil machine 
(Fig. 1) is made so that the secondary is 
first tested alone and then by a throw -over 
switch the primary and secondary are 
connected in a series -aiding circuit. In 
our particular case where a variable an- 
tenna compensating condenser is connected 
across the "A" coil secondary, the induct- 
ance limits are rather broad, plus and minus 
one turn for the secondary winding and 
two turns for the primary and secondary 
in a series -aiding circuit. 

The "B ", "C ", and "D" coil machine dif- 
fers only in that the secondaries alone are 
tested for inductance with limits of plus 
and minus z turn, the primaries being 
tested for d.c. resistance with a simple 
ohmmeter. We have found this d.c. reading 
to be just as satisfactory an indicator of 
the primary as an inductance test, though, 
as in other branches, an inductance test 
is run on a percentage of the primary 
windings. Our production department re-. 
ports that rejections run approximately 
1 per cent. with this system. The 0- 15 -mA. 
meter indicates the condition of the crystal 
oscillator while the 370 -mmfd. variable 
condenser in the tank circuit controls the 
power output. The condensers in the V.T. 
voltmeter are to adjust the circuit to 
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Fig. 3 -In testing r.f. 
with this apparatus the reso- 
nant frequency is checked by 
adjusting a 750 -mfd. condenser. 
All chokes resonating in or near 
the broadcast band are rejected. 

chokes 

i 
High- Inductance r.f. transformers are tested with this device. It contains 
a crystal oscillator coupled to the coil under test and a V.T. voltmeter to 

indicate resonance. The circuit is given in Fig. 2. 
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Fig. 5- Carbon resistors are 
tested by passing through them 
a current approximating normal 
and measuring this current 
with a milliammeter and the 
voltage across the resistor with 

a voltmeter. 

resonance when a standard coil is con- 
nected, while the arrangement for connect- 
ing the coils in the circuit is shown in the 
picture. These test sets use one 6 -volt A 
battery and two 45 -volt B batteries. 

Testing R.F. Chokes 
The testing of r.f. chokes is very similar 

to the testing of r.f. coils except that, as 
the limits are broader, we do not find it 
necessary to use a crystal oscillator. As 
shown in Fig. 3 the coil under test is coup- 
led to an oscillator whose frequency is 
made variable by means of a 750 -mmfd. 
tandem variable condenser. Resonance is 
indicated by a simple V.T. voltmeter and 
limits are painted on the dial. The operator 
rejects chokes which resonate near or in 
the broadcast band while those resonating 
between 300 and 500 kc. are accepted. 
This test set uses one A battery and one 
45 -volt B battery. 

Loud speaker coil testing is accom- 
plished by first testing for shorted turns 
with the test fixture described in last 
month's article and then measuring the 
resistance with an ohmmeter. Very little 
trouble is experienced here because auto- 
matic counters are used in winding. 

The testing of wire -wound resistors on 
a production basis is not difficult as far as 

testing is concerned but is often an ex- 
pensive item because of the quantity used 
in the average receiver. A good bridge or 
ohmmeter costs from $50.00 to $100.00 
and can only be used by one operator, so 
where there are 25 to 50 girls winding re- 
sistors, if each were to have a tester this 
would become quite an item. We have de- 
signed a simple bridge circuit costing about 
$10, one of which is attached to each wind- 
ing machine. As this enables the operator to 
wind exactly the right amount of resistance 
wire our resistor rejections are less than 
one per cent. and this is due to breakage 
and not to incorrect resistance. 

As may be seen by referring to Fig. 4 and 
the picture, the test fixture consists of a 
bridge with two standard legs and a high - 
and low -limit arm, either of which may be 
inserted by a throw -over switch. This 
switch also serves to break the battery 
circuit. The binding posts in the front of 
the fixture are so that it may be connected 
to the winding machine while the contact 
points are used in testing completed re- 
sistors directly. The arrangement is sensi- 
tive to differences in resistance of 1 per 
cent. and is not affected by battery poten- 

(Continued on page 301) 
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RATING RADIO RECEIVERS 
By ALFRED H. GREBE 
President, A. A. Grebe & Company, Inc. 

A Method Offered by A. H. Grebe 
& Company, Inc., as a Solution 
to the Problem of Describing to 
the Non - Technical Public the 
Merits of a Particular Broadcast 
Receiver. 

Newspaper and magazine advertising 
of radio receivers consists mostly of high - 
sounding adjectives. It was our feeling 
that performance claims backed by defin- 
ite quantitative measurements would form 
a better basis of advertising than vague 
claims of superiority. This desire to find a 
reasonable basis upon which to write 

The author in the laboratory checking the work of Grebe engineers. 

Grebe copy has been responsible for the 
use of a new type of advertisement by our 
company. 

Our present series of advertisements 
have been based on a series of measure- 
ments on a number of standard makes of 
radio receivers. The technical data which 
forms the background of these tests are 

described in the fol- 
lowing paragraphs. 

In the rating of 
receivers there are 
three factors of ma- 
t o r importance - 
sensitivity, selec- 
tivity, and fidelity. 
Stating these factors 
in engineering terms 
such as so many mi- 
crovolts per meter, 
or a loss of so many 
DB at 5000 cycles is 
understandable to 
engineers but means 
little to the layman. 
We have, therefore, 
endeavored to work 
out formulas for 
these various factors 
which will permit 
their expression in 
percentages so that 
a set has a fidelity 
of say 50 per cent., 
a selectivity of a 
certain percentage, 
and so forth. 

SELECTIVITY 

EI SENSITIVITY 

p AUDIO QUALITY 

Cynic turns fan 
ABLE the superlatives 
When he comes in; don't 
hear down with sales 

talk; th is hardened cynic wants 
eru4nce. And on this chart he 
finds the facts that show hint 
exactly what to expect of the 
Grebe -clear -cut comparisons 
that shutter his shell. Now let 
him listen to the set that is 
newer than screen grid and 
watch him turn fan. 

He is critietl but his demands 
are not unreasonable when put 
to the Grebe. This set satisfies 
them with plenty to spare for 
it Is at least i 
year ahead of 
the field. She" 
hiin Inw sharp- 
ly the Grebe 
separates one 
station from 

another. Thrill him by reach- 
ing out for weak, distant broad- 
casts. Close the sole with the 
lifelike tone that enables him 
to identify every instrument, 
every voice. 

Then, after he has signed on 
the dotted line, be sure you 
deliver on time. You know how 
it is with this type of buyer; 
once you have sold him, you 
cannot get the act to his home 
quickly enough! 

There is extra profit in the 
Grebe franchise. In addition to 

getting normal 
business, it 

e sells those 
who would not 
otherwise he 
ready- tor an- 
other year. 

re 
ra lo 

N GRFRE tCONIf ANA, Inc., Richmond Hill, New York 
Western Branch. 441 S41, Sun Pedro Street, l or.'sngelcs, California 

Alfred H. Grebe -"In the Arn teller 
being di.triMned w the public by our 
denier, lea peuvo the unit .rely high 
quality of ,bi. new set m every item, 
tent eh.r.cteri,tic et radio r oeptiun. 
w. .,p o,t the ..tenant that Croke 
pace. wit not be reduced with the 
pledge Wet Grebe gamily will mot be 

rednoed, To lranehi sehuld ere this 
inmu. 00 proFrr will nut be reduced -- 

e. er, ,.I. will ,,,i ,ue to yield . 
wonh. while relent. ' 

The advertisement above is indicative of the way in 
which Grebe explains the merits of its product to the 

non -technical public. 

Selectivity 

The ability of a 
set to receive the de- 
sired station with- 
out interference 
from another signal 
on an adjacent or 
nearby channel is 
indicated by the se- 
lectivity curves. 
The selectivity of 
all sets is roughly 
the same at the 
lower broadcast fre- 
quencies, but on 
higher frequencies 
the selectivity be- 
comes moat worse 

and there is a great variation between 
sets. We are therefore using the selec- 
tivity at 1400 kc. as a basis for com- 
parison of sets, and are taking the 
width of the selectivity curve at 100 
times the input at resonance. Therefore, 
if a set has a band width of 40 kc. it 
means that if our signal were 20 kc. off reso- 
nance on either side, the input to the set 
would have to be increased 100 times to 
give the same loud speaker output that we 
would have obtained with the set tuned 
to the signal. Since the sides of the selec- 
tivity curve are fairly straight, a set with 
a band width of 40 kc. at 100 times input 
would have a band width of about 20 kc. 
at 10 times input. This means that a sta- 
tion of equal strength on an adjacent chan- 
nel (10 kc. off) would only produce one 
tenth the signal in the detector, and this 
is not enough to interfere with the station 
to which the set is tuned. 

Therefore, a set with a band width of 
40 kc. can be said to have "10 -kc. selec- 
tivity" over the entire broadcast range. As 
a matter of fact, a set having 40 -kc. band 
width will give 10-kc. channel selectivity 
even though the interfering signal on the 
adjacent channel is twice as strong as the 
desired signal. A set having 50- to 55-kc. 
band width is still capable of giving 10- 
kc. channel selectivity provided the inter- 
fering signal is no stronger than the desired 
signal. 

We have given a set with a band width 
of 40 kc. at 1400 kc. a rating of 100 per 
cent. in selectivity. The curve of per cent. 
rating against band width has been made 
steeper in the neighborhood of 40 kc. 
because a 1 kc. improvement in band 
width here is more difficult to obtain, and 
is also worth much more than the same 
improvement at a band width of, for ex- 
ample, 100 kc. 

Sensitivity 
The sensitivity of a set is expressed in 

terms of the voltage input to antenna re- 
quired to give a fixed output to the loud 
speaker. 

The figures used are in microvolts 
per meter. The actual input to the an- 
tenna of the set is four times this figure, 
since a standard antenna is assumed, hav- 
ing an effective height of 4 meters. 

The lower the figure for sensitivity the 
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more sensitive is the set. We have given a 
sensitivity of 1 microvolt per meter 100 per 
cent. credit. No set has been found that is 
quite this sensitive. A sensitivity of 100 mic- 
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since a set having such 
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to the moving coil of the speaker. The ampli- 
fication is expressed in decibels, which is a 
logarithmic unit. The useful frequency range 
taken as from 60 to 5000 cycles per second, 
and the set is given a 100 per cent. rating 
if it amplifies equally all frequencies be- 
tween these values. Most sets have maxi- 
mum amplification at 500 cycles per second 
and fall off somewhat as the frequency is 
either increased or decreased. As an in- 
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dication of how much it varies we take 
the difference between the amplification 
at 60 and 600 cycles per second expressed 
in decibels, and add to this the difference 
between the ampli fication at 5000 and 500. 

This gives the total deci- 
bels variation from uni- sensitivity would only 

to get a few dis- 
stations, and would 

to get some of 
weaker local ones. 

order to penalize 
sets whose sensi- 
varies widely over 

broadcast range we 
the average of the 

at 600, 1000, 
1400 kc. The curve 
cent. rating against 

uses a log 
since the response 
ear is logarithmic. 
shows how aver- 

sensitivity is determ- 
the relation be- 

average sensitiv- 
the per cent. 
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87.6 
74.0 
58.7 
57.7 
57.3 
56.7 
53,7 
50.7 
48.3 
46.0 
43.3 
10.3 
39.4 
38.0 
33.6 
33.3 
31.6 
30.3 
25.0 
23.6 

form amplification. 
A set with a total 

variation of 30 decibels 
has been given a rating 
of zero. 

In the three charts on 
this page will be found 
examples which indicate 
quite clearly the method 
used in indexing the se- 
lectivity, sensitivity, 
and fidelity character- 
istics of radio receivers. 
In addition, the table on 
the left shows the ratings 
which have been assigned 
to twenty standard re- 
ceivers and the method of 
converting band width, 
microvolts per meter, 
and total decibels loss 
into corresponding per- 
centage ratings. The 
overall rating is the aver- 
age of these three ratings. 

Two Grebe engineers at work in the laboratory measuring the characteristics of a broadcast receiver. 
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TRICKS 
WITH 
CET 
TE STERS 
By HERBERT M. 
ISAACSON 
Engineering Dept., Colonial Radio Corp. 

Using a Trouble Diagnoser 
to Measure Inductance, 
Capacity, and Resistance. 

In the November, 1929, issue of RADIO 
BROADCAST the writer described a radio 
set diagnoser of his design. As explained 
in the first article this instrument is cap- 
able of performing all the tests which may 
be made with a standard set tester and in 
addition it may also be used for measuring 
resistance, capacity, and inductance. As 
interest in the diagnoser has been so great 
it has been decided to give data on making 
the latter measurements. Also, certain 
omissions occurred in the wiring diagram 
which accompanied the original article and 
therefore a revised circuit will be found on 
this page. 

Resistance Measurements 
The usual method of measuring resistors 

is to read the current with a known voltage 
impressed across the resistor. This method 
does not lend itself readily to the measure- 
ment of resistors of large value, since an 
unreasonably high voltage would have to 
he used to secure a readable deflection on 
the 10- milliampere meter scale. However, 
for measuring resistors which have a value 
comparable to that of the voltmeter multi- 
plier resistors there is a very simple method 
which may be used. Using a voltage that 
gives a large -scale deflection on the volt- 
meter range selected, take a reading with 
the resistor under test in series with the 
voltmeter and a reading without the 
resistor. If V is the voltage reading without 
the resistor, v the reading with the resistor 
in series, R the resistance of the voltmeter 
range used, and r the unknown resistor 
value, then r = (V -v) R 

. For instance, if 

the resistance value of a grid leak were to 
be determined, and the voltage as indi- 
cated on the 100 -volt scale without the grid 
leak in series was 90 volts, and with it in 

series was 5 volts, then r - (90- 5)X100,000 
5 

1.7 megohms. 

Measuring Capacity 
The capacity of a filter or by -pass con- 

denser may be measured by either of two 
methods. The first makes use of the fact 
that the reactance of a condenser is in- 
versely proportional to its capacity and 
with this method it is necessary to know 
the impedance of the a. c. voltmeter. 
Its impedance, which can be con- 
sidered equal to its resistance without 
introducing an appreciable crror, can 
easily be determined by either of two 

150 V. 

IS V 
AC 

±. 

15V 

3 V. 

R1 5000 ohms 
R2 5000 
R3 50,000 - .a R4 50,000 UY Cable 
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Grid Test 
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. 
100V. 
500 V 

*lamp 
224 

/ SCREEN GRIL 10 mA. 
100 mA. 

A10 500 V. 100 V. 

50V C- 

10 mA 

Pin Jack 
for 222''. ,.O 

Adapter Lead 

Fig. I -Mr. Isaacson's radio set diagnoser. 
UX Cable 
PL Lead 

100 mA. 
Shunt 

-10 mA. 
-1 amp 

Shunt t, 

r10mA 

UY Cable 
PL Lead 

*100 mA 

means. When dircct current is availahle 
a measurement of the current through the 
meter when a known voltage is impressed 
across it will give the resistance by divid- 
ing the value of voltage by the value of 
current. The other way is the "half- current 
method." It calls for inserting in series 
with the voltmeter a resistor of such value 
that the meter reading is reduced to one - 
half of that obtained without the resistor. 
Either a.c. or d.c. may be used and the 
resistance of the meter is considered equal 
to the resistance of this external resistor. 
To ascertain the unknown value of a 
capacity, take a reading of the a.c. line 
on the 150 -volt a.c. scale and call it V. 
Take another reading with the condenser 
under test in series with the meter, and 
call it V1. Then the value of capacity in 
mfd. is 2K RS where R is the voltmeter 
resistance and K is a constant, the value 
of which depends on the ratio -1 and is 
given in the table. 
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Fig. 2 

For illustration, suppose the line voltage 
reading on the 150 -volt scale of a 40 -ohm- 
per -volt meter were 120 volts. With the 
capacity in series with the meter, the read- 
ing would fall to 84 volts. The ratio V- is 20 
or 0.7. Consulting the table we find a 
value of 1 for K when -` = 0.7 Then C = 
2652.5 0.44 mfd. 

6000 
The second method, the so -called bal- 

listic- galvanometer method, is based on 
the fact that the charge in a condenser 
is directly proportional to its capacity. 
Charge a condenser of known capacity at 
a convenient voltage (90 volts is handy). 
Connect the 100 -volt d.c. scale of the 
diagnoser across the condenser and note 
the highest reading of the pointer (with 
the supply voltage disconnected, of course). 
Now charge the condenser under test at 
the same voltage and observe the reading 
when it is discharged through the volt- 
meter. If C is the first capacity, c the 
unknown, V the first voltmeter reading, 
and v the reading with the unknown capac- 
ity, c = Vv. 

The first method is by far the easier, 
but where a.c. is not available, it is neces- 
sary to fall back on the ballistic-galvano - 
meter method. 

Measuring Inductances 
Inductances of large values such as are 

used for filter chokes may be measured in a 
manner similar to the first one described 
for capacity measurements. A line voltage 
reading, V, and a reading with the choke 
in series with the meter, VI, are taken. 
The inductance, in henries, is then equal 

to 3 ;7 whore R is the voltmeter resistance 

and the value of K depends on the ratio 
- as before, and is given in the table. 
For example, assume a line voltage reading 
of 115 volts, using a 6000 -ohm meter. 
With the inductance in series, the reading 
falls to 51 volts. 

VI = 51 = 0.11. From the v 115 

table we find K = 2. Then L = 2 3 
6000 

31.8 henries. 
This formula is more " vigorous than 

rigorous," since it assumes that the react- 
ance of a chokc equals its impedance. 
However, for practical purposes the crror 
introduced is negligible. 

(Continued on page 282) 
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What does your set say 
to 

the man who knows "? 

Who really buys your set?" 
"What points actually sell it?" 

THE success of today's manufac- 
turer and builder depends upon 

how well he knows the answers to 
these two questions. 

The man who knows enough about 
radio to understand causes as well as 
results is becoming an increasingly 
important sales factor in the receiver 
market. Those who are not radio -wise 
hesitate to purchase sets without rely- 
ing upon the advice of an acquaintance 
who has some knowledge of radio. 
To this man, Sangamo Transformers 
stamp your set as O.K. Sangamo in 

SANGAMO E 

the "audio end" means true TONE. 
TONE QUALITY is the magic key 

that finally opens the purse and 
closes the sale. 

Transformer building is a science 
in itself -best left to an organization 
like Sangamo, whose research, expe- 
rience and precision manufacturing 
facilities guarantee results. Sangamo 
"A" Line Transformers are built for 
the custom set maker or manufacturer 
who wants a "tone" advantage over 
competition. They cost a little more, 
but the set is easier to sell. 

L E C T R I C CO. 
SPRINGFIELD, ILLINOIS, U. S. A. 

Manufacturers of Precision Electrical Apparatus for 30 years 

See Reverse 
Side 



Line Transformers 
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Straight Audio 
Transfocmer 

for 171 
il,nmii 

showing uni- 
formity of am- 
plification at all 
audible fre- 
quencies. 

SANGAMO 
Type "A" 

Condensers 

IN THIS TO YOUR LETTERHEAD AND MAIL 

;ANGAMO ELECTRIC CO. 
;pringfield, Illinois, U. S. A., Dept. S 

(For manufacturers) I am interested in engi- 
neering data regarding your transformers and 
condensers. 
(For set builders) Please send circulars describ- 
ing your apparatus and latest audio hook -ups. 
I enclose IOc to cover cost of mailing. 

Type "A" straight audio amplifi- 
cation. 10 List price 

Type" B" Push -pull Input Trans- 
former for all tubes. 

12 List price 

Type C -171 Push -pull Output, 
for 171 or 250 type power 
tubes with cone speaker 

12 List price 

TypeD -210, same as C, except for 
210 and 112 powertubes. 
List price 12 
Type H -171, Push -pull Output 

r 250 power tubes for 
X12 Speaker. List price 

Type G -210, same as type H, except for 
210 and 112 power tubes. 
List price 

Type F Plate Impedance for use as a choke 
to prevent oscillation and for imped- s 
ance coupled amplifiers. List price .... 

Unusual facilities for furnishing transformers 
with or without cases ready for mounting and 
quick assembly with the receiver. Prices on 
application. 

No item can cost so little and cause 
so much trouble in a receiver as a 
fixed condenser. This fact is espe- 
cially appreciated by the manufac- 
turer with an eye to the service 
problem. Likewise, experience 
has shown that a fixed condenser 
is not necessarily a good con- 
denser just because it is molded in 
Bakelite. 

The immunity to thermal changes 
and to mechanical damage ren- 
dered by the Bakelite enclosure is 
supplemented in Sangamo Con- 
densers by accurate rating and 
sound construction of the mica 
condenser within the Bakelite 
casting. 

The standard line of Sangamo 
Fixed Condensers leaves the fac- 
tory tested to maximum variation 
of 10 %. Also furnished with closer 
ratings and in high voltage types. 

SANGAMO 
«Illini" 

Condensers 

"Illini" Condensers are standard with 
those manufacturers who insist on 
ratings being actually what the speci- 
fications call for. Manufactured by 
exclusively designed equipment, held 
to the tolerances your engineering 
department demands, Sangamo Con- 
densers will reduce to a negligible 
quantity inspection departmentrejects 
and "re- assembly" losses in profit. 


