
Qeality with Tuner and P. A. 

REG. U • 5. PAT. OFF. 

25c 
Per Copy 

Power amplifier being checked by Charles J. Goss 
with Triplett instruments. At right is the superhetero-
dyne tuner. See article, page 9. 



Into the moulding of the C-D "Badge of 

Honor" has gone more than mere commer-

cial considerations. 

Unseen in the finished product as it comes off 

the production line, but extremely apparent 

in its performance, are such intangibles as 

INTEGRITY ... VISION... and. . AMBITION! 

Those three intangibles are -built-into" every 

condenser carrying the C-D -Badge of Honor" 

INTEGRITY... our unswerving policy of quality 

products. VISION . our ceaseless search for 

scientific improvement. AMBITION . . . our de-

termination to maintain the leadership of more 

than twenty-six years in the condenser field. 

Look for the C-D Trademark! It is truly a 

"Badge of Honor". 

CORNELL-DUBILIER CORPORATION 
SOUTH PLAINFIELD NEW JERSEY 

DYKANOL • MICA • PAPER • WET & DRY ELECTROLYTIC 



MARIS RIGHT-- I'M NOT 

GETTING ANYWHERE . I 
OUGHT TO TRY A NEW 

FIELD TO MAK E 
MORE MON EY 

1 

I HAVEN'T HAD A RAISE 

IN YEARS - - GUESS I 
NEVER WILL -- READY 

TO GIVE UP 

LOOK AT THIS -RADIO IS CERTAIN LY 
GROWING FAST -- AND THE 

NATIONAL RADIO 
INSTITUTE SAYS THEY 
TRAIN MEN FOR RADIO 

RIGHT AT HOME 

IN SPARE TIME 

1';e1 

Yes, I will send my 
First Lesson FREE 
to show how easy it is to 
TRAIN AT 
NOME FOR A GOOD 

RADIO JOB 
Do ore money? you want to 

J. g. SMITH. President aka m e 0 auss that I 
National Radio institute sari train st 

home in your spare time for a good Radio 
Job that I'll send you a sample lesson 
absolutely FREE. Examine it, read it, 
see for yourself how easy it is to under-
stand even If you've never had any tech-
nical experience or training 

Many Radio Experts Make 
$30, $50, $75 a Week 

Radio broadcasting stations employ engi-
neers. operators, station managers, and pay 
up to $5,000 a year. Spare time Radio set 
servicing pays as much as $200 to $500 a 
year. Full time Radio servicing Jobs Pay 
as much as $30. $50, $75 a week. Many 
Radio Experts own and operate their own 
full time or part time Radio sales and 
service businesses. Radio manufacturers 
and jobbers employ testers. Inspectors, fore-
men. engineers, servicemen, paying up to 
$6,000 a year. Radio operators on ships 
get good pay and see the world besides. 
Automobile, police, aviation, commercial 
Radio, and loud speaker systems offer good 
opportunities now and for the future. Tele-
vision promises many good jobs soon. Men 
I have trained are holding good Jobs in all 
these branches a tadlo. 

Many Make $5, $10, $15 a Week 
Extra in Spare Time While Learning 

Practically every neighborhood needs a 
good spare time serviceman. The day you 
enroll I start sending you Extra Money 
Job Sheets. They show you how to do 
Radio Repair Jobs that you can cash in 
on ulckly. Throughout your training I 
send you plans and ideas that have made 
good spare time money—from $200 to $500 
a year—for hundreds of fellows. I send 
you special Radio equipment and show YOU 

MAIL THIS NOW 

(13UCK UP, BILL, W HY NOT 
TRY AN INDUSTRY THAT'S 

GROWING -- WHERE THERE 5 
MORE OPPORTUNITY 

I DON'T THINK I COULD LEARN 

RADIO THAT wAY --BUT THEY'LL 
SEND ME A SAMPLE LESSON 

FREE. GUESS I'LL 
MAIL THE COUPON 

AND LOOK INTO 
IS  

SAY -- THIS WAY OF LEARNING IS GREAT. I'M 

GOING TO ENROLL . THEN I CAN BE A SET 

SERVICING EXPERT- - OR GET A JOB IN A 

BROADCASTING STATION - -OR 
INSTALL LOUDSPEAKER. 

SYSTEMS. THERE ARE A 

LOT OF GOOD MONEY-

MAKING OPPORTUNITIES 

IN RADIO 

how to conduct experiments and build cir-
cuits which illustrate important Radio 
principles. MY Training gives roe Prac-
tical Radio Experience while learning. 

Get My Lesson and 64-Page Book 
FREE — Mail Coupon 

In addition to my Sample Lesson. I will 
send you my 84-page Book. "Rich Rewards 
in Radio" Both are free to any fellow 
over 16 years old. My book describes 
Radio's spare time and full time oppor-
tunities and those coming in Television: 
tells about my Training in Radio and 
Television: tells about my Money Back 
Agreement: shows you actual letters from 
men I have trained, telling what they are 
doing and earning. Find out what Radio 
offers YOU! MAIL THE COUPON In an 
envelope, or paste it on • penny postcard— 
NOW 

.1. E. SMITH, President 
National Radio Institute, Dept. 713M4 

Washington, D. C. 

YOU SURELY KNOW 
RADIO. MINE 
NEVER SOUNDED 
BETTER. 

IF1/ 
(   ,\ 

\ 

THANKS. IVE BEEN STUDYING 
ONLY A FEW MONTHS AND 
I'M ALREADY M AKING 
MONEY IN 
MY SPARE , 
TIME. THAT'S 
$10 EXTRA C., 

WEEK 

OH !ALL. I'M SO GLAD 
YOU SENT FOR THAT 
FREE LESSON AND 
PROVED TO YOUR-
SELF THAT YOU 
COULD LEARN 

SO AM AM I. IM MAKING 
GOOD MONEY NOW 
AND WE HAVE A 
BRIGHT FUTURE 
AHEAD IN RADIO 

— 1 

J. E. SMITH, President 
National Radii Meditate, Dept. 7BM4. Washington, D. C. 

Dear Mr. Smith: Without obligating me. send the sample lesson and 1001 book 
which tells about the spare time and full time opportunities in Radio and explains 
your 50-50 method of training men at home In spare time to become Radio Experts. 
(Please Write Plainly.) 

NAME 

ADDRESS 

AWL  

CITY  STATE 14X-1 

RADIO W ORLD, February, 1937. Published monthly. Vol. XXIX. No, II. Whole No, 701. Address, 145 West 
45th Street, New York, N. Y. Subscription price, $2.50 per annum (foreign, $3.00). Single copy, 25c. Pub-
lished by Hennessy Radio Publications Corporation. Entered as second class matter March, 1922, at the Post 
Office at New York, N. Y.. under Act of March 3rd, 1879. 
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SAY- NO WONDER YOU 
WOReDX7 TH IS IS THE 

KIND OF STATION 

EQUIPMENT I WANT! 

WELL, HERE'S THE PLACE TO GET IT! 
ALLIED HAS WORKED WITH ME ON 

EVERY ONE OF MY RIGS 
AND NEVER LET ME DaVIN! 

‘‘THE SERVICE HOUSE° 
ziyhoedieweaeatothe woe/ 
ALLIED has helped thousands of Amateurs and 
Experimenters get started with their first rigs— 
carried them from the old "flea-power" x'mitter 
right up to their present high powered jobs. Every 
day we receive letters from Hams all over the 
world, telling us how the rig they purchased from 
us is "giving an FB PDC note"—"plenty of sock"— 
etc.; or how selective and sensitive the receiver is: 
"the audio power really rattles the cans"—"plenty 
of DX"—you can't miss with an ALLIED outfit! 
Here's the reason: our Technical Staff is composed of active 
Amateurs and Engineers who know Radio from A to Z. 
Every inquiry is hustled to them for immediate, expert atten-
tion. Thy know your problems—they've all been through the 
mill—some of 'em since the old "rock crusher" days. We're 
all at your service—ready to help you select quality equip-
ment to meet your requirements; write to us before you 
build or buy—for fast, friendly, expert service and real 
money-saving prices. 

EVERYTHING IN RADIO 
If you haven't a new 1937 ALLIED Catalog write now 
for your FREE copy! It includes more than 10,000 
duplicate and replacement parts; 38 models of the new 
Knight Radios; dozens of Build-Your-Own kits; the 
latest SW receivers and transmitters; P. A. Equip-
ment; test instruments; Rurlpower units and Wind-
chargers; books, tools, etc Send for this great book 
today! 

ALLIED RADIO 
CORPORATION 

833 W. JACKSON BLVD. CHIGAGO, ILL. 

COMPLETE AMATEUR LINES 
No matter what your requirements may 'oe, 
you'll find them fully answered in the great 
ALLIED Catalog: dozens of S-W kits and 
sets, page after page of the latest in high 
quality receiving and transmitting gear—all at 
record-breaking low prices. That's why 
ALLIED is "tops" in Amateur Radio! 

AT LOWEST PRICES! 

W  1 etteCL.--

NM MN IMIM 
111 

ALLIED I RADIO CORP. Dept. I6-B 833 W. Jackson Blvd., Chicago, Ill. 

Rush me your 1937 ALLIED Radio Catalog. 

I Name   

Address   

ILCity  State  

IIIIIIBB Mal IIMMIM 
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THE ULTIMATE IN RADIO! 
HAMMARLUND's new "Super-

Pro" receiver, announced only 
last month, has already been enthu-
siastically acclaimed by critical corn-
merc'al and amateur radio authori-
ties. In the new "Super-Pro" are 
unusual electrical and structural 
features, never before incorporated 
in any receiver. For instance, only 
in a "Super-Pro" can you continu-
ously vary selectivity from 3 to 16 
kc. with a directly calibrated band-
width panel control. So great is the 
"Super-Pro's" sensitivity and so 
faithful the fidelity that many large 
broadcast stations are using the 
receiver for rebroadcast purposes. 
The exclusive "Super-Pro" band-
spread system with a special 12-
gang condenser, spreads amateur 
and high frequency broadcast bands 
over practically the entire 
band-spread dial for extra 
easy tuning. A 12 to I ratio 
direct reading dial is cali-
brated to within 1/2% accu-
racy. In the complete corn-

99,00 UCTS 

pact tuning unit is also the famous 
"Super-Pro" cam operated knife-
switch and 20 laboratory adjusted 
tuning coils on lsolantite bases. 
Complete coverage from 20 mega-
cycles to 540 kc. Eight glass and 
eight metal tubes afford maximum 
efficiency. Other features include 
electrostatic shielded input; fou,-
air-tuned I.F. transformers; three 
audio stages; visible tuning meter; 
graduated sensitivity and audio gain 
controls; AVC and Manual Gain 
ocntrol; C. W. Modulation switch; 
speaker-phone switch; separate grid 
bias supply, etc. A crystal filter 
model is also available providing 
variable selectivity from the knife-
like point desired for C. W. to a 
wider degree of selectivity required 
for practical phone reception. The 

"Super-Pro" receiver co-,-
sists of two major units— 
receiver proper and power 
unit. Both receiver and 

ct 

power supply chassis are 
B E•". cadmium plated steel. 

Write Dept. RW-2 for the new "Super-Pro" booklet with further details! 

FOR FULL 
DETAILS 

HAMMARLUND MANUFACTURING COMPANY. INC. 
424-438 West 33rd Street, New York. RW-2. 

Cheek here for new "Super-Pro" leaflet. 
D Check here for new "37" Hammarlund General Catalog. 

Name   
Address 
City   State  

HAIIIMARLIIHWS 752 YIEM!, 
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THE ANSWER 
TO A SERVICEMAN'S 
PRAYERS...AND PROBLEMS 

Sylvania's famous Technical Manual is right 
up to the minute with the newest develop-
ments in radio . . . yet it costs only /5¢1 
This gives you an idea what it contains: 184 
pages bound in a neat, handy size that slips 
right into your pocket. Lists 193 tube types 
with important circuit application information 
on each. Tells all about glass, metal and "G" 
type tubes, including those for Majestic re-
ceivers. Also full information on SYLVANIA 
"Ballast Tubes." 

You'll need this Manual on 
your very next job. So clip 
the coupon and mail it today. 

Hygrade Sylvania Corporation, makers of 
Sylvania Radio Tubes and Hygrade Lamps. 
Factories at Emporium, Pa.; Salem, Mass.; 
and St. Mary's, Pa. 

SYLVANIA 
The Set-Tested Radio Tube 

HYGRADE SYLVANIA CORPORATION RW-27 
Emporium, Pa. 

Please send me the Sylvania Technical Manual. I 
enclese 15e. in stamps or coin. 

Name   

Address   

City   State   

The Brilliant Panorama 
of Science In Concise Text 
and Beautiful Illustration 
CONTENTS OF 
VOLUME I 

BOOK 1 
Unique Wonders 
of the Universe 

BOOK 2 
Matter: 

What is il? 

BOOK 3 
The Marvels 
of Mechanics 

BOOK 4 
Peering Behind 
Life's Mystery 

BOOK 5 
Great Scientific 

Discoveries 

BOOK 6 
The Face of the 
Earth Changes 

BOOK 7 
Ingenious 
In 

CONTENTS OF 
VOLUME 2 

BOOK 8 
In the Land of 

Mysterious Light 

BOOK 9 
The Enigma 
of Evolution 

BOOK 10 
From Telegraph 

to Talking 
Pictures 

BOOK Il 
Miracle Machines 
of M odern T1 mes 

BOOK 12 
The Weather 
Wonderhook 

BOOK 13 
Power: A New 
World Arrives 

BOOK 14 
Chemistry Creates 
a Revolution 

Two Volumes Bound in One 
1,000 Dazzling Pictures 

The pages of "SCIENTIFIC 
WONDERS OF THE WORLD" 
are almost a foot high. You will 
see the marvels of radio, physics, 
chemistry and engineering, ex-
plained and illustrated so clearly 
that everyone can grasp what 
they mean, covering the wonders 
of all the sciences from A to Z, 
Astronomy to Zoology. 
Price, both volumes in one bind-
ing, postpaid   $1.95 

Or FREE with $5.00 for 2-yr. sub-
scription for RADIO WORLD. 

RADIO WORLD 
145 West 45th St., New York, N. Y. 

V FOR 11-115 

1900"  
WHOLE LIFE POLICY 

h 
g 30 

Low rates. all ages, men and 
women. We have no agents 
— pay no commissions — you 
share the savings! Old Line 
Legal Reserve insurance pro-

tection at low cost! 5111lions in 
assets! Over $43.000,000 paid lut to 
beneficiaries In 31 successful years: 
See how little it will cost at your age 
in this old, reliable company. 7nsur-
ance is vital! Get the facts at once. 
Send coupon NOW! 

•IMIIMinal a IPostal Life Insurance Company 
511 Fifth Avenue, Dept. W-230 111 
New York. N. Y. 1119 IGentlemen: Send me. without obligation. facts about Your. 
low-cost $1,000 WHOLE-LIFE Policy at my age. 

I 
Name  I 
Street   II City   State 
Date of Birth   Occupation   I 

MI MI IIIMPIIMMI MINIM IIMI IIIIII MI IIIMI IM NM MI OM 

egY DIRECy. 
and , 

SAVE MON  
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EILEN RX-11 7-tube BANDSPEAD RECEIVER 
(81/2  to 3,000 meters) 

RX-17 is equipped with the famous 
EILEN Noise Suppressor, the latest de-
velopment of our laboratories and which 
is skyrocketing itself into immense pop-
ularity. This remarkable development, 
exclusive with EILEN, enables you to 
enjoy reception from those far-off sta-
tions with excellent clarity and volume. 

Constructed of the finest materials 
and to conform with the highest engi-
neering standards, this instrument uses 
two 6D6, two 6J5G, one 76, one 42, and 
one 5Y3 high gain tubes as TUNED RF 

AMPLIFIER, TUNED ELECTRON COUPLED SCREEN-GRID REGENERA-
TIVE DETECTOR, powerful 3-stage audio frequency amplifier with power pentode 
output stage delivering 3 watts of audio power to the built-in high fidelity dynamic 
loudspeaker. VARIABLE NOISE SUPPRESSOR, rectifier and complete built-in 
HUM-FREE power supply. BANDSPREAD TUNING—special electron tube circuit 
enabling the operator to reduce or eliminate certain types of noises occurring in all 
short wave receivers—automatic headphone jack—smooth and noiseless controls— 
highly efficient interchangeable inductors—doublet or aerial-ground connections— 
POWERFUL hi-fidelity audio system—large, illuminated airplane type vernier dial— 
sensitivity, volume, and selectivity that will amaze you—are features to be found 
in RX-17. 
RX-17 in BEAUTY, as well as performance, is in a class by itself—heavy steel cabinet with 

hinged lid finished in durable black shrivel—crome plated escutcheon—plated chassis and shielding— 
Operates entirely from your 105 to 130 volts AC house current. 

RX-17 under fair conditions will bring in dozens of foreign as well as domestic short wave station, 
with enormous volume. Try one and see for yourself. 

RX-17, complete, READY TO USE, w ith 7 RCA or Sylvania tubes, .21 75 
12 low-loss silver plated coils for 81/2  to 3000 meters, wired, in cabinet 4 
and 7-page instruction booklet  

(If metal tubes are preferred over the glass type, add $1. to above price.) 

For those who wish to build their own we offer: $1 4 95 
KIT of all parts, coils for 854-3000 meters, unwired (less tubes and cabinet)  

Cabinet, extra   $2.50 

7 matched Sylvania tubes, extra  3.35 
ircd and tested, extra  2.00 

AMArEURS: Model RX-17-AB has same specifications as RX-17 except that it is equipped with 
plate voltage cut-off switch and special bandspread coils for 3140-80-160 M bands spreading these 
bands 80% of dial scale. Add $1 to price of RX -17. (10 meter band coils if desired extra, $1.45).  

3-Tube Short Wave Radio Only $3.25 
(less tubes, phones, unwired) 

A REAL, powerful 3 tube short wave set that readily brings in amateurs, 
police calls, broadcast stations, experimental and foreign stations, with good 
volume under fair conditions. THE WORLD AT YOUR DOOR! 
A dependable receiver which is guaranteed to give results. Operates en-

tirely from the AC or DC house current. Simple to build and easy tr 
operate. Beautiful, black shrivel finish cabinet and instructions furnished 
Wavelength range 12-600 meters. An ideal set for the beginner who wishes 
to learn the thrill of short wave reception. 

THREE TUBE BATTERY SET, TWO TUBE BATTERY SET, 
less tubes, phones, unwired, $2.95 less tubes, phones, unwired, $2.00 

KITS wired, extra 75c. Tubes, each 50e. Broadcast band coils (2), extra 95c. 
Cannonball double headphones $1.35. 

FREE: New 1937 Catalogue 
of short wave receivers, transmitters, and 5 meter apparatus. 

Send stamp to cover mailing costs on YOUR copy. 
JUST OFF THE PRESS 

Prompt service. 20% deposit on C. O. D. orders. 

EILEN RADIO LABORATORIES, Dept. RW2 
136 LIBERTY STREET NEW YORK, N. Y. 
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Both amplifier and power supply are shown on one chassis, immediately to the right of the speaker 
in the illustration. One of the two tuners is at extreme right. The other tuner is shown in similar 

positson on the front cover illustration. 

Segregation for Quality 
Separate Tuners and Power Amplifier 

By Einar Andrews 

THE advanced radio experimenter who has 
ideas of his own and the ability to reduce 

them to practice often adopts the segregated 
method of construction. That is, he builds his 
tuner and intermediate-frequency amplifier on 
one chassis and his audio amplifier and power 
supply on another. Or he may go even farther 
in his division of the receiver. He may build 
the radio-frequency tuner and amplifier on one 
chassis, the intermediate frequency filter and 
amplifier on the second, his audio amplifier on 
a third, and his power supply on a fourth. 
The advantages of such construction are many 

and considerable. First of all, the design lends 
itself readily to the "high boy" or skyscraper 
type of construction_ This is of great advant-
age where floor space is at a premium. In the 
second place, the method is almost indispensable 
to the inveterate experimenter. When he gets 
a bright idea and wants to try it out forthwith, 
he does not have to design and build an entire 
receiver, for the idea in question relates to a 
particular part of the receiver. It may be in 
the tuner, in the intermediate filter, in the de-
tector, in the audio amplifier, or in the power 

u. e•marle frt relmellel the nartine.nt 

component of the set. He saves not only money 
but a great deal of time. 
For the same amount of money in the same 

time he can try out scores of ideas where 1 e 
could only try one if he had to rebuild the entire 
receiver each time. 

DEVICES BUILT BY GOSS 
Even in custom-built receivers there is an 

advantage in the separate-unit type of construc-
tion. Most of these receivers are large and 
elaborate. To build them on one chassis would 
require an exceptionally heavy and sturdy 
frame, and the completed receiver would be un-
wieldy and cumbersome. When the set is con-
structed in separate units, each unit is easily 
handled. When a set like this breaks down and 
needs repair, it is not necessary to call in a 
gang of piano movers to transport it to the 
service shop. The service man who calls finds 
out in which section the defect has developed, 
and if he cannot effect repairs on the spot, he 
tucks the offending section under his arm and 
runs back to his shop with it. 
Two receivers built in sections by Charles 

(Cnntinupti nn 1n1lnwnn hang\ 
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(Continued from preceding page) 
J. Goss, of 1730 Woodlawn, Terre Haute, Ind., 
are depicted. At the right in the first illustra-
tion is the radio and intermediate frequency 
tuner and amplifier, in the middle the audio am-
plifier and power supply, and at the left the 
loudspeaker. Behind the receiver are various 
test instruments with which the designer and 
builder adjusted the set to the highest accuracy. 

.05Aifd. 
EACH 

each. Sometimes this filter does no appreciable 
good, but at other times it helps a great deal. 
It never does any harm. 
The filter on the d.c. side consists of three 8 

mfd. condensers. Condensers of 450-volt rat-
ing should be all right. As will be noticed, the 
field of the speaker is used as one of the chokes 
in the filter, as is now customary. The supply 
for the two output tubes, 45's, is taken from 

30 H. CHOKE FIELD 
8+ 
250V. 

Wiring circuit of the power amplifier and rectifier. The heater supply for a tuner would be included 
in the tuner as a separate filament transformer. 

Let us glance first at the power supply and 
audio amplifier. The rectifier and filter are 
standard but an 83 tube is used in place of one 
of the more common rectifiers. Since this tube 
is of the mercury type, a couple of radio fre-
quency chokes, one in each anode lead, might 
be used to advantage, or a single choke in tht 
lead from ground to the centertap. The chokes 
may not be absolutely essential. 

THE SUPPLY CIRCUITS 

The customary filter in the primary of the 
power transformer is used. The values of the 
condensers are not critical and may be .05 mfd. 

the juncture of the choke and the field, at which 
point the voltage is 275 volts, for the transform-
er used and the total current drawn. The drop 
in the field is 25 volts. The bias resistor for 
the two 45 power tubes is attached to the 2.5-
volt winding on the power transformer. It is 
variable. For class A operation the normal 
value is 1,000 ohms, for two tubes, but for class 
AB it may be twice as great or more. 
Two 56 tubes are used ahead of the power 

stage. Resistance-capacity coupling is used both 
between these two 56's and between the first 56 
and the tuner ahead. Transformer coupling is 
used between the second 56 and the output 
stage, since this uses two 45's in push-pull. The 
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two 56's are self-biased by means of separate 
resistors. 

It is clear that this audio amplifier is capable 
of a large undistorted output and that the gain 
is high. 

TWO TUNERS PROVIDED 
The designer of this outfit offers two tuners 

between which those wishing to utilize the de-
sign may choose. The main difference between 
the two is that in one the oscillator is a 58 and 
in the other it is a 2A7. Each circuit has three 
radio frequency tuners and a frequency control, 
requiring four sections of a gang condenser. 
Where the 58 is the oscillator, the detector is 

into the common lead to prevent grounding of 
the two elements to the high frequencies. 
A feature of the intermediate-frequency atn-

plifier is that the first doubly-tuned transformer 
has variable coupling. The details of this are 
shown in a constructional drawing. This feat-
ure appears in both circuits. 
Another noteworthy feature, also appearing 

in both circuits, is the segregation of the audio 
and the a.v.c. rectifiers. In each case the last 
intermediate transformer has three windings. 
Two of these are tuned, the a.v.c. winding be-
ing the untuned one. This separation of the 
two functions in the rectifier provides flexibility 
of connections. One advantage is that the filter 

'-roat, I NIP Hi., FS 

The tuner that uses a four-gang condenser has a 2A7 pentagrid converter tube. 

a 57. Where the 2A7 is the oscillator, it is also 
the detector. Different oscillators are used in 
the two cases. The tuned grid type is used with 
the 2A7 and a Hartley type with the 58. The 
tuned grid type has one advantage, in this case, 
and that is that both the tuning and the padding 
condensers are connected to ground on one side. 
Therefore there will be no body capacity effects 
while adjusting the padder. The Hartley has 
the advantage of simpler coil system. Of course 
the Hartley can be grounded the same way, by 
putting the leak from grid to ground and rotor, 
but the designer had two two-gang condensers, 
enabling isolation, one example being in the an-
tenna circuit. 
The coupling between two components of the 

mixer, the 58 oscillator and the 57 detector, is 
effected by tying the plate of the 58 to the 

C7 A C MA e•dae.L.M.-.•• :c 

condenser for the a.v.c. may be made ten times 
as large as that for the audio rectifier, thus 
allowing thorough filtering of the a.v.c. voltage 
without interfering with the high audio fre-
quency resolving power of the sound rectifier. 

NOISE SUPPRESSION 
In both tuners a noise suppression circuit 

has been inserted between the rectifier and 
the audio amplifier. As is customary in circuits 
of this type, the squelcher tube is a 57, which 
is selected because it has a rapid cut-off. How 
does this part of the circuit work? When there 
is no signal, there is no bias on the grid of the 
55, for there is no current through the .3 meg. 
section of the load resistance. Since there is no 
bias on the grid there is a high current through 
the plate load resistance, which is 50,000 ohms. 

frinitinuod nn inUnminn harry\ 
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(Continued from preceding page) 
The drop in this resistance is added to the 

normal grid bias, 3 volts, of the 57. The drop 
in the plate resistance is much greater than 3 
volts, and it is such that the negative bias on 
the grid of the 57 is increased. The 57 there-
fore is close to any signal because the grid bias 
is beyond the cut-off point. Any audio signal 
applied to the 57—and it would be only noise— 
cannot be amplified. 
On the other hand, where there is a strong 

audio signal there is rectification in the 55 diode 

and a high bias is developed. No current, or 
at most very little, flows in the plate resistance 
of the 55 triode. Hence the normal bias on 
the 57 grid is about 3 volts, at which it is most 
effective as an amplifier. The audio signal, 
which is picked off the load resistance on the 
diode and is impressed on the grid through an 
85 mh choke and a .01 mfd. condenser, is ampli-
fied to a high degree. The amount of input to 
the 57 grid is varied in the usual manner by 
means of a potentiometer. 

If the noise is steady and considerable it 
might open the 57 tube to amplification just as 
an audio signal does. This might happen when 
the noise is about as strong as the signal and 
when it is sustained. 

D.C. VOLTAGE PROVISIONS 
Automatic volume control is applied to the 

first r-f 58 and to the three if. 58's. In addi-
tion to this a.v.c. there is a manual control 
for the two r-f 58s, a 10,000-ohm variable re-
sistor being connected in the common cathode 
lead. Again, there is another 10,000-ohm re-
sistor in the common cathode lead of the three 

r.f. 50's. Thus the gain in the two amplifiers 
can be controlled separately, and both inde-
pendently of the a.v.c. 

Attention is called to the coupling between 
the 55 triode and the 57 squelcher. The plate 
of the 57 is returned to the highest voltage 
available through a 20,000-ohm resistor and 
the screen is connected to a point 150 volts low-
er down on the voltage divider. Still lower 
down, 100 volts exactly, the cathode of the 
tube is connected. Thus the screen voltage is 
100 volts and the plate voltage is 250 volts. To 

Tuner with four-gang con-
denser. This enables two 
stages of t.r.f„ tuned in-
put to the modulator at 
the r.f. level, and a section 
of the gang for the local 
oscillator. The three r.f. 
coils and the oscillator coil 
are in a row at left, be-
tween the condenser and 
the tubes served by the 
coils. The filament trans-
former, used to supply 
heaters of the tuner tubes, 

is at right front. 

get a negative bias on the 57 it is necessary to 
connect the grid return to a still lower point, 
and the return is made to a point 3 volts below 
the cathode connection. 
The triode of the 55 must also have a plate 

voltage. It is obtained by connecting the cathode 
and the plate return to points separated by 25 
volts on the voltage divider. That is, the maxi-
mum plate voltage on the 55 triode is 25 volts. 
There is no stopping condenser between the 
plate of the 55 and the grid of the 57. The 
coupling is direct in the strictest sense of the 
word, and it is obtained by means of a 50,000-
ohm resistor. 

DELAY ON A.V.C. 
The point on the general voltage divider 

where this resistor is connected is the B plus 
point for the 55 triode and the C minus point 
for the 57. The function of the one megohm 
resistor between the grid and the plate is to pre-
vent the audio signal voltage from shorting, in 
part, through the plate coupling resistor. Since 
there is no d-c through it, there is no drop and 
it does not, therefore, affect the grid bias on 
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the 57. The operation of the arrangement in 
suppressing noise has already been discussed. 
There is no delay voltage on the audio recti-

fier, for the load resistor is connected directly 
to the cathode of the tube. There is a delay 
voltage, however, on the a.v.c. rectifier, and it 
amounts to 14 volts. This is the drop in the 
1,900-ohm resistor between ground and the 
cathode of the 55. The peak of the signal, as 
impressed by the untuned winding on the third 
i-f coil, must be 14 volts before there is any 
current through the a.v.c. rectifier circuit. Weak 

A glimpse underneath the 
chassis of the tuner that 
has the three-gang con-
denser. The rear of the 
tuner is at right and the 
knob plainly showing is the 
one used for permanent ad-
justment of the variable 
coupling of one of the i.f. 
coils. This adjustable ar-
rangement was improvised, 
as detailed in a separate 
diagram. The controls at 
left are those used at 

front of panel. 

signals, therefore, are not affected by the a.v.c. 
This fact is an aid in making tuning adjustments 
for it is not necessary to short-circuit the a.v.c. 
while tuning up but only to reduce the signal 
impressed until it is less than 14 volts when 
rectified by the a.v.c. rectifier. Putting this 
14-volt desirable handicap on the a.v.c. without 
putting any handicap on the audio rectifier is 
one of the advantages of using separate circuits 
for the two functions. 

Attention is called to the fact that in the 
(Continued on following page) 

This is the tuner that uses a three-gang condenser. 
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(Continued from preceding page) 
tuner with the 58 oscillator one of the tuning 
condensers, the first, is not grounded on either 
side. This suggests an isolated condenser sec-
tion. It is possible, however, to avoid this, al-
lowing the use of a regular four-gang conden-
ser, by connecting the series resistor and the 
by-pass condenser in the same relative order as 
in the circuit with the 2A7 oscillator. The by-
pass condenser, which has a capacity of .05 
mfd. is then connected in series with the tuning 
condenser and the common point is grounded. 
How the tuner chassis appears when viewed 

from the front and above is shown in the photo-
graph on page 12. The first four tubes are 
shown at the extreme left and next to them the 

VARIABLE I.F. TRANSFORMER FROM 
TRIO R.F. COIL CANS SOLDERED., 
TOGETHER. TOTAL COST ABOUT 1.28 
ANO ABOUT JO LESS IF YOU NAVE CANS 

HOLE TO 
TUNE TRIMMER 

BOLT 

LOW-TENSION 
SPRING ON 
r GUIDE 
8 

PLATFORM 
GUIDE 

41USHIN6 FOR 
SHAFT mom 

ON 80TH SIDES 
TO FASTEN To 
WIL SHIELD OR 
CAN 

BOLTED TO 
CAN SHIELD 

BOLT TO ENO 
OF SHAFT 

HOLE TO TUNE 
TRIMMER 

METAL PLATE TO MOUNT 
I.F. COIL TO TRIMMERS 

"-TWO COIL CANS 
SOLDERED TOGETHER 

sorrow PLATFORM 
FOR COIL (BAKELITE) 

8 
OFF CENTER TO VARY 
S.F. COIL 

How the variable coupling i.f. transformer was 
improvised. 

four radio frequency coils. In the rear, imme-
diately to the right of the fourth radio frequency 
condenser, may be seen the intermediate coil 
with the variable coupling. Directly behind 
the four-gang tuning condenser is the first i-f 
tube. Then follow three fixed coupling i-f 
coils and shielded tubes between, ending up at 
the front right corner with the filament trans-
former. 
The four-gang condenser is split into two 

sections of two each. These two pairs are in-
sulated from each other. It is not necessary, 
however, that they should be insulated, as has 
been pointed out. 
On page 13 is a photograph depicting the 

under side of the chassis. The small parts are 
too crowded to identify any of them. It is noted, 
however, that resistors and condensers are 
placed in an orderly manner so that wiring is 
simplified and stray coupling minimized. 

TUBES UP 
11% Average Increase 

After years of steadily declining prices, an 
increase in the prices of practically all types of 
radio receiving tubes is in effect. 
The large number of different types of tubes, 

for many of which there is now only a limited 
demand because of the obsolescence of the radio 
sets in which they are used, and mounting ma-
terial and labor costs, have made the increased 
prices necessary. An overall increase of 11 
per cent over former tube prices is made. 

Attached is a list of the new list prices on all 
types of receiving tubes, compared to old net 
prices, as furnished by RCA Radiotron Co. 
Division of RCA Mfg. Co.: 

STANDARD GLASS TYPES 
Type Old Price List Price 
00A   $1.25 $2.00 
01A   .59 .70 
1A4   1.50 1.75 
1A6   1.25 1.50 
1B4   1.75 2.00 
1B5-25S   1.25 1.25 
106   1.50 1.75 
1F4   1.50 1.50 
1F6   1.50 2.00 
lv   .89 1.10 
2A3   1.25 2.25 
2A5   .99 1.20 
2A6   .99 1.20 
2A7   1.25 1.50 
2B7   1.25 1.50 
5Z3   .89 1.00 
6A4- LA   1.25 1.50 
6A6   1.25 1.50 
6A7   1.25 1.35 
6B7   1.25 1.50 
6C6   .99 1.20 
6D6   .89 1.20 
6E5   1.50 1.50 
6F7   1.50 1.75 
6B5   1.50 1.50 
10   2.00 2.25 
11   1.25 2.00 
12   1.25 2.00 
12A7   2.00 
12Z3   .99 1.10 
15   2.00 2.00 
19   .99 1.20 
20   .99 2.00 
22   1.25 1.50 
24A   .89 1.00 
25Z5   .99 1.20 
26   .59 .70 
27   .69 .80 
30   .69 .80 
31   .90 
32   1.25 1.50 
33   .99 1.25 
34   1.25 1.50 

(Continued on following page) 
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(Continued from preceding page) G SERIES TYPES 
Type Old Price List Price 
35   .89 1.00 Type Old Price List Price 
36   .89 1.10 1C7G     $1.85 $2.00 
37   .69 .90 1D5G   1.85 2.00 
38   .89 1.10 1D7G   1.60 1.75 
39-44   .89 1.10 1E5G   2.00 
49   .69 1.00 1E7G   2.35 2.75 
41   .89 1.10 1 F5G   2.35 2.00 
42   .99 1.20 1F7G   1.85 2.00 
43   .99 120 1H4G   1.10 1.00 
45   .69 SO 1H6G   1.60 1.75 
46   .99 1.35 1J6G   1.35 1.35 
47   .68 1.35 5U4G   1.50 
48   2.50 3.00 5V4G   1.85 2.00 
49   .99 1.20 5X4G   1.35 1.50 
50   2.50 225 5Y3G   1.10 1.00 
53   1.25 1.50 5Y4G   1.10 1.00 
55   .99 1.25 6A8G   1.60 1.50 
56   .69 so 6C5G   1.10 1.25 
57   .89 1.10 6F5G   1.10 1.25 
58   .89 1.10 6F6G   1.35 1.35 
59   1.25 1.50 6H6G   1.10 1.25 
71A   .69 .80 6J5G   120 
75   .99 1.10 6J7G   1.35 1.50 
76   .69 80 6K5G   1.35 1.35 
77   .99 1.20 6K6G   1.35 1.35 
78   .99 1.20 6K7G   1.35 1.35 
79   1.25 1.50 6L6G   2.10 2.25 
80   .59 .70 6L7G   1.60 1.75 
81   2.00 2.00 6N7G   1.60 1.75 
82   .89 1.10 6Q7G   1.35 1.35 
83   .89 1.10 6R7G   1.35 1.35 
83v   1.50 2.00 6X5G   1.35 1.50 
84-6Z4   1.25 1.50 25A6G   1.35 1.50 
85   .99 1.20 25B6G   1.85 1.75 
89   .99 1.50 25Z6G   1.35 1.50 
V99   .99 1.50 
X99   99 1.50 
112A   .69 .90 New Type Etched Foil 
874   4.90 4.00 
876   6.70 6.00 Condensers Made by C-D 
886   6.75 8.00 

* * * 

Cornell-Dubilier has brought out the Type 
KR Etcher Foil Dry Electrolytic condensers. 
This type is notable for its extreme compact-
ness and for a patented exclusive etched foil 
process which assures a much better condenser 

ALL-METAL TYPES than that made possible by less modern foil 
etching methods. An idea of the small size of 

Type Old Price List Price the Type KR may be gained from the fact that 
5W4   $1.00 $1.00 the largest condenser in the series (24 mfd.) 
5Z4   1.25 2.00 is approximately the same size as the average 
6A8   1.25 1.50 metal tube. This makes for convenient servic-
6B8    1.50 1.75 ing of small receivers, greater symmetry of lay-
6C5   1.00 1.25 out and contributes to the neatness of service 
6F5   1.00 1.25 jobs. Full details of this line of condensers 
6F6   1.00 1.35 are given in a special catalog No. 134A, which 
6H6   1.00 1.25 is now available and which may be obtained by 
6J7   1.25 1.50 addressing the manufacturer at South Plainfield, 
6K7   1.25 1.35 New Jersey. 
6L6    2.00 225 
6L7   1.50 1.75 
6N7   1.50 1.75 
6Q7   1.25 1.35 
6R7   1.25 1.35 
6X5   1.25 1.50 
25A6     1.50 1.50 
25L6   2.25 

1"g 1 Ço 

BRUNO MOVES AND ENLARGES 
The Bruno Laboratories, Inc., moved from 

20 West Twenty-second Street to 30 West 
Fifteenth Steet, New York City, now occup-
ine 10.000 square feet of additional space. 
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Remaking Power 
Transformers 

For Higher Requirements, Using Old Cores 
By M. N. Beitman 

transmitter, the filament and plate transformers 
are never combined. 

4.54 2.54 

/1 1.54—›.1.--- A 

}‘  3.54 

FIG. I 
Single opening for the window of the transformer, 
where windings are intended to be on separate 
cores. One winding could be slipped down on 
the left-hand upright, and the other up on the 

righ-hand upright. This is the L type. 

THEORY and procedure in designing radio 
1 and amateur transmitter transformers are 
of especial value to any one intending to re-
design and rebuild power transformers for more 
suitable characteristics. The present-day prices 
of power transformers are at such low figures 
that, except in the most unusual cases, it is 
cheaper to purchase power transformers that 
are commercially available than to build similar 
units. 
Power transformers are used in radio re-

ceivers and transmitting equipment to step up 
or down the supply voltage which is commonly 
about 110 or 220 volts. In radio receiver 
power transformers all the secondaries are in-
corporated in a single unit, since the existing 
potential difference between the various sec-
ondary windings is relatively small. In an 
amateur transmitter a separate transformer is 
commonly employed for each secondary voltage 
required and, except in the very low power 

EFFECT OF TURNS RATIOS 
Essentially a transformer consists of an iron 

core of suitable dimensions, a primary coil, and 
one or more secondary coils. The voltage in-
duced in the secondary is in the same ratio 
to the primary supply voltage as the ratio of 
the secondary turns is to the primary turns. 
The design for 60-cycle power transformers 

will be considered. However, any of these de-
signs can be adapted for 25-cycle use by dou-
bling the core cross-sectional area. The fre-
quencies of 60 and 25 cycles are commonly used 
to supply power throughout the United States. 
There is a great deal of flexibility in the 

design of power transformers. However, cores 
of certain shapes and a definite economical 
ratio of copper wire to iron core are generally 
used. Transformers are rated in watts, assum-
ing unity power factor, or regardless of the 

.1 

1.4---1414 1 

1 34A 

FIG. 2 
Double opening used as the window, enabling 
putting all the windings on a single core, the 
cross-piece at center. This is the E type core. 
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power factor, in volt-amperes. The volt-ampere 
rating of a power transformer having more than 
one secondary is the sum of the volt-ampere 
ratings of the different secondaries. 

WHAT COMPRISES CORE? 
The core is made of silicon steel and consists 

of strips about 0.014 inch thick. The general 
shapes and the related dimensions of cores em-
ployed in radio transformers are shown in Figs. 
1 and 2. The window space for the windings 
varies somewhat and in a well-designed unit 
the windings should just fill the window space. 

RAT/A'S VOLTS -AMPERES 

FIG. 3 
The value of the cross-sectional area in square 
inches (read at left, bottom to top) is compared 
to the volt-ampere rating for 60-cycle trans-
formers (read along the base). See Fig. 4 to 

get turns per volt. 

The cross-sectional area of the transformer leg 
is the determination of the unit's power handling 
capacity. The value of the cross-sectional area 
in square inches in relation to the volt-ampere 
rating is given for 60 cycle transformers in 
Graph 3. It is best to have the leg square in 
shape. 
The turns per volt are found by dividing 

6.47 by the cross-sectional area expressed in 
square inches. This may be found from Graph 
4. The figure 6.47 is obtained mathematically 
from the fundamental equation for the voltage 
induced in the winding of a transformer. Frac-
tional values of turns per volt may be rounded 
off by adding or subtracting as much as 20% 
of the value without any serious effect on the 
design. 

SIZE OF COPPER WIRE 
A transformer designed from purely the-

oretical consideration of the ratio of primary 
to the secondary will deliver the computed 
voltage at no load, but under load the sec-
ondary voltage will be lower because of the 
IR drop in the secondary winding. Generally 
it is best to allow about 5% extra turns for 
the secondary. While this figure is not correct 
for all cases, it will serve well in standard 
power transformer design and will eliminate 

The size of the copper wire used depends on 
the current. The primary current may be found 
by dividing the volt-tunpere rating by the oper-
ating line voltage. For example, a 250-volt-
ampere (watt) transformer for use on a 110-
volt a.c. line will require a primary current 
of 2.27 (250/110) amperes at full load. The 
secondary maximum currents are usually con-
sidered in the initial design. 

If no safety factor is required and the trans-
former is to be operated in comparatively open 
space, the wire size may be selected on the 
basis of 1,000 circular mills per ampere. The 

FIG. 4 
Again the cross-section in square inches is con-
sidered. this time in comparison to the number 
of turns per volt. The number of square inches 
in the cross-sectional area is divided by 6.47 to 

obtain the turns per volt shown in the curve. 

correct wire size may be found from Graph 
5. It is not very easy to handle wire thicker 
than No. 12, and if thicker wire is required 
two or more strands of thinner wire should 
be used in parallel. Many different types of 
insulation are used on wires, but for the ama-
teur and experimenter double-cotton covered 
wire is recommended for the thicker wire re-
quirements, single-silk enameled for sizes up to 
32, and plain enamel wire for still thinner wires. 

TURNS PER LAYER 
It is much easier to place all the windings 

on a single core and the E type core, Fig. 2, 
is therefore recommended. The window dimen-
sions may be modified to suit special require-
ments as they arise. For example, a 30-watt 
transformer to supply 214-volt filament voltage 
will require a much smaller window than sug-
gested. The primary is usually wound first, 
next to the core; the high-voltage secondary, 
if any, next; and low-voltage secondaries last. 
Correct insulation must be used between the 
different coils and insulation is advisable be-
tween layers. The complete coil assembly 
should be wound on a core of insulating ma-
terial. 

FIaving determined the number of turns re-
quired, and the type and size of wire to be 

(Continued on following page) 
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FADING 
Traced and Cured 

mANY radio servicemen have confessed to 
the writer that they have spent many 

hours, and sometimes several days, in trying 
to find the cause of intermittent fading. I refer 
particularly to that type of trouble caused by 
coupling or by-pass condensers opening or 
changing capacity, flux joints affecting a.f. or 
r.f. voltages, etc. After questioning the com-
plaining ones, it seems that almost invariably 
they all pursue the same course in attempting 
to locate the source of the trouble. After check-
ing all tubes and voltages, and poking around 
here and there with no success, these fellows 
sit down, test prods in hand, and wait for the 
set to fade, or "pop out," and then check volt-
ages again for a change. 
Now comes a very annoying thing, indeed. 

Very often, when a fading receiver is touched 
nearly any place with a test prod, the signal 
immediately comes back again, and if the trouble 
should be due to a change in voltage of radio or 

audio frequency, especially r.f., the average re-
pairman's equipment will not read it anyway. 

In one of San Francisco's busiest repair 
shops, it is a common practice when a difficult 
job of this type is encountered to replace all 
by-pass condensers in the set. If this fails, they 
even start replacing r.f. chokes. This is sup-
posed to be a time-saving system, but either 
the shop makes a very poor profit, if any, or the 
unsuspecting customer pays for a lot of parts 
he didn't need. 
To some readers of this article, this hap-

hazard way of going about a problem will seem 
very unprofessional. 
When guesswork, intuition, and poking here 

and there have failed, start at either end of the 
set with the generator, and the process of elimi-
nation is a simple one. If you start at the an-
tenna end, proceed stage by stage toward the 
output until you come to a point where the 
receiver ceases to fade. Conversely, if you be-
gin with the final audio amplifier, then work 
backwards to the antenna circuit until a circuit 
is reached where fading starts. Either way 
will isolate the trouble for you, and then is the 
time to start inspecting parts and soldered 
joints, when there is just one small area to 
check. 

ALAN C. KAYE. 
Kaye's Radio Service, 
3692 18th St., San Francisco, Cal. 
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(Continued from preceding page) 
used, the number of turns per layer may be 
found from standard wire tables. From this 
information and the dimensions of the window 
the number of layers needed may be found. 
This process is repeated for all the different 
windings of the transformer. The thicknesses 
of all the layers are added, including the thick-
ness of the insulating material used. The figure 

FIG. 5 
One of the problems is to 
ascertain the correct wire 
size. This may be done by 
using the curve herewith, 
which relates wire size to 
current in amperes. The 
wire is selected on a basis 
of 1,000 circular mils per 
ampere, on the assumption 
the transformer is to be 
given plenty of ventilation. 

obtained should be about 80% of the space 
available. 
Amateurs will find that cores of burnt-out 

power transformers or cores of units not having 
the required characteristics may be easily re-
built for other applications. The primary need 
not be rewound unless it is at fault. An excel-
lent power pack may be made inexpensively 
from a number of discarded transformer cores. 
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From 5 to 550 Meters 
With Dual Type Personal Receiver 

By Edwin K. Butler 

View of the rear taken at an angle of 45 degrees. 

A
S a superheterodYne this twelve-tube re-
ceiver has four ranges, covering the waves 

from 20 meters up to and including the broad-
cast band. As a superregenerative receiver it 
extends the range from 20 meters to 5 meters. 
A beat frequency oscillator is also provided for 
receiving continuous code signals and for simpli-
fying tuning in of broadcast signals. 
The superheterodyne has two r.f. tuners and 

an oscillator frequency control. That is, a 
three-gang condenser is used for tuning the cir-
cuit. Each of the twelve tuned coils in the 
complex tuner is trimmed by an adjustable 
condenser marked Tr in the diagram. For 
switching in the various bands a six-circuit, 
four-position switch is employed. When the 
eupergenerative feature is to be used, the gang 
switch is left on one of the four stops, thus 
making use of the primary as a radio-frequency 
choke coil, and the signal is tuned in with the 
6J5-S tube. The superheterodyne is prevented 
from functioning when short waves are being 

1w switching the audio amplifier from 

the superheterodyne to the superregenerator by 
means of a D.P.D.T. switch. Since the switch 
throws out of the circuit the triode section of 
the 85, and as additional amplification is re-
quired, a stage of 42 is inserted in its place. 
The switching out of the 85 triode also 

throws out the manual volume control, since 
this is placed in the grid circuit of the triode, 
and for that reason the manual volume control 
is duplicated in the grid circuit of the 42. In 
each case the control is a 1 meg. potentiometer. 

The A.V.C. Features 
Automatic volume control is employed in the 

superheterodyne, the grids of four tubes being 
returned to the negative end of the load re-
sistance of the diode rectifier. Since there is no 
tube in the superregenerator that can or need 
be controlled automatically, the control in that 
circuit is done manually, first in the grid cir-
cuit of the 42, as mentioned above, and second 

(Continued on following page) 
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(Continued from preceding page) 

by control of the antenna condenser. Super-
regenerators, of themselves, when properly func-
tioning, supply their own a.v.c. 
The beat note oscillator appears, in the dia-

gram, directly above the 6J5-S. It is a triode 
tube in a typical Hartley circuit. The grid of 
the oscillator is connected to the grid of the 
first i-f amplifier through a 15 mmfd. condenser. 
A small adjustable condenser across the oscil-
lator coil allows making small changes on the 
local oscillator frequency, hence large changes in 
the beat frequency. While it is true that any 
beat frequency can be obtained by merely tuning 

the main oscillator control, it is desirable to 
adjust the beat oscillator so that the beat fre-
quency is between 500 and 1,000 cycles when 
the signal is tuned in exactly. The 500-1,000 
cycle note then is an indication that the circuit 
has been tuned in exactly "on the nose" for any 
given station. The note will be the same for 
every station, and it is easily recognizable. 
When the signal is voice or music modulated, 
the oscillator is stopped as soon as the tuning 
has been effected, and the stopping is effected 
by opening a single pole switch in the plate 
circuit of the beat oscillator. 

(Continued on page 22 

Appearance of the front panel. Controls are identified below. 

Where the Panel Controls are Located 
The controls and posts on the front panel serve the following purposes: 
At upper left is the antenna post, immediately beneath it is the ground post. 
At lower left, positions marked 1, 2, 3 and 4, is the coil switch for the 15-550-meter bands. 
The tuning dial is connected to the gang condenser and controls that, but by a pulley 

arrangement the separate high-frequency tuning condenser also is belted to the same 
dial, which therefore serves for all the tuning. 

Immediately under the tuning dial is a double-pole, double-throw switch, for introducing 
super-regeneration for the 5 and 10 meter bands, and removing it for the higher wave-
lengths (lower frequencies). 

Just to the lower right of the tuning dial is the knob that controls that dial, while to 
the right of the knob is a white object, controlling the antenna coupling condenser for 
the high frequencies (waves of 10 meters and lower). Just above that object is on-off 
switch for the beat frequency oscillator. The tuning meter, a Readrite 0-5 milliampere 
device, is at top center. 
The oblong plate with the radial white lines at lower center is the volume control for 

the high frequencies only, while to its right is the attenuator for the 5 and 10 meter 
bands only. Between the two, elevated somewhat, is the control for gain in the tuner, 
applicable to 15-550 meters only. The earphone jack is just below the speaker grille, and 
the fone control bar handle is at lower right. At upper right is the master switch, 
controlling the a.c. line supply. 
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(Continued from page 20) 

The beat frequency oscillator coil is shielded 
and consists of a single tapped winding of in-
termediate frequency proportions. That is, it 
must oscillate near the intermediate frequency, 
which in this case is 465 kc. The coil may 
be seen in the front right corner of the rear 
view of the set on page 19. 

Two I.F. Coils Adjustable 

The intermediate frequency transformers are 
tuned to 465 kc with Hammarlund air dielectric 
condensers. The first two of the transformers 
have variable coupling between the two wind-
ings. These two appear to the right of the median 
line in the photograph reproduction on page 19 
The third transformer is a fixed coupled one, 

The layout as seen from the top. 

with primary and secondary fixed-tuned as 
usual. 
The r-f coils, which may be seen at the ex-

treme right in the figure on page 19, are 
shielded, which is true also of the transformers, 
with trimmers, in each shield can. Two of the 
trimmers are accessible from the top and two 
from the bottom. 
A first-rate audio amplifier is used both when 

the receiver is a superhetehodyne and a super-
regenerator. In either case the final stage con-
sists of two 2B6 power tubes in parallel. The 
bottom view of socket of this unusual tube. 
which Triad makes, is shown on the circuit 
diagram. The output stage is preceded by a 76 
and resistance-capacity coupling. The design 
constants in this coupler are such that even 
the lowest audible notes will be amplified with-
out any appreciable reduction in relative in-
tensity. 
When the superheterodyne is used the triode 

of the 85 is the additional amplifier at awl' o 

frequency. This is coupled to the 76 by means 
of resistance-capacity values such as to insure 
good response on the lowest notes. When the 
superregenerator is used the 42 is substituted 
for the 85 triode, as has already been stated. 

Since the superregenerative detector is in 
reality a grid leak detector, and therefore a 
diode rectifier plus an audio amplifier, there is 
much more audio amplification when ultra-short 
waves are received than when those of longer 
wavelength than 20 meters are received. Much 
more is needed because practically no radio 
frequency amplification is posible and many of 
the signals receivable will be extremely weak 
to begin with. 
Manual control of the gain in the super-

heterodyne is provided by a 2,000-ohm variable 
resistor, in series with a 500-ohm fixed resistor, 

in the common cathode lead of the first r-f 
and the first i-f tubes. This control is merely 
auxiliary to the automatic volume control. It 
is advantageous on very strong signals. 

THE POWER SUPPLY 

A line noise filter consisting of two .05 mfd. 
condensers in series across the line with their 
junction grounded is provided as a refinement 
in the receiver. Sometimes it is an aid in 
reducing line noises. 
The filter following the 80 rectifier consists 

of the speaker field coil and three 8 mfd. con-
densers. Two of these are connected from the 
cathode of the rectifier to ground and the third 
from the B plus point to ground. This filter-
ing, together with the effect of the distributed 
small condensers, has been found sufficient for 
this receiver. 
The distributed filtering is quite thorough, 

but it is more to prevent stray coupling than 
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View of 5-550-Meter Set's Wiring 

Bottom view, showing the wiring. 

to eliminate hum. Hum elimination comes as 
a side line, for the filtering reduces regenera-
tion and oscillation in the amplifiers. It is well 
known that either of these conditions will bring 
out hum when it is present in ever so small 
amount. All the cathodes are either grounded 
directly or through a comparatively large con-
denser. Thus there is neither direct or reverse 
feedback through the cathode circuits. Again, 
the plate supply is separately filtered by means 
of a condenser to ground and a resistor to the 
power supply. The screen circuits have been 
similarly treated, even to the extent of using 
separate voltage dividers for the r.f. and the 
i.f. circuits. The various grids that have been 
put on the automatic volume control have not 
only been filtered individually but also com-
munally. There is slight chance, therefore, that 
any appreciable or troublesome feedback will 
occur. 

LAYOUT OF RECEIVER 

It is of interest to note that a close circuit 
jack has been inserted in the output of the 
No. 76 audio amplifier. Its primary purpose 
is to enable the observer to listen in to either 
code or broadcast with the phone in circum-
stances where the loudspeaker would cause in-
terference with other listeners. Since the phone 
jack is in the output of the 76, which is common 
to both the superheterodyne and the superre-
generator the solitary listening feature is avail-
able for both services. 
With a loudspeaker properly matched to the 

two 2B6 tubes, an enormous amount of undis-
torted sound output is possible, for these power 

tubes are specially designed to be distortion 
free. The layout of the parts of the receiver may 
be seen from the pictures on pages 19, 20 and 22. 
Referring to the figure on page 22, the tuning 
condensers and the radio frequency amplifiers 
are seen at the extreme left. In the rear of the 
condenser may be seen the beat note oscillator 
coil and tube. Grouped in the middle back-
ground are the intermediate coils and tubes, and 
forward of this group is the ultra-high fre-
quency coil, unshielded and all by itself. The 
three-plate condenser which tunes this little coil 
is near the bottom next to the speaker. It may 
be seen in the picture on page 19. 
Back of the speaker on the right, in the pic-

ture on page 22. is the power supply, showing 
the three condensers and the rectifier, all 
grouped close to the speaker field coil. In the 
rear right corner are the power transformer 
and the audio amplifier. The two tubes to the 
left of the transformer are the 2B6s and the 
large tube to the left and forward is the 42. 
The picture on this page shows the underside 

of the chassis. In this particular case it shows 
much more than in the usual case, for some of 
the principal features of the receiver are repre-
sented here. Thus at the extreme right of the 
figure the gang switch appears. This is directly 
under the row of three radio frequency coil 
shields which may be seen on the other two 
figures. Near the middle of the figure is a 
rod clear across the chassis. This is the rod 
that holds the cams by means of which the 
coupling in the first two intermediate trans-
formers is varied. The cams are clearly seen 
on the top half of the rod. These cams are 
directly under the two transformers. 
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Special Fidelity Detectors 
Quality New Coal, Succeeding Sensitivity 

By A. J. M. Warren 

Q PECIAL detectors always have held high 
L./ interest for those technically-minded in 
radio. In the beginning attention was concen-
trated on making the detectors as sensitive as 
possible, hence we had gassy detectors, of large 
ionization possibilities, and sodium detectors 
with a hiss louder than any screen villain ever 
deserved. Also we had a diode detector even 
then, but that was possibly premature, because 
tubes were expensive and an extra amplifier 
tube was required to compensate for the re-
duced sensitivity. 
Nowadays interest in detectors is focused on 

FIG. I 
The sensitive, high-fidelity detector, developed by 
Orval LaFrance, is of the balanced type, and en-
ables feeding an audio channel that is also bal-
anced, but can not be strictly classified as push-

pull. 

quality, and since tubes are cheap, and sensi-
tivity is usually too high rather than too low 
in the rest of the receiver., it matters little 
whether the detector sensitivity is low or high. 

VALUES SUGGESTED 
One of these special quality detectors, given 

considerable attention in these columns since 
1933, was devised by Orval LaFrance. It uses 
two diodes reversed in respect to each other, 
and working in voltage-doubling fashion. This 
is the most sensitive of the special quality de-
tectors. It is one to which all persons seriously 
interested in quality radio reproduction should 
give close attention. Its basic circuit is given 
in Fig. 1, applied to a 6H6 tube because this 
has the two required diodes in one envelope. 
The plate or anode of one diode is tied to the 

cathode of the other diode, while independ-
ent outputs are provided through separate load 
resistors Ri for the remaining elements of the 
two effective tubes, i.e., one resistor goes from 
remaining cathode to ground and another equal 

resistor from remaining plate to ground. Across 
the resistors are put relatively small capacity 
condensers to bypass the radio or intermediate-
frequency around the load resistors, while the 
stopping condensers leading to the next stage, 
which somewhat resembles push-pull, should be 
relatively large. Suggested values are Ri = .5 
meg, Ci = .0005 mfd., Cs = .05 mfd. Lowest 
possible leakage for Cs should be strictly main-
tained. 

AVOIDING A DIFFICULTY 
The input is made between the joined plate-

cathode circuit and ground. Usually an inter-
mediate transformer's secondary is connected 
between those two points. Since one side is 
grounded, the system lends itself admirably to 
tuned-radio-frequency sets also, for there the 
condenser frame and rotor are grounded, and 
a usual difficulty, requiring isolating circuit, is 
avoided. 
The output is taken from the two stopping 

condensers and ground. 
The detector is of the balanced type, and is 

sometimes called a push-pull detector, although 
that is not strictly true. It is very difficult to 
conceive of any detector being push-pull, where 
push-pull represents equal and opposite phases 
of the voltages, in other words, a symmetrical 
circuit, and detectors perform by virtue of their 
assymetry. 

Considering the total output, as from one 
stopping condenser to the other, the audio phase 
of the upper leg is always negative, and that 
of the lower leg is always positive, although 
the detector is working all the time, never 
idling, since when the left-hand plate is positive 
to a. c. lower Ri carries conduction current 
and when that plate is negative, the cathode 
connected to it is negative, hence the companion 
plate of the second cathode is positive, and 
upper Ri carries conduction current. But the 
cathodes are always positive to d. c., including 
pulsating d. c. 

GOOD FOR 100% MODULATION 
The circuit lends itself to automatic volume 

control, but the bus for the a. v. c. lead must 
be connected only to the side that develops the 
negative voltage, and that side is the upper 
one, and indicated in the Fig. 1. To apply 
a. v. c. a high resistance, minimum value 2 
meg., should be connected to the a. v. c. source 
as shown in the diagram, the other side of this 
resistor being bypassed by some mica capacity, 
say. .006 mfd. to .01 mfd., and then the filter 
resistor-capacity networks set up for the re-
turns of the circuits to be controlled. The 
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reason for the high resistance preceding the 
usual filters is to uphold the impedance of the 
negative side of the detector to audio frequen-
cies, thus protecting the audio characteristic, 
and indeed permitting both sides to perform 
excellently on 100 per cent modulated signals. 
An eleven-tube standard broadcast band su-

perheterodyne, using the LaFrance detector, was 

plement, has been completed and is in use in 
the home of Frank Simonds, and also will be 
described in constructional detail in a subse-
quent issue. 

ALL ENCOURAGED TO TRY IT 
The reason for giving so much attention to 

this detector is that it works so well, and with 

4,0541 M. .002 
Hid* *251409. Vie. 

F G. 2. 
Wiring of the tuner, shown in two-band form, although covering 500-2,000 kc. The tuning conden-
sers have a smaller capacity than usual, so that the inductance may be high and thus provide high Q 
tuner circuits, with practically uniform gain, as a given coupling is 2.25 times more nearly uniform for 

a 2-to-I frequency ratio than for a 3-to-I ratio. The 6C5 grid leak, 95, is 25,000 ohms. 

described last month in the January issue. The 
circuit was a superheterodyne with 6G5 ray in-
dicator tube. A tuner, using National Com-
pany's four-gang pre-loaded worm-drive con-
denser, and the same company's intermediate-
frequency coils, is shown in Fig. 2, a photo-
graph of the underchassis being shown in Fig. 3. 
A nntfier rPrrivPr thic nnw'. with ftill n,diç, rem, 

such high fidelity, that tone-conscious radio lis-
teners, including symphonic orchestra leaders 
and choirmasters, acclaim its excellence. Any 
reader who has•never given this detector a trial 
should do so without delay, and may resort to 
the present or last month's circuit diagram. 
Another type of detector, also classed as a 

(rmititimad net lidlieeetie iterrrpl 
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(Continued from preceding page) 
diode because of the linearity of its response, 
is really a triode with the plate circuit voltaged 
as usual but grounded to the signal. Fig. 4 
shows the circuit. The normal plate current 
through the biasing resistor R. produces the 
potential difference that enables the grid to be 
maintained negative when the input circuit is 

closed, and since there is no current flow in the 
input, we have the special case of the infinite 
impedance diode detector. As is well known, 
usual diodes draw current, hence load the cir-
cuit. 
When the signal is put into the Fig. 4 de-

tector, the selectivity is not reduced, but the 
plate current is changed according to the audio 
pattern, because a relatively small capacity 
condenser across the load resistor RI removes 
the radio frequency, leaving only the modula-
tion envelope. We therefore develop audio 
frequencies across RI, and have only to com-
municate them to the next circuit by the usual 
means of stopping condenser and grid leak, 
except that the circuit is somewhat critical as 
to resistive values, for maintenance of excellent 
response for deep modulation. • 

SOME FINDINGS BY SYLVANIA 
Hygrade Sylvania Corporation, makers of 

Sylvania tubes, has considered this topic in its 

Engineering News Letter No. 31, entitled 
"Modulation Capabilities of Infinite Impedance 
Detectors." 

Sylvania sets forth that the input impedance 
is nearly a pure capacitative reactance which 
becomes part of the tuned circuit without load-
ing it, with resultant improvement in gain and 
selectivity. Ri forms both an a. c. and a d. c. 

FIG. 3. 
Underneath view of the 
wiring of the tuner. The 
coil switch shaft protrudes 
at the side of the chassis, 
as the mechanics were 
worked out for a special 

installation. 

'Cs-

FIG. 4 
A simple infinite impedance detector, circuited as 
a plate bend detector but having the linear char-
acteristic of a diode, hence classified as a diode. 
Selectivity is maintained, also gain, due to ab-

sence of loading 
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load, while Rs forms only an a. c. load in paral-
lel with Ri, thus reducing the total a. c. load 
compared to the d. c. load as represented by Ri. 

Information supplied by Sylvania, on the ba-
sis of tests the engineering department made, 
sets forth values for R compared to Ri in terms 
of modulation handling capability in per cent., 
where R is equal to the a. c. load divided by 
the d. c. load, or Rs divided by the sum of Ri 
and Re These formulas mathematically are 

a. c. load R2 

R =  
d. c. load Ri + R9 

Since the best stations in the standard broad-
cast band utilize high percentage modulation, 
the stiffest requirement may be selected, that 

FIG. 5 
The arrows indicate the path of the current. By 
taking D as the reference point, an examination 
will reveal that the voltage in the cathode leg is 
decreasing while it is increasing in the plate leg. 

This exemplifies 180-degree phase reversal. 

of 100 per cent. modulated carrier, the detector 
so gaited as to produce minimum inherent dis-
tortion when there are different a. c. and d. c. 
loads as Ri is varied. 

VALUES FOR RI AND R2 
Neglecting the impedance of Cs, as very large 

compared to the effective parallel audio im-
pedance, absolute values are given for Ri and 
RS applicable to Fig. 4 for six combinations, 
one combination to a line: 

R. (ohms) 
50,000 
100,000 
150,000 
200,000 
250,000 
400,000 

12, (ohms) 
80,000 
140,000 
210,000 
290,000 
360,000 
640,000 

If detector audio sensitivity is not of great 
moment, and as the rest of the receiver so al-
lows, the higher percentages of modulation may 
be handled with still less inherent distortion, 
or capability of handling high percentages of 
modulation increased in the detector, if instead 
of taking off the full audio voltage, less is ob-
tained, by using for Ri a center-tapped resistor. 
Thus in Fig. 4 consider Rs center-tapped and 
the stopping condenser C2 connected to this 
tap. The values are for the full resistance of 
Rs: 

R. (ohms) 
100,000 
250,000 
500,000 

1,000,000 

Rs (ohms) 
20,000 
40,000 
70,000 
150,000 

USES FULL VOLTAGE 
Since it is intended that there shall be no 

grid current flowing, requiring that the peak 
of the input signal shall not be sensibly near 
the steady d. c. bias voltage developed across 
Ri the signal voltage applied to the detector is 
equal to the voltage across the secondary of 

FIG. 6 
Infinite impedance detector adapted to push-pull 
by utilizing the 180-degree phase shift exempli-
fied in Fig. 5. It may not be necessary to find E 
for the plate leg between a tap and B plus, for 
the stopping condenser may have to go directly 
to plate. Experiment will reveal the requirement. 
The voltage E is understood to be a. c. The bal-
ancing is unconcerned with the d. c. value be-

tween the terminals. 

the coil feeding the detector. This has been said 
in effect previously, the point being that the 
full generated voltage is utilized, and that there 
is no voltage loss due to loading of the genera-
tor. The secondary is considered as the genera-
tor. In the literal diode there is a division of 
the voltage between the two elements of the 
equivalent series circuit, consisting of the diode 
input impedance and the secondary impedance. 
Though the 6C5 tube is indicated, other simi-

lar triodes of the glass series may be used, but 
high mu tubes should be avoided. 

DEVELOPING PUSH-PULL 
The circuit as shown in Fig. 4 is for single-

sided output, but since there is a plate circuit 
that may well be loaded, it is practical to change 
the simple detector to one which develops the 
proper phases for push-pull, hence accomplish 
in one stroke both phase-inversion and infinite 
impedance detection with diode characteristics. 
The possibility of developing push-pull may 

be analyzed with the aid of Fig. 5. Here we 
have the basic audio loads for plate and ca-
thode legs, and we know there is a voltage drop 
across both equal resistors, and desire to as-
certain if the phases are right for push-pull. 
This is done by including arrows that point in 

(Continued on following page) 



28 RADIO WORLD February, 1937 

(Continued from preceding page) 
the direction of the current. It is assumed that 
the current flows from positive to negative in 
the tube and load, and from negative to posi-
tive in the d. c. supply. This is the conventional 
viewpoint and the one on which meters and 
formulas are based, although in reality the signs 
are exactly reversed, i. e., current flows from 
negative to positive in the work circuit. 

Since the lower end of the cathode resistor 
is grounded, and since the B supply is grounded, 
the terminals of the cathode and plate load re-
sistors are returned to the same a. c. poten-
tial. Were it not for the required intervention 
of the B supply, the two terminals might as 
well be interconnected for audio purposes. 

THE PHASE REVERSAL 
Now, considering the effective grounded point 

as being the same for plate and cathode load 
resistors, where P is plate, K is cathode, and 
D is ground, datum, or reference point, if we 
regard the descending arrows as representing 
falling a. c. potential and the ascending arrows 
as representing rising a. c. potential, we note 
that in respect to D, at any instant the voltage 
is falling in the cathode leg while it is rising 
in the plate leg. This is no more than saying 
in effect that the tube accomplishes a 180-
degree phase reversal. 

It is true that all the arrows seem to be 
pointing in the same general direction, in that 
they describe a continuous path, but it must be 
remembered in the interpretation of arrow sym-
bols of this nature that some reference point 
must be selected, then an examination made as 
to whether the arrows are approaching or quit-
ting that datum. So we find that the arrows 
when approaching D in the cathode branch are 
quitting D in the plate branch, and therefore we 
ascertain from inspection of the arrows that the 
voltages are 180 degrees out of phase. 
Now, the push pull requirement is greater 

than that. Besides the adamant phase difference 
of 180 degrees there is a requirement that the 
potentials be equal. That is, equal voltages of 
opposite sign must be developed across the out-
put. We know full well that the cathode load 
resistor escapes the amplification factor of the 
tube, but what about the plate load resistor? By 
vacuum tube voltmeter measurement, we may 
ascertain the a. c. voltage drop across the ca-
thode load resistor and tap off on the equal 
plate resistor at an a. c. voltage above ground 
or B plus equal to the first voltage found else-
where. 

E MAY BE EQUAL 
Since there is no formal input to the tube at 

audio frequencies, but only r. f. or i. f. applied 
between grid and ground, any audio developed 
across a diode load resistor should be equal to 
any audio voltage developed across an equal 
plate load resistor, both resistors identically by-
passed for radio or intermediate frequencies by 
equal condensers. Therefore it need not prove 
surprising that the full value of the a. c. plate 
voltage drop should be taken off for equaliza-
tion, and the reason for even suggesting that 
a tapped circuit would have to be utilized is that 

Single Detector Feeding 
Push-Pull Unsolved 

It had been pretty generally accepted 
that it was impossible to couple an unsplit 
detector directly to a push-pull amplifier 
without killing one side of the amplifier. 
Then came the La France circuit and ap-
parently upset the accepted theory. Then 
what is the situation today? Exactly 
where it was before the La France cir-
cuit had come out. 

This circuit is not a single detector di-
rectly coupled to a push-pull amplifier, 
but two detectors in parallel connected 
to the push-pull amplifier so that they 
alternately feed the two sides. The same 
thing could be done with two crystals, 
if they could be made sufficiently equal 
to each other, or with any two rectifiers 
of equal detecting efficiency. In the La 
France circuit one side of the r.f. signal 
feeds one side of the double amplifier 
and the other side of the r.f. signal the 
other side of the amplifier. And the ar-
rangement works very well. 

in practice a few examples of larger a. c. volt-
age across the plate load resistor have been met 
If the datum of a vacuum tube is taken as the 
cathode, then the input circuit may be consid-
ered not merely as the grid-to-ground circuit, 
but as the grid-to-cathode circuit, and the 
ground-to-cathode circuit is therefore common 
to grid and plate circuits, because cathode-to-
ground is in the plate circuit. That it is so in 
practice need not be disputed, otherwise how 
could degeneration arise in individually self-
biased tubes, and why should there be need in 
formal audio circuits of large capacities across 
biasing resistors, or in radio-frequency or inter-
mediate-frequency circuits, of any condensers 
across independent biasing resistors? By con-
sidering the audio drop across the cathode re-
sistor as at least some input, a reason is es-
tablished for finding there is more a. c. plate 
voltage than cathode voltage drop. 

Fig. 5 shows the application of the push-
pull principle to the infinite impedance detec 
tor. 

Sylvania Issues Biggest 
Of Its Tube Volumes 

The third and latest edition of Sylvania's 
"Technical Manual" has just been published. It 
is the most complete work of the editions, con-
taining 184 pages of the latest and most essen-
tial tube data. It covers 193 types of radio 
receiving tubes, with latest characteristics of 
each type. The types of standard receiving 
tubes listed are glass, metal,"G" type, ballast 
and Sylvania tubes for Majestic receivers. The 
price is 15c. 



February, 1937 RADIO WORLD 29 

PRECAUTIONS 
in the Use of the 913 

By Herman Bernard 
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Bottom view of the octal socket used with the 
913, with the pins numbered according to the 
standard order, and the indentities of the ele-
ments corresponding to those pin numbers dis-
closed. Also, the purpose or use of the electrode 

is revealed. 

THERE are certain basic precautions that 
must be taken when using the 913 cathode-

ray tube, which is the small, low-priced tube 
with about one inch viewing screen. Some 
other precautions are indirectly related to the 
913 and apply particularly to the amplifier tubes 
that may be used in the oscilloscope. Except 
for some amateur and similar uses, it is con-
ventional to include the amplifiers, one stage 
for each of the two deflecting pairs of plates, 
so that medium input voltages will provide a 
sizeable pattern on the viewing screen. 
Perhaps the foremost consideration is the 

one attending the grounding of the oscilloscope. 
Suppose that the cabinet is metal, as it should 
be for the necessary shielding precautions, and 
that a hole is punched just large enough to pass 
some of the viewing end of the tube through 
the panel. Since this tube has a metal shell, and 
the shell is connected inside the tube to ele-
ments that take the maximum positive d.c. 
voltage, if the chassis is connected to B minus, 
the full B potential difference exists between 
chassis and shell. So if the shell contacted the 
chassis the B supply could be shorted, as the 
finish on neither can be relied on for insulation, 
and the rectifier tube could be destroyed, be-
cause of more current passed through it than it 
can stand. Also, the filter choke might be 
burned out for the same reason, and likewise the 
power transformer could go. In case of such a 
short not all are likely to go at the same time, 
for it is simply a case of one of them serving as 
a fuse for the other. But who wants to lose any 
of them? 

INSULATION REQUIRED 
Even if there is no short as described, it is 

certainly likely that at some time or other the 
operator, or some other person, will accidentally 
touch both chassis and tube shell at the same 
time, and thus get the full "benefit" of the B 
voltage, which may be 500 volts. With an adult 
operator of religious forgetfulness this usually 
results in a rapid flow of pointed language, but 
to minors, particularly in warm weather, such a 
shock may prove more than merely annoying. 
So if the tube is brought through chassis 
grounded to B minus, there should be insulation 
completely surrounding at least the exposed part 
of the tube, preferably extending forward, to 
accommodate a grommet that renders the tube 
shell completely inaccessible from the front panel. 
Another method is to "sink" the tube back a lit-
tle, to make room for an insulating transparen-
cy, such as a small piece of acetate sheet as used 
as base in photographic films. 
The heat generated is small enough to permit 

the use of a soft rubber grommet, and the ace-
tate sheet is satisfactory for insulation, although 
inflammable. 

It has been assumed that B minus is ground-
ed. That is a safe method if only the cathode-
ray tube is to be considered, if care is taken not 
to touch a lead carrying an unknown voltage 
to the chassis, to avoid a possible short to the 
grounded source of this voltage. 

B PLUS GROUNDED 
It is also practical to substitute grounding of 

B plus for grounding of B minus. Then the 
(Continued on following page) 

WIERCORRECTED 
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REAM. 

FREE 

MOTE CATHODE CONNECTION 
M., TO NEATER INSIDE TUBE 

Diagram relating the numerical pin positions, 
identified by circles around the numbers, with the 
abbreviation for the electrodes, bleeder wiring, 
and emphasis of the cathode's d.c. potential. 
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(Continued from preceding page) 
tube shell and the chassis and cabinet are at the 
same d.c. potential, so there can be no short 
circuit between them. When this is done the 
cathode is at a high negative potential in respect 
to ground, which reverses the process with 
which constructors of other types of apparatus 
are most familiar. 
The reason for grounding B plus is that if 

any accidental contact is made with a grounded 
wire which is part of an external return circuit, 

913 

TOUCHING SHILL ANO 
CHASSIS GIVES OPERATOR 
840 skim 

SHELL CAN 8E SHORTED TO 
CHASSIS AND DESTROY* POWER 
TUBE AND POWER TRANSFORMER 

Here B minus and chassis are grounded. Power 
transformer, filter choke and rectifier tube are 
endangered by a short between chassis and shell, 
or, if these two are touched a person, a bad 
shock may result to the operator. Insulation is 

required as a precaution. 

as where one side of the line or the heating 
system in a home or shop is grounded, the con-
tact introduces no potential difference. 
There are two other methods that are fol-

lowed. One of them is to use a condenser be-
tween B minus and external ground, with chas-
sis conductive to external ground, while the 
other is to ground the cathode. The cathode 
of the 913 tube is meant. As already intimated, 
the question also becomes important in connec-
tion with the built-in amplifiers. 

If there is a separate power supply for the 
913, the treatment may be made along any of 
the lines already discussed, so if there are am-
plifiers in the oscilloscope, if they too have 
their own single B supply, and own heater sup-
ply, the difficulties are practically nil. But for 
the sake of compactness and economy it is some-
times desired to use the same B supply for both 
purposes. This, while attended by some dif-
ficulties, can be accomplished. If, besides, the 
same 6.3-volt winding that serves the heater 
of the 913 is intended to be used for amplifiers, 
precautions of a rather elaborate nature have to 
be introduced, and in general accommodation 
to this singleness of heater service is not com-
mercially attempted. 

HK IS PIN NO. 2 
The very nature of the construction of the 913 

is such that the cathode is connected to one side 
of the heater inside the tube, and as the cathode 
is at a positive d.c. potential compared to B 

minus, heater is likewise so polarized. Care 
should be exercised in following instructions for 
the 913 socket connections so that common 
cathode and heater goes to the low positive volt-
age. This is Pin No. 2 in the standard order of 
enumeration and is designed generally HK. 
Because the cathode is tied to the heater this 

way it is impractical to use the series limiting 
resistance of the line cord type for the 913, in 
case any had that idea in mind, as the a.c. would 
have to flow through the direct-current or B 
bleeder circuit, rendering filtration practically 
impossible. 

If no particular attention is paid to this limi-
tation imposed by the restricted nature of the 
cathode-heater connection of the 913, and ampli-
fier tubes are included, then any or all of sev-
eral bad features may be introduced. 
One of the complications is that if the 

cathodes of the amplifier tubes are tied to the 
cathode of the 913, and the amplifier tubes are 
returned to B minus, they get the same negative 
grid bias as does the 913 at maximum. It will 
be noted that the 913 bias is adjusted by con-
trolling the d.c. potential of the grid return for 
intensity, but the potential drop across the po-
tentiometer itself is practically steady, and so 
the bias on the amplifier tubes is also steady, 
and equals the full drop across the potentio-
meter, say, 50 volts for the minimum B voltage 
present, of 250 volts, and perhaps 90 volts if the 
B voltage is 500 volts total. In this sense the 
B and C voltages are cumulative and are re-
ferred to loosely as the B voltage. What is 
meant is that the total across the d.c. bleeder is 
250 volts or 500 volts. 

EFFECT OF COMMON RESISTOR 
Of course, with such high negative bias on 

the amplifier tubes, particularly the pentodes 
commonly used, the plate current is cut off, 
there is practically no operation, or if there is 
any, it is badly distorted, of the detecting type, 
wiping out half of the wave anyway. 

TOUCH/NC SHELL 
AND CHASSIS 

z HARMLESS 

,11111 
CHASSIS 

8+ MAX 

CONDENSERS 
IMPERATIVE 
TO AVOID 
SHORT 

This represents the case of shell connected to 
external ground, rendering touching of both shell 
and chassis harmless, as chassis is likewise 
grounded. Condensers are imperative in the de-
flecting plate circuit to prevent signal shorting 
the B supply, but such condensers are normally 

included in practically all circuits, anyway. 
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Another factor is that the plate current of the 
amplifier tubes, when and if there is plate cur-
rent, passes through the potentiometer used for 
913 grid bias, hence the resistance of this po-
tentiometer would have to be reduced according-
ly, to make the intensity control of the 913 
effective. If there is much variation of plate 
current in amplifier tubes there is much un-
steadiness of the voltage present for biasing the 
913, and the a.c. inputs to the amplifier circuits 
would contribute this unsteadiness, and this 
makes for erratic operation of the 913. 
Meanwhile, the heater of the amplifier tubes 

is at the same potential as the cathode, which 
is favorable, for if there is to be any difference 
it should be small as possible in all instances, 
and the heater should be negative, not positive, 

913 

Now the heater is negative, in respect to the 
cathodes of the amplifier tubes, the grid bias 
may be normal, likewise the plate current, but 
the common return through the B circuit bleed-
er again causes the cumulative amplifier cur-
rent to pass through the potentiometer, the re-
sistance of which must be reduced accordingly, 
lest the beam current for the 913 be cut off 
completely. 
There would be some unsteadiness again, due 

to variations of the B current accumulated 
from the amplifiers, but a very large condenser 
could be put across the common biasing ad-
junct, which is the potentiometer, the power-
handling capabilities of which would have to 
be sufficient for the possibly three-fold increase 
of current through this leg. 

otAll CuRRENT 
COT OF 

IKAri CS) OSENT 
AF4SOI/Altif 

n."-.7 gloater 3 volts 
negative in re-
spect to cathode 

Diagram disclosing how grossly excessive negative bias may be unintentionally applied to tilt 
amplifier tubes, and at the same time the normal or intended maximum bias for the 913 increasec 
because amplifier tube plate currents converge in R3. For reasonable plate current the drop across 

extreme right hand resistor may exceed by 3 volts that across R3. 

so that the heater does not act as a functioning 
element and attract electrons. 
To get around the heater d.c. potential dif-

ficulty, although meanwhile reducing the effec-
tive plate voltage by sacrificing the potential 
drop across the potentiometer just discussed, 
it is practical to put a biasing resistor between 
cathode and grid return, for each amplifier tube, 
the grid returns of the amplifier tubes being 
made to the potential that is applied to the 913 
cathode. Or, amplifier returned to D minus, 
as at right in upper diagram, the cathode re-
sistor may drop 3 volts more than R3. 

A method of establishing 
amplifier tube cathode and 
913 cathode at the same 
potential, and avoiding am-
plifier tube current flow 
through the bleeder serv-
ing the 913. The meter is 
a high resistance voltmeter 
at high voltage range, and 
when the meter reads zero 
the two potentials are the 
same. This method is for 
use if there is only one 
heater winding, 6.3 volts, 
and the amplifier tubes 
are to be of the same 
heater voltage rating, fed 
from the same winding. 

The difficulties surrounding the d.c. potential 
of the cathode are avoided if a separate heater 
winding is used for the amplifier tubes, and 
since it is customary to use an 885 grid-con-
trolled gas-discharge tube for the sweep oscil-
lator, and as this tube requires 2.5 volts, the 
amplifier tubes also may be served from thi5 
winding, and may be 57's. 

If one does not have a transformer that pro-
vides the extra winding of 2.5 volts, and if in 
addition one is to use a neon tube for sweep 
oscillator, then as a makeshift the two amplifier 

(Continued on following page) 
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(Continued from preceding page) 

tubes, of the 6.3-volt, .3 ampere type, may have 
their heaters fed from the line through a limit-
ing resistor, the familiar line cord of adequate 
wattage rating, at least 30 watts. 
Then the returns of the amplifier tubes auto-

matically are made to one side of the line, and 
the return input posts for vertical and hori-
zontal plates of the 913 would be to the line, a 
fact to be considered, since a short-circuit is 
possible, particularly by misconnection of some 
grounded unknown voltage. If a condenser is 
put in series with the input to avoid this dif-
ficulty to a major extent, the capacity would 
have to be very large, and although 1 mfd. is 
a compromise, realities, especially for sweeps, 
would require 8 mfd. minimum, and paper di-
electric at that. 

STILL MORE CAPACITY 

Thus if the gain control is a high resistance 
potentiometer, with input to the full resistance, 
there could not be a short, although some con-
ductive connection to the line through the high 
resistance remains possible, unobjectionable, 

however. Also, two condensers could be used, 
one between one high input post and potentio-
meter, other between low input post and line, 
but the same capacity requirements prevail, 
and, if anything, had better be doubled, as for 
two equal capacities the impedance is halved, 
compared to the single capacity. 
There is bound to be some interaction in a 

common B supply for the 913 and amplifiers, 
even with the heaters maintained independent, 
either by the separate-winding method, or by 
the series limiting resistor method, but interac-
tion is reduced by using large filter capacities. 
If these are electrolytics of 25 mfd. or so, their 
voltage rating must correspond to the voltage 
present, at least, not be lower than the true 
voltage at which they work, and if across size-
able resistors, the effect of the leakage re-
sistance of the electrolytics has to be considered, 
for it reduces the effective resistance, sometimes 
considerably. The leakage resistance at the 
working voltage should be determined, and the 
effective resistance of the electrolytic and the 
fixed resistor as a parallel circuit should de-
velop the correct and required resistance. 
A method of avoiding interaction in the B 

(Continued on following page) 

AMPLIFIER 75/BES A limiting resistor of 
around 340 ohms, wattage 
rating 30 watts or more, is 
shown, enabling the heat-
ers of the amplifier tubes 
to be freed from the d.c. 
potential of the 913. If the 
connection to low side of 
the input to the amplifiers 
is to be isolated from the 
line, large stopping con-
densers, C, must be used, 
and can not be electro-

lytics. 

el+ FOR AMP. TUBES 

An 80 tube, with one plate fed by the high-voltage secondary of the power transformer, other plate 
fed directly from the line, to permit independence of B supply for the cathode-ray tube and the 
amplifier tubes. The B plus lead is common to both, but the returns are separate, in one case to the 
remaining terminal of the secondary. in the other to the line, hence the rectifiers are independent. 
Regard must be paid to the high voltage of the secondary. No B filter condensers are shown, but 
would be needed. from B plus to respective B minuses. Also, two stopping condensers at inputs to 

the vertical and horizontal amplifiers are shown. 
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FULL SERVICE FROM A 913 OSCILLOSCOPE 
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Diagram of an oscilloscope, using the 913. with common B supply, separate 
heater supply, with the 885 as sweep oscillator, and provision for external 
sweep. various synchronizations, and other features as found in larger oscil. 

BECAUSE the 913 is a small tube is no 
reason to believe that it can not perform 

all the functions of a large tube. The differ-
ence between the 913, with its one-inch viewing 
screen, and the 906, with its 3-inch viewing 
screen, is principally expressed in the diameter 
comparisons of these screens. Incidentally, the 
913 requires less voltage, so power transformers 
and filter condensers may be used of the same 
variety as are commonly included in small sets. 
The sensitivity of the smaller tube is not as 

great. But anything that can be seen or done 
with the larger tube, or any other cathode-ray 
tube, can be seen and done with the smaller 
tube. 

It is therefore advantageous to have an ade-
quate circuit, and the one shown herewith is 
similar to one printed last month, also providing 
service of wide scope, but this time the switch-
ing has been simplified somewhat, also the 60-
cycle voltage used for study purposes is sub-
ject to gain control. A few modifications have 

loscopes, and besides input from the line voltage from within the instrument, to 
enable wave comparisons to gain familiarity with patterns. Three synchronizing 
possibilities and three sweep possibilities are provided for. H input at right. 

been introduced, principally as to values of 
constants, to bring performance more closely 
to that of the oscilloscopes using the larger 
tube. The circuit is about the saine as that used 
for the larger models, as there is no point to 
sacrificing any service just because the tube is 
smaller. As stated, the service range is not 
limited by the size of the tube in any way. Ob-
servation and photography can be practiced, us-
ing the 913, and all other measurements and 
comparisons made. 

It is needless to deny that there is an ad-
vantage in using the larger tube, as the pattern 
area will be greater, the luminosity somewhat 
higher, and the general "feel" of having a larger 
instrument is decidedly satisfactory. However, 
it must be realized the larger tube costs more 
than three times what the smaller one costs, 
and the equipment that goes with the 906 is 
more expensive on a probably comparable basis. 
The 913 is an excellent tube to begin with, and 
attain "familiarscopy." 

FAMILIARITY with CONTROLS ESSENTIAL for 'SCOPE OPERATOR 
(Continued from preceding page) 

of voltages enables ready locking of the two 
frequencies in step, when there is an integral 
multiple frequency ratio, so that the sweep is 
preferably an integral submultiple of the vertical 
frequency. The internal sweep frequency has 
a wave form called saw tooth, and for short 
this is called saw synchronization. The middle 
position introduces 60 cycles from the high-
voltage secondary, through a stopping con-
denser, while the right-hand position permits 
the introduction of any external synchroniza-
tion voltage, which would be applicable, for 
instance, in transmitter testing, where the syn-
chronization voltage is taken at reduced value 
from the transmitter's final. Independent posts 

are provided for connecting in the external 
synchronizing voltage. Since the object is to 
keep two frequencies in step, meaning the verti-
cal frequency and the horizontal frequency, a 
third frequency may be used for this purpose, 
as was found when external synchronization 
was applied, and also when 60 cycles were 
applied. Always the internal sweep oscillator 
is going for use of any of the synchronizing 
pulses, also always the unknown a.c. to be 
studied and examined is injected, and the sole 
purpose of the synchronization is stabilization. 
Hence it is practical to synchronize by using 
part of the sweep oscillator frequency in the 
vertical circuit, as already explained, and the 
point should be remembered that synchroniza-

tion my be internal in this manner, also exter-
nal, hence there may be any one of three fre-
quencies. At the extreme left-hand position the 
internal synchronization is complete, the sweep 
voltage being introduced in series with the 
vertical amplifier plate. At center and at right 
the vertical amplifier plate circuit is returned 
directly to B plus, there is no series tie-in as 
for saw tooth synchronization, but the external 
voltage or the 60 cycles, which may be con-
sidered external, though supplied handily, is 
injected into the 885. 
0 The previous three-range switch controls 
u• synchronization selection, i.e, the type of 
synchronization used. There is a control for 
quantity of synchronization, and this is called 

the synchronization control. The amount of 
synchronizing voltage should not be too small, 
lest there be absence of effective synchroniza-
tion, nor too large, lest there be defects such 
as broadness and irregularities in the resultant 
patterns. 

9 Saw range. This is a nine-position, two-
* circuit switch, for the selection of capacity 

and to an extent the resistance values for pro-
duction of the sweep frequencies within certain 
broad limits. There is no extra connection 
at one extreme position, to insure no sweep 
leakage in the B supply when the saw sweep is 
not wanted. Or, connect lower right blank to 
second lower tab from right, so that the circuit 

(Continued on follewing page) 
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Requirements for 
Linear Time Axis 

In vacuum tube oscilloscopy it is 
always desirable, and sometimes essen-
tial, to have a linear time axis. If the 
frequency involved is high, the time axis 
voltage must also be of high frequency, 
regularly repeating. Only one practical 
device has been brought out, and that is 
the constant-current saw-tooth oscillator, 
or linear saw-tooth oscillator. A con-
denser is charged to a given predeter-
mined voltage in a given time and then 
discharged to make it ready for the next 
cycle. 
The condenser cannot be charged at 

constant voltage through a fixed resist-
ance, for then the voltage across the 
condenser does not rise linearly with 
time, but exponentially. To make the 
voltage rise linearly the condenser must 
be charged at constant current. The 
current may be maintained constant, re-
gardless of the back voltage in the con-
denser, by passing it through a saturated 
diode or pentode. 
The voltage across a condenser of 

capacity C is given by V = Q/C, where 
Q is the quantity of charge on the con-
denser. If I is the current flowing into 
the condenser, then the quantity on the 
condenser after a time T is Q = IT. 
That is, V = IT/C. Therefore if I is 
constant and C is fixed, the voltage across 
the condenser is directly proportional to 
the time, which is the necessary relation 
for a linear time axis. 

(Continued from preceding page) 
capacity across a relatively small resistance 
will result in production of the highest sweep 
frequencies of which the :•:5 is capable, at 
least in this circuit, and would be applicable 
to radio-frequency measurements. It must be 
remembered that the unknown radio frequency 
is to be higher than the sweep frequency at 
all times, and in fact an integral multiple of the 
sweep frequency (sweep times 2, 3, 4, etc.) 
1 0. Besides the saw range, as obtained 

through the nine-position switch, a saw 
frequency fine adjustment is possible, by manip-
ulating the 4 meg. potentiometer. This is 
augmented by a 3 meg. fixed series resistor, 
for certain positions of the nine-position switch, 
while a resistor of 1 meg. in parallel with 
the 3 meg. cuts down the total added resistance 
to enable greater frequency range without again 
changing condensers, though a new switch posi-
tion is invoked. Hence this fine frequency ad-
juster, usually referred to as the "frequency" 
control, has alternate values of percentage re-
sistance control, and affords that fulness of 
selection that adds to the value and service of 
the oscilloscope. 

1 1 • Sweep selector. Just as there is reason 
for picking out any one of three syn-

chronizing voltages, so there is a purpose in 
selecting different sweeps. The saw tooth oscil-
lator is the principal sweep and provides the 
returnless pattern, or the trace free of. duplica-
tion or double exposure. This is selected with 
switch set at left. At middle position the switch 
picks up 60 cycles, not for synchronization this 
time, but for sweep voltage. Note that the saw 
sweep may be linear, the 60 cycles sweep will 
not be. At right any external voltage may be 
selected for sweep. The vertical input posts 
are used at this third position, but for the 
two other positions are not used, as the sweep 
voltages are obtained from within the instru-
ment, saw in one instance, 60 cycles in the 
other, hence the H input serves only one pur-
pose, external introduction. 

12 H gain. This enables control of the 
. amplitude of any one of the three types 

of sweeps used. 

Decadent Reception 
Due to High Leak 

Sometimes a peculiar defect develops in a re-
ceiver. After the switch is turned on the cir-
cuit begins to function in the usual manner, and 
plays all right for ten minutes to a couple of 
hours. Then it begins to die down gradually 
until the signals are entirely inaudible. If the 
power plug is pulled out and then inserted 
again, leaving the power off for only an instant, 
the volume comes back in full force suddenly. 
The same effect may take place by merely 
touching something in the set, set as the knob 
of a volume control. What causes this peculiar 
behavior ? 
The symptoms point to insufficient leakage 

through a grid leak or excessive leakage 
through a stopping condenser or a tube socket. 
A grid in the tube either goes positive or neg-
ative. If there is much distortion, the grid is 
probably positive; if the volume is completely 
cut off, the grid is probably negative. Restora-
tion of the circuit to operating condition is 
brought about by discharging a grid condenser. 
The discharge may take place instantaneously 
or it may take a second. The remedy is usually 
to replace the grid leak or make certain that 
there is sufficient leakage from the grid to the 
cathode. 

AU Circuits We Print Can 

Be Readily Duplicated 

A LL parts for circuits described in 
RADIO W ORLD constructionally are 

obtainable. Most of them are stocked by 
supply sources. Address questions to 
Trade Editor, RADIO W ORLD, 145 West 
Forty-fifth Street, New York. 

• 

• 

(Continued from preceding page) 
supply is to set up a second bleeder circuit, the 
amplifier tube or tubes having cathode connect-
ed to a potential on this second network at least 
approximately equal to the potential of the 913 
cathode. Stippose a very high resistance volt-
meter is used for measuring the 913 cathode po-
tential, between B minus and cathode. Then 
when the amplifier tubes are functioning, a tap 
on the second bleeder network is adjusted so 
that the potential is the same between there 
and B minus. In operation this sameness or 
identity may not continuously exist, but the 
relatively small changes are not of great con-
sequence. 

BRIDGE CIRCUIT 
The identity of the voltages may be deter-

mined by setting up a unipotential cathode 
bridge, where a meter is connected between the 
two 913 and amplifier tube cathodes. This is a 
voltmeter, should be sensitive, and be worked 
at a relatively high voltage range, so that the 
meter will not have the effect of shorting the 
lower-leg resistors of the bleeders in the direc-
tion of unifying this intended segregation of 
resistance. In other words, the limiting re-

sistor of the voltmeter should be very high 
compared to the smaller of the two resistors in 
the lower legs. The two cathode voltages are 
equal when the meter reads zero. The more 
common practice of measuring the amplifier 
cathode voltage or bias the same way that the 
913 drop is usually measured may be followed, 
if the meter draws very little current compared 
to the bleeder as augmented by the amplifier 
tube current at zero signal input. 

If a sacrifice of B voltage is to be permitted, 
which restricts the amplitude of the output sig-
nal that the amplifier tube can handle dis-
portionlessly, then if an 80 or similar tube is 
used, one plate may be connected to the high-
voltage secondary, the other plate directly to 
the line, a single lead serving for B plus, but 
the two B circuits being really independent, be-
cause of the separation of their returns. One 
return is to one end of the power transformer's 
high-voltage secondary for the 913, the other 
return is to the line for the amplifiers, and the 
same considerations about the line return apply 
as previously discussed. If two condensers are 
used for isolation, as shown in the diagram, 
they should be of double the capacity required 
for one alone. 

EXPLANATION of the TWELVE CONTROLS 

REFERRING to the diagram on the next 
page, representing a five-tube oscilloscope 

of considerable attainment, in fact on a par 
with the larger models, only using the small 
913 tube, the working of the controls will now 
be discussed. 
These controls are as follows, and in general 

are read from left to right in the diagram: 
1 . Line on-off. This, if desired, may be 

coupled to the intensity control, which then 
would be a .5 meg. potentiometer with switch 
attached. 
o Sweep oscillator bias control. The cathode 
• is moved to different electrical positions 

along the .05 meg. potentiometer. This affects 
the amplitude of the sweep oscillations, also 
it governs to an extent the frequency of the 
sweep oscillator, and may serve therefore the 
dual purpose of limiting the quantity and 
changing the frequency. Quantity is largely 
affected, frequency less largely, but the fre-
quency effect is sufficient to enable registration 
of exact submultiples of signal frequencies, 
necessary for perfect lock-in. 
•) The intensity control. This is the potentio-
J • meter mentioned under 1, and is the lower 
of two equal potentiometers in the diagram. By 
sliding the arm of the potentiometer the grid 
of the tube, which is No. 5 on the pin arrange-
ment, is brought nearer to or farther from 
cathode. If the arm is slid to exactly the 
cathode position there is no negative bias on 
the tube. Any bias present, by sliding from 
this position toward B minus, must therefore 
be negative. The intensity control governs the 
number of electrons that get by the gate, repre-
sented by Anode 2, on their way to the screens. 

A Focus. This function is performed by ad-
-r • justment of the d.c. voltage on Anode No. 
2, accounting for the second potentiometer of 
.5 meg. As the focus is sharpened the appar-
ent intensity is reduced somewhat, but the in-
tensity control, previously discussed, has a much 
larger effect on the degree of illumination, 
hence the standard nomenclature is justified. 
It should be remembered, however, that a cer-
tain degree of interdependence will prevail, 
and this must not be regarded as a defect. 

V. gain. The unknown a.c. voltage is in-
-/ • jected at the V posts for vertical deflec-
tion, across the total of the potentiometer re-
sistance, so that moving the arm of this gain 
control will not have the effect of shorting the 
supply of the unknown voltage. Under certain 
exceptional conditions a slight shift in the phase 
of the unknown voltage may result when the 
gain control is manipulated. 

If desired, 60 cycles may be put into the 
%-e• V plates, for which there is a SPST 
switch, and since 60 cycles also may be con-
nected to the H plates, the same voltage would 
be introduced, and from the same point, but 
this is not a short circuit. The deflections will 
be in directions at right angles to each other. 
So phase patterns may exist. Also, by using 
saw sweep and 60 cycle V, the line's wave form 
may be examined, and will be found to be close 
to a sine wave. 

7A three-position three-circuit switch is used 
I • for synchronization selection. At extreme 
left position, taken from the diagram, part of 
the internal sweep oscillator voltage is fed to 
the vertical amplifier plate. This commingling 

(Continued on following page) 
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RIGHT OR WRONG? 
PROPOSITIONS 

1 
Direct current is flowing in a resistor in one direction. An equal amount of direct 
current is flowing in the opposite direction. There is a net current flowing through the 

resistor and the potential drop across the resistor is zero. 

2There is no highly accurate way of measuring the power radiated at ultra frequencies, 
and so plate current as found when the tube is not oscillating is compared to plate 

current at the same voltage when the tube is oscillating, and the power difference ascribed 
to radiation. Also equal lamps are lighted by the ultra-frequency current and d.c. and 
their brilliance compared for power comparison. 

2 A saturated tube, one in which all the electrons are attracted to the plate from the 
J cathode, prevents the increase and decrease of current through a circuit of which it 
is a series member. 

4 Spot position of a cathode ray tube may be centered by proper selection of the amplitude of the signal voltage put into the vertical plates. 

J 
• The power dissipated in a resistor is proportional to the voltage across the resistor. 

to the current through the resistor, but independent of the actual resistance of the 
resistor. 

• Cathode type tubes, when the grid bias is even a little bit negative, do not draw any 
grid current. 

ANSWERS 

Wrong. Since by net current is meant the difference between the two current values, 
1 since the currents are equal but the signs opposite, the net current is zero. However, it 
is true that the potential drop across the resistor is zero, because the net current is zero. 

2 Right. 
2 Wrong. The saturated tube is correctly described, the plate current ca not in-
• crease, as already all the electrons produced by the cathode are attracted b) the plate, 
but the current through the tube may be reduced because of high resistance E the rest 
of the series circuit. 

A Wrong. Spot centering in both planes, i.e., right and left in one instance, up and 
-r down in the other, depends on the d.c. potentials and not to the signal or sweep a.c 
voltages. The return d.c. voltage of the deflecting plates may be adjusted across 
potentiometers to accomplish centering. 

J 
• Wrong. While the power dissipated in a given resistor is proportionate to the voltage 

across the resistor, hence to the current through the resistor, if the resistance is 
changed the current is changed. With voltage or current constant the power also is pro-
portionate to the resistance. 

6 Wrong. There is usually grid current unless the grid bias is more than .8 volt negative 
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Generators, Both R.F. 
and A.F. 

Including Beat Oscillators 
By Henry Burr 

u -ARIO US components are commercially ob-
V tamable, including frequency-calibrated dials 
and the tuning condenser and coils to go with 
them, for construction of signal generators. 
The questions that arise are: What shall the 
circuit be? What is the method of insuring 
accuracy? How should the generator be used? 

First, the circuit will depend largely on how 
the generator is to be powered. If batteries are 
to be the source, then a simple circuit, with 30 
tubes, might be selected. 

It is customary to have a C battery serve as 
A power, so that if one tube is used, a single 
cell suffices, or if two tubes are used, perhaps a 
4.5-volt battery is included, and the filaments 
of the tubes connected in series, each tube get-
ting 2.25 volts in the beginning. 

It can be seen there is in both instances a 
departure from standard voltaging, as in one 
example we have 1.5 volts instead of 2 volts, 
and in the other 2.25 volts instead of 2 volts. 
It is quite all right for oscillators to use the 
lower voltage. Also, since the cells are over-
worked, the 2.25-volt condition in the second 
example does not long obtain, because of the 
rapid rise in battery resistance, so this is pass-
able, too. 

NO. 6 DRY CELL PREFERRED 
But it is preferable to use a No. 6 dry cell, 

which has the necessary capacity, as that cell 
would stand even .25 ampere drain for reason-
able life, and in the service of a single 30, or 
pair of 30's, should last for months, assuming 
average use. 
So if a single tube is used, it is preferable to 

power it from a No. 6 cell, or if two tubes are 
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used, to connect the filaments in parallel to the 
same cell, as the drain would be only .12 am-
pere for a pair of such tubes. 
The bulky size of the No. 6 cell has to be con-

sidered. Familiar as a cell used for ignition 
purposes, it is excellent, but so is a more lately 
developed cell, to the same general purpose, but 
which takes less room, and is intended for port-
able use. 
The circuit may be of any type that oscillates, 

and there is hardly much difference among the 
various circuits. Even the Hartley oscillator 
may be applied to the 30 tube, as shown in Fig. 
1. The tuning condenser is put across the total 
coil, a tap about one-quarter the way up from 
the rotor terminal of the coil is connected to B 
plus, while rotor end of coil goes to plate. In-
stead, however, the conventional feedback cir-
cuit may be used, with a plate winding having 
from quarter to half the number of turns as the 
grid winding, whereupon the grid winding is 
tuned, the plate goes to coil switch, as does the 
grid condenser, and the attenuator remains in 
series with the B plus line. 
The feedback type oscillator is illustrated in 

Fig. 2. 

WATCH FOR NEGATIVE FILAMENT 
In building any battery type oscillator, at-

tention should be paid to the filament terminals. 
The one in line with the grid, when the fila-
ment prongs are held left to right, is the nega-
tive filament, and is the return connection for 
the grid circuit. Usually this return is made 
through a grid leak. For the feedback type os-
sillator the grid leak may be either across the 
grid condenser or, as in the Hartley circuit, in 

81-22.5V 

A+ 1.5V 

A-8-a. 

7- 

FIG. I 
The Hartley oscillator, ap-
plied to a battery type 
tube. Note that B plus is 
connected to the tap. The 
outside terminal of the uni-
versal wound coils goes to 
the grid condenser. Grid 
is returned to negative 
filament through the leak. 
Two bands are covered, as 
indicated. A double pole, 
double throw coil switch is 

required. 
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parallel with the grid-to-filament path. In the 
Hartley it is necessary to block the B potential, 
hence the leak in this instance can not be across 
the grid condenser. However, the operation is 
substantially the sanie, whichever leak connec-
tion is used, when there is any choice. 

It will be noticed that all that one obtains is 
oscillation, although the quantity of output can 
be controlled. The device that permits such 
control is called the attenuator, because it en-
ables reduction of the output. 
So if one connects the generator to a receiver, 

making the generator take the place for the 
moment of a broadcasting station, since car-
rier alone is produced, no sound would be heard 
in the speaker, except perhaps a slight rushing 
noise, because the oscillator is unmodulated. 
The oscillator is said to be modulated when 
there is a tone impressed on it. The receiver's 
detector would eliminate the carrier in any in-
stance, but with modulation present, the tone 
would remain, and therefore the modulating fre-
quency would be heard in the speaker. So for 
aural basis of alignment it would be necessary 
to include modulation, although a receiver may 
be aligned very well, in fact aligned with great-
er precision, without resort to modulation. So 
an unmodulated generator has its uses. 

MIXING THE TWO FREQUENCIES 
If it is desired to include modulation, then 

another oscillator has to be set up, this one pro-
ducing the audio tone. Instead of the radio-
frequency type coil used in the r. f. oscillator 
we shall have to use a coil built for audio pur-
poses, as a small audio transformer is selected. 
This had better not be a good one, otherwise 
the frequency of oscillation might be too low 
in pitch. A cheap transformer as used in a. c.-
d. c. sets is entirely satisfactory. 
The feedback type audio oscillator may be 

used, secondary S connected in the grid circuit, 
and primary P in the plate circuit. At audio 
frequencies the efficiency is much higher than at 
radio frequencies, therefore we may expect a 
very large oscillation voltage compared to the 
radio-frequency oscillation amplitude. It is 
clear we could not inject all the audio possible 
from the second oscillator into the first without 
running into trouble, called overmodulation. A 
small amount of the audio oscillation may be 
mixed with the radio-frequency oscillation by 
making the total resistance of the attenuator 
common to both circuits in the positive B leg. 
With a small transformer there is consider-

able frequency range, depending much on the 
values of the grid leak and grid condenser, al-
though finally only one frequency will be used. 
Those values are shown in Fig. 5 as .006 mfd. 
and .1 meg. If either or both are increased the 
frequency will be lowered, but losses may be 
incurred if the leak is made too low, whereby 
oscillation would stop. It was found that values 
below .05 meg. caused this trouble. Also, it may 
be necessary to use more than .1 meg, for the 
same reason, depending on the transformer. 
Now we have a generator in which both ra-

dio-frequency and audio-frequency oscillations 
are producible, and so we may arrange to use 
the generator with or without modulation, by 

switching, and also shut off either one when the 
output of only the other is desired. We may 
want on occasion to take off the audio only, to 
test a public-address system or similar audio 
amplifier, without the presence of radio fre-
quencies, which might go through the channel 
being tested and produce false results. 
A master switch controls the entire device, 

while separate filament switches control the sep-
arate oscillators. 

R. F. RANGE 
The radio frequencies to be generated should 

be such as to permit at least alignment of inter-
mediate channels. A frequency somewhere 
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FIG. 2 
Feedback type battery oscillator. 

around 140 kc would be a low enough limit. 
With a condenser of .00035 mfd. or somewhat 
higher capacity it would then be possible to go 
to 500 kc, thus encompassing the entire span 
of intermediate frequencies as found nowadays 
in home receivers. If a single band is covered 
in this way, it is practical to make measure-
ments of higher frequencies by resort to har-
monics. There is some danger of confusion as 
to what the supposed frequency actually is, 
when using harmonics, but application of a sim-
ple formula will dispel this confusion. 

Frequencies in the broadcast band may be 
taken from stations on the air, but there is 
usually some sacrifice of accuracy, or poor track-
ing, when this is done, because a tuner circuit 
is to be aligned at two points, say, at 1,450 kc 
and 600 kc, and stations of known frequencies 
that one may bring in perhaps are 1,400 kc and 
570 kc, as being nearest to the tie-down points. 
Under such wide departure from the recom-
mended tie-down frequencies poor tracking, and 
hence numerous squeals are certain. 

It would be more accurate, therefore, to use 
harmonics of a single-hand generator, and 
handier to have the generator cover two bands, 
say, the intermediate frequency range, and the 
standard broadcast band. Then for still higher 
frequencies, harmonics of the broadcast-band 
oscillations may be used, for the intensity would 
be adequate for all-wave service within present-
day requirements, say, to 20 mc, for even the 
thirteenth harmonic can yield a response. 

It is practical to enlarge the range by using 
more coils, hence more switch positions, too, 
and cover, say, from 54 kc to 17,000 kc, al-
though the B battery voltage has to be increased 

(Continued on following page) 
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The fixed condenser 
across the other changes 
140-500 kc to 83-99.9 kc. 

51
00

-1
70

00
/C

C 

1
7
0
0
-
 5
4
0
0
 g
C
 

5
4
0
-
17
00
1(
C 

17
0 
-
5
4
0
 N
C
 

.0001 
Aed. 

.30 

ï; 
.000 

1 2 3 

(Continued from preceding page) 
from 22.5 volts to the new level of 45 volts, to 
insure oecillation on the short waves. Fig. 4 
shows such a circuit, without modulation, and 
Fig. 5 shows one with modulation. Also, in 
Fig. 5 the independent, a f. output may be at-
tenuated. 

UNIVERSAL TYPES 
Getting out of the battery group of signal 

generators we find that the universal type, oper-
ating on either a. c. or d. c., is popular. The 
very simplest may have line connected to plate, 
whereupon there will be modulation present on 
a. c., due to the line frequency, or the output 
sound heard in a receiver will be the familiar 
line hum. While this type also works on d. c., 
naturally there is no modulation present, as the 
line frequency is zero, except that there might 
be a small ripple due to commutation, which, 
however, is not reliable for modulation purposes. 
So if, on d. c. use, there is to be modulation, it 
must be indepenently provided, and a small 
neon tube, preferably of the type without limit-
ing resistor built in, will furnish this service. 
This handy tube is not useful for little battery 
generators, because requiring around 67 volts 
before igniting. 
The d. c. line permits oscillation only when 

the plug is connected a given way. Reverse the 
plug in the convenience outlet if no oscillation 
is produced. 

If the device is to be used always on a. c., 
then there is no need to include the modulating 
circuit. While it is true that an extra resistor 
and two posts will permit leakage tests, this 
service is available only for d. c., hence there 
would be no purpose in including the neon tube 
for any strictly a. c. application. Fig. 6 shows 
the circuit for intended a. c. application only, 
and Fig. 7 the circuit for a. c.-d. c. use, with 
neon tube included. The neon tube tests leakage 
and provides modulation only on d. c. use. 

PRECAUTION AGAINST SHORT 
CIRCUITS 

It should be noted that in all universal oscil-
lators, the return circuit of the oscillator must 
be made to one side of the line, as that is B 
minus, and meets the need for conductive con-
tinuity. In other words, the coils, the rotor, 
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FIG. 4 
All-wave coverage with B battery 45 volts. 

one side of the heater, and the a. c. switch are 
"hot." They represent one potential, one side of 
the line. Therefore if the generator is to be put 
into a metal box, the tuning condenser frame 
must be insulated from the chassis, and with 
chassis thus floating, the metal box may be 
grounded externally, without danger. But the 
actual use of external ground is not imperative 
because the circuit is sufficiently grounded due 
to the return of the oscillator to the line. 
By introducting a rectifier tube we always 

have d. c. on the oscillator, whether the line is 
a. c. or d. c., because even when a. c. is applied, 
the rectifier changes this to d. c. Now we may 
include the leakage test, applicable to a. c. and 
d. c. lines. The test is this: If there are flashes 
of more than one per second the condenser 
under test may be considered defective, strictly 
true in the case of paper condensers, but true 
with modifications in respect to electrolytics. 
The flash counting is not an infallible test of 
electrolytics, but only a good indication, because 
the d. c. resistance being tested in reality is not 
a measure of the formation of the plates, which 
is the real thing that counts, and also low-volt-
age rating electrolytics may produce flashes up 
to three a second and still could be excellent. 
The leakage test applies generally, and not 

merely to electrolytics or other condensers. For 
instance, leakage of several megohms would be 
easily noticed, due to the glow, when test is 
made of a tube between grid and cathode. Be-
sides, this is a continuity tester generally. But 
if any continuity tests are to be made on a re-
ceiver, be sure the set is turned off. 

USE OF 80 RECTIFIER 
With the same foundation unit for covering 

54 to 17,000 kc an a. c.-operated signal genera-
tor may be built, with 80 rectifier. Fig. 9 shows 
the wiring diagram. The services are: r. f., 
with attenuation, over the bands specified, am-
plifier included; a. f., for modulation, also for 
separate audio output without r. f. oscillation 
present, attentuation of audio applicable to both 
purposes; leakage test and output meter. A ray 
indicator tube is to be connected to the output 
of the circuit being measured, either when audio 
alone is put into a channel, or r. f. with modu-
lation into a receiver. When the unknown volt-
age is connected across the ray indicator tube's 
input, grid current will flow, the grid will be-
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come more negative the greater this current, 
and the angle will narrow down finally to a 
slit, at around 7 volts. 

BEAT FREQUENCY OSCILLATORS 
We come now to beat frequency oscillators, 

for producing audio tones. The advantage of 
this type of audio generator is the constancy of 
the amplitude. One oscillator is of fixed radio 
frequency, and the other is of variable frequency, 
though varied over only a small frequency span, 
both radio frequencies. When the frequency 
ratio of the variable oscillator is made small 
by putting a relatively large fixed condenser 
across the tuning condenser, the total capacity 
across the tuned circuit is always large, and 
this favors stability. For the same reason the 
total capacity across the fixed-frequency oscilla-
tor is made large, therefore we have stability 
in both directions, and whatever the audio note's 
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have found that the amplitude is constant, but 
the frequency may be far different than what we 
suppose, due to a small difference originally. 

SMALL CHANGE, LARGE DIFFERENCE 
Let us take an extreme example. Suppose the 

fixed frequency oscillator is made to produce 
100 kc. Suppose the variable frequency oscil-
lator is made to generate 99.9 to 83 kc. The 
resultant audio tones will be represented by 
differences, the range being — 99.9 = .1 kc 
= 100 cycles, to 100 — 83 = 17 kc = 17,000 
cycles. If the variable frequency oscillator is 
calibrated for the radio frequencies it always 
produces, it is accurate in both directions, fre-
quency and amplitude being constant, but sup-
pose there is a small change in the fixed-fre-
quency oscillator? Suppose when it is intended 
to generate 100 kc it generates 101 kc, an error 
of about 1 per cent? The audio note instead of 
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FIG. 5 
All-wave radio frequencies, with separate audio oscillator. 

frequency, the amplitude is the same. Thus 
when we come to measure an audio channel's 
gain we are not confronted with a defeating 
source that produces different amplitudes, but 
can compare the gain per stage and overall, for 
all audio frequencies, by the output meter read-
ings, assuming a non-reactive meter, meaning 
one that does not change its sensitivity with fre-
quency. The ray indicator, while not disclosing 
absolute values, is a good indicator of relative 
ones, and quite sensitive, besides being sub-
stantially non-reactive as circuited, except for 
the very lowest frequenies, with which public 
address systems and other power amplifiers are 
not concerned. 
The beat frequency oscillator depends on a 

difference, and all measurements of absolute 
values, as in this case of absolute audio fre-
quencies, where the basis is a difference, are 
attended with possibilities of large errors. We 
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being 100 — 99.9 for the extreme case, or 
100 cycles, will be 101 — 99.9 or 1,100 cycles. 
an error of about 1,000 per cent. It is therefore 
advisable to set up the fixed-frequency generator 
with a fixed condenser across which is a vari-
able at about half capacity setting, so that the 
required frequency is then produced at first, the 
small variable being panel-mounted, and thereby 
permitting a zero adjustment, if the range is to 
go below 100 cycles. Actually zero difference 
can scarcely be expected, but a frequency close 
to zero will be satisfactory, though even this can 
be attained only when the two oscillators are 
loosely coupled. 
The diagram of the battery model beat-fre-

quency oscillator, Fig. 10, permits connection of 
earphones to the output, or output may be con-
nected to an amplifier, and the so-called zero ad-
justment made in reality so that a few cycles 

(Continued on following page) 
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(Continued from preceding page) 
are produced. The 'phones may not be sensitive 
to such low frequencies, but the adjustment is 
made as closely as possible, say, until nothing 
is heard, as the frequency is reduced from some 
readily heard value. If the zero-adjusting con-
denser is moved beyond this point, continuing 
in the same direction, a note will appear again, 
due to a responsive frequency difference. Tak-
ing the first note sensibly heard, the knob attach-
ed to the small condenser may be turned until 
the same note is reproduced from the opposite 
direction, the no-signal area of the indicator 
observed, and zero taken as the center. 

WHY 100 IS LOW LIMIT 
These facts would apply for reduction to 

practically zero, where one is to calibrate his 
own dial. In the battery diagram the dial is 

INSULATE FROM CHASSIS 

FIG. 6 
A.C. on plate, two bands covered. 

calibrated for 99.9 to 83 kc, so 100 cycles is to 
be the lowest frequency generated, the coupling 
being such that at below 100 cycles difference 
the two oscillators lock in, so no audio output 
is produced, as there is no difference. Hence 
when the setting is made at first, with fixed 
oscillator accurately at 100 kc, this setting pre-
vails throughout, and the small variable conden-
ser need not be brought out to the front panel, 
although frequencies lower than 100 cycles are 
not available. If the range is desired to extend 
below 100 kc it may be done by using 99.9 as 
the fixed frequency, yielding audio frequencies 
as tabulated herewith, but a zero adjuster and 
indicator is needed. 
No particular coupling method seems appar-

ent from a glance at the diagram, but the 
coupling is provided by the common impedance 
of the voltage supplies, both A and B, and the 
primary of the transformer. Since the primary 
may have an appreciable impedance to radio fre-
quencies, there is a condenser across it, the 
value of which affects the degree of coupling 
of the radio frequencies. Smaller than the pre-
scribed .002 mfd. will increase the coupling, 
but .002 mfd. usually will be found adequate for 
primary P of good transformers, and only good 
ones may be used, as a transformer that lacks 
practically flat characteristic will naturally af-
fect the output, making it non-uniform in ampli-
tude in respect to different frequencies. This 
effect is minimized by shunting the secondary 
with a resistance, and in this instance the vol-

ume control serves adequately as that resistance. 
So far as practical the output should be taken 
at maximum, to avoid any serious loading ef-
fect of the volume control, the resistance across 
the input circuit of the amplifier being reduced 
greatly at low settings of the control, and the 
impedance characteristic of the transformer al-
tered likewise, also because of the loading. It 
will be necessary nearly always to use maxi-
mum output, as the quantity is very small at 
best from a beat oscillator that hasn't an am-
plifier built in. The reason for not including an 
amplifier is the difficulty of getting one that is 
itself non-reactive, in other words, has a flat 
characteristic from 100 cycles to 17,000 cycles. 

A. C. MODEL B.F.O. 

A five-tube a. c.-d. c. beat frequency oscillator 
is shown in Fig. 11. The same general remarks 
applied to the battery type are pertinent here, 
except that the coupling is not through any 
batteries, and is introduced by using the triodes 
unshielded for the fixed and variable oscillators, 
and having their envelopes close together, say 
e$ inch between. In neither instance is the coil 
system of one inductively coupled to that of the 
other. 
The 6E5 tube used in the universal model is 

an indicator of the output of the generator, in 
relative terms, when the switch at upper right 
is thrown to the left, where as when thrown to 
the right, it picks up a post to which amplifier 
output under test may be connected. 
An amplifier tube is included, and the values 

of the grid load resistor and stopping condenser 
are high enough to permit good amplification 
of low and medium frequencies, although at 
frequencies near the upper limit there is bound 
to be reduction of amplitude due to the capacity 
of wiring, the ouput capacity of the tube itself, 
and the .0005 mfd. shunting condenser. 
The commercial dial on which the two dia-

grammed beat oscillators are based is the same 
and has frequencies imprinted on it from 99.9 
to 83 kc, so if desired, the radio-frequency out-
put may be used separately, for fundamentals or 
harmonics, although both will be weak. 
The differences would have to be struck men-

tally for the audio values. The calibration is in 
.1 kc steps, hence 100 cycles, from 99.9 to 99, 
representing frequencies from 100 to 1,000 cy-
cles in steps of 100 cycles, well spread out on 
the dial, the rest of the scale in steps of 500 
cycles. One quickly becomes familiar with the 
equivalent audio values without having to repeat 
the subtraction. 

ADJUSTMENT OF CIRCUITS 
Any frequency-calibrated dial is based on a 

particular tuning condenser. In the circuits 
shown always the same condenser is considered. 
Its capacity at maximum is 402 mmfd. and at 
minimum is 15 mmfd. These values may be 
written .000402 and .000015 mfd. respectively. 
The coils have to be accurately matched to 

the condenser, and the inductance can be held to 
an accuracy of 1 per cent, in manufacture of 
commercial coils. Even so, for low frequencies 
sometimes the coils are purposely of too high 
inductances, because for greatest operating ac-



the condenser so that the plates are stopped 
from coming out more than they should, when 
the movement is from extreme right-hand dis-
placement in the direction of what ordinarily is 
lessened capacity. For the calibrated dials used, 
these terminal frequencies in two instances are 
54 kc and 140 kc. For the other, 138 kc, the 
same holds true, but there is a trimmer, and that 
special case will be given individual treatment. 

CONDENSERS WITHOUT TRIMMER 
Considering now the circuits that require no 

trimmer, and for generation of radio frequen-
cies only, after the dial is affixed to the con-
denser shaft as described, and coils are given 
any adjustment recommended by the manufac-
turer, which is a tentative adjustment anyway, 
a receiver is set going in the standard broadcast 
band, and harmonics of the generator are used 
for low generator frequencies, fundamentals and 
harmonics for the broadcast band. Short waves 
are checked on fundamentals on an all-wave set. 
Take the case of the dial reading 54 to 170 

kc. Some station is tuned in that produces a 
frequency that is an integral multiple of 54, or 
of some frequency just higher than 54, but not 

ft. 60. Suppose the station frequency 

February, 1937 

curacy the inductance may be selected by ex-
periment to better than 25 per cent. accurate. 
If turns are to be taken off, a method selected 
because far easier than putting turns on, the 
manufacturer advises the procedure. 

Applying the adjustment of inductance to the 
cases of the radio-frequency oscillators that do 
not call for a trimmer condenser, and these are 
all save one so far discussed, the dial is affixed 
to the condenser so that the lowest frequency is 
read when the condenser plates are fully mesh-
ed. This does not necessarily mean that the con-
denser shaft is turned to the extreme direction 
in all instances, for the condenser begins to 
disengage a bit before such extreme position is 
reached. Therefore a flat surface is laid across 

RADIO WORLD 
is 660 kc. Then 660/12 = 55, and a response 
should be heard at 55 kc, the twelfth harmonic 
of which is beating with 660 kc. The generator 
of course is coupled to the receiver. The other 
responses is consecutive order should be equal 
to 660 divided by consequentively higher whole 
numbers than 12, e.g., by 11, 10, 9, etc. So the 
frequencies at which responses are heard would 
be 660/11 = 60 kc, 660/10 = 66 kc, 660/9 = 
73.3, until a frequency equal to twice the lowest 
test frequency is reached, e.g., 110 kc, the sixth 
harmonic of which beats with 660 kc. The test 
is to see that the responses come in at the in-
dicated frequencies as read on the dial. 

If for the first or lowest frequency the read-
ing is higher than it should be, which will be 

LEAKAGE 
TEST 

0. C.OHLY 

.00011 

4100.01V-OFF ed. 
(0. C. ONLY) CHASSIS 

tINsULATE FROM CHASSIS 

FIG. 7. Leakage test included for d.c. line. 

the only direction of error for oversized induct-
ance, remove a turn at a time, until at or near 
the selected low frequency setting the required 
frequency registers. Then the other responses 
will be according to the division of the station 
frequency by higher numbers, as explained. 
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USING TWO STATIONS 
In general, the same procedure applies to low-

f requency bands, including the intermediate fre-
quencies, for all signal generators, the test be-
ing made without introduction of modulation, 
and the generator being tuned each time to zero 
beat, that is, no frequency difference between 
the station frequency and the harmonic of the 
generator. 
When the frequencies are not as low as those 

at first considered, say, when the second band 
of the five-band generator is used, 170-540 kc, 
or when the lower frequency of the two-band 
generator is checked, 140-500 kc, one station 
may be used for one station of low broadcast 
frequency, say, 540-710 kc, may be used for in-
ductance setting, at or near maximum capacity 
of tuning condenser in circuit, and a station 
about in the middle of the broadcast band for 

(Continued on following page) 
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41; 

(Continued from preceding page) 
some higher frequency checks. Thus 1,000 kc 
could be used as station when 500 kc is gener-
ated, second harmonic beating w ith station. Al-
though one such station at about the m iddle of 
the band may be used for all purposes, a lower 
lower frequency station reduces the possibility 
of error. 
When the inductance is right, as determined 

by the low-frequency setting, the only other 
adjustment would be for capacity. If the fre-
quency reads too high at or near the high-fre-
quency end, after the inductance has been made 
correct as determined at the low-frequency end, 
less capacity is needed. If the frequency reads 
too low more capacity is needed. In general, 
no adjustment of capacity w ill be required, as 
all factors were considered, including the coil 
capacity, in calibrating the dial for trimmerless 

.97 
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z, 0001 '  Wife 

/ 2 rk il 
000402 
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meg• 

MOOULdnON 
01/-OFF 
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ity is too high, while if it is 158 instead of 162 
there is not enough capacity, so add a little, 
until the 3-to-1 frequency ratio is established, 
for oscillators that tune to a frequency ratio of 
at least 3 to 1. All do, as shown in the dia-
grams, except the beat frequency oscillators, 
and the single-band 132-380 kc oscillator, which 
has a frequency ratio of 2.933. But even the 
132-380 kc oscillator may be adjusted on a 3-to-
1 basis, also, because it has a trimmer which, if 
of insufficient capacity, permits the 3-to-1 ratio. 
Hence established 3-to-1, then turn down the 
trimmer (using more capacity) until the beat 
is made of a frequency just highes than audibil-
ity, e.g., the sound disappears. 

SAME RATIO RETAINED 
It is not good practice first to establish the 

correct capacity ratio by this method, using the 
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FIG. 8. 
Rectifier included makes neon tube operation always optional. 

condenser. But to reduce capacity shorten leads, 
and, if there is a leak, use a larger value leak. 
The small capacity change will have no sig-
nificant effect on the low-frequency end. 

GETTING RATIO RIGHT AT FIRST 
Aside from the selection of proper inductance, 

any inductance approximately right, even 25 per 
cent, off, may be used as a check of the capacity 
relationship. It has been stated the calibration 
depends on the condenser's capacity, or rather, 
it is that capacity plus other capacities in circuit. 
The frequencies imprinted are related to the in-
ductance, when the capacity already has been 
the most important basis of calibration. So any 
inductance even roughly near the required value, 
and of about the same distributed capacity, may 
be used as check by setting the generator dial 
as prescribed, inserting the coil, picking up a 
station with which the generator beats when set 
at or near lowest frequency, paying no regard 
to true frequencies, then multiplying the gen-
erator dial-read frequency by 2 and 3, and see-
ing that responses come in at these points, also, 
receiver not molested, only the generator turned 
to higher frequencies. For instance, no matter 
what the true frequency that is generated, sup-
pose there is a response at 54, then there should 
be a response at 2 x 54 or 108 and another at 3 
x 54 or 162. Really only the first and third 
readings need be considered. If the reading is 
169 instead of 162 it is too high, and the capac-

< - 

coil as you find it, for then the turns may be 
taken off with full safety at a low-frequency 
setting, to get the inductance just right. Only 
one turn at a time may be taken from low-fre-
quency coils already approximately correct. For 
standard broadcast band the same advice may 
be good. But for short waves if any inductance 
adjustment is to be made it had better be by 
pressing the turns closer together for increased 
inductance, or spreading them out a bit for re-
ducing the inductance, using binder to keep 
them in place when once correctly established. 
The establishment of the correct capacity 

ratio, when once made for one band, is appli-
cable to all bands, and need not be altered there-
fore after once set correctly. Where there is 
some overlap provided on the dial, and there is 
at least a little on two of the three dials con-
sidered in this article, if the exactly correct 
frequency ratio is a little awkward to establish, 
using either an approximate or accuate coil, the 
dial may be slightly shifted on the condenser 
shaft, to render the 2-to-1 and 3-to-1 ratios 
exactly applicable. 
The standard broadcast band coverage of the 

generator may be checked on fundamentals 
throughout, or second harmonics of the genera-
tor may be used for the higher frequencies of 
the band, always, however, beating with stations 
of known frequency. 

In the case of the beat frequency oscillator, 
since the inductance is the same as for the 140-. 
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500 kc band of one r. f. oscillator, and the fre-
quencies are lowered by puting a fixed conden-
ser of .0008 mfd. across the tuning condenser, 
the first check should be to established the radio 
frequencies, 140-500 kc. This may be done by 
ratio, using the 3-to-1 reading method without 
regard to frequencies, dial displaced a little 
from original setting to establish the ratio if it 
proves elusive, then the inductance adjusted for 
a reading of 140 to 145 kc for some station the 
frequency of which divided by 4 or more, always 
whole numbers, equals between 140 and 145. 

EASIER TO DO THAN TO READ 
Turns are adjusted to coincide generator 

reading with station frequency divided by first 
number. Then dividing by successively higher 
numbers, the frequencies of the generator, the 
dial of which is moved while station is kept in-
tact in the receiver, will be equal to station f re-
gency divided by numbers successively one high-
er than the first. Actual application of the rule 
is easier than its comprehension at first reading. 
The next beat frequency problem is to get 

the right capacity. This is composed of the tun-
ing condenser capacity, now correctly establish-
ed at the ratio for coincidence with dial on its 
140-500 kc scaling, and the added parallel ca-
pacity of .0008 mfd. The use of fixed condensers 
in parallel is recommended to build up the ca-
pacity to half the maximum of the small vari-
able. Say that 100 mmfd. small variable is used. 
Set the variable at half that, or 50 mmfd. ap-
proximately (if it is straight capacity line), and 
use three .00025 mfd. in parallel for .00075 mfd., 
or one .0005 mfd. and one .00025 mfd. These 
are run-of-factory values and may not be accu-
rate. However, include enough capacity so that 
tenth harmonics of the new low frequencies 
beat with stations, and any station may be used 
in the range 99 x 10 to 83 x 10 in steps of 10 
kc, e.g., 990, 980, 970, 960, 950, 940, 930, 920, 
910, 900, 890, 880, 870, 860, 850, 840, or 830 kc. 
The trimmer is set to zero-beat with the selected 
station, but the response will be very weak, 
and one should listen carefully. It is possible 
that earphones will be required even on a big 
receiver, or at all hazards a listening check is 
necessary, as the beat is not strong enough to 
influence most meters one has on hand. When 
the correct adjustment is made, the only re-
maining problem is to establish 100 kc. 
This is easily done by duplicating the .0004 

mfd. maximum of the variable by building up 
parallel fixed capacities, until substitution of 
these for the variable restores the station beat 
used previously, and then, restoring the variable 
and removing the new fixed values, new fixed 
ones are built up to equal the first bank of "fix-
tures." Now the two recently fabricated fixed 
values are combined with a small variable, and 
that variable is adjusted independently in the 
fixed-frequency oscillator until a beat is heard 
with any station on a frequency equal to an in-
tegral multiple of 100 kc, e.g., 600 to 1,600 kc 
in 100 kc steps. An extra check is provided in 
that every such station produces a beat, also 
the total number of modulation responses less 
one, stations unnecessary, when multipled by 
a hundred, equals the frequency difference on 

Table Converting R.F. 
Calibration to A.F. 

The beat frequency oscillators shown 
in the two diagrams, Figs. 10 and 11, 
have the same dial, calibrated from 83 to 
99.9 kc. If 100 kc is the fixed fre-
quency oscillation, the lowest audio fre-
quency due to mixing is 100 cycles, the 
highest 17,000 cycles. But 99.9 kc may 
be used so the fixed oscillator zero beats 
with the adjusted other, requiring a zero 
indicator, shown as a meter, the needle of 
which is to be made nearly to stand still, 
after oscillating. The range then is 
0-16,900 cycles. The dial readings for 
the two examples are tabulated. 

Dial A.F. Cycles for 
Reads Kc 100 Kt Fixed 

99.9 
99.8 
99.7 
99.6 
99.5 
99.4 
99.3 
99.2 
99.1 
99.0 
98.5 
98.0 
97.5 
97.0 
96.5 
96.0 
95.5 
95.0 
94.5 
94.0 
93.5 
93.0 
92.5 
92.0 
91.5 
91.0 
90.5 
90.0 
89.5 
89.0 
88.5 
88.0 
87.5 
87.0 
86.5 
86.0 
85.5 
85.0 
84.5 
84.0 
83.5 
83.0 

100 
200 
300 
400 
500 
600 
700 
800 
900 

1,000 
1,500 
2,000 
2,500 
3,000 
3,500 
4,000 
4,500 
5,000 
5,500 
6,000 
6,500 
7,000 
7,500 
8,000 
8,500 
9,000 
9,500 

10,000 
10,500 
11,000 
11,500 
12,000 
12,500 
13,000 
13,500 
14,000 
14,500 
15,000 
15,500 
16,000 
16,500 
17,000 

A.F. Cycles for 
99.9 Kc Fixed 

O 
100 
200 
300 
400 
500 
600 
700 
800 
900 

1,400 
1,900 
2,400 
2,900 
3,400 
3,900 
4,400 
4,900 
5,400 
5,900 
6,400 
6,900 
7,400 
7,900 
8,400 
8,900 
9,400 
9,900 
10,400 
10,900 
11,400 
11,900 
12,400 
12,900 
13,400 
13,900 
14,400 
14,900 
15,400 
15,900 
16,400 
16,900 

the receiver, handily checked if the receiver xt-
self is accurately frequency calibrated. 

(Continued on following page) 
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(Continued from preceding page) 
The total capacity to generate 100 kc, using 

he same type coil in the fixed-frequency oscil-
ator as in the variable-frequency oscillator, is 

.0012 mfd. The combination of the two fre-
quencies now will result in audio tones equal 
to the difference between the dial readings and 
100, as already explained. 

Directions for Alignment with Generators 

The procedure for alignment of super-
heterodynes, using a signal generator, may be 
briefly summarized as follows: 

1 Turn on the set, turn on the generator, 
I short the set's antenna-ground posts, and 
connect generator output to the r.f. control grid 
of the modulator or pentagrid converter tube. 
Sometimes a series resistance of 10,000 to 25,000 
ohms is required between generator and the 
tube under discussion, to enable proper response. 

2Tune the plate and grid circuits of each if. 
transformer, for maximum response, be it 

aural response as heard in a speaker when signal 
generator is modulated, or visual response, as 
noted on a series current meter or indicating 
tube, without modulation. Tune the first r.f. 
transformer first, then the others, as it causes 
the biggest change in sets having diode second 
detectors. Now decrease the generator output 
to a level barely discernible, retune the plate 
circuits of all i.f. transformers, identified because 
of the high voltage between them and coil 
shield, and then tune the grid circuits of the 
transformers. Having nicely tuned the plate 
condensers, do not molest them once the grid 
condensers have been set properly. They are 

FIG. 9 
A.C. operated signal generator, with ray indicator tube. 

interdependent with the grid condensers, and 
to change one is to change both. 

-2 For the broadcast band, select the tiedown 
0 points recommended by the manufacturer, 
otherwise use 600 kc and 1,450 kc. With 60 
kc injected into normal antenna post the series 
padding condenser is first adjusted, while the 
condenser gang is rocked at about three-quarters 
of full capacity, until maximum response is ob-
tained. Then the 600 kc injection is removed 
from the antenna post, and 1,450 kc substituted. 
The oscillator parallel trimmer is adjusted for 
maximum responses, there being two possible, 
but the one requiring the less trimmer capacity 
is used, or, if only one response is obtained, it 
is almost certainly the correct one. It it is in-
correct this will show up by numerous squeals 
accompanying stations, though not all stations. If 
there is a squeal for every station the if. chan-
nel is oscillating. Now turn the antenna 
parallel trimming condenser, across the sec-
ondary of the first coil, and then the trimmer 
condenser of the next stage, unless that stage 
is the one feeding the modulator (three-gang 
condenser set). If it is, then usually no ad-
justment causes any improvement, as in most 
sets the modulator and oscillator are so closely 
coupled that the capacity setting for the oscil-

110V. 
A.C. 
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FIG. 10 
Battery-operated beat-note oscillator. 

lator trimmer suffices also for the modulator, 
and any further adjustment, by resort to the 
modulator trimmer, is in the direction of up-
setting the balance. If a tracking section is 
used, adjust parallel trimmers only, all at 1,000 
kc. 
The directions for an audio beat frequency 

oscillator are: Feed the output of the oscillator 
directly into the device to be tested, which is 
assumed to be high impedance. If there is to 
be a low impedance feed a matching transformer 
is preferred, with impedance matched to the 
output tube of the generator, on the primary 
side, and various secondary impedances obtain-
able from taps, e.g., 8 to 500 ohms. For over-
all tests, the beat frequency oscillator may be 
made to modulate a radio frequency oscillator 
and the radio frequency injected at the re-
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Coming Back to Earth 
When Marconi received the letter S across 

the Atlantic, at Grace Bay, Nova Scotia, from 
Poldhu, Eng., he refuted those who had argued 
it could not be done because radio waves would 
go off into space and not follow the curvature 
of the earth. Today we know tha. because ot 
much higher radio frequencies used, not only 
do ground waves follow the earth's curvature, 
but also sky waves shoot off into space. But the 
high frequencies are often reflected back by the 
Heaviside layer. 
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GRIN 
And Bear It 

KNOWS HIS RIGHTS 

ASERVICE man walked up to the stamp 
window in the Post Office and asked for 

100 one-cent stamps, laying 60 cents on the 
counter. 

"Forty cents more," said the Post Office clerk. 
"What for?" demanded the service man. 

"You'll have to give me the usual discount if 
you want nie to handle your line." 

* * * 

MY OWN IS BEST 

cir GET full rated power out of my final 
I now," said one ham. 
"Fine," said his fellow worker in the amateur 

field. "But, say, old man, you ought to do 
something about improving your modulation. 
Isn't it a bit rough? I've got a 100 per cent. 
modulator that's more linear than a ruled edge, 
and not so hard on the ears." 

"I noticed a change in your modulation. It 
sounded to me like an open grid." 

* * 

HOME TO ROOST 

crr CAN'T get any programs on my set any 
I more," telephoned a customer. "Can you 

tell what's the matter with it?" 
"No," replied the service man, "but it's 

going to cost you twice as much to fix it as 
you expected." 

"I don't mind that. When you fixed it last 
week you guaranteed you'd repair it free if it 
went dead in six months." 

* * * 

GOING AND COMING 

"D° you count a ballast tube as a tube, 
since it is only a resistance?" 

"When I buy a set a ballast is a resistor, but 
when I sell a set a ballast is a tube." 

* * * 

MUCH TOO MUCH 

S°" persons have encyclopedic minds, but nobody could remember the type numbers 
of all the radio tubes. 

* * 

WHILE THEY LAST 

W HEN an experimenter wants to make an 
accurate measurement he uses a bridge, 

when he's after amplification and detection he 
uses a tube, when he wants a strong wire he 

uses a bus, and when he needs an aerial for his 
'plane he uses a trailer. But when he wants to 
transport his parts that became obsolescent in 
the past twenty-four hours he uses a five-ton 
truck. 

* * * 

MULTIPLICATION MYSTERY 

A LL coils have inductance, all condensers 
have capacity, all resitors have resistance, 

and all sets have only all three. That's why 
it's hard to understand how a composition of 
three simple ingredients turns out to be a thirty-
three tube set. 

FORUM 
"FINE! GREAT HELP!" 

I like your magazine fine and it's a great 
help to me. 

PVT. THOMAS C. MABRY, 
Bat. G.B.D.A., 
Marine Base, San Diego, Calif. 

* * * 

MEAT PACKERS 

I look forward to the meaty articles with 
which RADIO W ORLD is packed. 

ARTHUR W . BEALS, 
P.O. Box 442, Christchurch, New Zealand 

* * * 

"I THINK IT FINEST" 

I have been reading your magazine for the 
past few years and think it is the finest of its 
kind. 

JOSEPH BUCKLEY, 
3461 Jasper St., Philadelphia, Pa. 

* * * 

"BETTER AND BETTER" 

I find your magazine is getting better and 
better each month. Especially liked in January 
number the article on an audio oscillator by 
M. N. Beitman. Keep up the good work. 

L. S. W ASSERMAN 
S. Milwaukee, Wis. 

* * 

ENJOYABLE AND HELPFUL 

I find RADIO W ORLD an excellent magazine 
It not only has been enjoyable to read but also 
has helped me in my service work. The articles 
on television and the new cathode-ray tube are 
interesting and educational. You should in-
clude more receiver diagrams using glass type 
tubes. 

RUDOLPH F. W EINRICH 
311 Van Winkle Avenue, Hawthorne, N. J. 
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17 Minutes Allowed to Find Mistakes 
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There are two mistakes in this diagram. Try finding them in seventeen m'nutes. The only clue given is 
that you should look for series conductivity and parallel completeness. 

A GOOD test of one's radio knowledge is to find the mistakes in diagrams. So here is 2 
circuit with two errors purposely introduced, and as solving the riddle requires some thought 

seventeen minutes are allowed. 
If you find the mistakes in that time you may consider yourself good. If you can't, don't 

be discouraged, but try the next time to beat the gun. 

The circuit may be briefly described as an eleven-tube super, counting the ray indicator tube 
It is intended there be a stage of t.r.f., a tuned input to the modulator, a tuned oscillator, which 
is in the pentagrid converter circuit, two stages of i.f. amplification, a balanced detector, a push-
pull output power stage, a rectifier and a tuning indicator tube. 

If you will read the foregoing carefully you will get some assistance in the direction of the 
solution, and the specific advice is: Look for series conductivity and parallel completeness 
That advice is not much help, we admit, but any aid should be welcome. 

A good way to go about the problem is to see that the A, B and C voltages are proper, that 
resonance is established as and where it should be, and that tubes performing functions related te 
large change be examined for possibility of failure. 

After you have decided that you have obtained the correct answer, turn to page 56 and ascer-
tain how you made out. 
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Graphs of Selectivity and Audio 
By Donald Lewis 
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ceiver's selectivity is in the if. amplifier, there 
is but little variation throughout its entire tun-
ing range. 

Two stages of radio-frequency amplification 
using 6K7 tubes are used in this model to af-
ford a high input with maximum image sup-
pression. 

The a.v.c. system used is of the amplified and 
delayed type, using the 6B7 as both amplifier 
and rectifier. A single tuned circuit link 
coupled to the primary circuit of the fourth i.f. 
transformer feeds it to the control grid. The 
double or twin tuned output transformer feeds 
the amplified signal voltage from its plate cir-
cuit back to its diode plates. 
The a.v.c. output transformer is an exact 

duplicate of the second detector output trans-
former with its coupling similarly adjusted and 
locked in position at the laboratory. The de-
layed action is accomplished by normally main-
taining a no-signal bias on the diode plates of 
the 6B7 of approximately minus 40 volts. 
The audio component of the 6B7 second de-

tector diode circuit is capacitively coupled to 
the a.f. gain control. This first a.f. stage is 
resistance-capacity coupled to the grid of the 
driver stage which uses a 6F6 in Class A. The 
audio output stage is transformer-coupled from 
the driver and consists of two 6F6's operated as 
triodes, class AB. A special curve was made 
for the fidelity of this receiver with the results 
shown in Fig. 3. The test was made with the 
input at 100 microvolts, modulated 30%, audio 
from 30 to 10,000 cycles, with a 50-ohm resistor 
in series with each A post. The sensitivity 
was adjusted to produce two watts (4 volts 
across 8-ohm load) at a modulation frequency 
of 500 cycles. The al. gain was set at 10, 
and the radio frequency was 1,000 kc. 
Taking the 6 db loss as the cut-off point, it 

is seen that the fidelity follows closely the set-
tings of the band width control with settings 
of 3, 4, 6, 10 and 16. 

SUCCESS WITH CIRCUITS 
I have read RADIO WORLD since it was a 

weekly magazine and have tried many of the 
novel circuits published in it, all with great 
success. STANLEY G. FISCHER, 

26 President St., 
New Rochelle, N. Y. 

FIG. 2 
Mechanism for varying the band width. One 
transformer is illustrated. In the set three trans-
formers are controlled. The band width is dial 
calibrated. The shaft from the transformer has 
a downward pressure, due to internal spring. 

Eccentric cams communicate the movement. 
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FIG. 3 

Audio response characteristic, at 30% modulation. 
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LIST OF NC-100 PARTS 

[The diagram of the receiver was published 
in the November, 1936, issue, and had constants 
identified by symbols. The list below correlates 
the symbols and actual values.-EDITOR.] 

(Resistors and Condensers) 

Ri 
12, 
Rg 

Re 
R7 
Rs 
Re 

Ris 
Ru 

Ri. 

Ris 
R111 
R17 
Rn 

R. 

R. 

R. 

R.5 
R. 

Rn 

Ris 
R. 
Rao 

Ra. 
Ras 

Cl 
Cs 
Cs 

C4 
Cs 
Cg 
C7 
C9 
C. 

C10 

Cl, 
Cl. 
C14 
Clg 
Cg, 
C17 
C113 
C19 
Cgs 

R.F. Grid Filter 
R.F. Cathode Bias 
lot Det. Cathode Bias 
H.F. Circuit B Filter 
lot I.F. Grid Filter 
lot IF. Cathode Bias 
2nd I.F. Grid Filter 
2nd I.F. Cathode Bias 
2nd I.F. Screen Filter 
2nd Det. Cathode Bias 
Audio Volume Control 
AVC Plate 
IF. B -F Filter 
R.F. Gain Control 
Common Grid Filter 
Gain Control Bleeder 
Voltage Divider 
Voltage Divider 
H.F. Oscillator Grid 
Leak 

H.F. Oscillator Voltage 
Divider 

H.F. Oscillator Voltage 
Divider 

1st Det. Screen Filter 
Tuning Indicator Grid 
Filter 

Tunning Indicator 
Target 

C.W. Oscillator Grid Leak 
C.W. Oscillator Voltage 
Divider 

C.W. Oscillator Voltage 
Divider 
AVC Grid Return 
AVC Voltage Divider 
AVC Voltage Divider 
AVC Voltage Divider 
Tone Control 
Output Cathode Bias 
C.W. Oscillator Plate 

Filter 

R.F. Grid Filter 
R.F. Cathode Bypass 
R.F. and 1st I.F. Screen 
Bypass 

R.F. and H.F. Osc. Plate 
Bypass 

1st Det. Cathode Bypass 
1st Det. Plate Filter 
lit I.F. Grid Filter 
1st IF. Cathode Bypass 
1st and 2nd IF. Plate 
Filter 

2nd I.F. Grid Filter 
2nd I.F. Cathode Bypass 
2nd I.F. Screen Filter 
2nd Det. Cathode Bypass 
2nd Det. Plate Bypass 
Phone Coupling 
AVC Plate Bypas 
AVC Grid Coupling 
C.W. Oscillator Coupling 
C.W. Oscillator Grid 
H.F. Oscillator Grid 
H.F. Oscillator Series 
range 

C. H.F. Oscillator Heater 
Bypass 

Cu H.F. Oscillator Screen 
Bypass 

C24 H.F. Oscillator Coupling 
Tuning Indicator Grid 
Filter 

Cg, C.W. Oscillator Heater 
Bypass 

Crr C.W. Oscillator Screen 
Bypass 

AVC Cathode Bypass 

.5 megohm 54 watt 
350 ohms ;4 watt 
5000 ohms 54 watt 
2000 ohms 54 watt 

.5 megohm 54 watt 
350 ohms 54 watt 
.5 megohm 54 watt 

500 ohms ;4 watt 
2000 ohms 54 watt 

20,000 ohms 54 watt 
50,000 ohm potentiometer 

.5 megohm ;4 watt 
2000 ohms 54 watt 

10,000 ohm variable 
.5 megohm 54 watt 

50,000 ohms 54 watt 
20,000 ohms 2 watt 
20,000 ohms 2 watt 

20,000 ohms 54 watt 

50,000 ohms 54 watt 

100,000 ohms 54 watt 
100,000 ohms 55 watt 

.5 megohm 54 watt 

.1 megohm 
50,000 ohms 

100,000 ohms 

100,000 
.5 

350 
1000 
1000 

500,000 
250 

V. watt 
g watt 
55 watt 

ohms ;4 watt 
megohm 54 watt 
ohms 1 watt 
ohms 2 watt 
ohms 2 watt 
ohm potentiometer 
ohms 2 watt 

.25 megohm 

.01 
.1 

.1 

.1 

.1 

.1 
.01 
.1 

mfd. 
mfd. 

mfd. 

mfd. 
mfd. 
mi& 
mfd. 
mfd. 

.1 mfd. 
.01 mfd. 
.1 mfd. 
.1 mfd. 

10. mfd. 
.001 mfd. 

.1 mfd. 

.1 mfd. 
0001 mfd. 
2 mmf. 

001 mfd. 
.0001 mfd. 

Padding--Different 

.01 mfd. 

.1 mfd. 
.01 mfd. 

01 mfd. 

.1 mfd. 

.1 mfd 

.1 mfd. 

34 watt 

400 volt 
200 volt 

200 volt 

400 volt 
200 volt 
400 volt 
400 volt 
200 volt 

400 volt 
400 volt 
200 volt 
200 volt 
50 volt 
Mica 
400 volt 
200 volt 
Mica 
Special 
Mica 
Mica 

for each 

400 volt 

200 volt 
400 volt 

400 volt 

200 volt 

200 volt 
500 volt 

Possible to Avoid 
Corner Screw Use 

The generator on page 42 fits into a 
metal box that accommodates a metal 
panel that should be 4% inches square. The 
four holes at corners are for self-tapping 
screws, for which openings are provided 
in corner lips that the box contains. 
However, these corner holes on the panel 
are not strictly necessary, as the fit is 
tight. 

In fact, overlapping of two planes of 
the metal of which the box is made 
causes the width to be a trifle less than 
4% inches. So the method of adhering 
the panel to the box without screws will 
be detailed. It is presumed those follow-
ing this method will omit the four panel 
corner holes. 
Turn the box so that the hole on one 

side, where the volume control or at-
tenuator is to be placed, is at right rear. 
Then hold the panel at both sides, near 
the top, where the large hole is, and 
insert the bottom of the panel a little 
through the box near the bottom of the 
box opening. Now push the panel into 
place, over the two bottom lips, using 
considerable force, until the panel is 
aligned with the front of the box. It will 
be found that the top of the panel can not 
be forced into place because of the extra 
width, some 1/16 inch narrower panel 
being required for about V2 inch. With 
a pencil mark these two locations. Re-
move the entire panel, file the top sides 
of panel a bit until the clearance is pro-
vided, then repeat the previous insertion 
operation, finally forcing the top also into 
place, for now there should be a snug 
and permanent fit. 
The panel thickness may be up to 3/16 

inch, and when it is that, the top of 
the panel, when in place, will be flush 
with the top of the box. Otherwise the 
panel will be "sunk" the difference. 

C,. Tone Control .01 mfd. 400 volt 
C3-0 B-Supply Filter 8 mfd. 450 volt 
C. B-Supply Filter 8 mfd. 450 volt 
C12 B-Supply Filter 8 mfd. 450 volt 
Cgg Crystal Filter Bridge .0001 mfd. Mica 
Cgi Crystal Filter Bridge .0001 mfd. Mica 
C.5 Crystal Filter Coupling 35 mmf. Variable 

Xi B (stand-by) Switch 
X. AC On-Off Switch 
Xe C.W. Oscillator Switch 
• AVC On-Off Switch 

LI 2nd Det. I.F. Choke 7. mh. 
I.4 Tone Filter Choke 18. Henry 
L. B-Supply Filter Choke 20. Henry 
T1 Push-Pull Input Audio Tranformer 
T. Power Transformer 4:1 Ratio 
Te Output Transformer Mounted on Speaker 



February, 1937 RADIO WORLD 53 

The top view cf the vacuum tube voltmeter shows the Triplett Model 223 meter. 0-1 milliampere 
range. and the two switches, one for the a.c. line, the other for the meter. Between the switches 
is the knob of the zero-adjusting bridge rheostat. At left is the rectifier tube. A connector plug is 

used for the shielded cable, shown at upper left. 

A Balancer Type VIVM 
Range 0-2 Volts, Using Two Tubes 

By Fronk G. Simonds 

IT is generally conceded that a vacuum tube 
voltmeter is the only practical device for 

measuring radio-frequency voltages where no 
power must be taken from the source of the volt-
age to be measured. While it is true that a static 
voltmeter can be used for unidirectional voltages 
and low frequency voltages, it is of no use where 
voltages of the order of one volt or less are 
to be measured. It is in this range where 
the vacuum tube voltmeter holds sway. Not 
only is it capable of measuring low voltages 
accurately, but it can measure voltages of prac-
tically all frequencies regardless of how high. 

For a vacuum tube voltmeter to be practical 
it must have its own plate voltage supply. This 
may be provided by a battery. As a rule, how-
 . I...rm.... 

deteriorates rapidly 
quently. 

and must be replaced fre-

HOW IT LOOKS 
The other alternative is to build in a rectifier. 

In the long run this is the cheaper and it is 
also the more satisfactory at all times. There 
are two possibilities. The rectifier may be of 
the universal type or it may be adaptable to 
a.c. only. An instrument built so that it can 
be used on either an a.c. or a d.c. line has many 
limitations. It may cause short circuits. These 
might be both dangerous and destructive. There-
fore the best power supply is one having a 
transformer and therefore usable only on a.c. 
An a.c. powered vacuum tube voltmeter is de-
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Coils 
One small power transformer for 6.3 volt tubes 
and full-wave rectification. 
One a.c.-d.c. choke. 

Condensers 
One dual 8 mfd., 450 volt electrolytic condenser. 
One 25 mfd., 25 volt electrolytic condenser. 
Two .0005 mfd., mica condensers. 

Resistors 
Two .01 megohm. 
One .01 rheostat, with knob. 
One 100 ohms. 
One .015 megohm. 

(Continued from preceding page) 
picted in top view. The 0-1 milliammeter at 
the right is the unbalance indicator and, by 
calibration, the voltage indicator. The knob 
opposite the meter is the zero adjuster, or the 
no-signal balancer. Two switches are shown 
on the panel, one below and one above the 
rheostat. One is for the power and the other 
:or variable arm of the circuit. 
The rubber-covered lead entering the panel is 

.514/ELDED 
CABLE 

This is done at the sheath of the shielded cable. 
Since there is a 100-ohm resistor in the voltage 
divider between the cathode and the grid return, 
there is a minimum negative bias on the grid. 
In order to return the a.c. component directly 
to the cathode for high frequencies, a .0005 mfd. 
condenser is connected from ground to the 
cathode. 
The meter is well protected, for there is a 

total resistance of more than .11 megohm in 

Wiring diagram of the balancer type vacuum tube voltmeter, using a heater rectifier tube, and also 
a heater detector tube, 6F5, for the VTVM pro per. The 6F5 is put at the far end of the cable, and 
the input to this tube is made to leads that are terminated in clips. The lower input prod is grounded 

to the cable sheath. 

the a.c. line and the shielded lead that may be 
seen a short distance at the left is the supply 
cable for the vacuum tube. As can be seen 
from the circuit diagram, the hook-up is com-
posed of two parts, namely, the power supply 
and the indicator circuit. The shielded cable 
contains four leads, two for the heater of the 
6F5 and two for the balancer circuit. 

PLENTY OF PROTECTION 
The test leads, indicated by arrows at the 

left of the 6F5, are terminated in convenient 
test clips. One of them connects to the grid 
cap of the 6F5 and the other to ground. The 
lower side of the bottom .0005 mfd. condenser 
should be grounded (not shown so in diagram). 

series with it in the common leads and an-
other resistance of .025 megohm in series with 
the meter itself. Besides these series resistors 
there is the adjustable shunt, having a minimum 
resistance of .02 meg. The tube resistance is 
also in shunt. The value of this resistance 
varies with the unknown voltage, and for that 
reason there is a relation between the current 
through the meter and the voltage impressed 
on the grid of the 6F5. 
The reason the 6F5, the test leads and the 

by-pass condenser are placed apart is that in 
this manner distributed capacity and losses are 
kept at a minimum. The function of the small 
condenser connected between the plate of the 
tube and the cathode is to lower the effective 

LIST OF PARTS 
One .02 megohm. 
One .1 megohm. 

Other Requirements 
One line cord. 
One line toggle switch. 
One single pole switch. 
Two test clips and leads. 
One grid cap. 
Two sockets. 
One 0-1 milliammeter. 
One 84 rectifier tube. 
One 6F5 amplifier tube. 
One four-lead shielded cable. 
One insulating panel. 
One metal chassis. 
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denser the effective input capacity of a high 
mu tube working into a high resistance would 
be very large—possibly of the order of .0005 
mfd.—while with the condenser it will be only 
slightly more than the static input capacity, 
which is about 6 mmfd. This condenser is of 
importance only on high frequencies. 

CALIBRATION 
The figure on page 55 shows the under side 

of the chassis of the vacuum tube voltmeter. 
The various resistors and condensers are easily 
recognized. 

The dual 8 mfd. filter con-
denser is shown at lower 
right, while the 25 mfd., 
25-volt bypass condenser 
is directly above it. The 
connector plug that pro-
vides one terminal of the 
shielded cable is at lower 
left, and the rectifier tube 
socket is at upper left. 
Five small resistors are 
mounted on an insulating 
shelf. The leads passing 
through the chassis bot-
tom are protected by rub-

ber grommets. 

An idea of the performance of the arrange-
ment may be had by referring to the graph 
on page 56. The curve gives the relation be-
tween the current through the milliammeter 
for difference values of r.m.s. grid volts. The 
total range of the milliammeter is one milliam-
pere and this enitre range is utilized. The volt-
age range is from .1 volt to 2 volts. The varia-
tion is very nearly linear. Hence for mod-
erately accurate work it is not necessary to 
refer to the calibration curve but only to double 
the current readings and call the result volts. 
Of course, for another tube and another set of 
resistors, there would be a different curve. 
Therefore in every instance the circuit must be 
calibrated against known alternating voltages. 
For most accurate work the calibration curve 
should be used for every reading. 

Calibration may be made on the basis of line 
voltage, using a step-down transformer, with 
30-ohm potentiometer across the 2.5-volt wind-
ing, and connecting an a.c. voltmeter in parallel 
with the VTVM prods, which go to one end of 
the potentiometer and ground. 
While a vacuum tube voltmeter is primarily 

intended for measuring alternating voltages, it 
may also be used for measuring direct. As a 
matter of fact, it is the direct current effect that 
is used for measuring alternating voltages. The 
instrument is primarily a plate bend detector, 
or transrectifier. When alternating voltages are 
measured, they are evaluated in terms of the 

pfGrienry nf the tube. In most cases 

the instrument is calibrated to read in volts on 
the plate current milliammeter. 

This calibration may be in terms of peak volts 
or in terms of root mean square, or effective 
values. Different curves will be obtained in the 
two cases. Still another curve is obtained when 
the instrument is calibrated to read direct volt-
ages. The curve for direct voltages is simply 
a grid voltage-plate current characteristic for 
the tube and circuit. The other curves are modi-
fications of this curve. In the particular instru-
ment described in this article the curves are not 
typical because of the way the meter is con-

nected. The departure of the usual type was 
intentional, for it was desired to obtain a nearly 
linear relationship between the plate current 
and the root mean square value of the grid 
voltage input. 
The vacuum tube voltmeter draws no power 

from the source, provided the input is not 
greater than a predetermined amount, because 
the grid of the tube is to be always negative. 
There is a small input capacity, of course, but 
the current through this does not require any 
power. If it is the voltage across a tuned circuit 
that is measured, this small capacity becomes 
part of the tuning capacity and it can be easily 
compensated for, if it causes any appreciable 
detuning. 
One of the useful applications of this device 

to direct voltages is for measurement of actual 
grid voltages. For example, â is possible to 
measure accurately the voltage between the grid 
of a tube and its cathode even though there 
may be millions of ohms between. No current-
drawing instrument will give ,tnywhere near the 
correct voltage. A meter, for example, that 
requires one milliampere for full scale may 
indicate a voltage of .1 volt whereas in reality 
the voltage is 10 volts. In other words, the 
error may be 100 to 1. 
To make the vacuum tube voltmeter most 

accurate a first-class socket should be used for 
the tube. A poor socket will draw a little cur-

(Continued on following page) 
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(Continued from preceding page) 
rent and will for that reason partly vitiate the 
observations. It is also clear that in making 
observations with an instrument like this the 
test prods should not be held by the bare hands. 
The body is conductive and will carry a cur-
rent if the test prods are held by the hands 
during a reading. Large errors may creep in 
as a result of this current. The precaution 
should be taken both when making direct cur-
rent and alternating current measurements. In 
high-f requency measurements there will also be 
capacity effects if the test prods are touched 
during a reading. 

Because of possible losses and capacity effects 
between the test leads, they should be kept as 
short as practical because the longer the leads 

2 

1.5' 

.2 .4 • 6 .8 
II/CZ/AMPERES 

the greater will be both the losses and the 
capacity effects. If it is necessary to make 
measurements at some distance from the power 
supply and the milliammeter, it is the shielded 
cable that should be increased in length. Of 
course, in most instances it is possible to more 
then entire assembly to do the work. 

It will be noticed that the sleeve of the 
shielded cable is grounded and also that the 
negative side of the B supply is grounded. 
Though not shown in the diagram, the lower 
of the two test prods should be connected to 
ground also. Grounding stabilizes the circuit 
and insures that the meter reads the same every 
time a given voltage is impressed on the grid. 
The instrument should be grounded as indicated 
when it is calibrated and thereafter every time 
it is used. It is only in that way that precise 
readings are insured. 

The Two Mistakes Revealed 
The two mistakes in the diagram on page 

49 are: the tuning condenser is omitted at the 
r.f. input to the modulator, and the second 
detector has a dead diode on the right-hand side, 
with no input to this section. Only one side of 
the second detector works. The secondary of 
the last if. coil should connect to the joined 
reversed elements, opposite plate and cathode, 
and the freed left-hand cathode should go to 
the lower terminal of the lower .5 meg. resistor. 

Literature Wanted 
Readers whose names and addresses are 

printed herewith desire trade literature on 
parts and apparatus for use in radio con-
struction. Readers desiring their names 
and addresses listed should send their 
request on postcard or in letter to Literature 
Editor, Radio World, 145 West Forty-fifth 
Street, New York, N. Y. 

Lewis Beach, 647 So. 17th St., Newark, N. J., on tube 
data. 

Herbert Schidlio, 15 Bradford St., Brooklyn, N. Y., 
on radio servicing. 

Douglas Warth, 192 Gilbert Ave., Memphis, Tenn. 

Curve obtained for the 
vacuum tube voltmeter for 
the 0-2 volt r.m.s. range. 
The a.c. meter used for 
making the calibration at 
the input was of the 
0-10 volt range, and pos-
sibly more closely accurate 
points could be registered 
if a meter of lower voltage 
range were used for this 
purpose. The curve com-
pares the a.c. input to 
the plate current as read 
through the 0-1 milliam-

meter. 

John W. Clark, 28-24 Utopia Pky., Bayside, Queens, 
N. Y.-- suitable to servicing business. Jas. A. 
Warwas, Lock Box 444, Buffalo, Minn. 

General Radio Service, Berendrechtskaab 9A, Ba-
tavia-C, N. 0. 1. 

W. G. Garnahan, Jr., S. L. I., Box 312, Lafayette, Ind. 
John A. Trant, 2707 So. 24, St. Joseph, Mo. 
Richard Hougton, 36 Woodlawn St., New Bedford, 
Mass. (Amateur set builder, student and experi-
menter, and would appreciate experiments about 
electricity or radio by other readers.) 

Roy Goodyear, 705 Trenton Ave., Wilkinsburg, Penna. 
W8LXN, Ralph Haartje, Box 72, Stow, Ohio. (Ama-
teur station operator and serviceman.) 

Henri Raffn, 14, Rue Klock, Clichy, Seine, France. 
W. W. Bradeenm, Frenchylen, Ore. 
Ralph H. Cain, 3323 West St., Holliday's Cove, West 
Va. 

R. F. Kreibich, Public Address Service, 1622 So. 9th 
St., Lacrosse, Wisc. (Off parts, and general radio 
equipment.) 

Joseph Buckley, 3461 Jasper St., Philadelphia, Penna. 
Charles J. Albertoni, Box r4, Ellet, Ohio. 
Eugene P. Hanafin, Box 1086, Pensacola, Florida. 
(Used meters and test equipment and general radio 
parts). 

Marvin Godsey, Appomattox, Virginia. 
O. C. Rheinford, 3702 W. Cloverdale, Seattle, Wash. 
Mr. Radcliff, 1012 High St., Petersburg, Va. 
James Sweet, 1298 Rodgers Avenue, Brooklyn, N. Y. 
R. S. Bonner, 1314 W. Washington Ave., Madison, 
Wisc. 

Joseph S. Check, 1716 W. Cemak Road, Chicago, Ill. 
Charles Bole, Prairie due Sac, Wisc. 
Radio St Television Service, 31-05 34th Street, Astoria, 
L. I., N. Y. 

J. L. Oryson, Kennan, Wisc. 
John Sulesk, 2324 Frankford Ave., Philadelphia, Penna. 
United Sales Ltd., P. O. Box 4029 Arsenal Station, 
Pittsburgh, Penna. 

Clem the Radio Man, Spalding, Nebr. 
Radio Sales & Service, Box 204, Mt. Airy, Md. 
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The Beginner's Special 
A Universal T.R.F. Receiver 

By Jock Goldstein 

H
ERE is a broadcast receiver for beginners 
to build. It is a standard circuit that 

works on a. c. or d. c., 90-130 volts. If the set 
is used on a. c. the line frequency may be any 
commercial frequency, only for frequencies of 
40 cycles or lower the filter capacity next to 
the rectifier has to be doubled. That is, use 32 
mfd. instead of 16 mfd. 
The receiver is of the tuned radio-frequencY 

type, using a two-gang condenser. Two radio-
frequency transformers are used. Because there 
are few stages, and since there must be a cer-
tain amount of gain, the difference is made up 
by the use of high-gain coils. These are in 
general about the same, with large inductance 
primary winding, say, a universal wound coil, 
and the usual solenoid secondary, but with a 
turn or two of extra wire brought from the 

primary and wound around the secondary, for 
the capacity effect. 

WHEN THERE'S A DIFFERENCE 
Usually the primary is not inductively re-

lated to the secondary, but is at right angles to 
the secondary, and the capacity effect alone is 
relied on, being all-sufficient. However, if 
two coils that are somewhat different are used, 
the one that permits some induct;ve coupling 
is to be used in the input circuit. That is, 
the large winding is the antenna winding. Com-
mercial coils are used, and these are obtainable 
from supply houses. 
Any who want to try preparing their own 

coils may wind equal secondaries on separate 
forms 1 inch in diameter, about 3 inches long, 

(Continued on following page) 

The two controls are for tuning (left) and volume (right). The tuning condenser preferably shou 
be isolated from the chassis, and the fiber spacers, shown under the condenser frame, provide thl 
...G.+. so long as the screw heads on the under side of the chassis, attached to the frame, ere simi 
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(Continued from preceding page) 
putting thereon tight-wound 127 turns of No. 
32 enamel wire. Two universal-wound coils, 
looking like small honeycomb coils, are fitted 
inside the secondary form, so that the windings 
of these small-sized but high-inductance coils 
are right angles to the direction of the secondary 
winding. Then an extra insulated wire, rather 
thick, is soldered to one side of the primary, 
brought up the side of the secondary, and put 
around the secondary for two turns, near the 
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which the plate current changes a great deal 
for small changes of station carrier amplitude, 
and that requirement is of the essence of such 
detection. The power tube is a 25B6-G, a new 
glass tube, with more power output, at the 
same voltages, than the 43. The 25Z6-G is 
the rectifier, and a No. 9 ballast tube from 
the Sylvania list completes the tubes, all glass. 
When a.c. line is used, the rectifier performs 

its intended service, changing the a.c. to d.c., 
although the resultant d.c. has some hum left 
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This receiver is so simple to build that a novice may attempt it with full confidence. The clear photo-
graphic views give all the necessary information about the layout, and the wiring diagram above repro-

duces exactly the connections made by the author who built the set. 

top, being adhered by looking through a hole in 
the coil form top, and by using coil dope. 
The two-gang condenser usually has a max-

imum capacity of .000365 mfd., also written as 
365 mmfd., the first abbreviation being for 
micromicrofarads, or billionths of a farad. The 
unit of capacity is the farad, named for Mich-
ael Faraday, English electrical genius of an-
other generation. 

THE TUBES USED 
A glass tube with octal base is used as radio-

frequency amplifier and a similar, but not iden-
tical, tube as detector. The amplifier is a 
6K7-G, which is of the type permitting volume 
control by grid bias variation without intro-
ducing distortion. The detector is a 6J7-G, in 

in it, known as residual hum, or ripple voltage. 
A filter is a device for removing this. The 
filter consists of a 16 mfd. condenser next to 
the rectifier, a B choke, and an 8 mfd. con-
denser after the choke. 

USE OF SPEAKER FIELD 
Note that the d.c. resistance of the choke 

should be low. The value of 375 ohms was 
used, the inductance was truly 15 henries, but 
may be larger without harm, and also the d.c. 
resistance need not be critically just what is 
specified—say 450 ohms down would be pass-
able, but the lower the resistance the better, as 
then the B voltage to the power tube is not re-
duced much. 
The speaker is of the dynamic type, and has 
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LIST OF PARTS 
Coils 

Two unshielded radio-frequency transformers. 
(The placement of the coils above and below 
metal chassis results in shielding that the wir-
ing diagram symbolizes). 
One 6" dynamic speaker for pentode output 
tube, 3,000-ohm field. 
One 15 henry choke coil, d.c. resistance about 
375 ohms. 

Condensers 
One two-gang .000365 mfd. condenser with trim-
mer built in. 

One .0001 mfd. One .01 mfd. 400 v. up. Three 
.1 mfd. 200 v. (paper). 

One 5 mfd., 35v. One .25 mfd. 200 v. 
One .05 mfd. 200 v. One 16 mfd. and one 8 mfd,, 
with 175 v., in one container. 

One .0005 mfd. One .02 mfd. 400 v. 
[Fixed condensers products of Cornell-Dubilier] 

Resistors 
One 300 ohm. One 20,000 ohm, tapered poten-
tiometer with switch. 

One 750 ohm., 2 watts. One 2,000 ohm. Two 
.05 meg. One .5 meg. 

Other Requirements 
Four octal sockets and one four-hole socket. 
One a.c. cable and plugs. Two grid clips. 
Two knobs. One dial scale, one volume plate. 
One tube shield (for r.f. amplifier). 
Sylvania tubes: One 6K7-G, one 6J7-G, one 
25B6-G, one 25Z6-G, one No. 9 ballast. 

a field coil, which is one form of choke, but 
not used for that purpose now, as the resistance 
of the field is too high, a few thousand ohms 
normally. Passing the set's current through 
all that resistance would drop more voltage 
than the law allows, therefore, the field is put 
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across the rectifier output, and results in con-
siderable drain, though only from the rectifier 
tube, which can stand it, and not affecting the set. 

The tubes have their heaters connected in 
series. That means that the same current must 
flow through all heaters. Such is in fact the 
case. The voltage drop across the individaul 
heaters may be different, in fact is, but the 
same identical current passes through all, close 
to .3 ampere. Late tube manual give full 
information on socket connections for the tubes. 
The diagram shows the preferred order of 
connecting the heaters for absence of modula-
tion hum. Note that one side of the detector 
heater is grounded to chassis. This does not 
mean an external ground is to be connected to 
the chassis. Indeed, no such connection should 
be made, as there would be danger of short-
circuiting the line, i.e., blowing a fuse. No 
ground should be used with universal sets, as 
the a.c.-d.c, receivers are called, unless the 
chassis is "floated." 
The chassis may be "floated," if desired, by 

connecting putting insulating spacers between 
the tuning condenser frame and chassis, and 
duplicating these spacers below the chassis, 
to prevent the screws for fastening the con-
denser down, from engaging the chassis proper. 
Then the condenser frame is tested with prods 
between it and chassis on any continuity tester, 
including ohmmeter, so that there is no deflec-
tion. 

Now the point marked with ground symbol 
in the diagram represents the condenser frame 
and the line, but the chassis is not connected 
to the line. Also a condenser of .0005 mfd. or 
similar capacity, mica dielectric, may be con-
nected between condenser frame and chassis, 
and the chassis may be connected in this spe-
cial instance to external ground. The fixed 
antenna series condenser is advisable as a 
protecting device in all instances. This is 
marked .0001 mfd. in the diagram. 

lacement of one coil underneath the chassis, while the other one is above. provides all the shield. 
rg necessary to prevent undesirable interaction, so long as there is a shield on the r.f. tube. The 

large tubular object contains the filter capacities. 
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RADIO CONSTRUCTION 

UNIVERSITY 
Answers to Questions on the Building and Servicing 

of Radio and Allied Devices. 

HIGH-POWERED RECTIFIER 
AS I desire to use 50 watts output power in 

a special amplifier, please show the use 
of appropriate rectifier tubes, preferably two in 
parallel.—P. L. 
The diagram herewith shows the circuit for 

the use of two tubes of the 81 type. Extra 
care must be taken to have a power transformer 
that will stand the large current, also chokes 
that will maintain considerable inductance under 
this load, and filter condensers both of adequate 
capacity and safe voltage rating. The require-
ments for a high-power rig such as you mention 
are severe on the rectifier. 

* * * 

METAL BEAM TUBES 
SOMETHING may go wrong, or there may 

be a misconnection, in the power tube cir-
cuit, and if 614 tubes are use, e.g., in push-pull, 
it would be hard to see right off the reel that 
there is trouble, because of the metal shell, and 
the tubes get hot when nothing is wrong. These 
beam tubes handle considerable current, there-
fore the danger is heightened. With glass tubes, 
if the screen overheats, for instance, the visibil-
ity reveals this at once.—L. W. 

If the metal tubes have the proper voltages 
there should be no trouble, and the fact that you 
can see through glass hardly should be relied on 
as an excuse for a tnisconnection. Carefully 
check all the connections before turning the line 
voltage on. It is true the current drain is large 
with the beam power amplifiers. Be sure to 
limit the screen voltage to recommended values, 
or have the total voltage according to rated 
level if both screen and plate are to receive the 
same voltage. If you have any objection to 
the metal envelope you may use the 61.6-G 
tubes, which are practically the same, only have 
husky glass envelopes. By the way, there is a 
beam power amplifier of the 25-volt type newly 

110V. A.C. 

announced for the .3 ampere class of tubes 
(heater current). In using the beam tubes 
suitable choice of a rectifier tube to afford the 
required current is necessary, and quite a few 
circuits have been shown, using the 5Z4, where 
this metal type rectifier may not afford adequate 
current for push-pull, for instance, the maxi-
mum rectifier current is 125 milliamperes, 
whereas the 61-6 push-pull plate current alone 
under certain operating conditions may reach 
that value, and besides there is the screen to 
accommodate with its small current, not to men-
tion the rest of the receiver, which combination 
may require 25 milliamperes more. The 5Z3, a 
glass tube, will stand the drain, being rated at 
250 milliamperes. It is of the four-hole socket 
series. A glass octal rectifier of high current 
service is the 5X4-G. This is equivalent to the 
5Z3, except for the base, which for the 5Z3 
is four-prong. 

CATHODE-RAY SENSITIVITY 
IN your article on the 913 cathode-ray tube in 

the January, 1937, issue, you state that as 
the Anode No. 2 voltage is increased, the de-
flection sensitivity is decreased. It has always 
been my experience with vacuum tubes that as 
the plate potential is increased the sensitivity is 
increased, until saturation is reached. Also 
please explain whether the horizontal deflection 
is the result of the horizontal plates acting on 
the beam.—K. W. C. 
As the Anode No. 2 voltage is increased on 

this tube, or the equivalent voltage on prac-
tically any other cathode-ray tube, the electron 
velocity is increased, the Anode No. 2 current 
is increased and there is a brighter fluorescence. 
But the deflection sensitivity is decreased, as 
was set forth in the article, because the deflect-
ing force is constant, while that which is to be 
deflected becomes more strongly influenced to 

Rectifier and filter for 
serving an amplifier with 
50 watts output. The 2 
mfd. filter capacities are 
bare minima, and much 
larger capacity is therefore 

preferred. 
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maintain its undeflected spot position. Suppose 
a car was going at a certain speed and a cer-
tain deflecting force was exerted on it, say, a 
push in an off-road direction. Suppose the 
speed of the car was doubled, and the deflect-
ing force remained unchanged. Would the car 
be deflected as much? No, because as the speed 
of the car is increased greater deflecting force 
is needed to obtain the same deflection as ex-

SS 

A five-tube a.c. superheterodyne. 

isted when the speed was at its first and lower 
value. As for the second part of your question, 
the horizontal plates in the tube are the ones 
that cause the vertical deflection, because the 
plates act upon the beam at right angles. 

* * * 

CORRECTION OF DIAGRAM 

REGARDING the five-tube superheterodyne 
on page 46 of the January, 1937, issue, is 

the diagram correct as to B voltage on the 
output tube, and what tube should be used?— 
I. D. 
There is an omission in the diagram, result-

ing in the absence of any B voltage applied to 
the power tube, which may be a 47 or a 2A5. 
If a 2A5 is used the biasing resistor is con-
nected between cathode and B minus. If a 47 
tube is used, the biasing resistor goes from 
heater center to B minus. We are printing the 
corrected diagram herewith for use of the 
2A5 tube and showing the B voltage properly 
connected to this tube. 

* * * 

TESTING CONDENSERS 

W HEN a condenser is being tested for leak-
age, if a.c. is applied, does not the current 

depend on the capacity of the condenser (as-
suming a fixed frequency for testing), and if so 
how would leakage be tested? Can you suggest 
some method of voltage rating for a filter con-
denser, so that one may establish the voltage 

rating himself? What procedure is followed 
in testing for intermittents?—W. D. S. 
The condenser leakage test is made when d.c. 

is applied, not a.c., for the resistance then is 
the current-limiting factor, and the capacity 
effect is negligible, except for the first flick. 
The reading is taken when the meter needle 
subsides. Thus, the leakage test may be made 
in ohmmeter fashion, where a meter has in 

246 ZAS 

series with it a high resistance and a relatively 
high voltage, say, for a 0-1 milliammeter, a 
minimum of 90 volts and 90,000 ohms. Higher 
voltage and higher limiting resistor are pre-
ferred, 1,000 ohms for each volt, because 
enabling closer readings of higher leakage re-
sistance. Ordinarily a 20 meg. ohmmeter would 
be used. Thus the leakage could be determined 
directly in ohms. When a.c. is applied the 
meter must be able to red a.c., and the im-
pedance of the circuit may be determined, also 
the condenser's capacity, when the condenser 
resistance is known, or is the resistance very 
large due to circuit conditions, compared to the 
impedance. The filter condenser voltage rating 
may be undertaken by assigning some certain 
leakage current to be tolerated, say, 2 milliam-
peres, and increasing the applied d.c. voltage 
until 2 ma flow. Then that voltage may be con-
sidered the rating. If the test is made on d.c. 
then the d.c. "sudden" voltage is considered, 
but if the condenser is left a considerable period 
at this voltage, without increase of current 
flowing, then the continuous working voltage at 
d.c. is the factor. Intermittent reception due to 
poor condensers may be checked by applying 
considerable heat to a suspected condenser 
when checking, as by using a reflecting electric 
heater, and for impact by using an impact gen-
erator, which is a device that shakes the con-
denser considerably and thus shows up poor 
electrical connections. 
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A REAL SIGNAL GENERATOR 
Covers 100 kc. to 22 mc., with modulaten present or absent on an bands by $ 
switching—Also tests filter condenser leakage. Price, Complete with three 
tubes. (Shipping weiet, 7 lb..) Model T-37  

2.40 
VERY service man 

r and experimenter ap-
preciates the neces-

sity of using a signal 
generator for aligning 
i.f. and r.f. levels. Here 
is an opportunity to 
possess one that covers 
wide range by front-panel 
coil-switching and is 
equipped with attenuator. 
Thus sets with a.v.c. can 
be aligned properly. All 
generation is on funda-
mentals. No harmonics 
are used. 

I. Operation on 90-120 volts A.C. sr D.C. and if A.C., any commental frequency; 2. 110 kc.-22 megacycles. all on 
fundamentals; 3. Front panel switch selection of five bands; 4. Modulation present or absent by front panel witching; 
5. Dial is direct reading in frequencies; O. R.2" output may be taken from a high impedance or a low impedance post, 
attenuation for either; 7. Separate audio output at two amplitude levels; 8. Two extra posts on front panel enables Illter 
condenser leakage tests. Condensers may be checked, so may tubes, and other normally high resistance circuits. 

SUPERIOR INSTRUMENTS COMPANY 
Dept. 103 139 Cedar Street. New York. N. Y. 
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AUDELS NEW ELECTRIC LIBRARY—.\ pragressive Horne Study and 
Reference Course in applied elertelelty. Zasy to understand. Ques-
tions and answers plainly written for a rot/inlet° working knowledge 
of modern electrical practice, necessary to every electrician, ehgineer, 

mechanic and  LEARN THE AUDELstudent. WAY! You ask the question—Audels New Elec-
tric Library gives the answer-9500 simplrled outlines, graphic illus-
trations and precise explanations covering Construction, Operation and 
Machine Mllintenanec. 
BOOK A MONTH PLAN—Order the volume that interests you—today! 
We will send that volume on 7 days' free. trial. If Om hook helps 
you, send us $1.50. If it does ilot help you. mail hook back to us. 
On receipt of your first payinert, we will send your second honk. 
We allow 30 clays to pay for this and for each followa-g hook until 
you complete the Series. 
If you are riot satisfied, you may cancel your suliseriptior at any time. 

FREE 
flAMINATION 

COUPON 
Name 

Theo. Audel & Co., 49 W. 23rd St., New York City 

Mall Vol. I. Electric Library oil 7 days' tree trial. If 
O. K. I will remit $1.50. otherwise I mli return It. 
I also request you to mall one book each month on 
same terms. No ebligatIon unless I am satisfied. 

SIGNAL GENERATOR 
PRECISION COILS 
I.F. Band 

142 to 500 ke 

High quality universal-
wound tapped coll. Induct-
ance 3.05 millthenries, 
for signal generator cover-

ing single band, 142 to 500 ka, for use with variable 
condenser of .00035 or higher maximum. Wound 
on %" diem. Bakelite, 1" high; equipped with 
three connecting lugs and rigid mount-
ing bracket. Impervious to moisture. 
Diagrams for a.c.-d.c. and battery 
operation. Directions for calibrating. 
Frequency-calibrated dial. escutcheon 
denser for above   

All-Wave 

48c 
and con-

31.80 

Bet of five tapped eons 
for 55-17,000 ke switch 

55 to 17,000 ke type signal generator, 
with adequate overlap. 

for use with .00095 mfd. or higher variable con-
denser. Low-frequency coils are universal-wound, 
with lugs and brackets. Two high-frequency coils 
are solenoids. All wound on Bakelite. 
Coil 1-14.7 millihenrIes; 55 to 175 kc. 
Coil 2— 2.1 millihearles; 170 to 580 kc. 
Coil 3— 240 millthenries; 550 to 1,750 kc. 
Coil 4-18.7 mtIllhenries; 1.700 to 5,600 lie 
Coli 5— 2.4 millihenries; 5,506 to $ 
17,500 Itc. 

Diagrams, calibration Instructions... 2.15 
Frequency-calibrated large airplane dial, es-
cutcheon and condenser for above 22.25 

SEND FOR FREE CIRCUIT DIAGRAMS, 
T.R.F. AND SUPERS 

RADIO DESIGN CO. 
1353 Sterling Place Brooklyn, N. Y. 

Address   

Occupation LW. 
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maintain its undeflected spot position. Suppose 
a car was going at a certain speed and a cer-
tain deflecting force was exerted on it, say, a 
push in an off-road direction. Suppose the 
speed of the car was doubled, and the deflect-
ing force remained unchanged. Would the car 
be deflected as much? No, because as the speed 
of the car is increased greater deflecting force 
is needed to obtain the same deflection as ex-
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A five-tube a.c. superheterodyne. 

rating himself? What procedure is followed 
in testing for intermittents?—W. D. S. 
The condenser leakage test is made when d.c. 

is applied, not a.c., for the resistance then is 
the current-limiting factor, and the capacity 
effect is negligible, except for the first flick. 
The reading is taken when the meter needle 
subsides. Thus, the leakage test may be made 
in ohmmeter fashion, where a meter has in 

7754.C. -------

isted when the speed was at its first and lower 
value. As for the second part of your question, 
the horizontal plates in the tube are the ones 
that cause the vertical deflection, because the 
plates act upon the beam at right angles. 

* * * 

CORRECTION OF DIAGRAM 

REGARDING the five-tube superheterodyne 
on page 46 of the January, 1937, issue, is 

the diagram correct as to B voltage on the 
output tube, and what tube should be used?— 
I. D. 
There is an omission in the diagram, result-

ing in the absence of any B voltage applied to 
the power tube, which may be a 47 or a 2A5. 
If a 2A5 is used the biasing resistor is con-
nected between cathode and B minus. If a 47 
tube is used, the biasing resistor goes from 
heater center to B minus. We are printing the 
corrected diagram herewith for use of the 
2A5 tube and showing the B voltage properly 
connected to this tube. 

* * * 

TESTING CONDENSERS 

W HEN a condenser is being tested for leak-
age, if a.c. is applied, does not the current 

depend on the capacity of the condenser (as-
suming a fixed frequency for testing), and if so 
how would leakage be tested? Can you suggest 
some method of voltage rating for a filter con-
denser, so that one may establish the voltage 
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series with it a high resistance and a relatively 
high voltage, say, for a 0-1 milliammeter, a 
minimum of 90 volts and 90,000 ohms. Higher 
voltage and higher limiting resistor are pre-
ferred, 1,000 ohms for each volt, becaust 
enabling closer readings of higher leakage re-
sistance. Ordinarily a 20 meg. ohmmeter woulc 
be used. Thus the leakage could be determine 
directly in ohms. When a.c. is applied th( 
meter must be able to read a.c., and the im-
pedance of the circuit may be determined, alsc 
the condenser's capacity, when the condense 
resistance is known, or is the resistance very 
large due to circuit conditions, compared to th( 
impedance. The filter condenser voltage rating 
may be undertaken by assigning some certair 
leakage current to be tolerated, say, 2 milliam-
peres, and increasing the applied d.c. voltag( 
until 2 ma flow. Then that voltage may be con. 
sidered the rating. If the test is made on d.c 
then the d.c. "sudden" voltage is considered 
but if the condenser is left a considerable perioc 
at this voltage, without increase of current 
flowing, then the continuous working voltage a 
d.c. is the factor. Intermittent reception due t( 
poor condensers may be checked by applyiru 
considerable heat to a suspected condense 
when checking, as by using a reflecting electril 
heater, and for impact by using an impact gen 
erator, which is a device that shakes the con 
denser considerably and thus shows up pool 
electrical connections. 
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The EXPERIMENTERS 
TREASURE HOUSE 
Since 1923, we have been catering to the needs 
of Radio and Electrical Experimenters. From 
cat-whisker to television tubes, miniature mo-
tors, relays from 29c to $6.50--Photoelectric eella, 
neon lamps from 13c to $1.30, in fact anything 
and everything you may need, in stock or know 
where to obtain for you. We have been shop-
ping agents for well-known schools and institu-
tions for many years, why not for you? 

Emidquartere tor Pane—Rises 1933 
THE RADIO MAN, INC. 

W-177 Greenwich ti.. New Yost, N. Y. 
NO CATALOGUE — RUT LOWEST PRICES 

BLAN 

DRESS UP! 
SENT FREE 
"THE INDUCTANCE 

AUTHORITY" 
On receipt of $4.00 for a 2-year sub-

scription for Radio World-24 issues, 
regular price $5.00 — we will send free 
and postpaid a copy of "The Inductance 
Authority," by Edward M. Shiepe, and 
an 18" x 20" supplement, which enable 
solenoid coil winding for r.f. without 
computation. 

RADIO WORLD 
145 West 45th Street, New York City 

A Birthday Gift for BIM 
Is your husband, son or nephew interested in 

radio? Why not send him RADIO WORLD for the 
coming year? We will send him, at your request, a 
letter so that he will receive it the day before his 
birthday telling him of your generosity and thought-
fulness. For $2.30 a year in the United States be 
will be reminded d your unselfishness every time 
the magazine arrives. RADIO Waite, 145 West 45th 

St., New York, N. Y. 

HAVE YOU BACK NUMBERS of Radio World, August. 1935. 
or June. 1936, issues? If so, please communicate with Radio 
World, 145 West 45th Street, New York, N. Y. 

. . . your profits with Radolek' s Radio 
Supply Service! Radolek Service is "tail-
ored" to exactly fit your every radio re-
quirement . . . and purse. 
Radolek SPECIALIZES in giving the 

radio-man what he wants, when he wants 
it, and at the right prices. The 1937 
Radolek Radio Profit Guide is just off the 
press. Completely new! Over 12,000 values! 
Hundreds of new items. Merchandise 

you've never seen 
before. 

Repair l'arts, Radio 
Sets, Amplifiers. Test 
Instruments. Tubes, 
Tools, Books, "every-
thing in Radio and 
l'ublic Address." You 
need this complete 
"guide" to greater 
nonts. Send for yours 
today. Free! 

RADOLEK 
601 W. RANDOLPH, CHICAGO. DEPT. G3 

Send me the Radolek Radio Profit Guide Free. 

Name   
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Serviceman? Dealer? 0 Experimenter? 

METAL CHASSIS; 
We can supply chassis for any make receiver, 

experimental or otherwise. 
Inquiries should be accompanied with sketch 

and complete details enabling us to give 
quick service as to prices and delivery. 

KORROL MFG. CO., Inc. 
232 Greenwich St. Dept. RW-137 N. Y. City 

R A. 
PRINCIPLES of 

PUBLIC ADDRESS 
SYSTEMS 

A practical handbook, full of useful information, 
fully illustrated, written by M. N. Beitman, an 
e ngineer and note authority on audio amplifiers. 

Considers in detail various microphones, radio and 
p'nonograph inputs, acoustic feed-back, mixing and 
volume controls, use of vacuum tubes. interstage 
coupling, power amplifiers, output coupling, loud 
sneaker placement, the decibel, P.A. measurements, 
power level, and other points of importance. includ-
:ng actual circuit diagrams of tested P. A. systems. 

MATHEMATICS 
OF RADIO SERVICING 

Introduces and explains the use of arithmetic and ele-
mentary algebra in connection with units, color code, meter 
scales, Ohm's Law, alternating currents, ohmmeter testing. 
oattage rating, serles and parallel connections. capacity, 
Inductance, mixed circuits, vacuum tubes, curves, the 
decibel, etc., etc., and has numerous examples. 

This book is needed by all who do radio work. Practlral 
Information that will help you repair radio seta. Especially 
valuable to servicemen and experimentors. 

Plainly written and easy to understand. Only useful data 
Included. M. N. Reitman, author. Size, 81/2  x 11 in. 

Either book, price only 50e, post free. 

SUPREME PUBLICATIONS 3727 WEST 13th STREET 
CHICAGO, ILLINOIS 
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CLASSIFIED 
ADVERTISEMENTS 
7 cents a word. $1.00 minimum. 

AMATEUR RADIO ...ICENSES. Resident and correspondence 
nurses. Every graduate • licensed operator. New York Wire-

less School, 1123 Broadway. New York. 

AMATEUR SNAPSHOTS WANTED IMMEDIATELY( Thou-
sands demanded by publishers. Earn cash supplying them 
Stamp brings details. International Photos, Division 187. 
Hahn Building. Western and Sixth, Hollywood, California. 

AMATEUR CARTOONISTS—Win $23. No drawing &BM, 
necessary to win. 26 prizes in all. Rush name on postcard for 
valuable tips on "How to Make Money with Simple Cartoons," 
Cash Prize. Entry Blank and Rules. Send no money. 
Cartoonists' Exchange, Dept. 1451. Pleasant Hill, Ohio. 

$50. A WEEK WITH A KODAK: Booklet describing 100 
Magazine Markets, 25 cents, postpaid. Timmons. Box 265, 
Corbin, Kentucky. 

CAMERAS AND SUPPLIES. Free Illustrated catalog listing 
everything photographic—still and movie cameras, films, tenet's— 
at tremendous savings. Thousands of bargains, new and used. 
All guaranteed. We take your old camera or equipment in 
trade. Write now for your free copy of our Photographic 
Almanac and Bargain Book—lust out! Limited edition. Hurry! 
Central Camera Co.. (Photographic Headquarters since 1899), 
231; So. Wabash, Dept. KW-137, Chicago. 

SPECIAL 2-FOR-1 OFFER 
RADIO WORLD 

Radio World is tam a year (12 issues), 25c. per 
copy. Canada and foreign, $3.00 yearly. Offers of 
Radio World and other worthwhile publications for 
one full year on each (NET): 
C1 RADIO WORLD and SHORT-WAVE CRAFT, 

$230. 
D RADIO WORLD and POPULAR SCIENCE 

MONTHLY, $3.50. 
CI RADIO WORLD and RADIO-CRAFT (12 is-

sues), $3.50. 
0 RADIO WORLD and RADIO INDEX (monthly, 

10 issues), stations, programs, etc., $3.50. 
D RADIO WORLD and SERVICE (monthly), WO. 
D RADIO WORLD and EVERYDAY SCIENCE AND 
MECHANICS (monthly), $3.50. 

0 RADIO WORLD and BOYS' LIFE (monthly, 12 
issues), 23.50. 

10 RADIO WORLD and MOTION PICTURE MAGA 
ZINE (monthly), $3.50. 

RADIO WORLD and TRUE STORY (monthly), 
23.00. 

RADIO WORLD and LIBERTY (weekly), $3.00. 
U. S. only. 

Select any one of these magazines and get for 
an entire year by sending in a year's subscription 
for RADIO WORLD at the regular price 22.50, plus 
a small additional amount, per quotations above 
(Add $1.50 for extra foreign or Canadian postage for 
both publications.) 

Name 

Address   

City and State  

(3 If renewing an existing or expiring subscription 
for RADIO WORLD, put cross in square. 

Now—a high-powered 

Radio Engineering 
Library 

—especially selected by radio specialists of McGraw-
Hill publications. 

—to give most complete, dependable coverage ot 
facts needed by all whose fields are grounded on 
radio fundamentals. 

—available at a special price and terms. 

THESE books cover cir-
cuit phenomena, tube 
theory, networks, meas-

urements, and other subjects 
—give specialized treatment 
of all fields of practical de-
sign and application. They 
are books of recognized posi-
tion in the literature—books 
you will refer to and be 
referred to often, if you are 
a practical designer, re-
searcher or engineer in any 
field based on radio, you want 
these books for the help they give ir. hundreds of 
problems throughout the whole field of radio en-
gineering. 

5 volumes, 3064 pages, 2000 illustrations 

1. Glasgoves PRINCIPLES OF RADIO ENGI-
NEERING 

2. Hund's PHENOMENA in HIGH FREQUENCY 
SYSTEMS 

3. Chaffee's THEORY OF THERMIONIC VACUUM 
TUBES 

4. Terman's MEASUREMENTS IN RADIO ENGI-
NEERING 

5. Henny's RADIO ENGINEERING HAND-BOOK 

10 days' examination. Special price. Monthly payments. 
$25.00 worth of books cost you only $23.50 under this 
offer. Add these standard works to your library now; 
pay small monthly installments, while you :se the books. 

NEW! 
The Library now 
comprises a revised 
selection of books 
culled from latest 
McGraw-Hill pub-
lications in the 
radio field. 

yy. •••••• ••••• • ••• •• ...•• • •••• 

SEND THIS ON-APPROVAL COUPON 

Send me Radio Engineering Library. 5 vols., for 10 days' 
examination ass approval. In 10 days I will send $2.50, plus 
few cents postage, and $3.00 monthly till $2.1.50 is paid, ' 

companled by remittance of first installment.) 
or reuiro books postpaid. (We pay postage cn orders ite-

McGraw-Hill Book Co., inc.. 930 W. 42nd St., N. Y. C. 

Name 

Address 

City and State 

Poeition 

0 If renewing an existing or expiring subscription 
for other magazines, put croas in square. 

Special Trial Offer for Radio World wily: WOO 
for 5 months, postpaid. Mail order with remittance 
on Andin lArnrld Offier NFT 

Company   R.W.2-37 1 
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A REAL SIGNAL GENERATOR 
Covers 100 kc. to 72 re., with modulation present on' absent en all bands by $1 2.40 
switching—Also tests ilter condenser leakage. Price, Compiete with three 
tubes. (Shipping weight, 7 lbs.) Model T-37  

EVERY service man 
and experimenter ap-
preciates the neces-

sity of using a signal 
generator for aligning 
i.f. and r.f. levels. Here 
is an opportunity to 
possess one that covers 
wide range by front-panel 
coil-switching and is 
equipped with attenuator. 
Thus sets with a.v.c. can 
be aligned properly. All 
generation is on funda-
mentals. No harmonics 
are used. 

I. Operation on 90-120 volts A.C. or D.C. and If A.C., any commercial frequency; 2. 110 kc.-22 megacycles. all on 
fundamentals; 3. Front panel switch selection of five bands; 4. Modulation present or absent by front panel switching: 
5. Dial Is direct reading in frequencies; 6. R.F. output may be taken from a high Impedance or a low impedance post. 
attenuation for either; 7. Separate audio output at two amplitude levels; 8. Two extra posts on front panel enables filter 
condenser leakage testa. Condensers may be checked, so may tubes, and other normally high resistance circuits. 

SUPERIOR INSTRUMENTS COMPANY 
Dept. 103 139 Cedar Street. New York. N. Y. 

Electricity 
atyour finger ends 

Sold 

Singly 

Price 

$130 

A 
Book 

ocket 
izet 

AUDELS NEW ELECTRIC LIBRARY—A progressive Mane Study :id: 
Reference Course in applied electricity. Easy to understand. Que. 
Lions and answers plainly written for a complete working knowledge 
of modern electrical practice, necessary to every electrician, ebgineer. 
mechanic and student. 
LEARN THE AUDEL WAY. You ask the question—Audels New Elec-
tric Library gives the ad.wer-0500 simplified °Mimes. graphic Hin v 
trations and precise oxplanations covering Construction, Operation and 
Mach inc Ma n tenance 
BOOK A MONTH PLAN—Order the volume that interests you—today! 
We will send that volume on 7 days' free trial. If the book helps 
you, senil us $1.50. If it does not help you. mall book back to na. 
On receipt of your first payment, we will send yam second book. 
We allow 30 days te pay for this and for each following book until 
you complete the Series. 
If yoll are net satisfied, rou may cancel your subscription at any time. 

FREE 
ExAMINATION 

COUPON 

Theo. Audel & Ca., 49 W. 23rd St., New York Ci to 

Mall Vol. I. Electric Library on 7 days' free trial. SI' 
0. K. I will remit $1.50, otherwlee I will return it. 
I also reçgtest you to mall one book each month on 
same terms. No obligation unless I am satisfied. 

Saille   - 

Address   

Occupatioc  IL.Vi, 

SIGNAL GENERATOR 
PRECISION COILS 
I.F. Bend 

142 to 500 kc 
High quality universal-
wound tapped coil, induct-
ance 3.05 mIllihenries, 
for signal generator cover-

Ina single band. 142 to 500 kg, for use with variable 
condenser of .00035 or higher maximum. Wound 
on %" diem. Bakelite, 1" high; equipped with 
three connecting lugs and rigid mount-
ing bracket. Impervious to moisture. 
Diagrams for a.c.-d.c. and battery 
operation. Directions for calibrating. 
Frequency-calibrated dial, escutcheon and con-
denser for above   $1.60 

All-Wave 

48c 

Set of ere tapped emit 
for 55-17.000 Ice 'witch 

55 to 17.000 kc woe signal generator, 
with adequate overlap, 

for use with .00035 mfd. or higher variable eon. 
denser. Low-frequency coils are universal-wound, 
with lug. and brackets. Two high-frequency coils 
are solenoids. All wound on Bakelite. 
Coil 1-14.7 m Hibernia' 55 to 175 ke. 
Coll 2— 2.1 millibenrIes 170 to 560 Ire. 
Coil S-240 millihenrles 550 to 1,750 Sc. 
Coil 4-18.7 millihenries 1,700 to 5,600 ire 
Coll 5— 2.4 millihenrles 5,506 to 

• Diagrams, calibration instructions_ 

Frequency-calibrated large airplane dial, es-
cutcheon and condenser for above $2.25 

SEND FOR FREE CIRCUIT DIAGRAMS, 
T.R.F. AND SUPERS 

RADIO DESIGN CO. 
1353 Sterling Place Brooklyn, N. Y. 



GENERAL ELECTRIC 

1937 Seeeral EluteIs Ne. A.54, 2 Seed Superheterodyne. 
8 metal tubes. Operates en either AC or DO current. 
Full I watt output $19.95. 

Please Note: This General Electric set is 
factory made to operate on either AC or 
DC current. No switches are necessary 

as this action is automatic. TUBE com-
plement 1-25A6 metal, 1-25Z6 metal, 
I-6K7 metal, 1-6Q7 metal, 1-6A8 metal. 
Will operate on local stations with only 

a short piece of wire. 

SPECIFICATIONS 

A compact, well-built set with tremendous sen-
sitivity and hairline selectivity. Rich and mellow 
in tone powered by 61/2 -inch dynamic speaker and 
incorporating music and speech tone control. 

Circuit is conventional superheterodyne with auto-
matic volume control and overload control. 

Tunes full amateur, police, aviation and foreign 
band through to 49 meters. Wave coverage 1700 
to 550 K.C. on broadcast, and 1700 to 6000 K.C. 
on short wave. Beautiful butt walnut cabinet, 
baud rubbed, size 14 Inches long, 91/2 inches wide, 
8 inches deep. Shipping weight 16 lbs. Complete 
with 5 RCA metal tubes. Guaranteed $19.95 
one full year  

THOR'S 
1937 

INVENTORY 
SALE! 

\Ve are overstocked on these numbers 
and offer them at greatly reduced prices 
while quantities last. Merchandise is 
brand new in factory sealed cartons and 
covered by Thor's written 1-year guaran-

tee. Order, now from this ad. 20% of 
amount required with order. 24 hour 

service. 

ASSORTED SPECIALS 
• Genuine Astatic Crystal Pickup, finest of all 
pickups. High impedance, feeds direct with no 
matching transformer needed. Light in t5.99 
weight and of durable construction •P 

• Grunow 110 volt, 60 cycle Phonograph Motor. 
Built for quiet operation. Governor type 
speed control. Complete with plate  

• Genuine Philco 3-Purpose Aerial Kit. Complete 
with all wire and matching transformers. The 
perfect aerial for noise reducing and 
sensitivity   

THOR RADIO 
65 Cortiondt St., New York 

AMERICAN BOSCH 

American Bosch No. 685Z All Wave Supsrlwtweslyee. with 
patented tentromatie tuning, and shadavoraon taming. Seid 
only in chassis form. templet. with FFFFF er sad tubes, 
limited quantities $27.50. 

SPECIFICATIONS 

A genuine American Bosch product offered in 
chassis form. Ideal for mounting in cabinets, fire-
places or odd pieces. A powerful 8-tube Super-
heterodyne built around the Bosch Centrornatic 
tuning unit completely shielded and rubber cush-
ioned. Four full bands covers all wavelengths 
from 15 to 2000 meters. Full vision 5-inch airplane 
dial with 2 speed drive and split second hand 
Tone control and large 14" dynamic speaker con-
tribute to marvelous tone. Circuit incorporates a 
stage of pre-selection, 2 stages of intermediate 
frequency, automatic volume control and Pentode 
output of 4 watts. Equipped with 7 RCA metal 
and 1 RCA glass tube Shadovrgraph tuning permits 
exact station allocation. Size, 14" long, 81/2 " deep, 
11 1/2 " high. Shipping weight, 28 lbs. Complete 
with 14" dynamic speaker and S genuine feeiii .50 
RCA tubes. Guaranteed 1 full year.... •Ii". 
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THE 
NEW R-S-R CLIPPER 

Tomorrow's Set Today 

Designed by A. J. HAYNES 

whose original R-S-R receiver was fea-
tured last Spring in the leading radio 
publications as the first commercial radio 
receiver to combine the new ultra-high 
frequency bands with all-wave foreign 
and domestic broadcast reception. We 
are exclusive builders of the new R-S-R 
CLIPPER communication receiver. 

HERE ARE A FEW FEATURES WHICH CONTRIBUTE 
TO THE CLIPPER'S OUTSTANDING PERFORMANCE 

*Seven separate tuning bands. 
*Tailing range from below 5 meters to 550 meters; covers every foreign and 
domestic short wave broadcast and amateur band as well as airplanes, police, tele-
vision, ship-to-shore and inter-contirental radiophone, and brings them in on the 
speaker as loud as you want them. 
*6L6 Beam Power tube output and 6" dynamic speaker. 
*A. C. Power supply built in with high voltage transformer. 
*R.F. amplification on all bands including 5 meter. Accurately calibrated dial and 
baud switching (no plug-in coils) from top of broadcast band down to 22 megacycles. 
*Isolantite insulated three plate condenser with vernier drive dial is used for both 
bandspread and ultra-high frequency tuning. 
*Combined regeneration and super-regeneration using five tubes at all times includ-
ing 2 new 6J5G super-triodes and 6K7 metal tube R.F. amplifier. 
*Tone control, standby switch, earphone jack, etc. In short the new R-S-R 
CLIPPER incorporates every worthwhile feature the experimenter 
could wish for in his personal receiver. PRICE complete with $28.85 
5 Sylvania tubes ready to operate  

NEW AC4 THE - 
Communication Receiver 
Are outstanding achierement. A truly fine regenerative 
receiver covering the tremendous tuning range of 2,/t 
to 555 meters. A.C_ operation with built-In power 
supply. lsolanti to Insulated handspread and hi gi-fre-
urncy tuning condenser. Super .re generation on the 5 

and 10 meter bands Separate volume and reganera• 
tie, control. Antenra coupling control on front of 
panel. Straight-line-f -equency tank condenser. Ja, k for 
earphones, cuts out speaker. Standby switch, etc. Uses 
three of the new 615G super-triodes with 80 rectifter. 
The AC-4 stands in a class by itself among long distance 
low price receivers. It Is the greatest "miles per dollar" 
value in radio; a real communication receiver with perfect 
bandspread—the 20 meter amateur band, for instance, one 
of the most fascinating DX beads which is only 400 
ki locycles wide, covers 100 degrees on the big 3I/a" Ger 
man silver bands pread dial with NO hand capacity effect. 
Cr forci gn reception you will be amazed at the way the 
AC-4 separates the erswded foreign stations on the short. 
we bands. Price. AC-4; tomplste kit of parts, drilled 
chassis, speaker, ott. Less only tab] net $ 1 175 
arrd tubes   

Dept. WR2 

Crystalline finished metal cabinet   81.25 

Kit of four picked Sylvania tubes  2.05 

Wiring and testing   2.50 

SPECIAL PRICE ON COMPLETE AC-I; 

wired, tested and ready to operate $15.85 
from any 110-volt line  

RADIO CONSTRUCTORS LABORATORIES 
136 Liberty Street, New York 
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NATIONAL COMPANY INCORPORATED 
61 SHERMAN STREET • MALDEN ,MASSACHUSETTS 

ryútectS am/ / hri reliciatet3 
t1 , ..L11.ft 

If you are without a copy of the new National 
General Catalog, write us and we will gladly send 
you one. Or better, visit your dealer. He will 
welcome the opportunity to give you a copy of this 
new catalog and to demonstrate the latest National 
products. 

NATIONAL COMPANY, INC., MAIDEN. mass. 



PRECISION MADE... 
YOU CAN 
TRUST IT 
This POCKET VOLT-

OHM-MILLIAMMETER 

Does All Your D.C. 

Testing 

MOLDED CASE 

3" x 6" x 2" (Approx.) 

SELECTOR SWITCH FOR 

ALL RANGES 

BATTERY, TEST LEADS 

AND ACCESSORIES INCLUDED 

ACCURACY WITHIN 2% A Precision Tester at the 
Sensational Dealer Price of 

Model 735 has a Triplett D'Arsonval type precision instru-
ment with easily readable scales. Ranges are 15-150-750 
volts; 1.5-15-150 M.A.; 1/2 -1000 low ohms; 0-100,000 high 
ohms at 1.5 volts. Provisions for external batteries for 
higher resistance measurements. Has selector switch for all 
ranges and individual zero adjustment for resistance 
measurements. 

Sturdy molded black case, 3 1/16" x sy." x 21/4" high. 
Attractive silver and black panel. Battery and test leads 
with alligator clips are included. Dealer Net Price, Com-
plete, $10.80. 

FREE 
Booklet. Lists 101 most frequent Radio 
Troubles, How to Detect and How to 
Cure. Nothing like it before. Greatly 
simplifies every-day servicing. Send 
coupon now. 

READRITE METER WORKS 
227 College Dr., Bluffton, Ohio 

Without obligation please send me more information . . . 
Model 735. . . . Free Booklet—"101 Radio Troubles and 
Iheir Cures." 

Name   

Address   

City   Sta'e   

___J 
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