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AUDIO T1ANSFOIMUIS 

R -100 
Universal 

Replacement 
Audio 
$2.25 

R -260 
Audio 

Transformer 
$5.00 

R -300 
Audio 

Transformer 
$8.00 

s U I' It E M E 

-400 
2nd Stage 

A. C. Audio 
Transformer 

$9.00 

I N 

ONCE again Thordarson steps into the 
foreground, this time with three new audio 
transformers of unrivaled performance 
fitting companions for the Famous R -300. 

The R -100 is a quality replacement audio transformer for use by the 
service man in improving and repairing old receivers with obsolete or 
burned out audio transformers. The universal mounting bracket of 
this replacement unit permits mounting on either side or end, and 
is slotted in such a way as to fit the mounting holes of the old audio 
unit without extra drilling. List price $2.25. 

The R -260 introduces a new standard of performance for small audio 
transformers. Wound on a core of Thordarson "DX- Metal" this 
audio unit is capable of reproducing plenty of "lows." It is entirely 
devoid of resonant peaks and performs with unusual brilliance over 
the entire audible band. List price $5.00. 

The R-300 needs no introduction to the discriminating set builder. 
It is commonly recognized by set manufacturers and individuals 
alike as the peer of audio coupling transformers, regardless of price. 
The high frequency cut -off at 8,000 cycles confines the amplification 
to useful frequencies only. List price $8.00. 

The R-400 is the first and only audio transformer built expressly for 
use with A. C. tubes. It is similar to the R -300 type in appearance 
and performance but possesses a better inductance characteristic 
when working under high primary current conditions such as are 
encountered in coupling the first and second stages of audio ampli- 
fiers using 226 or 227 type tubes in the first stage. List price $9.00. 

For Sale at Good Parts Dealers Everywhere 

THORDARSON ELECTRIC 
MANUFACTURING CO. 

Transformer Specialists Since 1895 
HURON, KINGSBURY and LARRABEE STREETS 

THORDARSON FLADIO TRAN 5 FORM ERS 
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Model 400A Patents Applied For 

What the Supreme 
Diagnometer Will Do 
In addition to providing plate voltage readings, 
grid bias readings, filament voltage readings, 
and plate current readings, the SUPREME 
Diagnometer 400A provides oscillation tests of 
tubes -the best known metbod of showing 
normal, suhnormal, and abnormal tubes. Gives 
direct full output readings of filament rectifiers. 
Tests screen grid tubes. Makes continuity tests 
without use of external batteries. Contains 
modulated radiator which takes place of hroad- 
cast stations for testing. and also furnishes 
signal for neutralizing and oscillator for syn- 
chronizing condensers, giving meter dip and 
speaker click at resonance. Has heavy duty 
rejuvenator. Bridges open stages of audio, 
alters outputs, tests fixed condensers, contains 
stages of audio, fixed capacities, 500,000 -ohm 
variable resistance and 30 -ohm rheostat. All 
meters and apparatus available for external use. 

Absolute Accuracy Assured 
Three Weston Meters and SUPREME engineer- 
ing, combined witb the finest of materials and 
workmanship, insure absolute accuracy. A 
Voltmeter of three scales, 0, 10, 100, 600, 1000 
ohms per volt; a Millammeter of 125 mils and 
21 amps, and an A.C. Voltmeter, three large 
scales of 0, 3, 15, 150, are built into the 
SUPREME test panel and are housed in Bake- 
lite cases. 

All instruments are manufactured for 110 volts 
and 50 -60 cycles. Instruments of other frequen- 
cies can be furnished special at slight increase 
in price. 

RADIO BROADCAST ADVERTISER 

It has 
Revolutionized 
Radio Service 

Radio Dealers Who Are Giving SUPREME 
Service Report Big Increases in Radio Sales 

and Service Profits 

America's foremost authorities have pro- 
claimed the SUPREME Diagnometer to be 
the greatest contribution to radio service 
and selling since the inception of radio. In 
one great stride this remarkable instrument 
changed radio service from "blind man's 
buff " to scientific analysis. 

The day of hit -and -miss service methods supplemented 
witb a few simple meter readings has passed. Only 
through complete, scientific service will dealers and 
service men be able to deliver the satisfaction their 
customers are demanding, and the SUPREME 
Diagnometer offers at tbis time tbe ONLY prac- 
tical, convenient, proved means of obtaining a com- 
plete, scientific diagnosis of every_working part of any 
radio. 

The SUPREME Diagnomcter must not he confused 
witb set testers -tbose simple meter combinations 
which provide only plate voltage, grid hias, plate 
current, and filament voltage readings and nothing 
more. Tbe SUPREME is a complete radio laboratory, 
in compact, handy, portable form, that p 'vides all the 
elasticity and range of the most expensiv. stationary 
laboratory equipment. It is impossible to describe 
here all the tests and analyses it will make; but as you 
read tbe synopsis of its many functions in the extreme 
left -hand column of this page, you will realize how 
vastly superior the SUPREME Diagnometer is to any 
otber or all other radio service instruments on the 
market. 

Yet the SUPREME is simple to understand and 
operate. Its brass -bound carrying case measures only 
18 x 101 x 7 inches, and complete witb the Diagnomcter 

weighs only 25 lhs. The case contains ample and 
easily accessible compartments for carrying all neces- 
sary adapters and tools. A cushioned tube shelf tbat 
affords absolute protection for extra tubes is included. 
The instrument can be removed from carrying case 
for shop use. 

Prices and Terms 

SUPREME Diagnometers may he purcbased either 
for cash or on the tine- payment plan. Under our 
deferred payment plan, Model 400A can be purchased 
for $38.50 casb and 10 trade acceptances (installment 
notes) for $10 eacb, due montbly. Casb price, $124.65. 
All prices net, F. O. B. Greenwood. No dealers' 
discounts. 

Six-Day Examination Privilege 
We extend to responsible parties the privilege of 

testing the SUPREME Diagnometer in actual service 
work for six days without any obligation to huy. 
Write for details of this six -day examination plan. 

Look for the Sign of Efficient Service 

Radio Owners: Look for 
this emblem in your radio 
sbop or on tbe button worn 
or card carried by your 
service man. It is your 
guarantee of dependable 
service. 

SUPREME 
adío Dia quometer 

conceivable 

Makes every test on any Radio Set 

Date .. ..... .. 

SUPREME INSTRUMENTS CORPORATION 
326 Supreme Building 
Greenwood, Mississippi 
Kindly send us more complete information on the Supreme Radio 
Diagnometers and the Supreme Service League. 

Signed . 

Firm Name 

Address 

City State. 
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... among other things 

WE MUST apologize this month and all because the 
table of contents directly west, as your eye travels, must 

be set in smaller type than is our custom. But the 'orrible 
truth is that it had to be set smaller in order to get every- 
thing in. We hope the increased scope of the contents will 
slake up for the slightly decreased legibility. 

THIS May issue now before you covers a pretty wide 
range. For those interested primarily in merchandising, 

we havc the leading article on the relation of sales and ser- 
vice; a description of a small successful radio shop in Washing- 
ton, D. C.; an exclusive statement for RADIO BROADCAST 
by President Frost of the R. M. A. on the importance to 
the radio sales structure of good radio service; the very 
interesting article on page 15 on how to use technical facts 
in selling (this particular story is based on the Radiola 60), 
and finally, the special trade news section on page 45. 

AN INDUCTANCE which has no appreciable external 
field is described by Emil Reisman on page 21 and it 

should be of great interest to our engineering readers. G. F. 
Laropkin of the University of Cincinnati details some inter- 
esting data he gathered on crystals (page 23). The articles by 
Prof. Terman of Stanford on detection have attracted wide 
attention and the last and perhaps the most interesting of 
the series is presented on page 37. 

H. S. PARSONS, chief, Periodical Division, Library of Con - 
gress, Washington, asks our aid in completing the files 

of the Library of Congress. The following numbers of RADIO 
BROADCAST are missing from their files: Vol. 7, Nos. 2, 3, 4, 5 
(June -Sept., 1925); Vol. 10, No. 2 (Dec., 1926). Any reader 
who is able to spare those copies should communicate with 
Mr. Parsons. 

THE June issuc of RADIO BROADCAST will be the Trade 
Show Issue and it will contain the most inclusive data on 

the way the radio world is going, written by those who are 
making radio industry history. The leading article, by Ralph 

. H. Langley of the Crosley Company is a stimulating discussion 
of present trends in cabinet design, another deals with latent 
sales possibilities in phonograph pick -ups, another deals with 
how a radio dealer solved some of his most vexing problems 
in store management. Besides these there are many other 
special articles and all our regular departments, a description 
of an unusually interesting v.t. voltmeter, simple to build 
and unusually stable in its calibration, and a new method of 
presentation of our popular "Set -Data Sheets." We believe 
you will like the June issue. 

--WI LLIS IV NGSLEY WING. 
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RADIO BROADCAST ADVERTISER 

SM Sweetest of 
Loud Speakers. 
It's a Real 5 -M! 

ONLY two months old is the S -M dynamic speaker: yet already it has taken 
its proud place among S -M audio products -the acknowledged aristo- 

crats of tone quality... "Sweetness" is taking on a new meaning for owners 
of S -M speakers. All the mellow flow of the "lows," as well as the brilliancy of 
of the "highs," come out smoothly on an S -M dynamic -with a surprising 
absence of all rumbles, roars and rattles... As always, there are underlying 
engineering reasons. Sound design in the speaker head is coordinated with 
similar mathematical correctness in the built -in S -M 229 output transformer, 
which has various taps to insure proper impedance matching for 171A, 210, 
245, or 250 type tubes, singly or in push -pull... The 110 -volt d.c. type (851), 
at $29.10 net, is ideal where the field winding is to be connected as a choke 
in a power circuit... The a.c. type (850), at $35.10 net, operates on 50 to 
60 cycles, 105 to 120 volts. Thorough rectification of field current, with a 280 
tube and a 2 -mfd. filter condenser, reduces hum to the point of defying detec- 
tion... Either type fits an 81/2" baffle hole... Try an 850 or an 851 unit in 
the next set you build -and the S-M speaker will become your speaker! 

720AC Screen -Grid Six 
(All- Electric) 

The 720AC is giving to experimenters 
everywhere a preview of radio as it will 
be in 1930- combining the sensation of 
the 1928 season -all -a.c. operation -with 
the sensation of 1929 - screen -grid r.f. 
amplification -and with them the en- 
tirely new 1930 features of a screen -grid 
tube almost 100% better than the d.c. 
operated '22, and a moderate -voltage out- 
put tube (the '45) nearly as powerful as 
the high -voltage '50. And, with these, the 
S-M precision engineering which has 
brought in broadcasting from across the 
Pacific with six tubes -and even with four. 
S-M tone quality is the accepted criterion 

of the audio transformer industry. All these things in the 720AC 
(licensed under patents of RCA and associated companies), at 
only $70.20 net for the set completely wired in the 700 two -tone 
shielding cabinet, less tubes and power units. Component parts 
total $47.07 net; cabinet $5.55 net additional. S-M 669 power unit, 
furnishing all A, B, and C power required, wired complete 
$34.50 net. S-M 720 receivers can be changed over at slight cost 
to the 720 AC circuit; full directions in Data Sheet No. 10. 

S -M 850 Dynamic Speaker 
105 -120 volts, 50-60 cycles. 

" Round-the -World Four" 
(Short-Wave Sets) 

Bigger and bigger grow the thrills that 
are coming in on the short- waves -big- 
gest of all when received clearly on an 
S-M Round -the -World Four. One screen - 
grid r.f. tube is used, with regenerative 
(non -radiating) detector and two S -M 
Clough- system audio stages. Wired com- 
plete in the aluminum cabinet shown, 
(Type 730) with coils giving 17 to 200 
meter range, $42.90 net-or as a two -tube 
adapter (Type 731) for use with any broad- 
cast receiver, $30.00 net. Component parts 
also available, at $31.71 net for the 4 tube 
set, or $22.86 net for the 2 tube adapter. 

New 810 Drum Dial 
As beautiful an illuminated dial as you will find 

anywhere, in the highest -priced receivers. Smooth - 
absolutely quiet -rigid and accurate -a full t/t6' for 
each of the 100 dial divisions -and only VA' thick 
over all -truly a dial to delight the heart of the set - 
builder with modern ideas. Obtainable for condensers 
to right or to left of dial; 810R or 810L, price $2.25 net. 

Are you getting the Radiobuilder, a monthly publication telling the very latest 
developments of the S M laboratories? No. 11 (Mar. 1929) gave the first details 
of the new 720AC All Electric Screen Grid Six, and the 669 Power Unit for the 
new a.c. screen grid and 245 tubes, with complete circuits. Send the coupon for 
free sample copy, or to enter your subscription if you want it regularly. 

If you build professionally, but do not have as yet the S -M Authorized Service 
Station appointment, ask about it. 

SILVER -MARSHALL, Inc. 
6403 West 65th St., Chicago, U. S. A. 
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Silver -Marshall, Inc. 
6403 W. 65th St., Chicago, U. S. A. 

Please send me, free, the 1929 Summer S -M 
Catalog; also sample copy of The Radiobuilder. 

For enclosed in stamps, send me the following : .... 50c Next 12 issues of The Radiobuilder .... $1.00 Next 25 issues of The Radiobuilder 
S.M DATA SHEETS as follows, a t2c each: 

....No. 1 .670B, 670ABC Reservoir Power Units ....No. 2. 685 Public Address Unipac ....No. 3. 730, 731, 732 "Round- the -World" Short Wave Sets ....No. 4. 223, 225, 226, 256, 251 Audio Trans - 
f ormers ....No 5 . 720 Screen Grid Sir Receiver ....No .6. 740" Coast-to-Coast" Screen (,rid Four ....No.7.675ABC High -Voltage Power Supply and 
676 Dynamic Speaker Amplifier .... No. 8. Sargent- Raymen t Seven ....No. 9. 678PD Phonograph Amplifier 

....No. 10. 720AC All- Electric Screen -Grid Six. 

....No. 12. 669 Power Unit (for 720AC) 

Name 

Address 



AIR -MAIL PLANES TO HAVE RADIO BEACON RECEIVING EQUIPMENT 

Radio has been called upon to solve the problems caused by aviation's greatest foe -bad weather. As a culmination of over a year of intensive lests, all 
the airplanes of National Air Transport, Inc., operators of air -mail and express lines, are being equipped with radio receiving apparatus, 

and radio beacon stations are being constructed al the company's principal airports. The receivers on the planes will pick -up beacon 
signals and weather reports. The pictures on this page show (above) an N.A.T. radio -equipped plane with vertical antenna, 

(center) the receiving equipment which is installed to the rear of the pilot's cockpit and which is tuned remotely 
with the cable shown, and (below) an interior view of the transmitting station at the Cleveland airport. 
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HOW SALES AND SERVICE ARE RELATED 
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THE radio dealer is primarily concentrating 
on the sale of a new radio set to his cus- 
tomer. He bends his chief efforts toward 

that end. When the immediate sale is consum- 
mated, the dealer looks to another new set 
sale and, in the main, is inclined to breathe 
a sigh of relief at the conclusion of the sale 
and to congratulate himself that it is out of 
the way. The customer who has just hought 
this new set, on the other hand, has a rather 
different point of view. He, the buyer, has 
just started his radio life. It has hegun with 
the purchase and installation of his set. He 
looks on the dealer as the local representa- 
tive of the entire radio industry structure. 
Only through the dealer can this interested 
customer attain good radio entertainment. 
The customer has bought a thing of wood 
and metal, whose technical working he does 
not understand, which promises him unlimited 
entertainment in his own home. 

Having spent his good money, the buyer 
expects to receive continued return on his 
investment in the form of constant dividends 
of entertainment. In other words, although 
the huyer may not actually phrase it in his 
own mind in just this way, he expects his 
set to he serviced properly. The buyer re- 
gards his actual act of purchase as merely the 
first step in his radio experience. The contin- 
ued good operation of his receiver is to the 
buyer the most important thing. 

Here we have an interesting situation with 
the buyer and seller taking almost diametri- 
cally opposite points of view. The dealer looks 
toward new buyers to bring into camp -new 
sales, while the buyer looks toward continued 
and satisfactory service from what he has 
bought. 

The dealer quite naturally is apt to feel 
that his chief joh is sales. He knows that sets, 
being what they are - devices with the equiva- 
lent of electrical and mechanical moving 
parts -will require expert attention, occa- 
sional adjustment, and repair. This repair and 
adjustment hranch of his business, however, 
is frequently regarded as the minor one. 
Service work is, then, a kind of necessary evil. 
The dealer realizes that technical men must 
be hired and their work supervised, testing 
equipment hought, and a shop equipped. So 
the sales side of the dealer's husiness looks 
more attractive, more potentially productive 
of results, than the service branch. And, in 
many cases, the dealer unconsciously sepa- 
rates these two chief activities. 

If sales and service are separated in the 
dealer's outlook on his own business, isn't it 
because the dealer himself has made this 
arbitrary division? The customer surely has 
not. So it can be said fairly, that in extreme 
cases, the dealer and his customer are work- 
ing at cross purposes. And it takes no massive 
brain to see that such a condition is not good 
for the dealer, the customer, the manufac- 
turer, and the entire industry. 

When the customer goes to his dealer with 
a service problem -which to the customer at 
the moment is just about the most important 
radio matter in the world -and he senses that 
the dealer is not nearly so interested in hint 
now he has purchased his set, he is most dis- 
satisfied and disappointed. The customer 
wants good service and wants it quickly. 
The dealer may be fidgeting to sell a new 
prospect in his display room at that precise 
minute. It he lets that customer feel that 
service is given grudgingly, then at that 

By WILLIS KINGSLEY WING 

A well -equipped service car is a great asset to a sales -service organiza- 
tion. Such a car makes it possible for the serviceman to take all necessary 
equipment with him on every job and it also has a favorable psychological 
effect on the customer. The car pictured above is an excellent example; it is 
fully equipped even to a ladder for erecting an antenna. 

moment, the customer's confidence in the 
entire industry hegins to be shaken. The cus- 
tomer looks askance not only at the dealer 
hut at the manufacturer of his set as well. 

The dealer is the ambassador of the industry 
to the customer. He is an amhassador when he 
sells the set, and he is no less an ambassador 

The basis for this article was an ad- 
dress delivered before the Retailers' 
Section of the Federated Radio Trades 
Association at their recent convention 
in Buffalo. Here we attempt to point 
out the important, and inseparable, re- 
lation between radio sales and service. 
Far too many dealers regard sales as 
the most important part of their activ- 
ities and relegate service far, far down 
in the scale of things. Judging the re- 
tailing of radio as a whole, the weakest 
part of the structure is service. It has 
often been remarked that the radio in- 
dustry can learn a great deal from a 
study of the progress of the automobile 
industry and certainly the automobile 
owner of to -day can get service of a high 
order on his car no matter where he may 
be. The radio dealer should render 
better service on the sets he sells, not 
only because it is better for the industry 
but also for the much better reason that 
through improved service he will make 
more money. 

-THE EDITOR. 

i 
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when the customer comes to him for service 
on that set. 

Importance of Service 

SERVICE rendered hy the dealer is of 
increasing importance and it has a direct 

bearing on sales. In April, 1929, RADIO 
BROADCAST were puhlished reliable figures 
on the sales of radio sets and radio tubes 
for the years 1927 and 1928. An apprecia- 
tion of these figures is helpful in solving the 
problem under discussion. 

In 1926, about 2,000,000 receivers supplied 
from all sources were sold. In 1927, nearly 
1,800,000 sets supplied from all sources were 
sold. And in 1928, 3,000,000 sets from all 
sources were sold to the radio public. 

The Department of Commerce figures of 
set sales in 1927 -that never- to -he- forgotten 
year when battles were waged over the re- 
spective merits of the standard battery - 
operated sets and the new a.c. -tuhe receivers 
-indicate that about one a.c. set was sold 
to every three battery -operated sets. No such 
comparison is available for the year just 
closed -1928, but it is prohable that the ma- 
jority of sets sold in 1928 were socket -operated 
a.c. receivers. 

Why did 1928 show such an astounding 
sale of sets? That figure of 3,000,000 is one 
to conjure with and the men responsihle for 
sales can well be proud of it. Just two factors 
entered in. First, the public acceptance of 
the new convenience of radio. The light- socket- 
operated receiver hit their fancy. The a.c. 
set represented to them the "perfect radio" 
they wanted to own. Secondly, extraordi- 
narily good broadcasting, represented hy 
general programs of high quality and the 
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astounding effect of the public interest in 
the broadcasting of all tbe events in tbe polit- 
ical campaign. Tbere is much more to be said 
on these two points, but this will suffice. 

It is no idle phrase to say that the a.c. set 
bas been accepted by the public; the sales for 
1928 demonstrate that. But in 1929 a.c. sets 
must be sold to tbe public. A radio set operat- 
ing direct from the light socket is no longer 
a marvel to tbe prospective buyer. The phrase - 
maker who described radio as a seven -day 
wonder was more right than be knew and for 
all practical purposes might have been 
describing the sales situation last year. When 
the seven days were up, the a.c. set was 
accepted. From then on, it had to be sold. 

Now those who bought a.c. sets last year, 
those represented in tbat 3,000,000 set mar- 
ket, bought a.c. receivers because they were 
the cream of the market. Radio for them bad 
arrived and they bought it. 

Radio set sales in 1929 will be more difficult. 
The cream of the market bas been skimmed. 
as far as those interested in a.c. sets for their 
own sake are concerned. Now how can the 
tougb sales problem in 1929 be licked? In just 
two ways: first by better, more intensive, 
more intelligent sales methods. The dealer 
cannot content himself with taking orders 
like salespersons in large and successful de- 
partment stores; be must sell. How be must 
sell, is, as tbe saying is, another story. The 
second method by wbicb the sales problem of 
1929 can be conquered is in the improvement 
of service. 

On January 1, 1929, there were 11,000,000 
radio sets in use in the United States. Of 
these 11,000,000 not more tban 3,500,000 
are a.c. sets. Tbat last figure is probably high, 
but will be accepted for the purpose of this 
discussion. Therefore, tbere remain 7,500,000 
sets now in use wbicb can be replaced with 
modern complete light -socket -operated re- 
ceivers. Of course, a respectable quantity of 
tbese 7,500,000 sets are in homes which are 
not supplied witb a.c. lines. But if a generous 
subtraction is made for all reasons, there still 
remain a tremendous number of battery - 
operated sets which can be replaced witb the 
a.c. set of 1929. 

The Resale Market 

IN CONSIDERING the 1929 market one 
cannot avoid the growing importance of 

the resale market. The dealer can and should 
sell new sets to people in 1929 who bave never 
owned a radio before, but he also has an enor- 
mous prospect list made up of those who have 
sets, sets which are battery- operated, of poor 
quality of reproduction, expensive to main- 
tain, and otherwise antiquated and unsatis- 
factory. 

Now most of these present owners of un- 
modern, outmoded sets are in contact with a 
local dealer, And the chief contact the dealer 
has with them is through his service depart- 
ment. When it comes to salesmen everyone is 
pretty much the same; one does not willingly 
expose himself to a sales canvass if he is not 
absolutely convinced he wants what the sales- 
man has to sell. But the dealer with a well- 
rounded organization has a great advantage. 
One branch of his organization is welcomed 
in the home of the prospect for a resale. And 
the representative of that branch is the serviceman. 

The customer tends to hang on to his radio 
as long as be can. He reiterates that his radio is 
"a little old, but good enough." He loves to 
tell how his set still gets all the stations be 
wants, of its "fine mellow tone," and other 
phrases we all know so well. But when he calls 
in the dealer's serviceman, he establishes con- 
tact with the sales organization again. IIe 
asks to he sold service and he should get it. 
And if the dealer's sales and service organiza- 
tion function smoothly, the dealer can get an 
immediate line on whether or not that cus- 
tomer is a good prospect for a resale, through 
the report of his own representative -the 
serviceman. 

Returning to the 1929 sales problem again, 
the relation of the resale market to the new 
sale possibility will be considered. John S. 
Dunham, president of QRV Radio Service, 
Inc., one of tbe largest and best purely serv- 
ice organizations in New York, has told the 
writer of a situation he has discovered. In a 
representative Riverside Drive apartment 
house where, witb a total of 73 apartments, 
only 60 families owned radio receiving sets. 
That is the condition in one of the wealthiest 
sections of New York City, where the major- 
ity of families can well afford a radio receiver. 
Every one of these 60 families is a prospect 

-F. A. D. Andrea, Inc. 
In order to perform tests efficiently 
the dealer's shop must be equipped 
with well- designed testing appar- 
atus. This picture shows a service- 
man performing a continuity test 
on a Fada receiver in an approved 

fashion. 

for a new and modem set in 1929, but it is 
going to take some expert selling to bring the 
13 unequipped families into the radio fold. 

The dealer is most certainly going to sell 
many of these families who bave never owned 
a radio before the bistory of 1929 is written, 
but be should not Iose sigbt of the ripe pros- 
pects among those who already own sets. 

What is Good Service? 

j TOLTAIRE once said, " If you will argue 
V with me, first tell me tbe terms of your 

discussion." And it is fair enough here to ask, 
" Wbat is good service ?" Good service is 
what keeps the customer sold on radio. The 
dealer must render satisfactory service during 
the period of the free guarantee in order that 
the set remain in the customer's home; the 
set must not come back. And barring earth - 
quakes or other acts of God, the set can stay 
there to the customer's complete satisfaction 
during that time. If the dealer cannot keep the 
set sold through good service during that 
period, it is plain that tbe customer becomes 
completely unsold on radio, from the dealer 
right back to the maker of his set. 

And what about the period after the free 
service guarantee has expired? 

Here again, the dealer should render the best 
of service for the best of reasons. Through 
good service the dealer should keep the cus- 
tomer long enough to sell him another set. 
Through good service, the dealer can make a 
profit on service transactions and certainly on 
the salt of tubes and other accessories the 
purchase of which results from service calls. 
And here is a most important point: estimates 
indicate that about. 10 per cent.. of the total 
radio retail outlets are exclusively radio stores. 
In the case of the remaining 90 per cent., 
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the other outlets, good service on the part of 
the dealer is going to retain customer con- 
fidence and satisfaction and make that cus- 
tomer come to bis store for the other merchan- 
dise wbicb that dealer bandies. Furthermore. 
the dealer's main interest is in selling radio 
sets. He bas to watch carefully the cost of 
getting his customers. Good service after the 
free service guarantee has expired means the 
difference between keeping a customer al- 
ready acquired and going through the ex- 
pensive process of getting a new one. Let's put 
that important point in another way. 

If it costs a dealer $5 for eacb new customer 
and through poor service be loses half of them 
it means his year's new customers cost him 
$10 each. If be gets 100 new customers and 
poor service loses half of tbem, be must get 
200 new customers to keep 100. So good serv- 
ice is closely connected with the dealer's new 
set sales, not only to those customers already 
in hand but to the friends of those customers. 
And the recommendation value of good serv- 
ice with customers already owning sets is 
no small factor in entirely new sales to the 
friends of the dealer's present customer. Al- 
most every radio dealer, no doubt, recalls 
many instances in his own experience where 
satisfying his customer through accommodat- 
ing and efficient service resulted in a good 
prospect and sale among one or more of that 
customer's friends. 

Now is this good service wbicb bas been 
discussed too heavy a burden on the dealer? 
Well, the customer looks on the dealer as a 
means through wbicb be can get good radio 
reception. Good broadcast reception is to the 
customer the only end. To the customer the 
dealer represents the cbief source of radio in- 
formation and expert ability. In tbe ens- 
tomcr's eyes, the dealer sells him first, the 
mechanical -electrical means through which he 
gets the broadcast reception he desires, and 
through tbat same dealer be buys the con- 
tinuance of the reception on whicb he insists. 
Good service on the dealer's part to tbe cus- 
tomer does not represent men or materials 
but only the restoration of good broadcast re- 
ception. 

Service Requirements 

GOOD service on the dealer's part re- 
quires: first good servicemen; secondly. a 

simple and easily maintained system of service 
records at the store; and thirdly, good testing 
and repair equipment in the bands of the 
servicemen. 

Perhaps the average dealer, looking at bis 
service problem as of secondary importance 
to bis sales problem, has been prone to hire 
the cbeapest men be could get, or to put it an- 
other way, bas felt tbat servicemen were not 
worth a very large salary. It is probably true 
that the average serviceman makes little 
more than $25 or $30 per week. However, 
would it not be better for the dealer to hire 
fewer men and pay them more? 

Even tbe simplest system of cost accounting 
applied to the dealer's service work will 
show that it is more economical to reduce the 
total number of service calls. For example, a 
mediocre dealer's serviceman makes two calls 
within ten days at a customer's house, each 
call involving in time alone a charge of not 
less than $1.50. The two calls cost $3.00. 
One call, which in the charge of an expert 
efficient serviceman at $3, is better economy. 
Economy from the dealer's standpoint, cer- 
tainly from the customer's angle, and it is 
economy of the time of the serviceman himself. 

1 t would be better from the dealer's posi- 
tion to hire oue serviceman at $50 per week 
and expect topnotch performance than to 
hire two fair servicemen at $25 each. The 
dealer has u right to expect the very best of 
work from the good man, while he always 
knows in the back of his mind that the 
mediocre men cannot be expected to do really 
lirst -class work. The importance of having 
the service job done right the first time cannot 
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he overestimated. And getting it done right 
means that a first -class man must do the 
work and must he paid well for doing it. 
And from the dealer's cost standpoint, it 
does not mean that he has to spend more 
money than he can afford. Good service done 
by the hest possible serviceman is actually 
cheaper than `cheap" service. 

Relation of Service to Sales 

IN 
THIS discussion the serviceman has been 

considered as a different person, a different 
type from the sales staff of the dealer. But in 
the last analysis, and it is the honest analysis, 
the serviceman is a salesman just as much as 
anyone in the dealer organization is. The serv- 
iceman is selling service. If he is not, the 
dealer has deadwood on his hands. And 
service to the broadcast listener means only 
one thing -good hroadcast reception. When 
the customer bought from the salesman origi- 
nally, he was also huying broadcast reception 
and not merely radio furniture. 

The good serviceman is really keeping 
radio sold and that is real salesmanship. The 
serviceman, it is true, differs greatly from the 
pure salesman in the radio store. But it must 
be rememhered that after the customer has 
actually hought his set from the dealer, it is 
the serviceman who maintains that contact 
of the customer with radio reception. 

Everyone is human and the good service- 
man who enters the customer's home gets 
into as human a situation as can he found 
anywhere outside of a doctor's office. The 
patient goes to the doctor with an ailment and 
Implicitly trusts the doctor to draw on his 
fund of medical knowledge and recommend 
and apply the cure. The radio owner, calling 
the radio serviceman in. is in exactly the saine 
position. He is putting his trust in a technical 
expert to restore to him good reception. 

Now the intelligent serviceman, backed 
up by a good system of customer -service rec- 
ords, goes into the home. He examines the 
set with practised eye and sure hands, using 
his test equipment surely and expertly, just 
as the doctor uses his thermometer and steth- 
oscope to detect the patient's physical ail- 
ment. The good serviceman knows what will 
restore the set to working order, how much 
it will cost, and how long it should take. He 
does not talk circuit -diagram language, which 
the customer does not understand and, there- 
fore, suspects. He tells the customer in words 
he can understand what his set needs. And he 
gives the customer's set that cure. But the 
good serviceman does more. 

He returns to the shop and notes down on 
his service record -which should he available 
to the purely sales staff -his analysis. That 
analysis may show, as it often does, that the 
customer really needs, not a new set of tubes, 
or a new a.f. transformer to restore hint to the 
enjoyment of good broadcast reception, but a 
new set. The serviceman does not try to sell 
that new set, but, while on the joh and heing 
entirely honest, he can in his analysis to the 
customer plant the seeds of desire for a new 
set and can give him reasons. The serviceman, 
as a sideline to his main task, is really a most 
important feeder of replacement sales to the 
retail shop. 

In this connection it should be pointed out 
that only a very small numher of the sets now 
in use are designed to give what we all know 
to-day to be good broadcast reception. The 
advances in design in the past 18 months 
or more have been too rapid. It is invariably 
true that the customer is satisfied with his 
present set until he hears something better. 
Servicemen of wide experience say that one 
of the most common complaints of owners 
runs something like this: "Please come out 
and fix my set. It still plays, but its quality 
doesn't seem to be as good as when I first got 
it." Now, barring such proper complaints as 
failing tubes and incidental circuit conditions 
causing temporarily impaired quality -which 
the serviceman quickly repairs -what is the 
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true situation? Simply this: the set, after 
minor repairs, is as good as it ever was, hut . 
what has happened is that the customer has 
revised his ideas of what good quality is. 
His set, in other words, has not failed him, the 
set is no different, but the customer is differ- 
ent. His ideas of good quality have been re- 
vised without his knowing it. 

How Servicemen Aid Sales 

WHAT dots the good serviceman do in 
this case? Does he merely tell the cus- 

tomer that bis set is as good as it ever was? 
That, the customer will never helieve hecause 
he knows in his heart that the set isn't. No, 
the good serviceman, working under proper 
direction from his chief, explains how repro- 
duction has improved in new models, tells 
him of the merits of the new loud speakers, 
revises, in fact, for the henefit of the sales staff, 
the customer's ideas about modern radio. Of 
course, the serviceman can explain that he 
can install special high -quality transformers 
and a dynamic loud speaker hut he can show 
at the same time that the $50 or $60 in- 
volved in materials alone in this improve- 
ment in his old set might hetter be put to- 
ward an entirely new and modern set which 
has all these improvements as an integral 
part. Or take another frequent situation. 
While the serviceman is making repairs in 
the home to an old set, the customer plies 
him with questions. " What do you think of 
this set of mine? Is the new X- phonic receiver 
all the advertisements say? How much does 
it cost to operate one of the a.c. receivers? 
What set do you recommend ?" These ques- 
tions and a lot more like them are fired at the 
serviceman, and, if he is good, he answers 
them honestly. And when he returns to the 
shop his analysis of that customer's possihili- 
ties can appear laconically in the remarks 
column: "customer's set repaired with set 
of new tutees; good prospect for new a.c. set." 

Here the dealer makes a profit on the service 
call, satisfies his customer, and gets abso- 

The serviceman's work bench 
should be well lighted and free 
from obstructions to permit most 
efficient work. Each tool should 
have a place and small parts 
should be stored in some orderly 

manner. 

lutely invaluable information leading to the 
sale of a new set. Had his reputation for serv- 
ice peen poor his competitor's serviceman 
would have been there, paving the way for a 
r=placement sale. So is good service tightly 
linked to increasing sales. 

Now where are good servicemen to come 
from? How much responsihility rests on the 
dealer and how much on the serviceman? Al- 
though an attempt has been made to show 
that the intelligent and alert serviceman, 
working in the customer's home, has a tre- 
mendous advantage in influencing new sales, 
he is not a salesman primarily. But if he is 
not used by making him an integral part of 
the sales plan. the dealer is leaving a hig part 
of the store's sales possihilities untouched. 
During the regular sales meetings the dealer 
should help the serviceman to understand the 
importance of his part in the sales plan 
and should instruct him on how he should 
answer the customer's questions about new 
sets. 

The dealer's main effort should be to im- 
prove his servicemen and that means leaving 
no stone unturned to see that he is getting 
every hit of technical information which will 
help him. He needs the best possible tools 
of his profession, to be sure; good meters, set - 
checkers, etc., but he needs the technical 
knowledge of how to use them, he needs hack - 
ground on radio generally, he must know what 
other manufacturer's sets are like, technical 
short -cuts in his work, etc. In short, he must 
study. The dealer sees that he is equipped with 
the proper meters -the tangible necessities - 
hut he must also see that he has the intangi- 
bles -the knowledge based on study. 

There are some texthooks which give serv- 
icemen the background they need or which 
help to develop that which they already have, 
there is a lot of excellent printed matter 
from various radio manufacturers which has 
lots of useful information, and there are 
periodicals which will help servicemen to keep 
ahreast of the technical side of this rapidly 
moving industry. In this connection, one 
of the most encouraging signs which has been 
manifest is the deep interest of radio dealers 
and their service staffs in acquiring more ac- 
curate technical information on what is going 
on. Thousands of letters are received at 
RADIO BROADCAST from dealers and service- 
men, and these communications are from men 
who are greatly interested in improving them- 
selves with more information. 
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Will Synchronization Bring a Radio Panacea? 
WHENEVER an experiment in the synchronization of broad- 

cast station carriers is announced, articles appear in the press 
to the effect that, should the experiment be successful, the 

number of stations operating simultaneously in the broadcast band 
may be increased greatly. In most instances, this impression is 
entirely erroneous because only approximate carrier -frequency regu- 
lation is attempted. Only when absolute synchronization of both 
carrier and program signal is the objective is there any hope of in- 
creasing the number of transmitters which may operate simultane- 
ously. Absolute synchronization has been accomplished successfully 
only when the stations are linked by wire lines and both carrier and 
program signals are supplied from a common originating point, as in 
the case of wnz and SBZA. 

However, there are definite limitations even to absolute synchro- 
nization. It is useful only when the signal received at any one point 
comes from but one of the two synchronized stations. A receiver, so 
located that it receives equal signals from both synchronized stations, 
is subject to serious distortion because the two signals are out of 
phase due to the differing time required to transmit them by wire 
and back through the air. Usually, because of fading and field - 
strength variations in the received signal, this phase difference is 
emphasized by a swinging effect. Consequently, undistorted reception 
with absolute synchronization is possible only when the signals of one 
of the stations predominate over the other at all reception points 
within their respective service areas. 

We are informed of practical experiments conducted in Germany 
in the field of absolute radio program synchronization, employing 
wire distribution of both program and carrier. A definite interference 
pattern, which changed not only from day to day but hour to hour, 
was found to exist, due to the interaction of the signals received from 
two points simultaneously but out of phase. Reception, good at one 
point, would be found to be practically nil at another but a few score 
yards distant. This experience corresponds to theoretical conceptions 
of phase difference effects encountered in radio transmission from 
two different points. Authorities differ on these questions, it is true, 
but until we have actual demonstration of successful wire -line 
synchronization under the practical conditions of the present broad- 
cast spectrum, glowing descriptions of this would -be panacea to 
broadcast allocation ills are rather the expression of a hope than a 
justified assertion. 

In the case of approximate synchronization, attempted by means 
of independent crystals accurately matched, very serious limitations 
to its application exist which do not appear to be generally under- 
stood. The principal object sought in approximate carrier synchro- 
nization is to eliminate carrier whistle on regional channels. This is 
the most annoying type of interference, now widely experienced on all 
the crowded regional channels. For example, wcco and WPCH, now 
engaging in a synchronization experiment, operate simultaneously 
only during the day. If their carriers are approximately synchronized, 
they may also operate simultaneously during such evening hours 
as the program service areas of the stations do not overlap. If the 
separation between these stations were reduced by 500 miles, ap- 
proximate synchronization would still eliminate the carrier whistle, 
but the distortion due to the simultaneous reception of two programs 
and the effects of the sub -audible beat note, created by their carrier 
interaction, would cause disruption of the service of both stations. 
While a 50- or 60 -cycle carrier heterodyne of approximately synchro- 
nized stations is not reproduced by the loud speaker, the sub - 
audible beat occurring interacts with the audio -frequency or program 
component, affecting musical quality. WPCH serves only a small area, 
surrounding New York, and, during the early evening hours, wcco's 
signal is of such a low field strength that it would not produce an 
audible effect in wpcl's service area. At the same time, WPCH, being 
a low- powered station, would have no noticeable effect in wcco's 
territory. But, as the later evening hours approach, and good trans- 
mission conditions prevail, wcco may, under certain conditions, de- 
liver sufficient signal in the New York area to affect the quality of 
wPCH's transmissions. The success of the WPCH-WCCO experiment, 
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therefore, means only that, in certain instances, where a low - and 
high -powered station, widely separated, are paired on the same 
channel, their respective service may be somewhat improved at 
those times that their audio - frequency and carrier signals are of a 
widely diverse field strength within their service areas. Two or three 
hours' service in the early part of the evening is a valuable addition 
to WPCH'S opportunity to serve its audience and the experiment of 
carrier stabilization is thereby justified. But station managements are 
warned that that is the maximum effectiveness of the experiment. 
Amateur allocation experts should realize that approximate synchro- 
nization will not increase the number of stations which may be 
assigned in regional channels. 

The Federal Radio Commission has issued permission to the 
Continental Broadcasting Corporation of New York to attempt an 
experiment in synchronization of two broadcasting stations in 
Virginia. The frequencies assigned for the purpose are 3257, 3256, and 
4795 kc. These high frequencies, when heterodyned, produce a 1539 - 
kc. carrier, the frequency of the two stations in the broadcast band 
associated in the experiment. The employment of two or three high - 
frequency transmitters for generating a desired broadcast carrier 
frequency at several separated broadcasting stations by heterodyn- 
ing may or may not have advantages over the distribution of a single 
frequency, which is stepped to the desired broadcast frequency by 
means of a frequency multiplier or harmonic producer. The latter 
method requires the use of but one high -frequency channel instead 
of two or three. The conclusion that a demonstration over short 
distances will make possible long -range synchronization of chain 
stations is unwarranted because it still remains to be proved that 
fading and noise effects do not cause instability in reception of the 
synchronizing frequencies and that skip -distance effects limit syn- 
chronization to very long spans only, so that amplifying such a signal 
to serve as the carrier for broadcasting is impractical. 

Canada's High- Frequency Allocation 

AGREEMENT has been reached between the State De- 

N 
partment t and the Canadian Government on continental high - 
frequency assignments, in accordance with the report of the 

majority of the American delegation at the recent conference at 
Ottawa. That report, with which ex- Commissioner O. H. Caldwell of 
New York dissented, gives the United States a total of 146 of the 228 
general communications channels, of which 112 are exclusive and the 
remaining 34 shared with Canada and Newfoundland. Canada is 
allocated 38 exclusive channels, to be shared with Newfoundland, and 
48 shared with other nations. Newfoundland received 17 channels, 
shared with the United States, Cuba five exclusive and 15 shared 
with Canada; Mexico and other nations, eight exclusive and 16 
shared with Canada. Of the 65 channels below 3412 kilocycles, the 
United States holds 34, shared with Canada and Newfoundland; 
Canada has 48, shared with other nations; Newfoundland 17, shared 
with the United States; Cuba 15 shared with Canada, and other na- 
tions have 16 shared with Canada. 

Apparently, the meetings leading to this agreement were not in 
the nature of a negotiation but rather a presentation of frequencies 
to Canada. With utter disregard of the future needs of the United 
States for essential high- frequency communication channels, an 
extraordinarily liberal award has been made to Canada. Considering 
that our population and habited area is roughly ten times that of 
Canada, there is no possible excuse for the present rat.io,.which give. 
Canada more than 70 per cent. of the number of frequencies assigned 
to the United States. Furthermore, the precedent established by this 
agreement will be pressed by Canada as applicable in the broadcast 
band. 1 f our broadcast channels were divided in the same ratio, the 
American allocations would amount to approximately 48, the Cana- 
dian 34, and other neighboring countries 14. The same arguments 
which swayed the State Department into accepting the Canadian 
proposal for this disproportionately large share of high -frequency 
channels are certainly applicable to broadcast channels. 
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It seems to us that the only just basis upon which the 293 high - 
frequency channels can be divided among Canada, Newfoundland, 
Cuba, the United States, and the remaining countries in the North 
American continent is a scientific appraisal of their present com- 
munications and future needs. This requires that consideration be 
given to area, the determining factor in appraising the distances to 
be linked; population, determining the number of persons to be 
served, and any special factor which may be necessary to correct 
inequalities arrived at by this method. In the matter of area, Canada 
gains an undue advantage because a large part of its area is un- 
inhabited and, therefore, requires little or no communication facili- 
ties. Although our population is larger, it is also growing at a rate 
which would make assignments on the basis of population quite fair. 
On the basis of area and population alone, Canada rates about one - 
tenth as many frequency facilities as the United States, although 
it is entitled to a better ratio than this because many small but 
important communities cannot be served by any other means of 
communication than radio. But this consideration does not justify 
the one -and -a- half -to-one ratio adopted. 

Commission Permits Limited Picture Broadcasting 

THE Federal Radio Commission has ruled that visual trans- 
missions in the broadcast band will be permitted hereafter be- 
tween 1 and 6 a.m. Seventeen companies have been granted 

high- frequency channels for experimentation in the field, including 
Westinghouse, Radio Corporation, General Electric, Jenkins, NV/tam. 
Inc., Lexington Air Station, Pilot Electric, Chicago Federation of 
Labor, William Justice Lee, and Aero Products, Inc. Other applicants, 
while not denied licenses, were ordered to appear at hearings for the 
purpose of showing why they should be granted television -channel 
assignments. 

This outcome of the visual broadcasting hearing should be en- 
couraging to those interested in its development because it gives them 
opportunity to demonstrate the possibilities of the art both on high 
frequencies and in the broadcast band. It is perfectly proper to re- 
strict visual broadcasting to obscure hours until its program value 
is demonstrated more fully. The present hours, however, should be 
modified slightly because station personnel is not available at the 
hours now specified. If the visual broadcasting period were moved 
forward to midnight instead of 1 a.m., and a morning hour, such as 
from 8 to 9 a.m., a silent period with most stations, added, much 
more effective work could be done without, at the same time, affect- 
ing entertainment audiences. However, if any progress is made at all. 
the Commission is likely to consider the merits of the case. 

The consensus of those appearing at the hearing was that tele- 
vision and still- picture broadcasting should have opportunity to 
prove their prospective service value before any attempt is made to 
determine their future. Representatives of the Radio Corporation of 
America and allied interests were flatfooted in their statement that 
there is no place whatever in the broadcast band for television be- 
cause there is no public interest in the subject. Other authorities, in- 
cluding Dr. Lee deForest, C. Francis Jenkins, and John V. L. Hogan 
testified that television and still- picture broadcasting may ultimately 
have real service value in the broadcast band. Broadcasting stations 
can be relied upon to radiate picture signals only if there are appreci- 
ative and responsive audiences. Therefore, there is no wisdom in 
arbitrarily preventing experimental progress in what may become a 
useful broadcasting service. 

World Peace Via the High Frequencies 

IN AN effort to conduct world -wide communication from the 
Secretariat of the League of Nations, arrangements have been 
made by that body for a series of high -frequency radio telephone 

transmissions, utilizing the Dutch station at Kootwijk. A similar 
attempt in May and June of last year resulted in 92 reports of success- 
ful reception in all parts of the world. This year, transmissions to the 
American continent will be attempted on Tuesday evenings, to Japan 
on Wednesday and Australasia on Thursdays. For point -to -point 
communication, this service is likely to meet the needs for diplomatic 
message exchange with the same reliability that obtains in all short- 
wave transmissions. If a world -wide broadcasting service is contem- 
plated, however, no single station is likely to be of use. The bulletin, 
issued by the League's Secretariat, is rather naive, indicating a some- 
what incomplete knowledge of radio transmission phenomena. The 
only hope for a world -wide broadcasting system lies in the utilization 
of established broadcasting systems, linked by short -wave trans- 
oceanic networks of a nature now being tried by the National Broad- 
casting Company and the British Broadcasting Corporation. A great 
deal of time and money could be saved if the League took advantage 
of the experimental work being done by others. 
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The occasional rebroadcasting of foreign programs by established 
systems will undoubtedly do more to promote international under- 
standing than all the lofty declarations of politicians and diplomats. 
Science is rapidly building the means of promoting peace among 
nations and, in so doing, is incidentally developing the agencies which 
will make warfare all the more effective and, therefore, the more 
destructive. 

Municipal Regulation of Man -Made Interference 

THE Federal Radio Commission, through its legal staff, has 
made an investigation of state and municipal regulations apply- 
ing to radio communications. This body is prepared to give 

advice and assistance to municipalities and states desiring to formu- 
late ordinances which will not conflict with federal regulation. Only 
one decision has been made in the courts, demarking the field of 
federal and state regulation of communication. In that opinion, ren- 
dered by the District Court of the Eastern District of Kentucky, 
Whitehurst V. Grimes, held that an ordinance, attempting to license 
radio stations, is unconstitutional on the grounds that "radio com- 
munications are all interstate." 

The Board of Trustees of Boonville, N. Y., adopted an ordinance, 
providing that no person shall maintain or operate any electrical de- 
vice or apparatus causing interference with radio receivers within the 
village of Boonville. No electric sign or other so -called blinking device 
whereby a make- and -break contact is maintained, shall be operated 
unless equipped with condcnsers properly grounded so as to limit 
interference, nor shall electric pianos or other similar machines be 
operated. Violet ray or other X -ray machines shall not be used be- 
tween 6 and 10 p.m. except in emergencies. Anyone violating this 
ordinance shall be considered a disorderly person and subject to a 
penalty of a hundred dollars. 

We learn from a correspondent of another proposed ordinance 
being considered by the Brandon City Council of Manitoba, Canada. 
prohibiting the use of electrical equipment which causes radiations of 
a type interfering with radio reception. There have been several 
attempts to pass similar municipal regulation in the United States 
and, in the few instances that such regulations have actually become 
ordinances, they have been found to be unenforceable. The attack on 
electrical interference does not lie in prohibiting the use of equipment 
of a radiating character. The solution of this problem, which is 
gradually becoming of greater and greater importance as other causes 
of interference with radio reception are eliminated, lies in compelling 
the manufacturers of electrical appliances to equip their devices with 
filter systems which prevent radiation. Those who cause interferencc 
are usually the innocent victims of the manufacturer of the device. 

The Press Continues Bungling 

THE National Radio Press Association, Inc., of New York City, 
has been formed for the purpose of supplying spontaneous 
news and sports reports exclusively for radio stations and, 

through them, to the radio public. It proposes to build stations in 
New York, Washington, Chicago, Cleveland, Columbus, Cincinnati, 
Detroit, Kansas City, St. Louis, New Orleans, Atlanta, Salt Lake 
City, San Francisco, Los Angeles, Seattle, Philadelphia, Dallas, and 
Minneapolis. It has made application before the Federal Radio 
Commission for twenty continental short -wave channels, to be taken 
from the channels assigned to the American Publishers Committee. 
There is not the slightest indication of the competence of the organ- 
ization, but it has been said that Herbert Bayard Swope, former 
executive editor of the New York World, is behind the project. 

John Francis Neylan, attorney representing the Hearst newspaper 
interests, has protested to the Federal Radio Commission about the 
distribution of the twenty frequencies assigned to newspaper use 
under the management of Joseph Pierson of the Chicago Tribune and 
president of the American News Traffic Corporation. Under the plan, 
the Hearst newspapers received three transoceanic channels and 
three intra- continental, while the United Press and the Scripps - 
Howard newspapers receive a total of six and a half wavelengths. 
In a telegram to the Commission, Mr. Neylan states that Mr. Pierson 
is without authority to represent any newspaper or news association 
of the Hearst interests and is without authority to speak for ninety 
per cent. of the press of the United States. The press continues to 
show marked incompetence in managing its radio affairs. 

The Board of Directors of the Associated Press adopted a reso- 
lution to the effect that a member newspaper may not establish a 
chain by which a station in another city than the city of publication 
may broadcast news of the A. P., unless that member joins with and 
shares the credit with the originating newspaper. A member may not 
tie -up the broadcasting of Associated Press news with any adver- 
tising program. -E. H. F. 
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Valuable Pointers on Retailing and Servicing 

RUNNING A SMALL RADIO SHOP 
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By MARY TEXANNA LOOMIS 
President. Loomis Radio College 

Fig. I -A well- equipped work bench for the efficient servicing of radio receivers. Note especially the convenient 
arrangement of tools and testing equipment. 

WHEN the editor. of RADIO BROADCAST 
asked me to prepare an article giv- 

ing details of a small radio retail and serv- 
icing business, it was obvious that the 
service -shop classroom of the Loomis Radio 
College did not answer this description, and 
that the most effective way of making such 
an article practical would be to pick out 
some prospering little shop as a model. Natu- 
rally the choice would have to be made from 
available material. I have chosen to describe 
the Capitol Radio Service, of the Mount 
Pleasant suburban scction of Washington, 
D. C., hoping that the ideas gathered may be 
of assistance to persons contemplating going 
into a similar line of business. 

The shop referred to is located in a re- 
modeled house, giving two floor levels, as 
indicated in Fig. 3. Many such store build- 
ings cxist throughout the country, and this is 
mentioned merely to explain the drawings 
and pictures which accompany this article. 
The showroom, with a small array of high - 
class broadcast receiving apparatus, is shown 
in Fig. 2, and the service shop in Figs. 1 and 5. 
Several antenna -ground wall outlets, such as 
used in apartment -house installations, are 
arranged around the showroom and wired in 
parallel so that any set can be conveniently 
plugged into contact with the antenna and 
ground without having to move it. 

The retailing branch of any radio store is a 
matter of buying wisely and selling at a 
reasonable profit. Most dealers have arrange- 
ments with two or more manufacturers of 
standard sets as their representatives in their 
localities. One high -priced and one low - 
priced set from different manufacturers need 
not conflict. All sets are purchased on either 
sash payment or short -time credit, with 
standardized discounts. Manufacturers of 

The author of this article looked into 
the shop of a typical dealer in Washing- 
ton, D. C., and reports what was found. 
Particular stress is laid on the physical 
service equipment of this shop and how 
it is employed, and from this descrip- 
tion dealers may compare their own 
problems and how they are trying to 
solve them with what the Capitol Radio 
Service organization is doing. Ser- 
vicemen who find their businesses ex- 
panding to the point where they need a 
shop from which to operate will find 
this story especially useful. 

-THE EDITOR. 

standard radio equipment 
goods on consignment. 

Side Line Advisable 

IT IS a good plan, especially in suburban 
districts, for the radio dealer to handle a 

small stock of electric lamps, flash lights, etc. 
Even a few standard automobile electrical 
devices may go well. The prospective radio 
merchant will profit by making a study of the 
location that he has chosen, to check up on 
the field that is likely to be open to him in 
electric side lines. In the matter of purchas- 
ing stock, the older experienced dealers could 
give valuable advice, if they could be induced 
to talk about their mistakes. They would no 
doubt tell newcomers in this field to proceed 
cautiously, without permitting conservatism 
to stand in the way of progress. One Must 

will not release 
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always take a certain amount of chance in 
any business, but it is wise to avoid risking 
too much until the way ahead can be seen 
clearly. It is very easy to clog the stockroom 
shelves of a small radio store with a quantity 
of obsolete goods which only bargain sales 
at great sacrifice can move. 

In the matter of receiving sets, and 
auxiliary equipment, the best goods, with the 
dealer's and factory's guarantees back of 
them, will pay best in the long run. Sets 
designed to meet the means of customers who 
can afford to invest only modestly may be as 
good, of their kind, as the more elaborate and 
costly apparatus. Often a large portion of the 
difference in price between two models from 
the same manufacturer may be due merely 
to the difference in design and finish of the 
cabinets or consoles. If the prospective 
customer cannot afford to buy beautiful 
furniture with his radio set, he should be ad- 
vised to put his money into the "works." 

The Service Department 
THE service department of any radio 

store is the cause of its showings steady 
increase in business and profits. On the other 
hand, an inefficient service department is 
the cause of a store losing its business and 
finally, in extreme cases, of bankruptcy. The 
sets sold must be kept in working order. 
usually for people having only the vaguest of 
ideas concerning their operation. A short term 
of free servicing following a sale is standard 
practice. The dealer must deal pleasantly 
and patiently with his customers if he intends 
to make a success of his busing. Therefore, 
the service department is a most important 
factor and worthy of careful consideration. 

The first step IOWanl installing a practical 



service shop is a list of apparatus to be used. 
As there are still a great many battery - 
operated sets in use as well as the various 
typcs of electric sets, adequate apparatus 
must be available for testing and repairing 
both types. All instruments should be pur- 
chased for their accuracy, convenience, and 
ruggedness. They will be subjected to hard 
wear. 

An ample outfit, containing meters and 
tools which will enable any qualified radio 
serviceman to make any test required in 
locating set troubles, and for making all re- 
pairs, is suggested as follows: 

The work bench: The design of this piece 
of equipment is most important. It should be 
2 feet deep, 36 inches high, and made of heavy 
pine boards 2 inches thick. (Two 12" x 2" 
planks 12' long recommended.) The legs 
should be made of 4" x 4" lumber, so that it 
will be perfectly steady. The bench should be 
located in such a way that daylight comes in 
from the back, with each serviceman facing a 
window. There should be from 4 to 5 feet of 
bench room allowed for each man, and each 
man should have a drop light hung directly 
over his work. A stool of comfortable height 
should be provided each man for long jobs. 

Shop servicing equipment: Electric soldering 
irons, capable of giving sufficient heat for 
extended work without burning out (One 
large electric shop in Washington uses the 
old -time plain irons, keeping several of them 
hot around a small gas ring.); wide assort- 
ment of well -constructed steel screw drivers; 
set of small open-end hexagonal wrenches; 
assortment of pliers and wire cutters of a good 
grade; set of hexagonal socket wrenches; as- 
sortment of fuses used in sets to be serviced: 
assortment of spring clips for making quick 
connections; several pairs of test prongs with 
wires; a small jaw vice; hydrometer; package 
of 00 sandpaper, and an electrician's steel 
knife. 

Instruments needed: High -frequency oscil- 
lator; a.c. and d.c. tube tester; d.c. voltmeter 
with double - reading scale, 0-15 and 0 -150; 
high -resistance voltmeter, 0-10 and 0 -200; 
d.c. ammeter, 0-5; a.c. voltmeter, 0 -3 and 
0-5; and d.c. milliammeter, 0 -100. 

Power: All A, B, and C voltages for testing 
battery -operated sets should be wired to 
binding posts or clips on the work bench, 
as indicated in Fig. 4. There must also be a 
double outlet from the a.c. power line wired 
to the bench for use in testing a.c.-operated 
receivers. Where the shop is in the d.c. dis- 
trict of a city the most convenient method of 
handling the a.c. set problem is to install a 
motor -generator, running on d.c. and giving 
110 to 115 volts a.c. output. The power rating 
of this generator depends on the load to be 
placed on it. A one -fourth - kilowatt generator 
is about sufficient for operating one a.c. set 
at a time. Two popular motor -generators, 
designed for this purpose and including filter, 

Radio Parts 

RADIO BROADCAST 

Fig. 2 -In this carefully planned showroom antenna- ground outlets hare been 
installed in several convenient positions. 

are the 250 -watt. ' 115 -volt, type BE -24, made 
by the Bodine Electric Co., Chicago, and the 
500 -watt, 115 -volt, type LF-85, made by the 
Electric Specialty Co., Stamford, Conn. 

Antenna and ground: Erect separatc an- 
tenna for shop, and wire to bench. Also wire 
good ground to bench. 

Loud speaker: Place good loud speaker on a 
wall shelf, or other elevated position above 
bench for convenient plugging in. It is gener- 
ally necessary to use an extension cord for this 
purpose. 

Outside serviceman's equipment: One oscilla- 
tor voltmeter test combination; one test set, 
or assortment of meters with prongs or wires; 
such hand tools as are required for making 
minor repairs -screw driver, knife, hydrome- 
ter, pliers, soldering iron, phones, and a num- 
ber of spare tubes of different types. 

The equipment listed above should rep- 

Fig. 3- Diagram showing the floor 
plan of the Capitol Radio Service 

Shop, Washington, D. C. 

resent the initial outlay for a small radio. 
service shop. Special tools may of course be 
added. Among these would be special 
wrenches, neutralizing tools which some sets 
require, etc. 

Layout of Equipment 
TIDE service shop should be located, when 
possible, in the rear of the salesroom, so 

that customers can be referred readily to the 
service department, using a minimum of the 
sales force time. The outside serviceman 
should have access to the serviceroom 
through the rear of the building. The shop 
should be well lighted, if possible by daylight. 
The lighting shown in Fig. 1 is ideal. Glass 
jars, seen in the photograph on the wide 
window sill, are used for holding spare parts 
for repairs. Adequate shelf room must 
be provided for holding incoming and out- 
going sets, and a carefully handled system 
of tagging and filing is necessary in order to 
avoid confusion concerning ownership of the 
sets, their history, etc. Stout paper shipping 

Dressing 
Room 

a) 

Elec. Shelves 
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tags with fine stout twine are useful in lahel- 
ing the incoming sets. 

After placing the major equipment in the 
shop, the arrangement of instruments and 
tools on the bench is the next consideration. 
The hand tools most frequently used should 
be placed in a definite location, as shown in 
Fig. 1. The old adage, "Have a place for 
everything and everything in its place," 
will save much friction and loss of time. The 
hench heneath a radio set which is heing 
serviced must, of course, he clean and free 
from tools. We have seen some servicemen 
actually working with a radio set placed on 
top of a pile of tools and déhris on the work 
hench. Both radio set and tools suffer from 
such treatment. 

All testing meters should be placed in a 
definite location, and supplied with long test 
leads. In some servicing shops the meters are 
mounted on a wooden or bakelite panel. 
However, as the leads must reach any set on 
any part of the bench, and he in such a posi- 
tion as to be easily read while putting the 
test. leads to different parts of 
the set under test, this may 
not be found as convenient in 
practice as might he supposed. 
It is often found desirahle to in- 
stall a single -throw switch, or a 
locking push -hutton, in the lead 
from each meter, this will pre- 
vent accidents to the meters from 
picking up the wrong leads, if 
the switch is kept open except 
when the meter is in use. 

The location of the tube rack, 
or racks, is a matter of personal 
preference in the individual shop. 
Safety from dropping objects and 
jolts is a point to consider in 
planning this. 

Fig. 4 shows hattery terminals 
as wired to the work bench in 
the Capitol Radio Service Shop. 
Fahnestock clips are located at 
the rear of the hench and per- 
manently wired to the hatteries 
under the hench. They could also 
he wired to a power unit in the 
same location. These clips are 
located hctwecn and in front of 
the meters, as pictured in Fig. 1. 
It will he noticed that the -B 
post is separate and requires 
a separate wire. This is inten- 
tional, as some of the hattery- 
operated sets are designed for -B and -A together while 
others require connecting -B 
and +A together. This row 
of connections makes availahle 
the voltages required for all sets of battery 
type and also for connection in series with any 
meter for continuity tests. 

Fig. 4- Diagram showing the ar- 
rangement of battery clips on the 
work bench pictured in Fig. 3. As 
indicated all potentials are pro- 
vided by batteries, thus assuring 

best results. 

by the class of servicemen employed. An 
efficient serviceman must he sufficiently well 
educated hi radio to understand technical 
instructions and drawings, and to be ahle 
to converse with customers on technical 
points, explaining the theory intelligently 
and giving concise advice to customers 
as to the operation of their apparatus. 
He must he backed by radio, mechanical 
and electrical experience. In many cases the 
serviceman is called upon to refer to the light- 
ing circuits in a house or to make simple 
connections to them. "Radio tinkerers," 
who have "just picked it up," and who not 
infrequently advertise themselves as "radio 
engineers," should not he eligihle to employ- 

E t i 
9 

472 II 

2272 

./.'+ 

22t/2 

t 9 
42 

111 

practices must sooner or later come hack on 
people who are guilty of them, or who permit 
their employees to he guilty of them. There 
are a few pioneer schools in broadcast radio 
servicing and the prospective employer will 
profit by selecting his servicemen from the 
graduates of such training classes, or from 
men who have heen practical commercial 
radio -telegraph operators. There are many 
ex- seafaring operators available, who have 
kept up with the times in broadcast receiving 
apparatus and who, for various reasons, wish 
to remain ashore and find work where their 
experience in radio will count. 

The outside radio serviceman must have a 
good personality and a neat appearance. If he 
is gifted with diplomacy, he can often keep 
customers and make friends, when conditions 
might otherwise lose their business. If the 
volume of business requires, two servicemen 
are employed, one for shop and bench work 
and one for outside calls, with the under- 
standing that if necessary either one will help 
the other. The larger shops, of course, employ 

many more servicemen than this. 
Naturally, good men, coming 

up to the requirements given, 
cannot he hired for a pittance. If 
they are really well- trained and 
experienced men who can prove 
that they know their business, 
they are well worth a reasonably 
high salary. The proprietor of 
the small radio shop will find 
that he will make more sales and 
have a better paying husiness if 
his servicemen are able to add 
continually to his list of pleased 
customers. 

Articles which have heen pub- 
lished in recent issues of RADIO 
BROADCAST should he of great as- 
sistance to the dealer who is faced 
with the prohlem of engaging men 
for his service staff. In particular, 
the article, "An Examination for 
Radio Servicemen" by J. F. B. 
Meacham, on page 405 of April, 
1929, RADIO BROADCAST will he 
found of value. This article in- 
cludes the examination for 
radio servicemen which has 
been used with success for a 
number of years by one of the 
largest service organizations in 
New York City. This examina- 
tion has heen designed to deter- 
mine the general radio knowledge 
of the applicant as well as his 
ability to service radio receivers 
and it has heen found that the 
man who can pass an examina- 

tion of its scope is usually quite efficient in 
the field as a serviceman. The examination is 
divided so that fifty credits are given the 
questions on servicing and fifty credits for 
general information. The suhjects considered 
in the various sections of the examination 
are fundamentals, tuhes, hatteries, power 
units, diagrams, and servicing. 

[The second of this series of articles will 
(leal with the technical problems encoun- 
tered by the serviceman and the most effec- 
tive methods for handling them, with dia- 
grams and descriptions of testing apparatus. 
Edilor.] 

Fig. 5- Making a continuity test on a radio receiver 
under ideal conditions with plenty of daylight and the 

proper test equipment. 

Choosing Servicemen 

WITII comparatively simple and inex- 
pensive equipment, a capable service- 

man can accomplish more than can a poor 
man with all the apparatus on the market 
laid before him. The servicemen who do 
outside work are representatives of the shop 
employing them, and customers are generally 
inclined to judge the shop and its proprietor 

ment in a first -class radio servicing shop. 
The fact that many such people have been 
permitted to work on the public's radio sets 
has done considerahle harm to the business 
by creating a feeling of suspicion and distrust 
on the part of many set owners. Efficient and 
honest dealing with the customer is invariably 
the surest road to real success. It is well known 
that many servicemen have, in times past, 
made a practice of condemning various parts 
of a set, the favorite parts hcing audio - 
frequency transformers, and of selling new 
ones for replacement, when the parts con- 
demned were not really damaged. Such 
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Distortion of 
Broadcast 
Harmonics 

STRAYS from THE LABORATORY 
LISTENERS on short 
waves who occasionally run 
into telephone conversation 
or broadcasting which they 

- '.OY.11, 11..111Y111NYr. cannot "clear up" may 
wonder what kind of stuff it is. The material is 
probably a harmonic of some broadcasting 
station and the "sour" quality is the result of 
the following phenomenon. The oscillator of 
the broadcasting station generates harmonics 
as well as the fundamental frequency. These 
harmonics are modulated as well as the funda- 
mental, but the chances are that the ampli- 
fiers following the oscillator do not have linear 
characteristics as regards the harmonics. Let 
us consider only the second harmonic. If the 
fundamental is modulated with a frequency of 
1000 cycles and at a modulation percentage of 
60 per cent.; the second harmonic will have 
sidebands corresponding to the original modu- 
lation, i. e., 1000 cycles, and in addition a 
carrier of twice the original frequency with 
sidebands of double the original modulating 
frequency. This in itself would not account 
for the horrible garble that may often be iden- 
tified as the harmonic of an otherwise well - 
thought-of broadcasting station. The addi- 
tional distortion results from the fact that the 
percentage modulation on the second har- 
monic is doubled -and if the fundamental is 
modulated 60 per cent. the second harmonic 
will be overmodulated and, of course, distor- 
tion is inevitable. 

The mathematics on this subject will be 
found on page 95 of February Experimental 
Wireless and the Wireless Engineer in a com- 
munication from A. B. Howe of the British 
Broadcasting Corporation. 
11. 101 .14111111u11.11Y11M1111111111 

Cut -off of 
Dynamic 
Reproducers 

WHERE does a moving - 
coil loud speaker in a baffle- 
board cut off? In other 
words what is the lowest --- 1.m1111111,111mo --1 frequency to which it will 

respond with any degree of efficiency? Con- 
sider Fig. 1. A sound wave originates at the 
rear of the baffle as well as at the front. If 
these two waves come together at the correct 
phase, they will interfere, and the resultant 
sound to the listener will be less than if the 
radiation from the rear of the cone were sup - 
pressed. The purpose of the baffleboard is to 
increase the path through which the air waves 
must travel from front and back before they 
can interfere. 

The distance from front to back via the 
shortest mechanical path must be at least one 
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Fig. 1. 

quarter the wavelength of the lowest tone de- 
sired. Sound in air travels at about 1110 feet 
per second. A frequency of 110 cycles, then, 
has a wavelength of 10 feet from the familiar 
formula - useful at radio or audio frequencies 
-that the wavelength is equal to the velocity 
divided by the frequency. Thus, if the shortest 
mechanical path is one quarter the wave- 
length, 10 _ 4 = 2.5 feet, and so the 
distance from the center of the hole in the 
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The following are among the subjects 
discussed in "Strays" this month: 

Distortion of Broadeasi Harmonics 
Cut-off of Dynamie Reprodueers 
Simplifying Filament Transformers 
Argument on Power Vs. Energy 
Series -Filament Cireuits 
Dala on Carborundum Crystals 
Movie Men Make a Diseovery 
Power Output Requirements 
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baffle around to the back must be at least 
2.5 feet. This means that if the moving coil 
is in the center of a square board, this board 
must be 2.5 feet across. For 55 -cycle reproduc- 
tion the board must be 5 feet on a side and 
so on. A board three feet on a side will give 
good reception to all tones now being broad- 
cast from the majority of stations. 
11119991M11111111111111111191 111G rcnin.@ID INTRODUCTION of the 
Simplifing 2.5 -volt power tube, the 
Filament ux -245, will make unneces- 
Transformers cary more than one winding . 91111111119 .11111111191.111111111111m on filament transformers. 
This is one step in doing away with the 1.5- 
volt winding and the center -tapped 5 -volt 
winding. Thus, the introduction of a single 
tube standardizes and simplifies the construc- 
tion of filament transformers. The winding for 
the rectifier tube, however, must be distinct 
from the filament winding. Will not someone 
develop a rectifier tube which can be operated 
from this same 2.5 -volt winding? The solution 
seems to be a heater -type tube -but can 
someone develop a tube which will not break 
down under the comparatively high voltages? 

1mmmIIII ,I111111111m111111111111111' 1 MR. HUBERT WOODS, of 
An Argu- Riverside, California, takes 
'nent on Power US to task in the following 
Vs. Energy V8in 

11111111111C1111111111141111111INIMIINIVH1111 "Under 'Strays from the 
Laboratory' in your issue of February, 1929, 
your first remarks are concerned with power, 
energy, and efficiency, and are well taken, in 
general. 

"You define power as the `rate of doing 
work.' Accepting this definition, how can you 
possibly `consider a tube, such as a 171, feed - 
mg power into a load, etc.,' as you attempt to 
do in a subsequent paragraph? Do you mean 
that the tube feeds `a rate of doing work' 
into a load? 

"What the tube really feeds into the load 
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is electrical energy, not power, nor work. 
Work is the final result. 

" It seems to me you are guilty of the same 
lack of discrimination against which you 
properly protest. 

"The units of energy and work are the 
same, but are not those of power, which is a 
rate, according to your definition. My com- 
pany purchases electrical energy, which we 
convert (most of it) into work immediately, 
by use of motors. We do not purchase power 
(per your definition) although each motor has 
a certain power rating, because it can do work 
at a certain rate. 

" If you had not burned your bridges behind 
you by defining power in one way only, you 
might possibly be justified in your usage of 
the term, since a common definition of power 
makes it synonymous with energy (ability to 
do work)." 
1111111111111111111OIIIIIIIIJ1111R11fJ1111110 

Data on 
Series-Filament 
Circuits 

READERS who have writ- 
ten this office for data on 
series -filament receivers will 
be interested to know that 

.11111111Y11111.N11111I IIIU11111 a collection of blueprints has 
been prepared by the Raytheon Company on 
how to wire well-known makes of receivers for 
series-filament operation. These diagrams may 
be had by applying to the Raytheon company, 
but it is earnestly requested that something 
more than curiosity be the basis of writing to 
this company for them. The diagrams will tell 
a serviceman how to rewire a receiver for 
series- filament operation, or will give him 
service data on a receiver of a given type that 
is already wired in this manner. 
p111111C11111191111n111111119111!111111911111L 

Sensitivity of 
Carborundum 
Crystals 

Y111Y11p111111111111G1iC111,1111111111111111111 

THE curves in Fig. 2 were 
taken in the Laboratory by 
measuring the current 
through a Carborundum 
Company detector as the 

voltage across the crystal was changed. Sev- 
eral readings were taken in an effort to show 
the effect of varying the pressure of the con- 
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i 
tact point. The weakest pressure on tbe crystal 
gave the bcst detection -tbat is, the great- 
est variation in current on positive and nega- 
tive half cycles of input voltage. Of course, a 
weak presure indicates an unstable one. and 
so if, as on shipboard, one wants stability a 
comparatively heavy contact is used. The 
experimenter can have considerable excite- 
ment by plotting a.c. voltage waves and the 
rectified current waves as various a.c. voltage 
waves are placed on such a diagram. The effect 
of sliding tbe average value of the 
input a.c. voltage wave up and 
down the curve will show how such 
a rectifier detects. 

SOUND- A'Iovie 
Movie Recorders recorders have 
Make a discovered that 
Discovery audiences are 

not very critical 
regarding the quality of the miscel- 
laneous sounds that make up a 
picture. That is, if the villain shoots 
a revolver, it is not necessary to 
shoot a revolver in the studio, 
provided someone whacks some- 
thing at the exact moment. In one 
test case there were several kinds 
of airplanes on the screen, and, 
while great efforts had been made 
to simulate tbe distinct sounds 
emitted by the individual planes, 
only a small percentage of the 
audience admitted they knew the 
difference. Half of this percentage 
were aviators. And so now, when 
you hear a talking moving picture, 
note how little difference it makes 
to you if a series of revolver shots 
sounds like someone throwing a 
bucket of coal down the cellar 
stairs- provided the sounds and 
sights are synchronized properly. 

m°-"""°'"' MANY READ- Power 
Output ERS take excep- 
Required tion to our state- 

minw.,i,ln,,.,11111,,, nient that a 
single 171 -type tube provides 
sufficient power output for home 
reception. Many state that this is 
the maximum power output that 
can be used with the majority of 
cone -type loud speakers and 
several state that wben they 
changed from a 171- to a 210 -type tube (twice 
the power output) the difference on a cone - 
type loud speaker was barely noticeable. 
Tbe fact tbat many loud speakers rattle if 
you put 1.5 watts of audio power into them 
is irrelevant. Our contention was tbat the 
sound output from a good loud speaker when 
less tban one watt of electric power went into 
it was sufficient for home reception. 

It is certain that, as the response to low 
frequencies is built up, eitber by using ampli- 
fiers with a bump at some low frequency, or 
by using a flat amplifier witb a moving -coil 
loud speaker, the power output required in- 
creases. It is probable that an output of a full 
watt is desirable, and this may be obtained 
easily with the new power tube (the 245 -type) 
that is now on the market. 

The difference between a single 171 -type 
tube and a single 210 -type tube is only 3 DB, 
which is scarcely noticeable to the ear, and if 
a loud speaker or amplifier, or both, is used 
which does not reproduce the bass, tbe differ- 
ence is not worth while. It is on the low notes, 
150 cycles and less, that considerable power 
output is desirable-and there is no use in 
providing this power unless there are fre- 
quencies of this order to be reproduced, or 
if the loud speaker will not respond to the 
fundamental of such frequencies. 

This seems to indicate that with cone -type 
loud speakers which (lo not respond to low 
frequencies, and which do not show distortion 
in the amplifier until this distortion is exces- 
sive, a power output of less than a watt is 
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sufficient. With a moving -coil speaker in a 
three -foot baffleboard, or larger, an output of 
a watt is probably necessary, and more power 
than this will make less remote the possibility 
of overloading. We have operated a single 
230 -type tube with about 250 volts on its 
plate, wbich indicates a power output of less 
than one watt, but on loud low -frequency 
notes it does overload. Boosting the plate 
voltage to 300 or 350 will give all the power 
that is needed for home reception. 

Storage Battery Sales Corp., Indianappoolis, 
gives some interesting data on this problem 
of power output necessary. It checks very 
closely the data taken by the Everyready en- 
gineers a year or so ago. This test determined 
that a 171 -type tube was about all that any- 
one needed for home reception. It was before 
the days of moving -coil loud speakers, how- 
ever. 

"Some time ago tbewriterconducted a series 
of tests in which tbe signal currents and voltages 

occuring in the loud speaker cir- 
cuit were measured for various 
types of music and with various 
types of loud speakers. The music 
was supplied both by phonograph 
and radio and included concert 
orchestra, jazz orchestra, military 
band, various trios, violin and 
piano, solo piano, singing voices 
from bass to soprano, and speak- 
ing voice. The loud speakers in- 
cluded short-born, orthophonic- 
horn, magnetic -cone, and dynamic - 
cone types. The input to the loud 
speakers was supplied by a high - 
quality push -pull 210 -type ampli - 
lier. The listening tests were made 
by persons of widely differing 
tastes and musical accomplish- 
ments. 

"The results of these tests were 
as follows: 

(1) " Low" volume was produced 
with an average signal voltage of 
8 volts and an average current of 
1.7 mA., corresponding to an out- 
put of 14 milli- voltamperes. 

(2) "Normal" volume was pro- 
duced with 18 volts and 3.8 mA., 
or 68 milli- voltamperes. 

(3) "Loud" music was produced 
by 40 volts and 10 mA., or 400 
milli- voltamperes. 

(4) "Very loud" music was pro- 
duced by 120 volts and 24 mA., or 
2900 milli- voltamperes. 

(5) The extreme limits were: 
Minimum 0.4 volt and 0.5 mA.: 
Maximum 195 volts and 55 mA.: 
maximum power ratio, 53,000. It is 
of interest to note that botb the 
minimum and maximum values oc- 
curred in concert orchestra music, 
although the maxima were closely 
approached by the piano. 

(6) Tbe "average frequency' of music and 
speech as determined by correlating the aver- 
age impedance calculated from the above 
figures with tbe impedance curves of the loud 
speaker units was 380 cycles. 

(7) The impedance of the various loud 
speakers averaged about 3000 ohms at 50 
cycles, 7200 ohms at 400 cycles, 13,000 obms 
at 1000 cycles, and 25,000 ohms at 3200 cycles. 
ranging all the way from 1500 to 60,000 ohms 
in the 50 -5000- cycles band. 

"You will note that the power is given in 
milli- voltamperes ratber than in milliwatts 
because the measurements were taken on 
actual loud speakers rather than on a fictitious 
resistance load. Calculations made by the 
writer, however, indicate tbat the distortion 
occurring in a vacuum tube feeding into a 
reactive load will be determined by the volt - 
amperes rather than the actual watts ex- 
pended in the output. 

"This data lends further weight to your con- 
clusion as. to the adequacy of the 171-type 
power t.ubc for average home use. At the 
same time it demonstrates in startling 
fashion the great increase in power necessary 
for a given increase in sound output. Also, it 
is to be noted that peak values were frequently 
twice and sometimes three times as great as 
the above average values. Therefore, if over- 
loading is to be avoided on sustained bass 
passages or on sudden fortissimos, an output 
stage capable of supplying 1 to 2 watts is 
just flied. 

The vacuum -tube test rack pictured above was designed 
by Herbert H. Chun, of the Arcturus Radio Tube Com- 
pany. The rack is vibrated by an eccentric cam and at 
the same time the tubes are turned on and off by an 
automatic switching arrangement. Any defect in a tube 
becomes apparant within thirty minutes when treated 

in this manner. 

Now will tbe adherents of higb- powered 
receivers conic forward and tell us that we 
are still old -fashioned, and tbat two or three 
watts is absolutely necessary for modest 
home reception? We may, in time, be forced to 
admit even this! 

One reader, Fred D. Pinkham, of Top- 
sham, Maine, points out that the problem for 
the listener far from stations is decidedly 
different from that of the listener within the 
shadow of a local station. We admit this 
but cannot agree with his contention tbat 
the receiver must have sufficient power out- 
put to handle tbe following case. Suppose the 
volume control is fixed so that wben a station 
which fades badly, is at a minimum, it is 
delivering an audible signal. Then the power 
output must be sufficient so that when the 
station "fades in" to a maximum tbe amplifier 
will not overload. Let us suppose the mini- 
mum signal that is satisfactory is one milli - 
watt. A station can fade at least 60 DB which 
represents a wer ratio of one million. When 
the station fades in 60 DB the power output 
from the set must be one kilowatt -which is 
considerably in advance of the most hardened 
user of power tubes. If the maximum power 
output is one watt., which is reasonable, the 
least signal that will be heard, if there is a 60- 
DB fade, will be one Inicrowat.t, which is pretty 
far down. It is our hunch that even with one 
watt. output, there must be a time when a fad- 
ing signal will be inaudible--or will overload 
when "fading -in." Tile following from R. J. 
K ryt er, Engineering Department.. I'rest. -O -Lite 
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How to Use Technical Facts in Selling 
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IF I WERE A SALESMAN 
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IF I WERE a salesman and a prospective 
customer wanted to know why the 
Radiola 60 was "the one receiver that . 

is built for all broadcasting conditions" - 
to quote from an advertisement in the New 
York Evening Post-1 should use the following 
sales argument. The points are somewhat 
technical because all matters relating to what 
is inside the cabinet of a radio receiver concern 
technical matters, just as talk about the 
vermiform appendix, the dorsal fm, the intake 
manifold, or wing struts concern technical 
things, and naturally must be couched in 
technical jargon. 

"There is little use in telling you as a cus- 
tomer that you heed a selective set if you have 
listened -in at all, or have read or heard the 
tirades against the present overcrowded 
condition of the radio channels. There is no 
use to remind you that the multiplicity of 
stations, many of them on very high power, 
the general increase in high -quality programs 
more hours per day, and the more general use 
of high- quality loud speakers mean simply 
that the receiver must be designed for con- 
ditions that were undreamed of four years 
ago. What you want to know is how the 
Radiola 60 meets these prohlems. 

"The Radiola 60 is a comhination tuned 
radio-frequency receiver and a super-hetero- 
dyne. These two receiver systems are funda- 
mentally different. The majority of receivers 
now made are tuned radio-frequency sets 
only. Some receivers are super -heterodynes 
only. This receiver is a combination of both 
of them. The ohject is first to gain selectivity. 
second to gain voltage amplification, and third 
to secure these essential receiver characteris- 
tics without destroying the fidelity with 
which the receiver will translate radio signals 
into audible sounds. 

"The tuned radio-frequency receiver first 
picks up the desired signal from an antenna. 
amplifies it, separates the audio modulations 
from the inaudible radio or carrier wave, and 
then amplifies these audible tones. Now here, 
in this complicated process which may in- 
volve six or more tubes and a corresponding 
number of electrical circuits, distortion must 
not occur. 

"Radio stations are now put on channels 
which are 10 kilocycles apart, just as keys 
on a piano are stationed along the keyboard 
a certain numher of tones apart. When one 
wants to listen to one station, he does not 
want to listen to several others, but at the 
same time he wants to get all the desired 
station is transmitting -all tones from the 
highest to the lowest. He must select a certain 
radio signal hut not select it so well that he 
loses part of the desired signal in the process. 

"The usual tuned radio-frequency amplifier 
is inherently more sharply tuned at low 
frequencies -at the left -hand end of the usual 
radio keyboard -and hroader at the other 
end. Thus, it is more difficult to separate two 
stations that occupy adjacent channels at 
the high frequencies. At the same time the 
amplification at the high frequencies is higher 
than at the low end of the keyboard. And 
these two difficulties work together to make 
the prohlem of the radio-frequency- amplifier- 
design engineer anything but pleasant. The 
ideal condition would be to make the ampli- 
fication and selectivity the saine all along the 
radio keyboard. 

"The usual radio-frequency amplifier is 
composed of a tube and a transformer which 

By AN ENGINEER 

The Radiola 60 receirer in a table -type cabinet. 

connects this t.uhe to the following tube. This 
transformer has a few turns on the primary 
and many turns on the secondary. The primary 
tends to resonate at some frequency higher 
than any to which the secondary is ever tuned. 
This tendency to resonate at some high fre- 
quency makes the receiver have greater 
amplification and less selectivity on the high 
frequencies. 

"The Radiola 60 uses large primary coils 
instead of small ones, so that the primary 
tends to resonate at a lower frequency than 
any to which the receiver will he tuned. This 
tends to bring up the amplification at the 
lower radio frequencies, and to prevent such 
selectivity at these frequencies that part of 
the audio tones are cut off. 

"The direct result of making the primary 
of the transformer large instead of small is, 
first, an increase in amplification at low radio 
frequencies, second, prevention of `side - 
band cutting' at low radio frequencies, and 
third, the amplification over the whole key- 
board of radio channels is even. Fig. 1 shows 
what this amplification is. 

Believing the importance of using 
technical facts in selling radio receivers 
was being overlooked by the majority 
of salesmen, the Editors asked an 
engineer to write the article which ap- 
pears here. The dala for it were taken 
from a paper presented before the 
Institute of Radio Engineers, March, 
'1929, by C. L. Beers and W. L. Carlson, 
which are the result of the development 
work on the Radiola 60 series. 

Although the facts used here apply 
only to this particular receiver, similar 
presentations of sales points could be 
prepared on any other receiver -and 
in our opinion ought to get many 
salesmen out of tight places when the 
prospective customer demands facts, 
instead of glib phrases about excellent 
tone quality, extreme selectivity, and 
perfect " DX." 

-THE EDITOR. 
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"Such is the radio-frequency amplifier of 
the Radiola 60. It is followed by a detector, 
just as in any receiver, hut into this detector 
is introduced another frequency coming from 
a tube acting as a miniature transmitter, the 
oscillator tube. The frequency at which this 
tube oscillates is varied automatically at the 
same time that the radio-frequency amplifier 
is tuned to the desired signal and the fre- 
quency it introduces into the detector always 
differs from the incoming signals by 180 kc. 
The modulations which are separated from 
the radio wave in this detector are impressed 
on this 180 -kc. signal and modulate it. There- 
upon amplification takes place again at 180 kc. 
instead of the frequency to which the receiver 
is tuned. 

"So the Radiola 60 in addition to amplifica- 
tion at hroadcast frequencies amplifies again 
at 180 kc. Finally these 180 kc. signals are 
fed into a second detector which separates 
the audio frequencies. 

"The 180 -kc. frequency to which the second 
or intermediate- frequency amplifier is tuned 
was chosen for the following reasons. If this 
frequency were low, it would amplify audio 
tones and any noises appearing in the preced- 
ing tuhes; that is, mlcrophonic bongs, tube 
hiss, etc., would be passed through and ampli- 
fied in the intermediate- frequency amplifier. 
If the frequency were made too high, trouble 
from oscillation, and lack of amplification 
would occur. The 180 kc. is a compromise 
frequency. 

"Let us look into this mixing of frequencies 
in the detector tube. Suppose the intermediate 
frequency is 50 kc. If we are receiving a 1000 - 
kc. station we can set the oscillator at either 
1050 kc. or 950 kc. and still have the desired 
50 -kc. intermediate frequency modulated by 
the audio tones. For this reason we can receive 
a 1000 -kc. wave at two points on the oscillator 
dial. Again let us suppose we have the oscilla- 
tor tuned to 1000 kc. and that two stations 
equally powerful are transmitting on 950 and 
1050 kc. Both of these signals enter our first 
detector and with the 1000 -kc. oscillator fre- 
quency produce a 50 -kc. wave modulated with 
the audible tones of both stations. The result 
is hash; both stations are spoiled. 

"If the intermediate frequency is 180 kc. 
such trouble cannot possibly take place at 
frequencies lower than 1140 kc. Suppose the 
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oscillator is set at 1160 plus 180 kc. or 13,10 kc. 
The only other station that could produce the 
180 -kc. intermediate frequency in the first 
detector would be 1340 plus 180 or 1520 kc.- 
and the broadcasting keyboard extends only 
to 1500 kc. 

"Here again is a virtue of the radio - 
frequency amplifier ahead of the intermediate - 
frequency amplifier. This first amplifier builds 
up the desired signal and discriminates 
against the unwanted, so that even if two 
stations offer equal signals at the antenna, one 
of them desired and one of them not, the un- 
desired will be reduced -compared to the 
desired -by the amplification of the radio- 
frequency amplifier and when the two signals 
get to the first detector or mixing tube, the 
unwanted signal is already reduced so far it 
does not bother the listener. 

" So far the result is a tuned radio -frequency 
amplifier of such a design that all stations 
scattered over the radio keyboard can be 
received with equal facility; the quality of 
reproduction from these stations will depend 
only upon the stations -there is inappreciable 
loss of quality in the receiver; after amplifica- 
tion at the frequency of the stations, the 
signals are changed in frequency and amplified 
again. The first amplifier acts not only as a 
kind of filter letting in only the desired signals, 
but it gives some amplification too. 

"The intermediate -frequency (180 -kc.) am- 
plifier is of the type that has attracted con- 
siderable attention from radio editors. It is a 
band -pass amplifier which means simply that 
it is tuned so broadly on the top of its re- 
sponse curve and so steep on its sides that all 
desired audio tones are admitted and ampli- 
fied, and others are rejected. This result is 
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secured by tuning both primary and secondary 
of the intermediate -frequency transformers 
(the usual transformer has only the secondary 
tuned). The response characteristic is shown 
in Fig. 2A. The overall characteristic -which 
shows how the intermediate -frequency am- 
plifier discriminates against unwanted signals 
is shown in Fig. 3. 

"And so the intermediate -frequency ampli- 
fier not only amplifies but selects as well. 
The Radiola 60 amplifies, selects, and detects 
twice. 

"The second detector is the increasingly 

100 
80 
60 
50 
40 
30 

20 

10 
8 

6 
5 
4 
3 

2 

1.0 
0.8 
0.6 
0.5 
0.4 
0.3150 

48 

40 

ao 
ce- 32 o o 

160 170 180 190 200 
FREQUENCY IN KILOCYLES 

Fig. 3. 

210 

IMO IMO r Á 

¢ 8 
B 

00 
O Ñ . - M U) l D CO 

RADIO FREQUENCY MICROVOLTS(R.M.S.) 
AT FIRST R.F.GRID 

Fig. 4. 

popular `power detector,' which means, so 
far as the layman is concerned, that it elim- 
inates the distortion and noise that frequently 
occur in the first stage of a.f. amplification. 
It does this by eliminating thc first stage of 
a.f. itself. Such elimination is possible by the 
great amount of amplification that has taken 
place in the preliminary amplifier and in the 
intermediate -frequency amplifier. 

"This power detector is adjusted so that it 
overloads at the same time the power tube 
does. When the detector overloads its out- 
put decreases as shown in Fig. 6. 

"Some of the Radiola 60 series (the 64 for 
example), have automatic volume controls. 
It is this device which makes the receiver 
suitable for reception in a transmitter- 
cluttered neighborhood, or out in the rural 
areas far from stations. Once the listener sets 
the volume -control dial to the maximum 
output he desires he cannot get a louder signal 
no matter how powerful thc station is that he 
tunes to. In a local area this is of undoubted 

0 advantage. In the country the automatic 
volume control will tend to build up weak 
signals to the desired level. Of course, if the 
weak signal is surrounded by noise -static, 
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arc lights, X -ray machines, etc. -the volume 
control cannot eliminate the noise and get 
the signal, and so the noise background comes 
up along with the station. But on a good night 
when the noise level is down all stations that 
deliver a certain minimum signal to the an- 
tenna will deliver a certain maximum output 
loud speaker signal, this output always at the 
control of the listener. The effectiveness of the 
control at the output levels A and B compared 
to no control, C, is shown in Fig. 4. 

"This receiver has eight tuned circuits. 
One's first reaction to such a statement is 
that there would be no high audio frequencies 
at all-but a look at Fig. 5 shows that such 
is not the case. The large primary winding of 
the first amplifier transformer, the band - 
pass effect in the intermediate or second am- 
plifier, and the characteristics of the a.f. 
amplifier are such that undue suppression of 
the high audio notes does not take place. In 
other words, it is a high -quality receiver." 

If I were a salesman, I should use technical 
facts to back up my sales arguments. I should 
state that this particular receiver is selective 
because of the radio-frequency amplifier and 
because of the selecting effect of the second 
or 180 -kc. amplifier. It is sensitive because 
amplification takes place at three different 
frequencies, first the frequency of the incom- 
ing signals, next at 180 kc., and finally at the 
audio or audible frequency. It has a power 
detector which eliminates some noise and 
some distortion. It is a high- quality receiver 
because its radio-frequency amplifier does 
not cut "sidebands," because its intermediate - 
frequency amplifier employs the band -pass 
idea, and because its a.f. system is good. In 
addition to all these advantages, the Radiola 
64 has an automatic volume control which 
keeps down strong local signals, and boosts 
weak distant signals. 
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RADIO AMBASSADORS OF GOOD WILL 

"The serviceman is not 
only a trained mechan- 
ic, but he must also have 
sales ability, person- 
ality, and tact." 

ASATISFIED customer 
is your best advertise- 
ment." That is an old 

statement, but it's especially 
true in radio. 

In this industry, there are 
many ways of interesting a 
customer, but no matter what 
sales talk may be given hhii, 
what promises may be made, 
or how good -looking the radio 
set may be, unless it continues 
to function properly and to 
his satisfaction, you have any- 
thing but a satisfied customer. 
Here enters the serviceman. 

He is to -day different from 
the serviceman of the past, 
as he is not only a trained 
mechanic, but he must also 
have sales ability, personality, 
and tact to allow him to meet 
unexpected situations in his 
work. 

The importance of a ser- 
viceman having these qualifi- 
cations is becoming more 
pronounced each year, and 
the capabilities of these men 
are advancing in accordance 
with advances made in the 
radio art. It has been proved 
repeatedly that when a dealer sells a radio 
set without having a capable serviceman, 
it results in the set being installed in a 
haphazard fashion. Eventually the customer 
has cause to become dissatisfied. He reports 
his dissatisfaction to the dealer, but finds no 
success. The ultimate result is that this dis- 
gruntled consumer tells his friends about the 
dealer, and before long that dealer realizes he 
has a poor reputation, which finally results in 
the closing of his store because he has lost his 
patronage. 

Traveling public officials are sometimes 
called "ambassadors of good will." I believe 
that a field serviceman, whether he comes 
from the dealer, the distributor, or the manu- 
facturer, is in all truthfulness an ambassador 
of good will, as he is never called upon unless 
there is some sort of trouble to be straightened 
out, and if he is successful it most assuredly 
results in good will. Who is more appreciative 
than an ardent radio fan whose balky receiver 
is once more playing merrily? 

The reason for stressing the importance of a 
dealer maintaining an adequate and efficient 
service department, rather than having his 
service work done by his distributor or manu- 

By HERBERT H. FROST 
President, Radio Manufacturers Association 

Herbert H. Frost 

facturer, is because he is familiar with the 
conditions surrounding that particular sale. 
If the service is handled by a jobber or manu- 
facturer, all personal touch between the dealer 
and his customer is lost. 

In the long run, from the standpoint of the 
dealer, it is not the cost of giving service that 
is to be considered, but the expense in not 
giving it. Of course, there are some people 
who demand excessive service, and again this 
brings out the desirability of having the dealer 
handle the situation, as he alone knows that 
particular consumer's peculiarities. 

The distributor and manufacturer should 
also maintain adequate service personnel, as 
the dealer looks to them for technical informa- 
tion and necessary spare parts material. 

The more assistance that the obber and 
manufacturer give the dealer in the form of 
instructions, the less that dealer is apt to call 
for assistance, and the more willing he is to 
maintain his own service department, as, 
having a thorough knowledge of the merchan- 
dise, he then realizes how easy it is to accom- 
plish the normal service repairs. 

There is a growing tendency on the part of 
the manufacturer to maintain a staff of tra'el- 
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"In the long run, il is 
not the cost of giving 
service that is to be con- 
sidered, but the expense 
in not giving il." 

ing men, whose main duty is 
to give instructions to various 
groups of dealers, supply the 
dealer with a complete and 
easily understood service 
manual, and to assist the 
dealer in every possible man- 
ner to enable him to help 
himself. It has been found 
that most dealers prefer to 
handle their own service prob- 
lems. 

A service manager has to 
be farsighted enough to study 
the products being sold by 
bis organization and to be pre- 
pared to eliminate any defect 
which may present itself in 
the merchandise, in the course 
of the year. His clear direc- 
tions on how to handle these 
possible difficulties are an im- 
portant part of the service 
manual which makes a large 
number of minor service calls 
unnecessary. 

New Standard 
SEVERAL manufacturers, 

distributors, and dealers 
were called upon not long ago, 

by the Vocational Training School Board of 
Essex County, New Jersey, to give the qualifi- 
cations for a successful serviceman. Following 
this, a general course of instructions was made 
up, covering a three -year period of instruction 
for a selected group of young men, as it was 
the opinion of everyone that the efficiency of 
the average serviceman must be increased and 
expanded beyond that of an ordinary me- 
chanic. 

A great deal of good can be accomplished by 
service companies, formed by a group of serv- 
icemen, to handle the service work of various 
small dealers, who are not in a position to 
maintain their own department, but unfortu- 
nately they do not have that much -needed 
close contact with the sales, the merchandise, 
and its acceptance by the consumer. 

The field of service work is fast increasing 
in its responsibilities and as soon as the respon- 
sibilities are recognized and advantages of a 
capable service department are appreciated 
fully by the dealer, jobber, and manufacturer, 
then will the sale of radio receivers increase 
still more rapidly. At the same time, the 
profits will increase, a result to which no ob- 
jection has ever been found. 



THE SERVICEMAN'S CORNER 
IN "The Serviceman's Corner" we are 

endeavoring to group contributions on 
related subjects. Aside from the conveni- 

ence of future reference, the expression of half 
a dozen minds on one subject is fenerally of 
more value than an isolated opinion. So you 
will fmd this month, and in future editions of 
this department whenever the number of re- 
lated contributions justifies it, a symposium 
of service information on one particular re- 
ceiver. Such considerations will not necessarily 
reduce publication of comments on unrelated 
and interesting items in service routine, nor 
should they be taken 
as indicative of an 
unusual amount of 
trouble with the re- 
ceivers made the sub- 
ject of group discus- 
sion. 

Your comments on 
this, as well as our 
handling of other 
phases of radio 
servicing, are always 
welcomed by the de- 
partment. editor. 

Test Set Reduced 
to Lowest Terms 

THE necessity 
for radio volt- 
age and current 

testing equipment, 
along with the high 
cost of the sanie has 

of amperes indicated on the meter. In the 
specific cases under discussion, R will always 
be so high that the combination is a so- called 
high -resistance voltmeter (it may be used for 
measuring B and C potentials furnished 
by a B -power supply unit) and the meter will 
be a milliammeter, preferably having a range 
of from zero to milliampere. The voltage will 
then be the resistance of R, divided by one 
thousand, multiplied by the reading on the 
meter (in factions of a milliampere). 

The following table indicates the proper 
values of resistors for full -scale deflection on 
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presented a problem to many servicemen that 
has often echoed its way to this department 
in the form of a request for data on inexpen- 
sive and reliable test equipment. 

As a matter of fact, the entire gamut of 
d.c. tests, (requiring niilliammeters covering 
ranges from one milliampere to a hundred 
and high- and low -resistance voltmeters read- 
ing A, B, and C potentials from batteries 
or power -supply arrangements, can be covered 
with adequate accuracy with one meter in 
conjunction with an inexpensive assortment. 
of wire -wound fixed resistors used in a 
combination of series and shunt connections. 
A satisfactory meter which may be used for 
this purpose is a standard 0 -1 inilliammeter. 

Differences in voltmeters and ammeters 
of various ranges are principally differences 
in the resistance characteristics of the in- 
strument, based on the simple and funda- 
mental statement of Ohm's law: viz, voltage 
equals the current in amperes multiplied by 
the resistance in ohms. More simply, E = I 
X R. 

The fundamental circuits of a niilliammeter 
employed as voltage and current indicators 
are shown respectively in Fig. 2 (A and s). Re- 
sistors R are connected exterior to the meters. 
In the circuit. of Fig. 2 (A) R is always so 
much higher than the internal resistance of 
the meter, that. this latter resistance may be 
neglected in all calculations. 

If a source of unknown voltage is connected 
across the terminals of the circuit, Fig. 2 
(A), the voltage will be equal to the resist- 
ance of R in ohms multiplied by the unnilxer 

FRANK T. CARR, JR , SCIENTIFIC RADIO SERVICE 
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is broken up into 20 equal divisions, and an 
unknown voltage is measured with R = 
100,000 ohms, ten divisions (0.5 milliampere) 
indicates a potential of 50 volts, 12 divisions, 
60 volts and so on. 

An ideal instrument for this purpose is the 
Weston type 301 milliammeter, zero to one 
milliampere range, which lists at $12.00. 
Daven "Super- Davohms" are economical re- 
sistors, sufficiently accurate for the purpose 
of voltage multipliers. 

The calculation of the resistor values re- 
quired as shunts in Fig 2 (s), to increase the 
current range of the instrument, is a bit more 
complicated, so that only the results will be 
indicated. 

The following table shows the current for 
full -scale deflection on a 1.0 -mA. meter with 
the indicated resistor shunts. 

CURRENT 
1 mA. 

50 mA. 
100 mA. 

RESISTANCE 
no shunt 

0.57 ohm 
0.27 ohm 

As with the voltmeter arrangement, any 
fraction of full -scale deflection indicates a 
similar fraction of full-scale current in milli- 
amperes. (These current multiplier figures 
are based altogether upon a 0 to 1 milliam- 
meter having an internal resistance of 27 
ohms, the characteristics of the Weston type 
301 already recommended. While the voltage - 
multiplying resistors will be correct for any 

zero to one milliam- 
meter, the current 
shunts will apply only 
to a meter of the 
characteristics indi- 

SM,. Re cased.) 
It should not be 

difficult. to secure the 
proper resistors for 
the current shunts. 
A simple way is to 
secure the winding 
from a one- or two - 
ohm rheostat, deter- 
mine the resistance 
of the wire per foot., 
and cut off the cor- 
rect amount. 

A simpler way of 
obtaining various 
shunts is as follows. 
So adjust the circuit 

including the milliammeter to a predetermined 
value, preferable full-scale deflection. Now 
shunt any low -range variable resistor across 
the meter and, vary the resistor until any 
convenient fraction of the original current is 
shown on the meter. Leaving this resistor so 
connected. the same fraction will hold true 
for any indicated current.. 

It is obviously possible to arrange a zero 
to one niilliainineter, by means of suitable 
resistors and switches, so that the voltages 
and currents generally encountered in radio 
testing and servicing can be measured con- 
veniently on the one instrument. An arrange- 
ment of this type was described by G. F. 
Lanipkin in RADIO BROADCAST sr for June, 1928. 
Fig. 1 suggests a neat and convenient method 
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Service record charts that contri- 
bute efficiency to the service busi- 
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the indicated voltages when using a 1.0 -mA 
meter. 

VOLTAGE RESISTANCE 
5 
10 
100 
500 

5000 ohms 
10.000 ohms 
100,000 ohms 
500,000 ohms 

Any fraction of full -scale deflection indi- 
cates a similar fraction of the full -scale volt- 
age: For instance, if the one- milliampere scale 
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of mounting and adjusting a combina- 
tion volt-milliammeter of this design. 

AN INEXPENSIVE TEST SET 

R. K. WHEELER, of the Wachstetter 
Radio Company and General Radio 
Laboratory, of Indianapolis, Ind., 
solves the equipment problem of the 
serviceman in a similarly economical 
manner. He writes: 

"Many excellent suggestions have 
been made in reference to radio set 
testing and servicing. However, all 
have employed comparatively expen- 
sive apparatus, and there are, no 
doubt, many servicemen, and set own- 
ers, who would be glad to have an in- 
expensive, reasonably accurate outfit, 
such as I have been using for the past 
year. The entire test set cost less than 
$8.00, and it will do practically every- 
thing that the more expensive ones 
will do. 

"The main item of the test set is 
a combination tube tester, milliam - 
meter, and two -range voltmeter, Figs. 
3 and 4, composed of the following 
parts: 
One Readrite 0-25 mA. meter 
One 2000-ohm resistor, Bradley 
One 250-ohm resistor, wire -wound 
Fou[ Binding posts 
One Wood case, home -made 
One tube base, vx -type 

RADIO BROADCAST 

$1.00 
.50 
.25 
.20 

.35 

TOTAL $2.30 

"This is wired as per diagram, Fig. 3 and 
is plugged directly into a receiver to test 
tubes. The 0 -6- and 0 -50 -volt taps are pro- 
vided for battery checking and continuity 
tests, and are, of course, worthless for power - 
pack testing. However, for this purpose an 
excellent plug -in meter is made by Beede, 
0- 300 -volt range, which shows voltages at 
the various sockets and is also a good check 
for continuity of the various plate circuits. 
This meter is sold at the local Kresge store for 
$1.75, and, while readings cannot be made 
with an exactness of 2 or 3 volts on account of 
the 0- 300 -volt scale, the writer's meter has 
been checked several times with Weston and 
Jewell high- resistance meters and found suffi- 
ciently accurate for the serviceman's purpose. 

"The other item in this kit is a Beede, 0 -7.5 
a.c. voltmeter, (price $1.00), also plug -in 
type, for checking filament voltages at the 
socket. This meter has been found accurate 
and has been an important item in the writ- 
er's kit. As the voltage reading at the filament 
is one of the most important considerations, 
it was not felt necessary to invest in an 0 -150 
a.c. voltmeter." 

Service Hints on Radiolas 
WHEN receivers are ,as widely cir- 

culated, as the various models made 
by the R. C. A., it is logical and in- 

evitable that the service problems should 
increase in some way proportionate with 
their popularity. The serviceman will find it 
worth while jotting down this page number 
for future reference. 

FRANK M. COATES, with the McGraw Elec- 

Neg. 025 0-6 V. 0 -50 V. 

Fig. 3- Circuit diagram of Mr. 
Wheeler's test set costing $2.30. 

Fig. 1 -A neat and efficient mount- 
ing arrangement for a universal 

vol t- milliam ureter. 

tric Company, Sioux City, Iowa, has run into 
the following interesting cases: 

"Probably the most baffling troubles in 
radio receivers are those which do not affect 
the normal voltages at the tube sockets. The 
following are very peculiar and interesting 
cases of this nature which I have found in ser- 
vice work. 

"1. The antenna lead of a Radiola 18 be- 

To Measure To Measure 
Volts Current 

(A) (B) 
Fig. 2 -(A) An elementary volt- 
meter consisting of a low -range 
inilliamrneter with a series resistor. 
(B) A low -range milliam meter, 
with a series of shunt resistors, 
R, can be made to cover a variety of 

high- current ranges. 

trouble was found by connecting a good 
0.5 -mfd. condenser across the two termi- 
nals of the output condenser. 

"4. The most freakish case I have 
seen was a power unit that was con- 
nected to a light line which was struck 
by lightning. The transformer, choke, 
and filter condensers were not damaged 
but the flexible wiring had the strands 
fused into little globules inside the 
insulation which was not burned in 
the least." 

HELP FROM THE G. E. COMPANY 

M. G. MCCARROLL, with the Radio 
Engineering Department of the Gen- 
eral Electric Company at Schenectady 
helps the cause along: 

"I have run across the following 
trick faults while trouble shooting radio 
receiving sets. One of the commonest 
causes of `no signals' in a Radiola 60, 
super -heterodyne, is found in a short 
circuit between one of the r.f. coils 
and a socket prong. The coils, not being 
mounted very rigidly, get pressed over 
sometimes so that when the tube is 
inserted in the socket there is a con- 

tact made between the socket prong and a 
terminal lug on the top of the coil. It usually 
is the coil located under the sixth socket 
from the left end of the set, and sometimes 
a person can reach down behind the chassis 
and with his fingers move the coil away from 
the socket prong without removing the chassis 
from the cabinet. 

"The hardest case ever encountered of a 
loose connection was on a Radiola 60, and 
after exhaustive searching, in which every- 
thing checked out ok. it turned out to be a 
faulty tuning condenser on one of the inter- 
mediate- frequency transformers. The screw 
holding the plates of this small condenser had 
come out and while the set operated fairly 
well, the scraping sound of a loose connection 
was present with any slight vibration. The 
variable condenser tab had to be removed in 
order to get the i.f. transformer out of the 
chassis for repair, the small defective conden- 
ser being located inside the case of the i.f. 
transformer. 

"Another unusual incident on Radiola 60's 
was a case of extreme fading on local signals. 
The volume would go clear down and then 
gradually come back to full strength, repeat 
ing this several times a minute. The trouble 
was a dirty contact on the potentiometer used 
as a volume control. Since the r.f. and i.f. 
tubes get their bias through this potentio- 
meter it is obvious that when poor contact 
occurred with the ann the grids of these tubes 
were left free and consequently caused the 
fading mentioned above." 

DATA FROM N. Y. C. SERVICEMAN 

A categorical source of trouble in the Radi- 
ola 17 has been located by J. C. YAEGAR, man- 

came pinched in such a way that the wire 
r- 

broke inside the insulation which was intact. 
The trouble was located by connecting the ¡ 

antenna to the volume control where the an- 
tenna lead terminates. 

"2. On a Radiola 60 it was found that by 
moving the oscillator grid resistor the set 1 

would work. Inspection showed that where 
the bus wire lead connects to the tube socket 
the paint had not been removed, and this in- 
sulated the wire from the solder around it. 
As the oscillator tube has zero d.c. grid volt- 

I age, a meter test would be useless in this 
case. 

"3. Another case of intermittent trouble 
on the model 60 was an open connection to 
the output condenser. The metal tab became 
broken Under the insulating cover. The 
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another single -meter test set. 



7 
ager, Domestic Radio Service, New York City, 
as follows: 

"What causes a set to have `no volume' 
when all the circuits test ok., all the parts 
appear to be, and test, in good mechanical 
and electrical condition, tubes of known 
performance are used, and a power supply 
furnishing standard operating voltage is 
connected? 

"Some R. C. A. 17's suffered from this 
trouble last summer in the territory along 
the eastern coast states and the cause and 
correction is now fairly well known over this 
territory. The forms on which the radio - 
frequency coils were wound in some cases ah- 
sorhed sufficient moisture to cause a high r.f. 
loss in the amplifier circuits. The popular 
remedy has been to remove the radio -fre- 
quency coil assembly and dry it out thor- 
oughly in a moderately heated oven, or to 
dry it out less quickly by placing the whole 
set in a warm dry place, for a few days. In 
almost every case, the original performance 
has been obtained after this treatment." 

This condition will he met with in many 
other types of receivers. A simple method of 

i cure is to increase the plate voltage applied 
to the r.f. tubes, feeding it through a hy- 
passed high -range variable resistor, which 
functions as an auxiliary volume and regen- 
eration control. 

A BAFFLING PROBLEM 

A. J. BARRON, radiotrician and electrician 
of Shawnee, Okla., hit upon the same trouble 
and solves a little less easily: 

" When you are called on to service a Radiola 
17 and give it more volume on weaker sta- 
tions and find that all of the tubes test ok., 
you will prohahly wonder what to do. My 
method is to get at the grid suppressors and 
unwind 10 or 15 turns of the resistance wire 
on them to lower the oscillation point in the 
r.f. circuit: it seems that after the r.f. coils 
season a while they raise the original oscilla- 
tion point and the only remedy is to unwind 
some of the resistance wire from the grid sup- 
pressors or put in some of a lower resistance." 

NOISY RECEPTION 

CARLTON W. CROTEAU, of Mount Carmel, 
Conn., goes into some detail: 

"Being called upon to locate the cause of 
considerable noise in a Radiola 30, I soon 
found out that it was not interference. Walk- 
ing near the receiver would create a terrible 
scratch and snap. This naturally sounded 
like a loose connection. The receiver was taken 
out of the console and checked thoroughly 

Frank 1%!. Coates (right) takes a 
day off frone Radiolas. 
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for loose and poorly soldered connections. 
None was found. Taking hold of the catacomb 
and holding it perfectly still would stop the 
noise. On top of the catacombs are several 
screws that keep the bakelite socket assembly 
in place. Two or three of these screws were 
found to be loose. When these were tightened 
the noise disappeared and even pounding 
on the receiver with the fist would not pro- 
duce the noise. 

"A dealer called me in to service two Radiola 
18's that oscillated persistently regardless of 
where the compensating condensers were set. 
Touching the stator plates of the first r.f. 
condenser would stop the oscillating and the 
stations would tune in normally. By hending 
the two outside rotor plates in toward the 
stator of the first condenser the trouble was 
cured. In the second receiver, however, it 
was necessary to add more capacity than 
was needed in the first. To add this capacity 
it was necessary to take a piece of 0.010" brass 
about li" x 2" and fastening it on to the 
stator by means of the (2) screws that hold 
the stators to the hakelite stria. 

"The method is shown in Fig. 5. 
"Another Radiola 18 had a case of a short 

in the plate circuits of every tuhe, except the 
171A. All plate voltage was at zero value with 

This month "The Serviceman's 
Corner" is inviting contributions on 
the use and servicing of relays. Relays, 
intelligently applied, should contri- 
bute greatly to the convenience and 
ease of operation in many radio in- 
stallations. The use of relays is by no 
means limited to controlling the power - 
supply device and trickle charger. The 
possibilities of relays suggest them- 
selves in all but the most simple in- 
stallations in the way of receivers re- 
motely controlled, either by hand or 
clock. In the more simple arrange- 
ments, the relays may be used merely 
to turn on and off a receiver, and in 
conjunction with phonograph pick -ups; 
more elaborate arrangements will con- 
trol volume from a distance, while still 
more ingenious installations may ef- 
fect a certain amount of station selec- 
lion by remote control. 

-THE EDITOR. 

the exception of that on the plate of the 171A 
which was down to about 100 volts. After 
checking for shorted hy-pass condensers the 
trouble was found to be in the third coil. In 
the center of this coil there is a small honey- 
comb coil wound with enamelled wire. It is 
mounted on a bracket made of brass which 
is grounded to the frame. A portion of the wire 
had worked its way against the bracket and 
was causing the short. 

"Receiving nothing but a local station 
was the complaint I received from a dealer. 
The receiver was a Radiola 60. Every circuit 
was tested and found to he ok. with one ex-. 
ception. The oscillator tube did not draw 
any plate current. Other tuhes were tried 
but the results were the same. With the tube 
out of the socket the local station came in 
with the same volume. After testing various 
parts of the oscillator circuit I found the 
oscillator series or grid condenser to he leak- 
ing. When this condenser was tested it was 
found to he passing about 0.1 volt. The re- 
placement of this condenser cleared up the 
trouble and the receiver was restored to nor- 
mal operation. 

" Another Radiola 60 that was intermittent 
in operation required considerable time to 
locate the cause. This set would play for days 
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at a time and then suddenly cease. By taking 
out most any one of the 227 -type tubes and 
then inserting it into its socket the set would 
again function normally. This was most dis- 
couraging as then there was a long wait for 
it to stop again. I had taken it out of the cabi- 
net by this time and finally it ceased to func- 
tion. Then taking a lead pencil and hy push- 
ing and prying different connections I came 
upon the trouble. It was in the third ¡.f. 

Fig. 5- Adding additional capacity 
to one section of a Radiola conden- 

ser to stabilize the circuit. 

transformer. Pushing down on one of the 
terminals would start the set. Releasing the 
pressure would cause it to stop. It was neces- 
sary to remove the transformer from the 
chassis and also take it out of the hrass case. 
A high -resistance connection was found where 
one of the fine wires from one of the coils 
soldered to a small terminal within the as- 
sembly. Soldering this wire remedied the dif- 
ficulty and after re- assemhling the trans- 
former the receiver worked normally and has 
continued to do so since." 

POOR LOCATION 

And concluding this little symposium on the 
eccentricities of Radiolas, the following comes 
to us from Indianapolis, Ind.: 

" I made a service call on complaint of the 
owner of a Radiola 28, on account of poor 
volume, and no reception of distant stations. 
A check was made of tubes and batteries and 
all were found good. There was nothing in the 
set to suggest trouble, and a loud speaker of 
known efficiency was substituted, thinking 
that perhaps part of the trouhle lay in weak 
magnets in the original loud speaker, hut this 
made no difference. As the neighbor next door 
was getting excellent reception at that time 
on the same model set and loud speaker, the 
trouhle could not he reasonably be blamed to 
the location. Finally I asked the owner where 
his furnace was located, and, as I suspected, 
he pointed directly below the set. We then 
moved the set across the room, and the first 
station tuned in was WPC, Atlantic City,with 
enough volume to necessitate turning the 
volume control back slightly. As the owner 
had had the set for several months, with such 
poor reception, it is needless to say he was 
not only surprised hut delighted." 

R. K. WHEELER, Wachstetter Radio Com- 
pany and General Radio Laboratory. 

Items of Interest 

/¡THE use of report sheets. describing the 
'Ilelectrical characteristics of a receiver. tubes 
used, correct voltages, results under average 
good conditions, etc. are finding favor among 
systematic servicemen. We reproduce else- 
where in this department two good sam- 
ples of these forms, one used hy FaApnc T. 
CARR, of Newport, R. I., and the other sup- 
plied by the Hickok Electrical Instrument 
Company, of Cleveland, Ohio, for use in 
conjunction with their test equipment. 



A Recent Technidyne Development 

A SELF -SHIELDED RADIO INDUCTANCE 
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THE coil described in this article, be- 
cause of its self electrostatic shielding 
and absence of external magnetic field, 

requires no shielding when used in multi- 
stage radio - frequency amplifiers. The advan- 
tage of this feature may be appreciated bet- 
ter when it is understood that heretofore it 
has generally been found necessary to care- 
fully shield all coils used in radio -frequency 
circuits in order to prevent interstage feed- 
back. Where such shielding has not been used, 
methods of preventing oscillations due to 
interstage coupling have been resorted to. 
Practically all such methods involve the 
introduction of losses in the circuit to such 
an extent that oscillations cannot be sus- 
tained. While such methods of preventing 
parasitic oscillations are effective and quite 
easily applied, the loss in efficiency in such a 
circuit is quite a serious matter. 

To help prevent oscillations caused by in- 
terstage coupling, individual shielding of 
every radio- frequency stage in the set is 
becoming quite a common practice. In addi- 
tion to the shields, coils having a fairly small 
external electromagnetic field are sometimes 
used. Among such coils may be mentioned the 
toroid, binocular, and double D. It is found, 
however, that even such methods are insuffi- 
cient to prevent intercoupling of the various 
stages of a multistage amplifier. In spite of 
seemingly' impregnable shields and wmdings 
having small external fields, it is found that 
electromagnetic and electrostatic fields do 
link adjacent and even distant stages of the 
radio-frequency amplifier; sometimes to such 
an extent that oscillations are produced. Many 
inductances having so -called "concentrated" 
fields are found to have fields which are not 
so concentrated. It is also found that shielding 
is not always as effective as it looks. 

Shielding, even at its best, introduces losses 
in the circuits where it is used. As the effect 
of shielding depends upon the setting up of 
eddy currents in the metal of the shield, the 
radio -frequency resistance of the shielded 
circuit must necessarily be comparatively 
high. High- resistance circuits in a receiving 
set make for insensitivity and poor selectivity. 

Proof of Immunity 

THE self -shielded coil described in this 
article is one of the recent developments of 

Lester L. Jones, of the Technidyne Corpora- 
tion. This coil has no external field to speak of 
and hence does not require shielding. The coil 
is self shielded electromagnetically and elec- 
trostatically, and may be placed in close 
proximity to other apparatus and even to 
similar coils of the amplifier without dis- 
turbing the balance of the system. A set made 
by a mid -western manufacturer utilizing self - 
shielded coils is perfectly stable and shows no 
traces of feedback even though the coils 
are all mounted in the same plane and are 
placed less than two inches from one another. 

This coil is so immune to outside influences 
that a heavy band of copper may be wrapped 
tightly around the coil, and the ends soldered 
together with no detuning effect while the 
coil is in a sharply tuned circuit. The losses 
introduced under such conditions are prac- 
tically negligible. Under similar conditions 
all other coils would be completely detuned; 
and almost all of the energy dissipated in the 
short -circuited copper band. 

By EMIL REISMAN 
Technidyne Corporation 

In Fig. 1 is shown a cross- section view of 
the self -shielded coil. It is seen to consist of 
an inner coil section, A, and an outer coil 
section, B. The coils are so related to each 
other that the outer coil, B, forms a magnetic 
and electrostatic shield for the inner coil. 

Coils A and B are connected in series in 
such way that the magnetic fluxes produced 
by the coils oppose each other. Such an op- 
position of fluxes is accomplished by having 
both coils wound in the same direction and 
connected together at the same ends. The free 
end of the inner coil is the high -potential end 
and would normally go to the grid or other 
high -potential part of the apparatus in which 
it is used. The free end of the outer coil is the 

i 

Many attempts have been made to 
develop coils which require no shielding. 
In other words, inductances that have 
no external field have occupied the 
thought of a number of engineers. 
Some coils of this type have been 
developed, but in the process other faults 
arise which vitiate the advantage of the 
small external field. For example, one 
such coil that was tested in the Labora- 
tory had no means of gelling current 
into or out of il! The coil described 
in this article was invented by Lester 
Jones of the Technidyne Corporation. 
It is a low -loss, low-external-field coil. 
It can be used without shielding. 

-THE EDITOR. 

low- potential or ground end and would be 
connected to ground or low- potential part 
of the circuit. 

In the diagram it may be seen that the 
ground end of coil section B overlaps the 
high- potential end of coil section A. This is 
done mainly to improve the electrostatic 
shielding of the high -potential end of the coil. 

The principle of the self -shielded coil is 
based upon careful mathematical design. It 
has been found that the ratio of the turns 
of the inner and outer coils must bear a very 
accurate relation to the ratio of the areas of 
the two coils. The product of the area and the 
number of turns on one coil section must be 
equal to the product of the area and number 
of turns of the other coil section. When this 
condition is realized, the external magnetic 
field due to the coil is at a minimum and is 
practically zero, because the field produced by 
the inner coil section neutralizes the field 
produced by the outer coil section. Conversely, 
magnetic disturbances in the vicinity of the 
self -shielded coil cannot affect the coil because 
the voltage induced in the inner coil section 
is of the same magnitude and opposed to the 
voltage induced in the outer coil section; 
therefore, the resultant voltage is zero. 

Electrical Design 

IN 
order to produce the electrostatic shield- 

ing of the coil, it is required that the self 
inductance of the outer section be equal to 
the mutual inductance between both coil sec- 
tions. This condition is obtained when the 
product of the area and number of turns on 
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one coil section is equal to the product of 
the area and number of turns on the other 
coil section. The requirements, therefore, for 
maximum electromagnetic and electrostatic 
shielding are identical. 

In a properly built self- shielded coil a curious 
effect will be found to exist. By measurement 
it will be found that there is no potential 
drop across the outer coil. This may seem ab- 
surd to some. but, when it is considered that 
the voltage drop across the outer coil due to 
its inductance is neutralized by . an opposing 
voltage induced by the inner coil, it may be 
realized that in effect the entire surface of 
the outer coil is at one potential. The reason 
for the balance of potentials in the outer coil 
is that the self inductance of the outer coil 
is equal to the mutual inductance between the 
inner and outer coils. 

To produce self -shielded coils having high 
efficiency, the ratio of the area of the winding 
of the inner coil and the outer coil should 
bear a given relationship. It has been deter- 
mined that for producing coils of greatest 
efficiency, the ratio of areas should be about 
2, 2.1, and 2.2 for coils having ratios of outer 
coil diameter to length of 1.26, 1.58, and 2.1, 
respectively. When these area ratios are used, 
a high degree of static shielding with low 
distributed capacity is obtained in addition 
to maximum inductance with minimum radio- 
frequency resistance. In order to comply with 
these ratio requirements it may be found 
necessary to bank wind the inner coil or use a 
small size wire. The outer coil section in 
most cases will have to be space wound, or 
wound with large diameter wire. 

The radio-frequency resistance, deter- 
mines the efficiency of an inductance at radio 
frequencies. The high- frequency resistance of 
a coil is due to the combined effects of the 
skin effect in the wire of the coil, the d.c. re- 
sistance, eddy- current losses, distributed ca- 
pacity in the coil, and mutual induction be- 
tween the coil and neighboring circuits. 

Efficiency of Coil 

THE efficiency of the self -shielded coil as 
compared to other coils is quite high. 

It is superior to other coils having con- 
centrated fields, such as the toroid, binocular 
or duo -solenoid, and the double -D. The self - 
shielded coil is not as efficient as a well - 
designed single -layer solenoid, which is per- 
haps the most efficient type of inductance in 
use. It is, though, far superior to a single -layer 
inductance of approximately the same size 
when the inductance is completely shielded 
with copper, and when the shield has about 
three times the volume of the coil. (It is 
obvious that the efficiency of a copper- shielded 
solenoid becomes greater as the size of the 
shield is increased, due to the decrease in 
eddy- current losses.) 

A self -shielded coil having an inductance 
of about 125 microhenries has a distributed 
capacity of about 5 micromicrofarads. This 
is a slightly higher value than that for a 
corresponding single -layer solenoid, but is 
lower than that of the metal - shielded solenoid 
or the toroid. 

It should take but little imagination to real- 
ize how wide the range of application of the 
self - shielded coil really is. A coil of this type 
can be used to great advantage in tuned radio- 
frequency circuits, neutrodyne circuits, radio. 



frequency oscillators, and, in fact, in any 
type of circuit where it is required that the 
coupling between coils and other apparatus 
be at a minimum. 

Very compact sets may be built incorporat- 
ing these coils without being troubled by 
excessive oscillation. As stated previously, 
self -shielded coils may be placed quite close 
to each other and at any desired angle with- 
out harmful coupling effects; hence they 
are ideal for use in compact sets. 

In tuned radio - frequency sets when self - 
shielded coils are used, less than the usual 
amount of oscillation may be expected. In 
fact, such a tuned radio - frequency set when 
carefully built will, in many cases, operate 
like a neutralized set in that almost complete 
freedom from internal oscillation will be ex- 
perienced. 

Also, as these coils are not susceptible to 
outside influences, the individual coils will 
not pick up near -by broadcasters as other coils 
often do, thereby causing much interference. 

Radio -frequency oscillators require that 
no energy be radiated by the tuning coils of 
the oscillator. Radiated energy will cause 
serious interference when radio -frequency 
measurements are in progress. Self -shielded 
coils will be found to be ideally suited for os- 
cillators, because the energy radiated by the 
coil is almost (negligible in comparison with 
that radiated by the usual type of inductance. 

For short -wave work the self - shielded coil 
should give very satisfactory results. At short 
waves especially, magnetic and static coupling 
between coils and other parts becomes very 
strong. This is the cause of much of the 
energy loss and inefficiency on short waves. 

Design Data 

THE design of a self -shielded coil will be 
found to be more involved than the design 

of a single -layer solenoid, but by following 
these instructions the experimenter who can 
work out the constants of the single -layer coil 
will be able to determine the constants of a self - 
shielded coil of the desired inductance. 

The first step in the design of any induc- 
tance coil is to determine the inductance 
needed. This may be calculated from a fun- 
damental formula much used by radio engi- 
neers: 

L= e 
3.55z106xC 

where L = inductance in microhenries. 
X = wavelength in meters. 
C = capacity iu microfarads. 

In this case, where Ilie inductance of a coil 
which is to be used with a variable conden- 
ser is desired, X is the highest wavelength to 
which it is expected to tune, and C is the full- 
scale capacity of the condenser. In order to 
compensate the effects of distributed capacity 
in the coil, and other capacities such as the 
tube input capacity, several microhenries 
may be deducted from the inductance of the 
coil just calculated. 

The outer tube diameter should now be de- 
cided on. For reasons of economy of space 
small diameters may be used, but from the 
viewpoint of efficiency a larger coil is pref- 
erable. Coils for covering the broadcast 
band may have an outside diameter of from 
21 inches to 31 inches. The length of the otter 
coil winding should be within 1.2 to 2.2 times 
its diameter in order to maintain high effi- 
ciency. 

The dimensions of the inner tube depend 
upon the area and length of the outer tube. 
As stated previously in this article, the length 
of the inner winding should be a little less 
than the length of the outer winding. It was 
also stated that for high efficiency and good 
shielding, the ratio between the areas of the 
inner and outer coil windings should be 2 
when the outer winding has a ratio of diame- 
ter to length of 1.26, 2.1 when the ratio of 
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diameter to length is 1.58, and 2.2 when the 
ratio is 2.1. The diameter of the inner tube 
may be calculated easily from the area and 
length of the winding. 

After determining the dimensions of the 
inner coil winding, calculate the number of 
turns needed on the inner tube to give about 
one third more inductance than desired for 

A 

High Potential 
end 

B 

Ground 
end 

Firs. 1 -Detail of tete self -shielded 
coil. 

the completed coil. For this calculation Na- 
goaka's formula may be used. This formula 
for the calculation of inductance of solenoids 
may be found on page 252 of the Bureau of 
Standards Circular No. 74, Radio Instruments 
and Measurements. 

The number of turns needed on the outer 
tube is based on the ratio of the turns and 
areas of the inner and outer coil windings. 
The following formula gives the number of 
turns to be used on the outer winding: 

Az Nz 
NI - 

AI 

where N1 = number of turns on outer tube. 
N2 = number of turns on inner tube. 
Ai = area of outer winding. 
Az = area of inner winding. 

After the number of turns on the outer tube 
has been determined, calculate by means of 
Nagoaka's formula the inductance of the 
winding. Subtract the inductance of the outer 
winding from that of the inner winding, and 
the result is equivalent to the total inductance 
of the coil. In the self -shielded coil it is per - 
missible to subtract the inductance of one 

Inner Winding , 
High 

Potential 

Outer Winding 

----- - - E= 0 - - - - ------rl 
Fig. 2 -In the self -shielded coil 
the mutual inductance between 
the inner and outer coil sections 
effectively neutralizes the self in- 
ductance of the outer coil: there- 
fore, the outer coil is at the same 
potential throughout and lias no 
external magnetic field. For the 
same reason the outer section 
serres as an excellent electrostatic 

shield for the inner coil. 

winding from the other to obtain Mie total 
inductance, because the inductance of the 
outer coil is equal to the mutual inductance. 
This may be clearly demonstrated by means 
of the formula for the inductance of coils in 
series: 

Lo=LI+Le+2M 
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where Lo = total inductance. 
LI = inductance of coil No. 1. 
Le = inductance of coil No. 2. 
M = mutual inductance between both coils. 

In the self -shielded coil, Lt is numerically 
equal to M; and, as M is negative because the 
fields of both coils are opposed, therefore, the 
formula may be rewritten: 

Lo LI + Le - 21.4 

Reducing the formula we have 

Lo = Le - LI 
This is true only in a properly designed self - 

shielded coil. 
In order to obtain the desired inductance 

for the coil, it may be found necessary to re- 
peat the calculations several times, using a 
different inductance for the inner winding 
each time until the proper inductance for 
the entire coil is obtained. It will not be 
necessary to make more than three calcula- 
tions for a given coil if good judgment is 
used. 

When the entire inductance has been cal- 
culated properly a wire table should be con- 
sulted, and the size of wire to be used for the 
inner winding decided upon. The wire size 
used is limited only by the number of turns 
which must be wound within a given space. 
The outer winding may be space wound with 
No. 18, 20, or 22 wire. To obtain higher 
efficiency the coil should be constructed of 
litz wire throughout, and the inner winding 
bank wound. Extreme care should be taken 
that each strand of litz is unbroken. and is 
properly soldered at the ends. 

Broadcast -Band Coil 

THE following data may be used for con- 
structing a coil which is to be used in con- 

junction with a 0.00055 -mfd. condenser for 
covering the broadcast wave band: 

OUTER COIL SECTION 

Diameter 
Length of winding 
No. of turns 
Wire 

2"' . litl,. 
33 
No. 20 double silk covered 

INNER COIL SECTION 

Diameter 
Length of winding 
No. of turns 
Wire 

1g" 
1" 
72 
No. 32 double silk covered 

If instead of winding the inner coil with fine 
wire, a heavier wire is used and the coil bank 
wound, a higher efficiency will be obtained. 
The bank winding should cover the saine area 
and have the same number of turns as the 
winding specified in the above table. 

The outer coil should be arranged in respect 
to the inner coil section so that it slightly 
overlaps the high -voltage end of the inner coil 
in order to produce more thorough shield- 
ing. Also, the inner coil section must be con- 
centric with the outer coil. Both coils must 
be wound in the sairie direction and con- 
nected in series at one end as shown in the 
diagram. 

For coupling purposes a few turns of wire 
may be wound over or near the low -voltage 
end of the inner coil. N\7ien such a winding 
is used, the end farthest. away from the high - 
voltage terminal of the inner coil should be 
connected to the plate of the preceding tube 
or to the antenna. The other end of the wind- 
ing goes to the plate battery or to the ground. 

The author leaves the constructional de- 
tails of the self -shielded coil to the builder's 
judgment. No doubt. many ways will be 
devised for fastening the coil sections together, 
and for mounting the completed coil. 

Unlike other forms of "concentrated- field" 
inductances, the self -shielded coil just de- 
scribed is unique in that it is electrostatically 
shielded, and has an extremely limited mag- 
netic field; while other coils having concen- 
trated fields are not shielded statically. 



Factors Governing Frequency of Oscillators 

OPERATINE DATA ON QUARTZ CRYSTALS 
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THE manner of obtaining quartz crystals 
from the raw quartz has been covered 
rather thoroughly in numerous publi- 

cations. The article in December, 1928, RADIO 
BROADCAST (pages 85 -87) by R. C. Hitchcock, 
gives valuable data on this subject. The man- 
ner of their application to oscillating or trans- 
mitting circuits has also been the subject of 
several writings. Data on the operating 
characteristics of quartz crystals themselves, 
however, have not been brought forward so 
frequently. One item which is of pressing 
interest is the accuracy to which the crystals 
can be made to hold their frequency. The 
present -day crowding of broadcasting stations, 
their wandering from assigned frequencies, 
heterodyning of carrier waves, and so on, 
make it necessary that the accuracy of crystal 
control be determined definitely. A more re- 
cent reason is concerned with determination of 
the number of practicable channels available 
among the short waves. 

It is the purpose of this article to record a 
few data concerning the operation of crystal 
oscillators, including some notes on frequency 
variation of crystals. The work was done at 
the University of Cincinnati in connection 
with the development of a 50- 100 -meter, 
crystal -controlled transmitter for duplex 
radiophone communication. The advantages 
of single -sideband, or double -sideband, elimi- 
nated- carrier transmission over ordinary 
transmission are several, including power 
saving, duplexing, more uniform reception, 
and so on. Either system requires reintroduc- 
tion of the carrier at the receiver. In the case 
of single -sideband transmission, the carrier, 
which is replaced at the receiver, must be 
within some 50 cycles of the carrier frequency 
which was suppressed at the transmitter; in 
double -sideband transmission, the carrier 
must be replaced within 1 or 2 cycles, in order 
that reception may be reasonably intelligible. 
For a single - frequency radiotelephone system 
using one of the above types of transmission, 
each station would require a matched crystal 
both . to control the transmitter frequency 
and to supply the carrier at the receiving end. 
Successful operation of such a system, of 
course, is dependent on the constancy of fre- 
quency from the matched crystals. 

Types of Short -Wave Crystals 

THE data given below are not particularly 
comprehensive -for one thing, they cover 

only a restricted wavelength range -but they 
will serve to indicate what may be expected 
in crystal operation, and may stimulate other 
investigations. In order that better com- 
parison, or judgment, may be made of the 
results, brief descriptions of the apparatus 
and methods used in measurement will be 
given. 
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By G. F. LAMPKIN 

The usual method of cutting a blank from 
the raw quartz yields a slab whose surfaces 
are perpendicular to one of the prismatic 
faces of the crystal. This section is shown at 
(A) in Fig. 3. An alternative method is to cut a 
slab parallel to a face of the prism, as at (B). 
A crystal cut in the first method has a wave- 
length constant of 104 meters per millimeter 
thickness; or, in everyday units, 2.64 meters 

Il is commonly thought that a prop- 
erly cut slab of quartz crystal will hold 
an oscillating tube to the exact desired 
frequency regardless of the mounting, 
plate and filament voltages, and other 
tube variables. Mr. Lampkin shows 
how these factors, as well as pressure 
on the crystal, temperature, etc. 'in- 
fluence the frequency generated by the 
quartz -controlled transmitter. 

-THE EDITOR. 

per thousandth inch of thickness. The parallel - 
cut crystal has a fundamental wavelength of 
3.87 times thickness in thousandths of an 
inch. Apparently any slab cut at an inter- 
mediate angle between the two above will also 
oscillate. Wavelength constant, temperature 
coefficient of frequency, and magnitude of 
fundamental and harmonic radio -frequency 
outputs, are quantities, among others, that 
vary with the angle of cutting. However, only 
crystals from the parallel- and perpendicular - 
cut slabs were ground and measured. In the 
table of Fig. 3 are listed some of the crystals 
that were completed. It may be seen that the 
wavelength constant varied from 2.59 to 2.66 
in the one case, and from 3.85 to 3.89 in the 
other. For any given wavelength, the parallel - 
cut section produces a crystal that is thinner 
than the corresponding perpendicular -cut 
crystal. 

The blanks were sliced from the raw quartz 
by a muck saw of 0.022" steel, 6" in diameter. 
motor- driven at 300 or 400 r.p.m., and fed 
with No. 90 carborundum and water. The 
finishing grinding was done by hand on a cast - 
iron plate with No. 200 carborundum and 
water. The surfaces of the crystal were not 
polished smooth, but had the appearance of 
ground glass. 

Some of the crystals. particularly No. 1 and 
one of the 159 -meter matched crystals. oscil- 
lated strongly when the two surfaces lacked as 
much as 1 or 1.5 thousandths inch of being 
parallel. As a rule, however, the tolerance was 
only one or two ten thousandths of an inch. 
Crystal No. 5 was surfaced closer than could 
be measured on the micrometers and would 
not oscillate; then putting a smooth, rounded 
bevel on all the edges brought it into strong 
oscillation. Crystal No. 6 would not oscillate 
at all unless its temperature was within a cer- 
tain critical range. When a hot soldering iron 
was placed under the crystal holder, oscil- 
lations began and their strength, as shown by 
a vacuum -tube voltmeter, increased as the 
temperature of the crystal went up; they 
passed through a maxnnum, and then de- 
creased with further increase of temperature. 
When the soldering iron was removed, the 
oscillations again rose to a maximum as the 
crystal cooled through the critical tempera- 
ture, and then dropped off. 
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Harmonic Operation 
CRYSTAL- CONTROLLED transmitters 

whose outputs are much below 80 meters 
usually operate on a harmonic of the crystal. 
Crystals whose fundamentals are less than 80 
meters become too thin to handle conven- 
iently. In grinding, if the surfaces of a 160 - 
meter crystal must be parallel within a ten 
thousandth inch, the tolerance for an 80- 
meter crystal is only five hundred thousandths 
inch. An 80 -meter crystal is thin enough that 
pressure on one spot in grinding will hollow 
out that part more than the surrounding sur- 
face -the crystal actually gives and bends. 
A crystal with a 40 -meter fundamental is very 
fragile, being no thicker than a heavy piece of 
paper. These disadvantages of the short -wave 
crystals do not work extreme hardships, 
however. It is feasible, and comparatively 
easy, to employ the harmonics of 100 - 
to 200 -meter crystals to produce crystal - 
controlled outputs from 100 meters down. 
The usual method is to impress the output of 
the crystal oscillator on a heavily biased 
radio-frequency ampli.er, and to tune the 
amplifier output to a harmonic of the crystal 
Ordinarily the second harmonic is picked out, 
so that the tube works as a combined ampli- 
fier and frequency doubler. The process is re- 
peated, if necessary, until the desired wave- 
length of output is secured. 

In order to determine what strength of 
harmonics could be obtained directly from the 
crystal oscillator, the circuit of Fig. 1 was set 
up. It may be seen to be the usual hook -up 
except for the extra tuned circuit in the output. 
A 112 -type tube with plate voltage at 200 and 
filament voltage at 5 was the oscillator tube. 
Other dimensions are included in the figure. 
Trap circuit, L1C1, was tuned to the funda- 
mental of the crystal. To measure the magni- 
tude of radio-frequency voltage across this 
circuit, L=C2 was shorted out. A vacuum -tube 
voltmeter was connected across L1C1, and for 
each setting of the condenser the voltage was 
read. This voltage, of course, was at the 
fundamental wave of the crystal, or 159 
meters. The values, plotted against dial read- 
ing, are given in Fig. 5. curve E1. As the reso- 
nant wave of the tank circuit, L1C1, ap- 
proached the fundamental of the crystal, from 
below, the magnitude of radio-frequency volt- 
age increased steadily. until, just as the tuned 
circuit passed the crystal wave, the oscil- 
lations broke sharply. Maximum strength of 
fundamental radio -frequency voltage output 
was obtained just before the crystal ceased 
operating. 

To measure the harmonic voltages, the 
short on tank circuit, L2C2, was removed and 
the vacuum -tube voltmeter was connected 
across it. Circuit L1C1 was kept tuned to the 
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(A) 

NO THICKNESS WAVE METERS/MILL 

1 0.0515" 198.0 3.85 

2 0.0642" 167.5 2.61 

3 0.0410" 159.0 3.88 

4 0.0410 " 159.0 3.88 

5 0.0575 ". 155.0 2.66 

6 0.0367" 142.8 3.89 

7 0.0535" 139.0 2.60 

8 0.0535" 139.0 2.60 

9 0.0480" 124.0 2.59 

10 0.0460" 120.0 2.61 

Fig. 3 

fundamental of the crystal, in order to keep it 
oscillating. The second circuit was first tuned 
to 79.5 meters -the crystal's second harmonic. 
The point of maximum voltage occured at 
only one point on the dial of C2, for any one 
position of C1. However, the magnitude of 
the second- harmonic voltage did vary, as Ci 
was tuned, in the manner of curve E2 of Fig. 5. 
As the condenser in the fundamental tank 
circuit was brought up to the crystal wave, the 
second harmonic voltage at first increased, 
reached a maximum, and then dropped off 
until the oscillations again broke. The 
interesting point is that maximum har- 
monic voltage is not obtained at the 
same setting of the fundamental circuit 
dial as gives maximum fundamental 
output. When the trap, L2C2, was tuned 
to the third harmonic of the crystal, the 
same type of radio-frequency voltage 
output curve, E3, resulted. The curves 
for a perpendicular -cut crystal, No. 7, 
were in no way dissimilar to those for 
the parallel -cut specimen. 

Parallel Vs. Perpendicular Culs 

THE maximum voltages obtainahle 
at the optimum tuning of both con- 

densers, for harmonics up to the fifth, 
were determined. In Fig. 6, the curves 
show for four crystals, two parallel -cut 
and two perpendicular -cut, how the 
strengths of harmonic and fundamental 
voltages compare. The fundamental 
was measured across circuit L,C1, and 
the harmonic voltages were measured across 
circuit L2C2 when it was tuned to the given 
harmonics. 

Under the test conditions, the parallel -cut 
crystals gave a greater magnitude of radio- 
frequency voltage than did the perpendicular - 
cut plates. Also, any given harmonic of the 
parallel -cut crystal was a greater percentage 
of the fundamental than was the correspond- 
ing harmonic of the other type. In either case, 
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harmonics that are a goodly proportion of the 
fundamental can he obtained directly from 
the crystal oscillator, so that it is possible to 
eliminate one or more frequency multiplying 
amplifiers in a transmitter layout. It may he 
noted that a grid leak was used on the oscil- 
lator tube. The relative strength of harmonics 
could probably he changed, and favorahly, 
by using grid bias. A more intensive study on 
the matter of harmonics should certainly 
prove fruitful. 

Radio -frequency voltages across the tuned 
circuits were measured, instead of reading 
the tank- circuit currents, because the voltages 
are more indicative of the true output of the 
oscillator. Voltage, only, is useful m feeding 
the next amplifier. The tank- circuit current 
for any one harmonic could he made to vary 
widely by merely changing the ratio of induct- 
ance to capacity, so that readings of current 
would mean little. The radio-frequency volt- 
ages were measured by impressing them on 
the grid of a vacuum tube, and then hucking 
out with direct voltage until the plate current 
returned to its initial value of 100 micro- 
amperes. The direct voltage, minus a small 
correction for initial bias, was, of course, 
equal to the peak of the radio frequency. The 
voltmeter tube was fitted with long leads to 
the battery and meter assembly, so that it 
could he hrought right to the tuned circuit 
which was to he measured. By -pass con- 
densers to filament were connected at the 
tube. The picture on the next page and 
the diagram of Fig. 2 give further details 
of the electrical and mechanical designs of 
the meter. 

Frequency variation in crystal oscillators 
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crystals are much easier to handle and to 
mount. 

Matching Crystals 

TWO pairs of crystals were cut and ground 
to approximately zero beat. One pair, 

crystals No. 3 and No. 4, were cut parallel to 
a face of the raw quartz. By careful 
hand grinding with fine carborundum, 
and continual checking against each 
other as oscillators, the frequencies of 
the crystals were brought within one 
or two hundred cycles. The funda- 
mental wavelength of the two was 159 
meters. Two other crystals, No. 7 and 
No. 8, cut perpendicular, were ground 
and matched in the same way at a 
fundamental wavelength of 139 meters. 

In order to measure frequency varia- 
tion of the crystal, the layout depicted 
in Fig. 4 was utilized. The second 
harmonics of the crystals in the 50-to- 
100-meter band were to be used for 
controlling the transmitter, so the re- 
ceiver was tuned in this hand to the 
second harmonics of the two crystals. 

75 The crystal oscillators were spaced 
some 15 feet across the room, and were 
run from entirely separate A and B sup- 
plies. The frequency of the audible heat 
note, present at the receiver output, due 

to the two harmonics, was measured with a 
heat -frequency oscillator. For this purpose a 
10 -mmfd. semi- circular plate condenser was 
used as a vernier on the heat -frequency oscilla- 
tor. When calihrated against a Western Electric 
8A audio oscillator, a linear frequency vari- 
ation of slightly more than 300 cycles was had 
over the dial. Thus, by heating the sound 
output from the receiver against that front the 
calibrated audio source, changes in frequency 
of one cycle in the crystal oscillators could 
be detected. One of the oscillators was left 
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is a prohlem whose difficulty of solution varies 
directly with the frequency. That is, a broad- 
cast station on 500 kc., having to maintain 
its frequency within 500 cycles of that which 
was assigned, has to work within limits of 0.1 
per cent. A station assigned a frequency of 
1500 kc., and required to hold that within 
500 cycles, has to maintain an error of less 
than 0.03 i per cent. Thus, as the operating 
wavelength of the station goes down, the 
percentage accuracy which has to be main- 
tained for a given permissible frequency 
variation increases. 

The use of harmonics of a crystal oscillator 
does not improve matters in this respect, 
except indirectly. If the frequency variation 
of a 400 -meter crystal is 50 cycles, say for a 
certain change in temperature, the frequency 
variation of its fourth harmonic, at 100 meters 
is 200 cycles. A 100 -meter crystal whose 
temperature was changed the same amount 
would have exactly the same frequency vari- 
ation-i.e., 200 cycles. The change of fre- 
quency with temperature is due to the ex- 
pansion of the crystal; and the above con- 
clusions are evident from inspection of the 
equations for thermal expansion. Indirectly, 
however, frequency stabilization is aided by 
using crystal harmonics, because the thicker 
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untouched during a test run, while a variable 
on the other was changed. Then the variation 
in beat note hetween the two crystals was due 
solely to the change in the variable on one crys- 
tal. Since variation in frequency of the second 
harmonic was measured, the values given are 
twice the variation that occurred in the funda- 
mental frequency. 

Because the crystal oscillators were to be 
supplied with operating voltages from a 60- 
cycle a.c. source, the parallel-cut and perpen- 
dicular -cut types were compared as to fre- 
quency variation when the line voltage 
changed. The oscillator tube was supplied 
with 5 volts a.c. on the filament, and 200 volts 
d.c. from a B -power unit. Both these voltages 
had as their source an a.c. supply which could 
he varied from 110 to 130 volts. In the case 
of the parallel -cut crystal this change in line 
voltage caused an average frequency shift of 
20 cycles. The same test applied to the per- 
pendicular -cut crystal caused the frequency 
to change 35 cycles in two or three seconds, 
and then drift slowly to a total change of 92 
cycles in some three minutes -again average 
values of several trials. This comparison, 
coupled with the fact that the parallel -cut 
plates gave a higher radio- frequency output, 
was the reason for confining suhsequent 
measurements to this type of crystal. 

' Variations Possible 

IN FIGS. 8 and 9 are shown the frequency 
variations that may be obtained hy three 

means of intentional tuning. In the dash curve 
a small semi-circular plate condenser of 50 
mmfd. maximum capacity was connected 
across the crystal itself. Variation of this 
capacity caused a nearly proportional change 
in crystal frequency. The total variation m 
frequency when the capacity went from 0 to 
30 mmfd. was 450 cycles. At the same time, 
however, the second harmonic output voltage 
dropped from 67 to 38 volts, peak. 

The variation of frequency resulting when 
the vernier condenser was placed across the 
fundamental tank circuit was determined, and 
is given in the dot -dash curve. The total change 
in frequency with tuning of the main condenser, 
from the point where the oscillations started 
to where they broke, was some 800 cycles. 
(For the perpendicular -cut crystal, this figure 
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was 250 cycles.) The frequency varied in much 
the same manner as did the fundamental 
voltage, in curve E1, Fig. 5. That is, the change 
in frequency wps slight at first, then became 
greater until, at the point of oscillation ces- 
sation, the frequency change per increment of 
setting was a maximum. The dot -dash curve in 
Figs. 8 and 9, then, is a small portion taken from 
this larger curve that would he obtained were 
the main condenser varied. The hump in the 
second- harmonic output -voltage curve is also 
a portion of the larger curve E2, Fig. 5. 

Variation of pressure on the crystal surface 
constitutes another means of shifting the 
crystal frequency. The total change experience 
when the weight on the top plate of the 
crystal holder was run up to 2.8 pounds was 
845 cycles. This represents a greater change 
in frequency for a given drop in output volt- 
age than either of the other methods of tun- 
ing. The relation between pressure and fre- 
quency increment is nearly linear, so that 
tuning in this manner is hetter than, for in- 
stance, the use of a 50 -mmfd. vernier across 
the fundamental tank circuit. Another ad- 
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vantage incurred by the use of pressure on the 
crystal is that it makes for stability. Jars or 
bumps suffered by the crystal and mounting 
are not so likely to disarrange the holder. 

The latter point was one of the most 
trouhlesome in bringing and keeping the two 
crystals to zero heat. For each slightly differ- 
ent position of the holder plate, the crystal 
took up a new oscillation frequency that 
was possihly two cycles, or as much as two 
thousand cycles removed from the original. 
It is physically impossihle to grind the two 
surfaces of an 80 -meter crystal parallel within 
five or ten "cycles." A ten thousandth of an 
inch on such a crystal represents some 13,000 
cycles. It seems that for each new position of 
the plate a new portion of the crystal has a 
major effect on the frequency. It was neces- 
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sary to place and replace the top plate of the 
mounting till the frequency of one crystal 
came within a hundred or so cycles of that of 
the other. A holder designed to maintain the 
relative positions of the crystal and plate 
within close limits; or one designed to give 
intimate electrical contact over hoth crystal 
surfaces, should aid in overcoming the diffi- 
culty. In the case of the longer -wave crystals, 
it is possihle to operate them with no contact 
whatsoever between plates and crystal. 

Maintaining Frequency Constant 
r1'HE frequency shift which occurred when 
1 both the filament and plate voltages on the 

oscillator tube were changed has been men- 
tioned. In Fig. 10 the change in frequency that 
is due to plate voltage variation alone is shown. 
To maintain the frequency constant within 
one cycle the plate voltage must not be allowed 
to vary more than 1.5 per cent. To hold the 
frequency invariant to the same degree, 
temperature variation cannot exceed 0.66 de- 
grees Centigrade. Thus, the major prohlem in 
frequency stabilization is that of temperature 
control. Other factors such as operating volt- 
ages and circuit constants can be fixed so that 
frequency shift due to them becomes neg- 
ligible when compared with that due to 
temperature variation. Fig. 7 contains 
the points, plotted, which were obtained 
when the temperature inside the container 
for the crystal mounting was increased slowly 
by means of a resistance heater. Readings of 
temperature and frequency were taken at 
intervals of five minutes over the period of 
45 minutes which the curve data cover. 

Over the straight -line portion of the curve 
the frequency changed 15 cycles per degree 
Centigrade. The lower hend in the curve 
furnishes another example of the discontinui- 
ties encountered in crystal operation. As the 
temperature slowly approached 35° the fre- 
quency began to change more rapidly, and at 
that point the beat note suddenly jumped to 
2973 cycles, where it had been 429 cycles 
previously. For no apparent reason the fre- 
quency shifted 2544 cycles. Thus, not only 
must the crystal temperature be held within 
extremely close limits, but the absolute value 
of the temperature is important. It is not safe 
to calibrate the crystal in one range of temper- 
ature, and assume that the frequency in 
another range can be ohtained hy application 
of the temperature coefficient of frequency. 

The vacuum -tube voltmeter shown schematically in Fig. 2 
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Practical Talks to Service Workers -II 
ROUTINE TESTING OF FILAMENT CIRCUITS 
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T HE chart which is reproduced as part 
of this article describes a method of 
testing the continuity of filament cir- 

cuits in radio receivers. It does not apply to 
any particular make or model of receiver, but 
is intended only to apply to the three corn - 
monly used types of filament circuit. It does 
not pretend to contain all of the tests which 
may be necessary on a given receiver, but 
was designed to serve as a guide in developing 
an orderly, thorough, and rapid system of 
testing. There may be variations of the order 
given which will save more time. It is certain 
that precisely the saine order cannot always 
be followed, because there is such wide varia- 
tion of physical construction of receivers in 
use to -day. The important thing is that some 
carefully designed order of testing must be 
used consistently in order to gain at once the 
two -fold advantage of thoroughness and ra- 
pidity. 

Socket Trouble 

QTARTING at the sockets, it is always well 
kJ to ascertain visually the state of cleanli- 
ness, or dirtiness. of the socket prongs before 
inserting the diagnoser plug for testing. If 
they are not bright over the area in which 
contact is made with the tube prongs, the` - 
should always be cleaned before going farther. 
Many a no- charge call has been the result of 
failure to perform this simple operation, a 
fact especially true when servicing old sets 
with open, flat -prong sockets. Fortunately, it 
is less prevalent with the newer types of 
socket. In the old types, scraping the prongs 
with the end of a screw- driver is the easiest 
and quickest method of cleaning them, after 
which process it is usually advisable to bend 
them upward to insure proper tension. 

With the newer type of construction which 
does not readily permit visual inspection of 
the socket prongs. moving the top of the 
tube, in any socket, along the circumference 
of a small circle will produce noise from the 
loud speaker if the contacts are not clean and 
tight. That test may have to be deferrcd be- 
cause of other troubles, but it should always 
be made. Such socket prongs may be cleaned 
from the top by the use of a piece of No. 14 
solid antenna wire. bent over slightly at the 
end and sharpened, somewhat like an auto- 
mobile carbon scraper. If the tension of the 
prongs has become insufficient, it usually can 
be remedied only from underneath the tube 
panel. However. the type of prong that is 
used in the Radiola 25 and other models 
may be tightened up from above with 
a special tool provided by RCA for that 
purpose. (Some servicemen always carry a 
crotchet needle in their kit as this may some- 
times be used as a tool for the repair of sockets 
from above. Editor.) 

On every service call the battery 
terminals should be carefully ex- 

amined. 

By JOHN S. DUNHAM 
QRV Radio Service, Inc. 

Continuity Tests 

W ITH the diagnoser plugged into a 
socket, if filament voltage is not ob- 

tained, the next place back along the line of 
supply which can be tested readily is usually 
the terminal strip of the set. If filament volt- 
age is obtained there, it establishes the con- 
tinuity of the remainder of that supply cir- 
cuit, and at the same time narrows down the 

One of the primary interests of radio 
dealers who write us about servic- 
ing seems to lie in determining the 
best methods of going about service 
problems in general. In the April 
RADIO BROADCAST, Mr. Dunham 
wrote the first of a series of articles on 
routine testing of radio sets. This was 
most favorably received and this article 
which deals with routine tests of the 
receiver in the customer's home pre- 
sents some interesting thoughts on 
routine tests for filament circuits. The 
table al the end of the article should be 
especially useful. 

-THE EDITOR. 

search for trouble to that portion of the cir- 
cuit which lies between the terminal strip 
and the socket prongs. Each of the two legs 
of that portion may then be analyzed separ- 
ately. Speaking of a parallel d.c. circuit, for 
example. if voltage is obtained by testing 
from the negative strip terminal to the posi- 
tive socket prong, the continuity of the posi- 
tive leg of the circuit is established, thus 
further narrowing the search down to the 
negative leg. If the filament-control rheostat 
is in that leg, testing for voltage from the 
positive strip terminal to the rheostat will 
determine whether the trouble is there, be- 
tween there and the strip, or between there 
and the socket. When the open has been 
located definitely in a small portion of a cir- 
cuit by such an orderly process of elimination 
of other parts of the circuit, then in most 
cases it may be found quicldy by visual ex- 
amination. 

When the trouble is not a complete open. 
but is a partial break or a resistive contact. 
as indicated by low voltage, or fluctuation of 
voltage, at the socket, but with steady voltage 
of the proper value appearing at the terminal 
strip, the parts of the circuit in which the 
trouble does not exist may be eliminated by 
the saine process. Then. if visual examination 
does not disclose the fault., it may be found 
by watching the voltage across the tube in 
the diagnoser socket, with the diagnoser plug 
in the set socket, while vigorously moving 
and pulling the particular length of wire to 
which the trouble has been traced. 

Rheostats are the most common source of 
noise and fluctuation of voltage in d.c. fila- 
ment circuits, as are any continuously vari- 
able resistors in any receiver circuit. Ifturn- 
ing a filament rheostat -whether it be the 
common control for all tubes, or simply used 
as a volume control affecting only a few 
tubes- produces noise from the loud speaker. 
that rheostat should be thoroughly cleaned. 
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Fine sandpaper is the best thing with which 
to clean the contact arm and the surface of 
the resistance wire on which it rides. If it 
cannot be reached easily to use sandpaper, 
in those sets which are designed without ap- 
parent thought to the difficulties of servicing 
them, a pipe -cleaner, dipped in alcohol, will 
sometimes suffice. If cleaning the end of the 
arm and the surface on which it makes slid- 
ing contact does not entirely eliminate the 
noise, then the rheostat should be dismantled 
and the sliding contact which connects the 
shaft to one terminal lug of the rheostat 
should be thoroughly cleaned, as well as the 
stationary part of that contact. Oil should 
never be used on the shaft bearings of a rheo- 
stat, for oil happens to be an insulator, a fact 
which seems to be ignored by a good many 
servicemen who ought to know it. There is 
one exception to the statement that oil should 
not be used on rheostat bearings. There is 
one manufacturer of rheostats in the United 
States (there may be a few others, but the 
author has never seen their product) who 
makes rheostats with a pigtail connection 
from the shaft to the terminal. Oil may be 
judiciously used on the bearing of that most 
excellent job. If you have not guessed it, the 
name of the wise manufacturer mentioned is 
the Yaxley Mfg. Co. Long may they prosper! 

Still using the battery -operated set as an 
example, if proper voltage is not obtained 
at the terminal strip, the next logical test 
point is the terminals of the A battery. If 
normal voltage appears there, it is obvious 
that the trouble exists between that point 
and the set terminals. If no voltage at all is 
obtained at the set terminals, one of the two 
filament leads in the cable must be broken at 
some point. The continuity of the positive 
one may be determined by a voltage test from 
its terminal strip end to the negative battery 
terminal, and that of the negative lead from 
its terminal strip end to the positive battery 
terminal. 

Corrosion on Terminals 
IF THE more usual trouble of slightly fluc- 

tuating voltage at the terminal strip is ob- 
served, the most probable cause is corrosion 
on the battery terminals, creating a varying 
resistive contact between them and the 
cable lugs or clips. On every service call. the 
storage -battery terminals should be examined 
carefully, and if the contact is not perfect 
they should be thoroughly cleaned and thickly 
coated with vaseline. Also, if battery clips 
are not being used, or if those used are small 
and have weak springs, then large clips with 
very strong springs should always be put on. 
Failure to do those things is another prolific 
cause of no- charge calls and dissatisfied cus- 
tomers. 

Oil should never be used on the 
shaft bearings of a rheostat for oil 

happens to be an insulator. 



A few words about lead -cell storage batter- 
ies may not be amiss at this point. A voltage 
reading taken across the terminals of such a 
battery without the set load is valueless for 
the practical purpose of determining its con- 
dition and state of charge. The no -load volt- 
age may be high. but the voltage with even 
the small load of the tube filaments may be 
very low. Neither is a voltage reading under 
that load a sufficient indication of the state 
of charge. The change of terminal voltage, 
even under normal load, is not a linear func- 
tion of the change in ampere -hour capacity. 
During discharge, for example, the voltage 
curve is only a gradual slope downward until 

After the fault has been localized it 
may befound by watching the volt- 
age across the tube in the diagnoser 
socket, with the diagnoser plug in 
the set socket, while vigorously 
moving and pulling the particular 
wires to which the trouble has been 

traced. 

nearly the end of the discharge, when it finally 
begins to fall rapidly. It is possible for the 
terminal voltage to be high enough to supply 
five volts at the tubes when the battery is 
more than three -quarters discharged and, 
therefore, in need of recharging. 

Likewise, a hydrometer reading alone is 
not a sufficient indication of the condition of 
a battery. A cell may be reversed, or contain 
damaged or shorted plates without giving any 
indication of that condition by the specific 
gravity of its electrolyte. Therefore, a volt- 
age test under the set load should be made 
and the state of charge should also be deter- 
mined, either by measuring the specific grav- 
ity of the solution with a hydrometer, or by 
employing one of the various ammeters put 
on the market for that purpose which place 
a comparatively heavy load across the cell 
and measure the current on a scale which is 
roughly calibrated to show the approximate 
state of charge. The latter is preferable for 
the practicing serviceman. While not as ac- 
curate as the hydrometer, it is sufficiently so, 
and it is more compact, does not break easily, 
and cannot drip acid solution. 

Trickle Chargers 

WHEN a trickle charger is used, its rate of 
charge should always be measured by in- 

serting the one -ampere range of the diagnoser 
ammeter in series with one of the leads be- 
tween the charger and the battery. If the 
rate is adjustable, a good deal of possible 
future trouble can be avoided by adjusting 
it to approximately the rate which is needed 
for that particular set. Careful questioning 
will usually extract from the customer a 
fairly good estimate of the average number of 
hours the set is used daily. If he is not home 
to be questioned, and in the absence of other 
evidence, an average of four hours is a safe 
assumption. Multiplying that figure by the 
current drain of the tubes gives the number 
of ampere -hours taken from the battery every 
twenty -four hours. Dividing that figure by 
the remaining hours of each twenty -four, 
during which the battery is being charged, 
gives the rate of charge needed to replace the 
same number of ampere -hours. That figure 
plus 30 per cent. is the rate to which the 
charger should be adjusted. The computation 
may be expressed in the following formula: 
hours of drain X drain in amperes 

hours of charge 
+ 30% drat ng 
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If the charger is adjustable in steps instead 
of continuously, it is better to use the rate 
which is a little higher, instead of the one 
which is a little lower than the desired rate. 

If the rectifier is one of the wet types, and 
does not give the output which is necessary, 
the only reasonable remedy is to throw out the 
inexcusable thing and substitute for it a good 
dry rectifier replacement unit, such as Elkon 
or Kuprox, made especially for that particu- 
lar charger. Dry rectifiers do not, of course, 
last forever -because it they were made that 
way the manufacturers' future replacement 
market would not exist -but at least they 
may be replaced, when exhausted, by others 
of the same make and type without causing 
the serviceman that feeling of guilt which 
he has when he supplies any accessory or part 
which he knows to be inferior. A similar dry 
type is also made to replace Tungars, and is 
preferable because of its economy in opera- 
tion and life, and its quietness. 

Charger Connections 

IT IS rather important to remember that 
the positive terminal of the charger must be 

connected to the positive terminal of the 
battery. If that order is reversed the battery 
will be discharged rapidly, and then very 
slowly charged again in the opposite direction, 
a process which materially shortens the life 
of both the battery and the charger. When a 
storage battery using a trickle is found to be 
fully discharged, or partially or fully charged 
with the polarity reversed, it is well to be sure 
of that point. The foregoing would seem to 
be information of the kindergarden variety, 
but the number of times QRV servicemen 
have discovered exactly the described state 
of affairs is amazing. When the condition is 
found, the only remedy is to have the battery 
sent to a battery service station for proper 
recharging. 

When an ammeter test does not show any 
output, or an intermittent output from a 
trickle charger, a very probable place of 
trouble is at the points of the relay. Those 
points are slightly burned by sparking each 
time contact is broken, and, therefore, re- 
quire cleaning occasionally. A very few strokes 
with fine sandpaper or a very fine file, held 
flat against the points by closing them against 
it, will suffice to clean them properly. The 
relay switch arms can get out of adjustment, 
so that they do not close firmly in one or 
the other direction, and may need bending 
back into their original shape. The spring 
against which the switch arms work may 
gradually lose its tension and require short- 
ening. The tension should be adjusted so 
that good firm contact is made to close the 
charging circuit, but still light enough to per- 
mit the arms to be pulled sharply, and held 

In series filament circuits much 
time may be saved by testing the 
continuity of each tube filament 

separately with a C battery. 

firmly, against the opposite points when the 
magnet is energized. 

We have spoken so far only of a.c. trickle 
chargers. There is no difference in method of 
testing or connection where d.c. is the supply, 
but there is one caution about such equip- 
ment which is important. Whenever a d.c. 
trickle charger is installed, fixed condensers 
of any convenient value larger than 0.001 
mfd. should always be put in both antenna 
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and ground leads, between the set and the 
lightning arrestor, before the charger is con- 
nected to the line. This is also essential when 
installing d.c. sets, with the exception that 
the manufacturer usually takes care of put - 
ting a suitable capacity in the ground lead, 
within the set or power pack. If there is none 
for the antenna within the set, then it can 
be connected externally by the installer. Ob- 
servance of that rule will avoid the evapora- 
tion of relay switch points, parts of primaries 
of antenna input transformers (in the event 
of a grounded antenna or shorted lightning 
arrestor), parts of tube filaments, and light- 
ing circuit fuses, at a cost which is compara- 

A common cause of "dead" d.c: 
powered receivers is ignorance on 
the part of the housemaid concern- 
ing the manner in which the plug 
should be placed in the wall socket. 

tively low. If you don't know the reason for 
those possibilities. draw a circuit diagram 
starting at the line, going through the relay, 
charger and battery to the filaments, show- 
ing the antenna-ground system with its con- 
nection to the finents. remembering that 
either side of the line may be grounded and 
that, when the relay switch is in the charging 
position the points do not open until after 
the set has been turned on at the filament 
switch. The saine situation exists with a set 
operated from the d.c. line. 

Perhaps some enterprising manufacturer 
will put a variable -rate d.c. trickle charger 
on the market before battery -operated re- 
ceivers become obsolete. Until that time, in 
cases where the rate of the present manufac- 
tured article is not reasonably near that re- 
quired, and where the battery and charging 
equipment can be kept entirely out of 
sight, a good substitute for it is a porcelain 
lamp socket screwed to a wooden base, into 
which may be put a size of lamp which has 
approximately the right resistance to give 
the desired rate. Then, if it becomes necessary 
to change that rate. a different size of lamp 
may be substituted easily. 

Series Filament Circuits 
rr HE testing of series d.c. filament circuits 
1 is just as easy and may be done just as 

quickly as the testing of parallel circuits. if 
a logical routine is followed, When the tubes 
are not paralleled with resistances, there is 
but a single series circuit extending from one 
filament terminal on the strip to the other 
filament terminal, and consisting of alternate 
sections of tube filaments and single wires 
connecting those filaments, like a string of 
sausages. There may also be a section at one 
end consisting of a rheostat. Testing for volt- 
age from the negative end (negative terminal 
on the strip) first to the positive end, and then 
successively to each joint between sections, 
will quickly disclose the point at which the 
open occurred. 

While it would be just as effective to use 
the positive end as the point in the circuit 
from which to start testing, it saves time to 
get into the habit of always starting at the 
same point, and the negative end is preferable 
as the base of operations for all circuit tests, 
except when testing a.c. circuits -which ob- 
viously have no polarity to an a.c. meter. 

It is, of course. necessary to keep the tubes 



in the sockets when testing such single series 
circuits, and get at the contacts elsewhere. 
If the construction of the set is such that 
the socket contacts cannot be reached from 
above the panel when the tubes are in the 
sockets, time may he saved hy testing the 
continuity of each tuhe filament separately 
with a C hattery. If none of the tuhes is 
open, then, to get at the socket contacts he- 
fore removing the chassis from the cabinet, 
a piece of stiff wire hent into U shape may he 
substituted successively for each tube hy 
inserting it across the filament prongs of 
each socket. After testing at one socket, the 
tube should he replaced in that socket., and the 
wire moved to the next socket to permit test 
there. 

Radiola 28 Circuit 
WHEN each tuhe in a series arrangement is 

paralleled with a resistance, such as in the 
Radiola 28 when operated from the 104 loud 
speaker, there are two series circuits which 
are parallel to each other throughout the 
length of the filament circuit, and are con- 
nected to each other hetween each tube. It 
should, therefore, he tested for continuity 
with the tubes out, but otherwise in the same 
order used when testing a single series cir- 
cuit. As the continuity of the part of the 
whole circuit across which a tuhe filament is 
connected does not depend solely upon that 
tuhe, but depends also upon the parallel 
resistance, the opening of one filament is 
self evident hecause the others do not there- 
by go out. Similarly, if one section of the re- 
sistance opens, hut the tube across it does not, 
the continuity of the whole circuit remains 
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unhroken. In that particular case the tube 
filament will he carrying very nearly the cur- 
rent which was divided hetween it and the re- 
sistance section before the latter opened, so 
that it will he burning with abnormal hril- 
lianey, a fact which is usually evident visually 
and hence removes the necessity for contin- 
uity testing. 

Special Cases 

IN SOME sets a series -parallel arrangement 
of tuhes is employed. That is, in a set using 

six tuhes, for example, there will he two series 
circuits containing three tubes in each, and 
the two circuits connected in parallel across 
the supply. Continuity testing of each of 
those circuits may then be done separately. 
That type of filament circuit is sometimes used 
in sets operated from a d.c. lighting supply. 
The serviceman should be very careful to 
refrain from changing tuhes in that type with 
the power switch on, unless he is familiar 
enough with the circuit diagram of that par- 
ticular model to know that it can be done 
without damaging other tuhes. In some 
models there is hut a single resistance used 
to drop the line voltage down to the voltage 
required for the two filament circuits. In such 
atrociously designed johs, if one of the fila- 
ment circuits is opened hy removing a tuhe, 
or in any other way with the power on, the 
current drain is halved, the IR drop across 
the single resistance decreases, thus increas- 
ing the voltage across the remaining filament 
circuit. That increase of voltage in turn in- 
creases the current through the filaments,re- 
suiting in paralysis of all of them and often 
the hurning out of one of them. 

DEALER'S TEST ROUTINE CHART 
(FILAMENT CIRCUITS) 

Follow vertical arrows if proper voltages are not obtained across points written horizontally. 

If proper voltage Is obtained at one of these points but not at the one described above it, then 
follow honzontal arrows 
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General Rules 

W HATEVER type of filament circuit is 
used, if proper voltage is not ohtained 

at the set terminal strip, the next logical place 
to test is at the filament terminals on the 
power pack, regardless of what type that 
may he. If proper voltage is secured at that 
point, each leg of the supply from there to 
the set terminals should he analyzed sepa- 
rately as previously descrihed in this article. 
If proper voltage is not obtained at the ter- 
minals of the power pack, then it becomes 
necessary to trace hack through that supply 
unit. If the supply is d.c., one side of it goes 
hack from the terminal strip of the pack 
directly to the line, while the other side 
goes hack to the other side of the line through 
a fixed resistance, or a variahle resistance, 
or hoth in series. One may, therefore, test 
for voltage from the terminal of the side 
which is connected directly to the line, to 
each end of the resistor or resistors in the 
other side and to any other joints which may 
exist. 

It is assumed in outlining these filament 
tests in receivers supplied from either a.c. 
or d.c. lines that the serviceman knows he has 
"juice" at the outlet used. When servicing 
any socket- powered receiver, if hoth filament 
and plate voltages are noticeahle hy their 
ahsence at the first socket from which a test 
is made, and there is no evidence of voltage 
at that outlet such as a lighted standing lamp 
supplied from it, then a voltage test should 
be made hefore resuming the regular routine. 

A common cause of "dead" d.c.- powered 
receivers is ignorance on the part of the house- 
maid, and often the customer, that when the 
little black plug which goes into the outlet 
is removed for any reason, it should he put 
back in exactly the same position. All service - 
men who work in d.c. neighborhoods should 
carry small tags with them to he tied to the 
cord close to the plug, on which can he writ- 
ten: "Always replace plug with the notched 
side up." Then a small notch can he cut into 
the edge of the plug with a knife or file. The 
same thing applies to d.c. trickle chargers. 
If the polarity is reversed, the same thing 
will happen that happens when the polarity 
of the output of an a.c. trickle is reversed in 
its connection to the hattery. The average 
customer is loath to pay a service charge to 
have a serviceman do nothing hut reverse a 
plug in an outlet, especially if the call hap- 
pens to follow closely one made to cure other 
trouble. No matter how carefully he may 
have heen cautioned hy previous servicemen 
shout that particular thing, such is the nature 
of humans that in many cases the customer 
will not only commit perjury by definitely 
denying that he was so instructed, hut he will 
also complain about the gross negligence of 
those preceding servicemen for their alleged 
failure to do so. 

As the d.c. supply for series filaments oh- 
tained from a.c. power packs is closely as- 
sociated with the plate supply, testing of such 
supply hetween the power pack terminals and 
the line will not he considered in this article, 
but will he discussed in some detail in a fu- 
ture installment. 

The testing of parallel a.c. filament circuits 
differs from d.c. filament circuit testing only 
in that fewer stops are required. There are 
no rheostats to worry about, and in many 
sets the only point at which joints in the 
supply arc not permanent soldered connec- 
tions is the terminal strip to which the lugs 
on the cahle from the power pack are screwed. 
When voltage tests made successively at the 
socket, set terminal strip, and transformer 
winding terminals to which the cahle leads 
are soldered do not reveal voltage, then 
there can be only one trouble and one prac- 
tical remedy (assuming, as before, that line 
voltage is getting to the primary of the trans- 
former). The trouble is an open (or possihly 
shorted) transformer winding. The remedy ns 
to replace the transformer. 
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THE USE OF A BRIDGE 

THE usual method of measuring the inductance of 
11- a coil is to compare it with a coil whose inductance 

is known-either having been calculated, or com- 
pared to some other standard. One method by 
which this comparison may take place is indicated 
in "Home-Study Sheet" No. 15. Another, and more 
often used method, is to employ a Wheatstone 
bridge by which the unknown inductance, or capac- 
ity, may be compared directly to a known induc- 
tance or capacity. 

Such a bridge may be a simple affair, like the one 
illustrated in this "Home-Study Sheet," or it may 
be much more complicated and costly. 

As this piece of apparatus probably has a more 

Fig. 1-Connections for a simple 
slide -wire bridge. 

varied field of usefulness than any other single piece 
of equipment in the laboratory, the experimenter 
will be well repaid for any effort expended in its 
construction. 

The simplest form and one with which a great 
deal of practical work may be done is the slide -wire 
bridge -a type that is greatly improved by the 
use of a wire of one of the modern high- resistance 
alloys, such as number 36 nichrome, which has a 
resistance of about 25 ohms per foot. 

The reader is doubtless familiar with the con- 
nections as set forth in Fig. 1, in which condenser 
C is being compared with condenser c, the relation 

being expressed by the simple proportion o = R. 

It is, of course, unnecessary to know the absolute 
values of R and r. If, for example, the scale has 300 
uniform divisions, and the sound in the telephone 
receiver vanishes at a point on the wire 100 divisions 

from the left, the R = 200 
or 2, which tells us that 

r 100 
the capacity of C is twice that of c. 

Practical work may be done by using about two 
feet of the wire referred to above, stretching it be- 
tween metal connecting blocks and providing a 
paper scale. If the scale has twenty divisions to the 
inch, under proper conditions, it should be readily 
possible to read to the nearest division, which means 
a possible accuracy of a fraction of 1 per cent. 

Tbose who have had some experience in lettering 
and drafting will have no difficulty in producing 
an accurate and professional -looking scale. Procure 
a piece of durable and smooth -surfaced card. Mark 
out the lines for the scale, but do not cut off the 
required strip until the work is complete. To sub - 
divide, use a steel rule, holding it on edge and run- 
ning the sharp point of a hard pencil down each en- 
graved division line. This procedure will result in 
a series of fine dots, more accurately spaced in this 
mechanical manner than could possibly be done 
were the pencil point directed by the eye. A straight 
edge may now be placed parallel to the length of 
the scale, and, by using a small triangle against it, 

just as a T square is used against the edge of a draw- 
ing board. the division lines may be drawn in readily 
with a right -line pen and waterproof drawing ink. 
When the numerals have been lettered, the scale 
may be -given a coat of transparent radio varnish or 
lacquer. 

The chances of error due to inequalities in the 
wire, which are never very serious, can be reduced 
greatly hy dividing the wire into two equal parts as 
shown in Fig. 2. When a reading has been taken, 
connections A and B may be reversed and another 
reading taken. If the two results differ materially, 
one or hoth wires should be replaced. When ap- 
proximately the same reading is obtained on either 
side, it is evident that a mean between the two will 
be quite accurate. 

For the measurement of resistance where induc- 
tance is also involved, as in the case of a coil, direct 
current must be employed, and a galvanometer 
used to locate the zero point on the slide -wire. 
For capacity measurements, alternating current 
is required and should also be used for non -inductive 
resistance determinations (e.g., grid leaks), as the 
telephone receiver is much more sensitive and more 
convenient than the usual galvanometer. For 
practical work a very satisfactory source of alter- 
nating current is a fairly high -pitched buzzer. In 
Fig. 1 the bridge wire is connected across the two 
contact points. Another method is to connect it 
directly across the buzzer cxoil, and sometimes the 
bridge, battery, and buzzer are all placed in series. 
For any given buzzer the best plan may be deter- 
mined by using the bridge to compare two variable 
air condensers, preferably of the same make or 
type. The buzzer connection that results in most 
completely eliminating all residual sound from the 
telephone receiver when the bridge is balanced is 
the best. Make the test in a quiet room at different 
adjustments of the buzzer tone and at different 
points on the slide -wire. 

It is very important to have a buzzer that will 
produce practically no residual sound under the 
foregoing conditions, as it enables one to identify 
defective condensers. If one of the air condensers 
referred to is replaced with a small fixed condenser 
which may have a poor dielectric, the sound in the 
telephone receiver cannot be made to disappear 
completely when the hridge is balanced, and the 
amount of this residual sound is a measure of the 
quality of the dielectric. The faint note that re- 
mains in the telephone receiver is simply due to 
what is termed phase difference. This may be made 
clear hy referring to the mechanical analogy illus- 
trated in Fig. 2, "Home -Study Sheet" No. 19, in 
connection with which it was pointed out that the 
spring had its maximum velocity at the moment 
when it was free from all stress, and that the stress 
was at a maximum when the velocity was zero. 
Representing the complete cycle of the spring, one 
extension and one compression, as 360 °, it will be 
evident that velocity and stress are 90° out of 
phase. Similarly, in a perfect air condenser, the 
voltage and current are said to differ 90° in phase. 
In the mechanical analogy a perfect spring is as- 
sumed -one that responds instantly to any differ- 
ence in pressure. If, however, the spring were made 
of a sluggish or faulty material that required a little 
time to conform to the pressure, the phase difference 
would no longer be exactly 90 °. Similarly, with a 
poor dielectric, the phase difference is not precisely 
90 °, as it is in a perfect air condenser. When a con- 
denser with a poor dielectric is balanced against an 
air condenser, the bridge will determine the point 
at which the opposing voltages balance, hut as the 
phase of the current on one side is not exactly the 
same as on the other side, there will be a slight but 
unavoidable flow of current. After the experimenter 
has become familiar with the action -of his bridge, 
he will be surprised to note the marked differences 
in fixed condensers, not only in re.ard to the quality 
of the dielectric, but also as to their stated capaci- 
ties. 

Fig. 3 illustrates a slide -wire bridge which, though 
it may be somewhat more elahorate than the 
reader may care to construct, will be described 
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briefly, as certain features may prove suggestive. 
It is built on a strip of wood I" thick. 3" wide, and 
21" long. On one end is a buzzer and on the other 
a galvanometer. One or two dry cells are used, and. 
by throwing the six -arm switch, the telephone 
receiver and buzzer are disconnected and the gal- 
vanometer and battery are connected directly to 
the slide -wire. 

The slide -wire is in two sections, which are con- 
nected through two brass blocks and a taper plug. 
By removing this plug, two large equal and non - 
inductive resistances may be placed across the 
binding posts indicated at R -R, thus greatly in- 
creasing the resistance of the bridge at the 1:1 ratio. 
This ratio is very generally used in measuring 
capacities within the range of a calibrated variable 
condenser, the balance being accomplished by vary- 
ing the latter. The use of the high resistance in the 
two arms adds greatly to the sensitivity of the 
bridge. 

At the two free ends of the slide -wire is a switch, 
which reverses the arms of the bridge, so that a 
mean of two readings may he used. 

The movable contact should have a fine point 
and be mounted in an insulating handle, and is 
connected through a flexible conductor to a small 
binding post at A, which is in connection with a 
small switch arm. When the bridge is being used at 
the 1:1 ratio, this switch is placed on the inner 
contact point, which makes the desired connection 
to the mid -point permanent. 

At B, provision is made for throwing in a high 
resistance in the lead to the galvanometer in order 
that the deflections will not be violent while attempt- 
ing to find the point of balance. When this has been 
determined approximately, this resistance may be 
switched out. A piece of card heavily coated with 
pencil lead will answer and may be slipped readily 
under a pair of spring clips. 

The wiring is all done on the underside, appro- 
priate grooves being cut for the necessary leads. 
These should not be larger than No. 22 or 24 wire, 
except for the two short connections between the 
reversing switch at the end of the slide -wires and 
the two binding posts, which connections should 
be made with No. 14 or 16 wire in order that no 
extra resistance will be interposed heyond the points 
where the current divides. 

The galvanometer used will be referred to later 
when the subject of galvanometers is taken up, 
and the necessary resistance units will be considered 
in a separate "Home -Study Sheet." 

Using the Bridge 

In practice one lead of the unknown capacity, 
inductance, or resistance is attached to the hinding 
post X, one lead of the standard to which this un- 
known is being compared is connected to the post 

A 1 
6 

Fig. 2 -A double slide -wire tends 
to eliminate error. 

a 

Y, and the remaining two leads are both attached 
to the post to the right of these two posts. Then the 
slider is moved until silence is secured in the head 
phones -it may be necessary to use an audio am- 
plifier between the phones and the bridge if the 
room is noisy -the value of the unknown resistance 
or inductance is equal to the standard times the 
ratio of the two resistances, thus, 

Lx = Ly X R/r and Rx = Ry X R/r 
but if two capacities are being compared, the ratio 
of the resistances (the lengths of the slide wire on 
either side of the slider) must be inverted; thus 

Cx = Cy rí R 
because the larger the capacity the smaller its 
reactance. 

Y -1 r- X 

6= - 
_NWH 

Bujjer 

Fig. 3- Diagram of a reversible slide -wire bridge which may be used with either direct or alternating current. 

may, 1929 . . . page 29 



RADIO BROADCAST 

No. 22 Radio Broadcast's Home -Study Sheets 

RADIO -FREQUENCY AMPLIFIERS 
A RADIO -FREQUENCY amplifier consists of a 

tube and some means for connecting that 
tube to an output circuit. In this "Home-Study 
Sheet" wed shall learn how to design a ¡single 
stage of radio -frequency amplification. 

The circuit diagram of such a stage is shown in 
Fig. 1. Evidently there are several variable factors. 
We can use a low- or high -mu tube; the number of 
turns ou the secondary, the size of the tuning 
condenser, the number of primary turns, and the 
coupling to the secondary are all variable and at the 
control of the designer. 

Tuning Capacity 

The size of the tuning condenser and the secon- 
dary inductance are related definitely to the 
frequency band to be covered. The present broad- 
casting band covers a range of from 200 to 550 
meters, or about three to one. If the wavelength 
varies as the square root of the tuning condenser 
capacity, what range in capacity must be available 
to tune from 200 to 550 meters? As shown in " Home 
Study Sheet" No. 19 the wavelength is proportional 
to the square root of the product of L and C. That 
is, 600 meters = 1.884 /LCI and 200 meters =1.884 
i'LCs where the two values of C (in mmfd.) are 
the capacities required to tune the fixed inductance 
(in µh) to 200 and 600 meters. Dividing one equation 

by the other we get 3 = C or 9 = - which 
states that the capacity for 600 meters must be 9 
times the capacity for 200 meters. 

This is the first design problem. We must be able 
to use a condenser that has a capacity ratio of at 
least 9 to 1. If the maximum capacity is 0.00035 
nifd., the minimum must not be greater than 
0.000039. Because of (a) the input capacity of the 
tube, (b) the capacity of leads to the coil and to the 
tithe, and (e) the distributed capacity of the coil 
to which the condenser is attached, all of which are in 
parallel with the condenser, the minimum capacity 
of the condenser must be less than this amount by 
at least 30 mmfd., or it must be as small as 9 or 10 
mmfd. If it is larger, or if the distributed capacity 
of the coil is high, the lower wavelengths cannot be 
reached. 

A large -diameter coil with large wire closely 
wound will have a large distributed capacity. This 
is one reason why commercial manufacturers use 
small coils wound with fine wire carefully spaced. 
A short single -layer solenoid has a distributed 
capacity in mmfd. nearly equal to 7 per cent. of 
its circumference iu centimeters. (Breit, Physical 
Review, Aug. 1921.) 

Secondary Inductance 

The greatest percentage of the amplification 
factor of a tube will be obtained when the load into 
which it works is high. The effective resistance of 
a coil -condenser combination at resonance (see 
"Home -Study Sheet" No. 12) is equal to 

: L 
Reif 

W 
= Cr 

Where L is the inductance of the coil 
to is 6.28 times the frequeucy 
r is the series high -frequency resistance of the 

coil. 

This shows that the effective resistance, which is 
the load presented to the tube, increases as the 
square of the inductance, and so if we can keep 
the resistance of the coil fairly low, a large induc- 
tance is hetter than a small one. 

The selectivity, S, of such a tuned circuit is 
proportional to Lte/r, and the width of the resonance 
curve, at a point where the response is 0.707 of the 
value at exact resonance, is related to this ratio, i.e., 

S = Lt.) - fr -tl (see Fig. 2) which is another 
reason for using as large a coil as possible. 

Prohlcm 1. Assume a fixed capacity of 50 mmfd. 
across which the condenser is to be placed. This 
includes the minimum capacity of the condenser. 
Calculate the inductance of the coils to be used to 
cover the broadcasting band if the maximum capac- 
ity of the condenser is 250, 350, and 5011 mmfd. 
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If they have the same resistance (assume 20 ohms) 
at 1000 kc., calculate the effective resistance, or the 
load presented to the tube in each case. Calculate 
the width of the resonance curve and the selectivity 
factor, S. 

Coupling to Previous Tube 

How wall we couple the coil- condenser combina- 
tion to the previous tube? One way is by means of a 
transformer. At first let us use.an auto -transformer 
as in Fig. 3. Also, let us for the moment consider a 
tube with an amplification factor of 8 and a plate 
resistance of 6000 ohms (a 112 -type tube), and 
connect it across the entire coil. What is the am- 
plification and effect on selectivity? 

The voltage amplification of such a tube atul 
coupling device cannot be greater than the mu of 
the tube, and will be more nearly equal to it the 
larger the effective resistance of the tuned circuit 
becomes compared to 6000 ohms. As a matter of 
fact the voltage amplification will be equal to 

G (1 X Retr; in this case it will be equal to 
Reir + Rp 

8XRei 
Reif + 6000 

so that, if the effective resistance of the tuned cir- 
cuit is 50,000 ohms, the voltage amplification, G, 
will be about 7.3. 

What happens to the selectivity of the tuned 
circuit? We have placed directly across this circuit, 
which has an effective resistance of 50,000 ohms, 
a 6000 -ohm resistance. The resistance of these 
parallel resistances is now equal to (50,000 X 6000) 

(50,000 + 6000) ohms or 5860 ohms. Now what 
resistance added to the series resistance of the tuned 
circuit would reduce its effective resistance to this 
low value? Let us put down two equations, assuming 
the series resistance equal to 20 ohms 

Lett"- = 50,000 . . . . (1) 
20 

LW= = 5860 (2) 
20 + R 

20 5860 
dividing (1) by (2) we get 

20 + It = 50,0110 

from which R (added resistance) = 150 ohms 
so the total series resistauce is now 170 ohms and 

the selectivity is 170 where it was equal to 20 for 

the coil -condenser alone. From this we learn that 
the selectivity has been reduced 170 _ 20 or a factor 
of 8.5. 

Many investigators have experimented with this 
problem and the solution is to use a two -winding 
transformer with a primary of such an inductance 
and so coupled to the secondary that the effective re- 
sistuucre of the tuned circuit is stepped down so that 
it "looks," to the tulle, like a resistance equal to the 
plate resistance. 

What is the resell? We can see flint, if the tuned 
circuit is shunted, not. by 61100 ohms but by its 
equivalent, 50,0011 ohms, the selectivity has been 
decreused only by n factor of two, and we get. some 
voltage step-up because of the transformer. Where- 
as it was possible to get an ampliliculion of only 
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7.3 without the transformer, it is now possible to 
get more than the mu of the tube. Where the selec- 
tivity was cut down by a factor of 8.5 it is now 
reduced by a factor of only 2. 

What should the turns ratio be? From transformer 
eH desi gn theory the proper turns ratio is N = ,, 

Rp 
5O,00ò 

6000 - 2.9 for the given conditions. The 
voltage gain, so far as the tube is concerned is, as 
before. mu times the ratio between the load resist- 
ance (as stepped down by the transformer) and 
the sum of the load and plate resistances. This 
voltage gain is stepped up by the turns ratio of the 
transformer and becomes 

G - IL X Re0 /N1 8 X 6000 
o Reni /Ns -- Rp 6000 + 6000 -4 X ` 

= 11.6 

(IL(*) 

2prXÿRp 
Problem 2. Consider a coil of 180 microhenries 

inductance and a high -frequency resistance of 15 
ohms at 1500 kc., 10 ohms at 1000 kc., and 7 ohms 
at 505 kc., and a 112 -type tube. Calculate the 
proper turns ratio for maximum voltage gain at 
1500 kc., 1000 kc., and 550 kc. Assume that the 
proper ratio for maximum amplification at 550 kc. 
is employed. Calculate the voltage gain at this 
frequency, and using the sanie turns ratio, calculate 
the voltage gain at other frequencies in the broad- 
cast band. Then, remembering that the resistance 
across the secondary is the tube late resistance 
times the turns ratio squared, calculate the increase 
in series resistance of the tuned circuit at this 
frequency and the selectivity factor. Lw /r. Cal- 
culate the width of the frequency band at the 
0.707 point at 550, 1000, and 1500 kc. Plot all of 
this data against frequency in kc. Do you see why 
most tuned r.f. receivers do not have equal amp- 
lification at all frequencies? Why the selectivity 
is poor at high frequencies, the gain low at low fre- 
quencies? 

Problem 3. Repeat using at 201A tube, a 240 
tube, and a 222 tube. The constants are for the 201.+. 
µ = 8, lip = 12000 ohms; for the 240, µ = 30, lip 
= 150,000 ohms, and for the 222 screen -grid tube. 
µ = 200, Rp = 200000 ohms. 

Problem 4. A 600 -turn honeycomb coil has an 
inductance of 20 milliheiiries. A variable condenser 
is placed across it, and the circuit is coupled to a 
40 kc. circuit. The voltage across the coil is measured 
as the tuning condenser is varied. Then a pair of 
steel wire cutters is placed near the coil and another 
resonance curve is plotted. The results are given 
below. 

In such a circuit the high -frequency resistance 
can be obtained when the capacity is the variable 
factor, just as when the frequency is variable. It 
is only necessary to plot the resonance curve show- 
ing response against capacity and to ascertain the 
two values of capacity which make the response 
0.707 of its value at resonance. Then. if Cr and Cs 
are these two capacities and Cr is the capacity at 
resonance, 

27cfL 2 Cr _ Lt.) fr 
R Cs -Ci r fs - f 

Plot the results given in the table, and find out 
the resistauce of the coil in the two cases; calculate 
the width of frequency band passed at the 0.707 
response point; calculate the value of the circuit's 
effective resistance, Lteo1r; calculate the proper 
turns ratio if this coil is to he tapped and used 
between a 227 -type tube and the grid -filament 
input of a following tube; calculate the voltage 
gain at 40 kc. Would such an amplifier be a high - 
quality unit? 

C mmfd. 
780 
760 
750 
740 
735 
720 

f =40 kc. 
E E when pliers are uear coil 

0.40 
0.68 
1.43 
2.30 
1.53 
0.60 

0.45 
0.82 
1.26 
1.22 
0.60 

Fig. 3 
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THE EXPERIMENTER'S ARMCHAIR 

AST month we seemed to be giving the 
transmitter the most consideration. 
By way of evening up matters, we be- 

gin this time with a pure receiving story, 
having to do with the things that cause 
trouble in radio sets on airplanes and likewise 
in the ordinary home broadcast receiver. 

Mr. H. A. SNOW, of the Radio Frequency 
Laboratories, Inc., Boonton, New Jersey, 
now has the floor. 

Vibration tests were made on several vac- 
uum tubes to study microphonic noises pro- 
duced in amplifiers when one or more of the 
tubes are jarred, or vibrated, by sound waves 
set up by loud speakers. These tests were 
made to determine at what frequencies in the 
audible range such microphonic noises occur 
and to determine the source of the noise. At 
that time (January, 1928) studies were made 
on only the 201A- and the 222 -type tubes. 

The method of study was as follows: 
The tube was mounted on a specially con- 

structed vibrator unit adapted from a West- 
ern Electric loud speaker unit. The mounting 
of the tube was such that it received vertical 
and horizontal components of vibratory force 
produced when the vibrator unit was ener- 
gized from a variable audio-frequency beat - 
frequency oscillator and power amplifier. 
The tube was connected as a detector in a 
typical two-stage amplifier sucb as used in 
broadcast receivers so that sounds produced 
in the amplifier by mechanical vibrations of 
the tube could be observed aurally by means 
of phones in the amplifier output. The tube 
under test was also observed visually by 
means of a magnifying lens system to deter- 
mine just wbat element was vibrating and 
Fàìi;:rig the sound in the amplifier. 

In examining a tube, tbe audio frequency 
supplied to the vibrator unit was slowly va- 
ried and the tube watched closely to observe 
element vibrations, and the sound produced 
by such vibrations observed by means of tbe 
bead phones. Quantitative measurements of 
sound produced were not attempted, but tbe 

By ROBERT S. KRUSE 

A vibrator unit employed in tests 
to determine the conditions under 

which vacuum tubes are 
microphonic. 

A motor -driven tube shaker used to produce vibrations of low frequency in testing 
microphonic vacuum tubes. 

vibratory periods of various elements were 
measured accurately. It was found that ele- 
ments of different tubes of the same type had 
different natural periods, as might be ex- 
pected. However, the following series of nat- 
ural periods of the 201A type tube was found 
to be representative: 

TUBE ELEMENT VIBRATING 
DIRECTION 

Plate and supports 
(as unit) Lateral 

Filament and supports 
(as unit) 

One leg of filament 
Second leg of filament 
Plate - 
Grid (as unit) Lateral 

Oa 

FREQUENCY 
(cycles) 

150 

280 
*360 
*370 
1700 
330 

*At normal filament voltage. These frequencies 
vary with filament temperature. 

At the frequencies shown above, each cor- 
responding element would vibrate with con- 
siderable amplitude and produce a corre- 
sponding sound in the a.f. amplifier. The great- 
est amplitudes of vibration occurred laterally 
(considering tube held vertically). 

In addition to the vibrations listed above 
the individual grid wires each had natural 
periods which were difficult to observe sep- 
arately but resulted in a considerable series 
of resonance vibrations in the neighborhood 
of 1000 -2000 cycles. Also, there were many 
smaller vibrations of the elements in differ- 
ent modes that could be beard in the amplifier 
output but could not be observed in the tube 
with the crude lens system used. It was inter- 
esting to note that the natural period of the 
filament legs varied over a considerable 
range as the temperature was varied, due, 
no doubt, to the changing elasticity of tbe 
filament. 

TESTS WITH 222 -TYPE TUBES 

Type 222 tubes were also examined, but 
in this case it was more difficult to attach a 
resonance frequency to one particular element 
because the tube structure is such that sev- 
eral elements are attached together at the 
top more or less rigidly so that at the natural 
period of any one element the entire system 
vibrated. There were, as a result of this, a 
number of combination natural periods, due 
not only to one element, but to the combina- 
tion of several. 
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The most pronounced amplitudes of vibra- 
tion in the 222 -type tube were at 130, 150, 
220, and 500 cycles. 

The greatest amplitudes in most of the 
tubes examined were in a lateral direction; 
that is, with the tube held vertically, vibra- 
tion of the elements occurred laterally. 

The conclusions reached from tests made 
are that the greater part of microphonic noises 
set up in tubes occurs from lateral vibrations 
of the various elements at their natural 
periods and that in the types of tubes studied, 
these vibration frequencies range from as 
low as 150 cycles to about 2000 cycles or 
higher, there being a large number of nat- 
ural periods in each tube. Since so many 
natural periods exist in the audible range, it 
is a difficult matter when using a sensitive 
amplifier to prevent sound from a loud 
speaker being fed back into a tube and vi- 
brate one or more of the elements at its nat- 
ural period and so set up a bowl, without 
radically changing the structure of a tube, or 
thoroughly shielding it from external vibra- 
tions by using some type of "shock -proof" 
mounting. The latter method is the only one 
available for sensitive amplifiers witb the 
present tubes. 

In some recent broadcast receivers the ef- 
fects of microphonic noise bave been re- 
duced greatly by eliminating one audio stage 
and using a high- voltage detector, thus re- 
ducing the audio amplification in the set 
which reduces the sound produced by tube 
vibration. 

It is interesting to hear the actual sounds 
produced when a tube is vibrated by means 
of the above unit over the audio range. 
The effect heard as the frequenoy is varied 
is as if the audio oscillator were producing 
its sound in a large hall made of sheet tin 
and half filled with tin cans, sheet metal, 
and other similar materials having a large 
number of resonant frequencies. 

For low -frequency vibrations there was 
also made a motor -driven tube sbaker, which 
is shown in one of the accompanying pictures. 
An adjustable eccentric on the motor shaft 
and moveable sockets permit changes of 
stroke and tbe motor speed -control rheostat 
provides frequency change. The speed could 
be determined by comparing the pitches of 



Fig. 2 

tuning forks with the audio-frequency out- 
put of the tube. 

THE USUAL COMMENT 

Speaking as interlocutor permits me to 
say that immediately after seeing Mr. Snow's 
apparatus I went home and repeated his work 
in a slightly different manner. One thereby 
gains new understanding of R. A. Heis- 
ing's remark that "A vacuum tube is some- 
thing that hasn't anything in it and out of 
which you get a lot of things you don't ex- 
pect." 

One of these unexpected things is the tire- 
some tuning effect of everything about a 
short -wave receiver that is moveable or 
changeable. In most tuners, especially for 
code reception, this is deliberately made 
worse by using very small tuning capacity in 
an attempt to spread the scale. Intelligent 
use of lumped capacity accomplishes the same 
thing and in addition washes out some dis- 
agreeable effects. Concerning a method of 
doing this we will now hear from Mr. L. W. 
HATRY, of Hatry and Young. a radio service 
organization at Hartford, Connecticut. 

A Stabilizing Device 

SINCE thc war the short -wave amateur 
has had trouble with the tuning effect of 
his regeneration control. The effect has 

received generous attention hut to my knowl- 
edge no theory of its possible cause has been 
used as a weapon in overcoming it. 

In speculating toward the cause amateurs 
have suggested inductive and capacitive 
changes due to moving parts. A marked im- 
provement resulted from making the tickler 
small and putting it at the low -potential end 
of the tuned grid circuit. Likewise, improve- 
ment resulted from making the coil station- 
ary and controlling regeneration by variation 
of a "throttle" in the shape of a variable by- 
pass condenser. Thus, the speculations were 
to a degree confirmed and the effect of the 
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regeneration control reduced until a c.w. 
beat note did not disappear (above audible 
pitch) with one degree of movement of the 
regeneration control but stayed in for ten 
or more. 

The circuit for throttle regeneration control 
used in the majority of short -wave detectors 
to-day is shown in Fig. 1. Guesses as to the 
cause of the tuning effect of C2 must bave died 
nascent, for few reached print and the oral dis- 
cussions seemed to equate to zero. One point . 
seemed accepted, that L1, C1, being the fre- 
quency- determining circuit, must suffer a 
change in constants when C2 is varied. But 
bow? Since the tickler is fixed, coupling 
changes between the coils seem unlikely. 
With no change in Li we are left with thc 
probability of such a change in C1. Capacity 
effects between the rotor of C2 and other parts 
of the set can be considered but a simple 
sheathing experiment eliminates that ex- 
planation. Thus we are referred back to the 
tuhe for the explanation. 

The input capacity, Ci, of the tube is in 
shunt with Ci and, thercfore, is of impor- 
tance. The simplest formula offering an ex- 
planation is: 

l Ci Cgt Cgp \Ro Bp + 1) 

This means that G can be several times as 
large as Cgp if the load resistance, Ro, (See 

The General Radio type 557 band - 
covering variable condenser. 

Fig. 2) is several times larger than Rp, the 
plate resistance of the tube. The simple for- 
mula applies only to a pure resistance load 
but illustrates the point. Usually Ro is re- 
placed by a reactive load of which C2 is a 
part, therefore, the load changes with changes 
m C2 and we bave at band a plausible explana- 
tion of our effect. 

The increased effect shown by a relatively 
small increase in Cgp lead to other attempts in- 
volving the use of a 199 -type tube and eventu- 
ally a 222 -type tuhe as a detector because of 
low values of grid -plate capacity. The screen= 
grid tube when correctly wired gives less tun - 
ing effect of the regeneration control than any 
other equally well -designed set -up. However,' 
the 222 -type tube has disadvantages on short 
waves since the large plate -to- screen (and 

therefore to filament) 
capacity prevents os- 
cillation, sometimes 
even at 20 meters. A 
special screen -grid tube 
might be devised as a 
short -wave detector 

G o ÄTi and for the further con- 
000025 fusion fusion of the innocent. 
mrd. A refinement of Fig. 

1 outwits thc tuning 
effect. Fig. 3 gives the 
diagrams. In (A) the 
minimum capacity of 
C1 is made large so that 
thc variations of Ci 

(A) 

Fig. 3 

(B) 
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Swamping 
1 Capacity 

Fig. 4 

+e 

bave little effect on the total capacity. The 
added capacity can be fixed and attached to 
the plug -in coil; an old trick that is too little 
used for band -covering tuners. Likewise it may 
be built into the tuning condenser as shown in 
one of the pictures. This condenser has a max- 
imum of 70 mmfd. but the minimum is over 
one half as great- namely 43 mmfd. In Fig. 3 
(B) the input capacitance of the tube is 
swamped by a condenser on the tube side of 
the grid condenser and the grid condenser 
is made as small as 0.000025 mfd. The only 
other detail to be observed is to keep the 
grid and plate leads apart. 

As a test of this scheme such modifications 
were made in a commercial kit set with an es- 
pecially had tuning effect from the regenera- 
tion control. The 0.0002 -mfd. grid condenser 
was replaced by the smallest available 
(0.00004 mfd.), which in itself made an im- 
provement. The effect of a 0.000025 -mfd. (25- 
mmfd.) swamping condenser was then tried on 
the tube side and condenser side of the grid 
condenser. As expected it had about 4 times 
as good an effect on the tube side and the tuner 
became a thoroughly workable one. 

AS TO TRANSMITTERS 

Just as the short -wave oscillating detector 
suffers from frequency changes not undet 
control of the tuning circuit so does any other 
oscillator. In the transmitter no frequently 
varied oscillation control is used: the unit is 
required to generate a steady frequency and 
changes cannot be blamed on an altered con- 
denser in the plate circuit. However, changes 
in frequency can be proved to occur with 
changes in plate voltage or tube tempera- 
ture. Changes in plate voltage, Ep, result in 
changes of plate- to-filament resistance, Ro. 
In the formula, Ro is important when Ro 
is small and fixed, both of which are true in 
a transmitter or test oscillator. Accordingly, 
variations in Ep vary C;. Thus, the high - 
capacity tuned circuits of the present vogue 
are seen to be good logic as well as good prac- 
tice. 

High -capacity tuned circuits bave certain 
uncomfortable disadvantages, especially at 
high pdwers, and beside they should not be 
the only fruit of the seed of knowledge. 
Input capacity variations can he swamped 
out in a transmitter as has just been shown 
in receivers. For instance, in Fig. 4 we have 
a transmitting application of Fig. 3. This 

I circuit has demonstrated its ahility but 
neither it nor the so -called "H1-C" arrange- 
ments are of much use if the builder permits 
parallel or lengthy plate or grid leads tc 
augment the grid -plate capacitance. 

I ani not insisting that Ci is the entire 
theoretical flea in the ointment, but practice 
supports the theory's implications. We bave 
bere also an explanation of the popularity 
and success of the tuned -grid tuned -plate 
transmitter circuit. The TGTP circuit is 
different from the Hartley circuit in one large 
respect, the larger reactive plate load. By 
formula, if Ro is high enough, variations of 
Ro are swamped out and C1 variations cannot 
occur harmfully. Accordingly, the TGTP 
circuit should be stehle without "III -C" com- 
plications. Don't try to reverse my earlier 
tricks and apply this to a tuned -plate receiver 
for there you vary your large Ro and acquire 
critical detuning like that which made the 
1920 variometer tuner such quicksilver in the 
hand. 
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Magnitudes in Reproduction 
THE principal job of the engineer in any 

field is to know quantitative relations. 
The purpose of this article is to discuss 

the usual light intensities, energy levels, and 
degree of amplification in sound motion picture 
reproducing systcms. Some of this material 
has been presented from one viewpoint in the 
February issue of this department under the 
heading of "Further Data on Photo -Cell 
Characteristics." Much of the additional data 
given below is from the paper by Arthur C. 
Hardy, "The Optics of Sound Recording 
Systems," published in Vol. XII, Number 35, 
of the Transactions of the Society of Motion 
Picture Engineers. 

Given a point source of light (one which is 
relatively small compared to other dimensions 
in the optical system) the intensity in a given 
direction depends on the amount of radiation 
from the source per unit of solid angle in that 
direction. If the source radiates L lumens in 
the solid angle w, the intensity, I, is given by 

w 
(1) 

When the light from a point source of in- 
tensity, I, falls on a surface placed at right 
angles at a distance d, the illumination is given 
by 

E - (2) 

The above equations differ in some respects 
from their analogues in radio transmission, 
but only because of practical differences re- 
sulting from the order of dimensions in the two 
fields and the technique used in transmission, 
pick -up, and measurement. The lumen, the 
unit of light radiation or flux, is analogous to 
the watt, but it is a narrow unit, applicable 
only to radiation of a certain kind, i.e., 
visible radiation, while the watt is a general 
energy unit. In the region of maximum visi- 
bility a lumen corresponds to about 1.5 milli - 
watts. Light intensity as expressed by. (1) 
above is expressed in terms of energy in a 
given solid angle, while radio field intensity is 
expressed as a potential (volts per meter) be- 
cause of the method of pick -up used, involv- 
ing an antenna. 

The unit of light intensity is the candle, 
corresponding to one lumen per unit of solid 
angle. Illumination may then be expressed 
in foot -candles, meter -candles, or centimeter - 
candles. The last, as may be noted from a 
further inspection of (1) and (2), is the same 
as lumens per square centimeter. The latter 
is a good practical unit to keep in mind. 

If the source of light is too large to be con- 
sidered as a point, the concept of brightness 
must be introduced. Brightness may be de- 
fined as intensity over a given area. It is, 
therefore, measured in candles per square 
centimeter. Since one candle is, by defuution, 
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a radiation of one lumen per unit solid angle, 
it follows that a surface of unit brightness, as 
an incandescent lamp filament, sends out in a 
given direction one lumen per unit solid angle 
for each square centimeter of its area. 

Professor Hardy, in the paper cited, sums 
up the photometric units in the following 
table: 

Table of Photometric Units 

QUANTITY UNIT 

Flux Lumen 
Intensity Candle 
Illumination Lumen per square centimeter 

or centimeter candle 
Brightness Candle per square centimeter 

SYMBOL 

F 
I 

E 
B 

In reproduction from film the track is run at 
a constant speed past a thin rectangle of light, 
which shines through the film onto the win- 
dow of a photo -electric cell. In its simplest 
form the mechanism may consist of a slit about 
0.001 inch in width close up against the film 
and brightly illuminated. Such a system is 
shown in Fig. 1. The light rectangle on the 
film must be narrow compared to the highest 
frequency it is proposed to reproduce, so that 
6000 cycles, for example, with one cycle 
occupying 0.003 inch on the track, requires 
an 0.001 -inch slit close up against the film 
(say the same distance) to prevent the light 
from 

The 
out between the slit and the 

film. The area of such a slit is roughly 0.0005 
square centimeter (0.001 inch in the direction 
of travel of the film by 0.1 inch transversely, 
corresponding to 0.00254 cm. by 0.254 cm.) 

A good commercially available photo -cell 
may have a sensitivity of 10 microamperes per 
lumen. (See "Sound Motion Pictures," Feb- 
ruary, 1929, RADIO BROADCAST, page 244). It is 
not desirable to operate with a photo -cell out- 
put of less than 1.0 microampere, because of 
noise interference considerations. It follows 
that we have to get at least 0.1 lumen of light 
into the cell. This necessitates illuminating a 
slit with the above dimensions with not less 
than 200 lumens per square centimeter, which, 
as the lumen per square centimeter corre- 
sponds to the centimeter candle, may be 
secured from a 200 candle -power lamp at a 
distance of one centimeter. Because the bulb 
of the lamp would be in the way if this were 
attempted, the lens system shown in Fig. 1 is 
employed. By this means the lamp may be 
moved away a convenient distance and the 
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light focussed on the slit. It is found that the 
filament must be operated at a brightness of 
1200 candles per square centimeter to meet 
these conditions. This is about the limit, in 
practice, at which a reasonable life may be 
expected. 

The close -up slit shown in Fig. 1 is not 
practicable for actual use in theatres, since 
an opening 0.001 inch wide up against a 
rapidly moving film cannot be kept free from 
foreign matter for any length of time. The 
optical expedient shown in Fig. 2, which, like 
Fig. 1, is copied from Hardy's paper, is 
accordingly adopted. The slit is moved away 
from its exposed position near the film, sealed 
within a lens system, made considerably 
wider and longer (say 0.004 by 0.4 inches), 
and then optically reduced to a light rectangle 
0.001 by 0.1 inches on the film. With proper 
design of the optical elements the results are 
equivalent to the close -up slit system. 

With the light levels assumed above the 
photo -cell receives 0.1 lumen and, with the 
stipulated sensitivity of 10 microamperes per 
lumen, will yield an output of 1.0 microampere 
through the anode resistance of 2 megohms, 
corresponding to an output of 2.0 Inicrowatts. 
If this is amplified by 70 DB, or 10,000,000 
times in energy, the amplifier output in, let 
us hope, undistorted audio energy, will be 20 
watts. This output is, in fact, required to fill 
the average theatre of about 2000 seats. As- 
suming that the loud speakers have an 
efficiency of 20 per cent., we get four watts 
of sound energy out into the house after all 
the transformations of the system. 

Splicing Sound Films 
VALUABLE article of a practical na- 
ture appearing in the January 5 Movie- 
tone Bulletin concerns the method of 

making a splice in a sound -movie film. If 
the splice is not properly treated a lamen- 
tably loud thump startles the audience in 
the theatre, as a result of the electrical im- 
pulse sent into the amplifier by the discon- 
tinuity in the sound track. Fig. 3, reproduced 
here from the drawing in the Movietone Bulle- 
tin, shows how this is obviated. The light is 
gradually shut off by a triangle painted with 
black or red lacquer (India ink is sometimes 
used) onto the sound track. The base of the 
wedge should be about I inch long along the 
line of sprocket holes, while the apex is at 
the splice on the inner edge of the sound track. 
If the splice is covered by too short a triangle 
the change in light intensity will remain abrupt 
and more or less noise in reproduction will 
result. If too long a triangle is painted, on the 
other hand, enough of the track may be ob- 
literated to cause an interruption in the 
record. Some care is, therefore, necessary. 
The painting is done on the celluloid side of 
the film. 
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Data on Making Measurements 

NOTES ON A. F. TRANSFORMER DESIGN 
111111111..11111 in 

I T IS the purpose of this paper to present in 
a simple, practical form the general con- 
siderations involved in thedesign of audio - 

frequency transfer apparatus. The, curves ac- 
companying this article are first hand, except 
when specified otherwise, are solely for illus- 
trative purposes, and are intended to show 
comparative rather than absolute values. 
They have been taken in the radio laboratory 
at Columbia University with the coöperation 
of the Engineering Department of the Pacent 
Electric Company. 

Measurement of Output Voltages 

rrHE measurement of output voltage of volt - 1 age transformers must be done without 
excessive loading. This eliminates ordinary 
a.c. instruments. The electrostatic voltmeter 
might be used but the voltages to be measured 
are normally too small and the internal capac- 
ity of the meter too large. The vacuum -tube 
voltmeter in some of its many circuit varia- 
tions is very satisfactory. 

Regardless of the accuracy of the measuring 
voltmeter or its sensitivity, true curves can- 
not be obtained unless actual operating condi- 
tions obtain, or are simulated. 

With normal grid bias on an amplifier tube 
the loading of the transformer by grid conduc- 
tance is far greater than it would be with a one- 
tube V.T. voltmeter load. The grid conduct- 
ance changes sufficiently with a.c. voltage 
applied to make it quite desirable to specify 
actual loading conditions, when making the 
test. The one -tube voltmeter circuit falls down 
from the very start. 

The diagram in Fig. 1 shows a circuit which 
has been used with most satisfactory results 
by the writer. To avoid any error in calibra- 
tion of the voltmeter, a comparison method is 
used. This permits of a very high degree of ac- 
curacy without extreme care in setting the 
input voltage. An accuracy of 1.0 per cent. is 
easily obtainable. 

In the input circuit, the applied voltage, 
d.c., and equivalent tube resistance may be 
adjusted to simulate any type of tube. The 
current, I, through R1 is set to give the desired 
voltage on the primary of the transformer. 
With the switch down the reading at 
IA is noted. Then the switch is flipped 
up and R adjusted until the same read- 
ing is obtained. By rapid flipping of the 
switch and a low -inertia meter a very 
accurate setting may be made. 

Figs. 3, 4, 6, and 8 show the effect of 
variation in applied a.c., d.c., load. both 
resistive and capacitive, and grid bias 
of the loading tube on the characteristic 
curve. They supply ample evidence to 
justify the specification of measurement 
under actual load conditions. 
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By J. KELLY JOHNSON 

Fig. 8 was taken with a single -tube voltmeter 
using the method of comparisons which 
greatly increases the obtainable accuracy. 
The high bias used rendered the effect of grid 
conductance negligible. The improvement in 
the transformer characteristic with increase of 
applied voltage is quite pronounced. To make 
characteristic curves on transformers com- 

In this article are presented consider- 
able valuable data on audio transform- 
ers, showing how the conditions under 
which the transformer is measured 
affects its characteristics. The frequency 
characteristic, for example, is shown 
lo vary widely with the load into which 
the device works, the value of the a.c. 
measuring voltage, and the d.c. current 
in the primary. The definite quanti- 
tative figures given by Mr. Johnson 
will be found very useful. 

-THE EDITOR. 

parable, therefore, the same a.c. voltage must 
have been applied to their primaries. 

In Fig. 3 is shown the effect produced by d.c. 
passing through the primary coil. The dotted 
curves show that a transformer with a heavy 
silicon -steel core was not much affected, while 
the curve for the high -permeability alloy 
core transformer was badly damaged by the 
d.c. The value of current used was about 
normal for a d.c. -type tube and considerably 
less than those encountered with the new a.c. 
types. The transformers were recommended 
by their respective manufacturers for use in 
the same point in the circuit. 

Fig. 4 shows the effect of a resistive load 
placed on the secondary of a transformer. The 
peak voltage at resonance is cut down ap- 
preciably by even a load of very low conduc- 
tance. The next. Fig. 6. shows the effect of grid 
conductance in flattening out the transformer 
curve. Although the grid did not swing posi- 
tive, the conductance caused sufficient 

;gi UX-201-A UX-201-A 

regulation to flatten the curves as shown. It 
must be noted that the previously mentioned 
effect of increased voltage applied on the 
primary raised the low -frequency portions 
of the 0.5- and 1.0 -volt curves and lowered 
their peaks. 

Special Test Apparatus 
MEASUREMENTS on power audio- 

frequency transformers may be made 
using the same apparatus as described above. 
Ordinarily, however, the actual loading condi- 
tions require the employment of higher volt- 
ages than are conveniently measured with this 
layout. 
' The fact that these are power- transfer 
instruments immediately suggests the use of 
standard alternating current voltmeters, 
ammeters, and wattmeters. But the power 
required to operate the average a.c. ammeter 
is often as high as 5.0 watts, and the volt- 
meters are but slightly more sensitive. Watt- 
meters, partaking of the characteristics of 
both voltmeters and ammeters, consume 
about twice this power. Thus, it is seen that 
ordinarily the total output of the transformer 
under normal loading is insufficient to operate 
the meter alone. In addition, the inductance 
of the iron vane, or dynamometer type of 
meter movement is quite appreciable, and 
would give very great variation in indicated 
voltage values with frequency. The ordinary 
meter is not accurate beyond one- hundred- 
twenty cycles. 

The circuit used in Fig. 5 is probably the 
simplest and the first to suggest itself. It 
requires a thermocouple meter and resistor to 
fix the input voltage, and another to measure 
the output voltage. This makes necessary a 
"mark' reading or requires an oscillator of a 
high degree of stability and high power out- 
put. 

The V. T. voltmeter comparison method 
can be used to advantage, a single -tube volt- 
meter with a direct indicator in the plate being 

ffi sucient, as the output voltage of the 
transformer is high, and the added loading 
of the measuring device low enough to be neg- 
lected. It is possible that an inverted V, T. 

voltmeter might be evolved which 
would simplify measurements. 

As regards the simulation of loads 
for power transformers, the curves of 
Fig. 5 show how a characteristic is 
altered by the secondary load. At the 
low frequencies the load reflected from 
the loud speaker would give a very low - 
impedance load on the tube, while at 
high frequencies the opposite is true. A 
resistive load, on the other hand, will 
not have unpredictable resonance 
points as shown on the loud speaker 
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curve and will give a fairly constant reflected 
load. In view of the fact that many types 
of loud speakers might be used, any of winch 
might well vary with time or change of manu- 
facturing conditions, it is probably best to 
use a resistive loading, preferably one of 
twice the a.c. tube resistance, for a one to one 
transformer. This will facilitate the compari- 
son of various transformers against a standard. 

Two Kinds of Distortion 
WAVE- SHAPE distortion may be caused 

either in the tube, or the transformer. A 
curved tube characteristic or d.c. saturation in 
the transformer will produce even harmonics 
of the initial wave, and a.c. saturation in the 
transformer core will produce odd harmonics. 
Tubes are usually worked on as straight a por- 
tion of their curve as possible, or are connected 
in push -pull so as to eliminate the effect of the 
even harmonics. The only remedy for distor- 
tion introduced by transformer saturation 
is to run the transformer core at low flux 
densities, i.e., at values of d.c. plate current 
and a.c. signal voltage which will not cause 
the core to become saturated. 

Amplitude distortion may be divided into 
two classes. In the first, the output voltage of 
the amplifier is not directly proportional to 
the input voltage. At low frequencies low volt- 
age inputs will not be amplified as much as 
higher ones due to the change of inductance 
of the transformer primary. The second class 
is that of frequency discrimination. Certain 
characteristics of the transformer and as- 
sociated circuit cause it to pass some fre- 
quencies with less loss than others. 

In Fig. 9 are shown the actual circuit dia- 
gram, the equivalent diagram, and the vector 
diagram of the loaded transformer. The ef- 
fective alternating current plate impedance 
of the tube must be added to the effective 
primary resistance of the transformer. As 
shown in the vector diagram, the leakage 
reactance causes a voltage drop in quadrature 
with the effective resistance in both the 
primary and secondary which causes voltage 
regulation. The greater the load, the greater 
the regulation from these causes. It is there- 
fore desirable to have the effective tube, 
primary, and secondary resistances as low as 
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possible in order that the volt- 
age output may be proportional 
to the voltage input. 

Fig. 5 shows a curve of output 
voltage against frequency for a 
resistive load. With a constant 
voltage input the curve drops off 
at both ends. The drop at the 
high - frequency end is due to the 
leakage reactance whose effect 
increases with frequency. The 
drop at the low end is due to the 
increasing magnetizing current 
causing magnetic saturation of 
the core, and increased IR drop 
in the primary circuit. The leak- 

wage 
reactance can be neglected 

ere this effect comes in. 
The cone loud speaker load 

curve introduced on the same 
sheet shows the effect of an im- 
pedanca load which is low at low frequencies 
and high at the high ones. 
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Apparent Losses 

FIG. 7 illustrates the effect on the ap- 
parent resistance and inductance of the 

primary circuit of a voltage transformer, of 
the addition of a secondary circuit. The added 
losses are very noticeable, the added capacity 
lowers the resonant frequency, and the loading 
lowers the effective low- frequency inductance. 
A coupled circuit effect produces an added 
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jag in the curve about midway, and there is 
some parallel resonance effect at low fre- 
quencies. This curve illustrates the way a 
voltage transformer load looks to the tube 
which is feeding it. 

Therefore, the actual and equivalent 
circuits of the voltage transformer must in- 
dude the distributed capacity of the second- 
ary to enable a correct design to be worked 
out. In the equivalent circuit the leakage 
reactance is in series with the effective 
resistance and the distributed capacity of the 
secondary and the associated circuit. Of this 

associated capacity a large por- 
tion is formed by the effective 
tube capacity. 

At some frequency the circuit 
will be in series resonance and 
will give a high voltage drop 
across the capacity due to the 
resonant current. This produces a 
peak on the characteristic curve 
of frequency vs. ratio, as was to 
be noted in several of the figures. 
If the effective reactance and ca- 
pacity can be made small enough 
the peak may be moved out of 
the normal range of transmitted 
modulation frequency. If the 
effective resistance is increased 
sufficiently the resonant current 
can be reduced to a value which 
will not produce a prominent 
peak. 

Y01Á 17 

0. 
I 

Ill TINE CIRCUIT ¡IS 157.5 

0.25 V Ep ..--... 0.5V.E.! 

,.......as..m.. ... .... __mow 
_ 

mim 

__1.OV.Ep 

30 50 100 300 500 1000 
FREQUENCY 

Fig. 6. 

3000 5000 10,000 

may, 1929 . . . page 35 

30 50 100 300 500 1000 
FREQUENCY 

Fig. 8. 

3000 5000 10,000 

In Fig. 2 are shown curves for various im- 
proved designs of audio-frequency voltage 
step -up transformers. By pie winding, suffici- 
ently low distributed capacity and leakage 
reactance are obtained to put the resonance 
frequency peak above the normal range of 
the radio-frequency band -pass of a receiving 
set. 

The curve shown for the transformer with a 
small window is an example of the tendency 
toward improvement in transformer design. 
This had a comparatively small core weight 
and a high primary inductance, but showed 
practically no tendency to saturate with 
normal d. c. applied. 

The small type transformer whose curve is 
shown, is interesting chiefly because of the 
method of manufacture. It is wound with a 
high space factor so that the turns in a layer 
bunch up during winding. This automatically 
short circuits enough turns to iron out the 
resonance peak. The cheapness of the core, 
winding and assembly enables this trans- 
former to compete successfully with a much 
higher grade product. 

A carefully designed voltage transformer 
with a value of primary inductance to give 
a 3.0 per cent. drop at 60 cycles with a 
10,000 -ohm tube, that is, 110 henries, can 
be made with such a low leakage reactance 
that it will peak at above 7000 cycles. If the 
core laminations are so made that the eddy 
currents are large, they will increase the ef- 
fective resistance sufficiently to flatten the 
resonance peak completely. This will not 
affect the gain over the lower frequencies, 
however. Such a transformer is fully sufficient 
for covering the range of frequencies from 30 
to 5000 cycles which is considered as perfectly 
satisfactory for the reproduction of voice or 
music. 

In conclusion, the writer wishes to express 
his appreciation of the assistance in compiling 
this data rendered by the Engineering De- 
partment of the Pacent Electric Company. 
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