ALIGNING CIRCUITS HAVING A. V. C

THE HOW-TO-MAKE-IT MONTHLY-25c¢ Per Copy

l 12-WATT FIDELITY SUPER'

wmwC=-l EgmZ

rea improve ixer performance was aftaine isi e
rid current in this nine-tube superheterodyne, and a driver's grid cur-
ren as eliminated. See article beginning on page 31. -



CORNELL-DUBILIER
CONDENSERS

ELECTROLYTIC

WHEN vou are starting a job, whether

yvou’re a trouble-shooting serviceman or
a pleasure-hunting S. W. fan, pick a win-
ner to help you do the job right.

For twenty-six vears the Cornell-Dubilier
Corporation has been designing and
manufacturing quality condensers. To-
day. servicemen, hams and experimenters
alike are putting their condenser money
on the line that can always be depended
upon to lead the field in QUALITY,
PERFORMANCE, and SERVICE.

If you want your jobs to stand up, start
with quality C-Ds! Available in a com-
plete line—from tiny TYPE JR. dwarf-
midget dry electrolytics, to great Dy-
kanol capacitors for special applications.

Write for General Catalog No. 128 on the com-
plete line today. Exact duplicate replacements—
Catalog No. 129 also acvailable.

CORNELL-DUBILIER
C ) R 4 ®) R A 1 I o N

4343 BRONX BOULEVARD e NEW YORK
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A VERIFIED
THOR
V ALUE!

COMPLETE 16 WATT
SOUND SYSTEM

7 Tube HiFidelity Amplifier
in interlocking 3-piece water-
proof case, housing 2 Rola,
12’7 dynamics and amplifier.
Each unit completely detach-
able with base and 25-foot
extension for instant place-
ment. Case overall 15x15x21.
Fitted with heavy duty cor-
ners, hardware and metal
screen grilles. All qualifica-
tions for an ideal P. A. sys-
tem, portable or permanent.
More power and tone per
dollar than ever before.

Speaker grilles silk covered
with waterproof folding tlaps.
Rola G-12 speakers supplied
in place of the Rola K-12 at
additional cost of $5.00 ea.

No. 7HF Amplifier 19.50
Kit 7 RCA Tubes.. 5,40

Rola 12 Pynamics.
2500 ohm. ....... ea. 3'95
2 Spkr. Extensions.
25 ft. with plug... 1'00

POWER plus
PORTABILITY
At LOW COST!

PORTABLE CRYSTAL P.A.

TIIOR presents in this madel a truly compact
high quality Portable outfit. Complete with all
components. This systemn is ideal for any appli-
crtion. The sound specialist who requires the
finest in tone reproduction can purchase thls out-
fit to fitl a multitude of purposes at an excep-
tionally low price. This outfit presents a per-
fect sound system for the theatre, dance orchestra,
lecturer, entertainer and for all rentals. All units
fit together to form one complete unit. Entirely
portable.  Amplifier contains all controls inelud
ing speaker supply. Crystal Pre-Amplifier and
Selector Switch to operate one or two espeakers
as deared.

Complete system with all parts as listed.

Crystal mike and floor stand 59 90

A GUARANTEED

THOR
PRODUCT!

HIFIDELITY OUTPUT
DUAL CHANNEL INPUT

Higk Gain Input for crystal
mike, medium gain input for
tuner or hi-impedance pickup
direct. Individual gain con-
trols permit use¢ of single or
dual channels, mixing of one
or both. Continuous type tone
control finely graduated.
Rated gain 125 db. Power
output 2 watts peak, 10
watts constant, Tubes—2-6B5,
1-83V, 1-28Z5, 1-6C6, 1-76,
1-6A6. Speaker field supply
and nutput transformer built-
in amplifier. All inputs plug
in. Crystal mike (shure or

astatic) on 6 ft. adjustable
fHloor stand, included in net
price.
Triple Section Case..
Complete with handle. 8'50
Crystal Mike
(Shure or Astatic)l3'23
Shure 6 ft. Agjusgable Floor
Stand, 3 ection
Balanced Base.... 6'50
Mike Shielded 25 ft.
Ext. with plug.. 1'00

GREEN FLYER

- >

L

\(t: 1" ?;peed l.\Iolor.I speed con-

rolled, with Dplate,

shpg. wt. 15 ]bs..,..,7'35

AC 2 Speed, 33-1/3-78 Mator,
speed controlled with 9 41
plate, shpg. wi., 18 1bs.. ¥*

Automatic Ston 1.25

NOISE FILTER

Efficient fiiter to eliminate man
made statle.. Inserts in line
between set and outlet. l 69

Bhpg. wt., 10 lbs, .

DIRECT
24 HOUR
SERVICE

included. Ready to operate
5 TUBE PORTABLE P.A.

8 WATT P.A. RIG

A powerful 5 tube 1.\ system entirely self-con
fiined. Uses push-pull 2A%5's, 1-57, 1-56, 1-80.
Solid wood ease with handle, contains 10 Dynamic
amplifier and input mixer. Tuner, pickup or
cathon (1 or 2 button). Mike feeds direct as
mixer contains mike transformer and Dbattery.
Volume and tone control on input and output.

A real bargain on a compact sound system.
Complete with 5 Raytheon tubes, 10’ Dynamie
and mixer ready to operate. Orverall size 11 x
14 x 14. Shpg. wt., 30 lbs. Limited
quantity 19.95

167 Greenwich Sfree, ear Cartlandt Street

New Yark City

ASTATIC

Genuine Crystal Pickup
High tmpedance. No tianstormer
needed. Weeds direct to grid.
I"inest of its llype. f’deal for
.a. work.  Limite
quantities 6‘19
Shpg. wt., 6 Ibs.

UPCO PICKUP

=1

Needs no transforiner. Feeds
direct to grid. \Wide range
response. Upco Hi-
Impedance Pickup with
built in volume con- 3 95
trol. Finely balanced. .

Shpg. wt., 5 lbs.

209,
DEPOSIT
WITH
ORDERS
OVER $10
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MAILING LISTS

GET OUR FREE
REFERENCE

BOOK and
MAILING
LIST CATALOG

E_

Gives counts and prices on accurate guaranteed
mmlmg lists of all clusses of business enter-
prises in the U. S. Wh —Retail

Manufacturers by clossxﬁcuhon and state. Also
hundreds of selections of individuals such as
professional men, auto owners, incomelists, etc.

Write today for your copy

R.L.POLK&CO.

Polk Bldg.— Detroit, Mich.

Branches in Principal Cities
World’s Largest City Directory Publishers

Mailing List Compilers. Business Statis-
tics. Producers of Direct Mail Advertising.

SUBSCRIBE NOW!

Rapro Worrp, 145 West 45th St., New York
City. Enclosed please find my remittance for
subscription for Rapio WorLp, one copy each

month for specified period.

Two years, 24 issues, $4.50.
One year, 12 issues, $2.50.

Trial sub., § issues, $1.00.

(50c extra per year for Canadian and
foreign postage.)

[J This is a renewal of an existing mail sub-
scription (Check off if true).

RADIO ENGINEERING

RCA Institutes offers an intensive course of high standard
embracing all phases of Radio. Practical training with modern
equipment st New York and Chicago echools. Also
specialized courses and Home Study Courses under
‘“No obligation’” plan.
(llustrated Catalog on request

RCA INSTITUTES, Inc. \3.‘.!'.3
75 VARICK STREET, NEW YORK, N. Y.
1154 MERCHANDISE MART, CHICAQOD

Rerogm zed Standard in Radio Instruction Since 1909

WALLY’S

argest dealer service in the city
Cracker-, jacks on tough installations and motor noise
elimination,
(Authorized All Makes)
AUTOMOTIVE AND MARINE SPECIALISTS
HUDSON TERMINAL GARAGE BLDG.
1 block south Fulton St., New York City

61 Dey Street,
WOrth 2-9080 worth 2-3131

HAVE YOU SEEN THE
“BUY” OF THE SEASON?
PLEASE TURN TO PAGE 64

ADVT.

SPECIAL 2-FOR-1 OFFER
RADIO WORLD

Radio World is $2.50 a year (12 issues), 25¢ per
copy. Canada and foreign, $3.00 yearly. Trial snb.,
5 issues, $1.00. Offers of Radio World and other
worthwhile publications for one full year on each,
(NET), as follows:

O RADIO WORLD and SHORT-WAVE CRAFT,
$3.50.

[JRADIO WORLD and POPULAR SCIENCE
MONTHLY, $3.50.

O RADIO WORLD and RADIO-CRAFT (12 issues),
$3.50.

7] RADIO WORLD and RADIO INDEX (monthly, 10
issues) stations, programs, etc., $3.50.

0O RADIO WORLD and EVERYDAY SCIENCE and
MECHANICS (monthly), $3.50.

O RADIO WORLD and SERVICE (monthly), $3.50.

[0 RADIO WORLD and TRUE STORY (monthly),
$3.00.

3 RADIO WORLD and BOYS’ LIFE monthly), $3.50.

O 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, $2.50, plus the
additional amount, per quotations above. (Add $1.50 for
extra foreign or Canadian postage for both publications.)

Z: G L T T 8680 00 000008006008 0000000060000000360006000 e

City and State........cc.scseessssascssssens eressrescnses
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Here's a New Signal Generator
that “Does Everything” — Only

HE latest model

signal genera-
tor, T-37, from the
laboratories of Supe-
rior Instruments
Company, besides af-
fording all-wave cov-
erage on fundamen-
tals, and other usual
advantages, contains
exclusive and vitally
valuable features. Al-
though priced sensa-
tionally low, Model
T-37 makes higher
priced devices suffer
by comparison.

Surprisingly Comprehensive Performance!

AKE, for example, two of the outstanding refinements: The radio-
frequency output may be taken from a high impedance or a low impe-
dance post, with attenuation presznt for either. Also, the front panel

has two extra posts that enable leakage tests.

Thus cordensers may be

checked for leakage, so may tubes, and other naormally high resistance cir-
cuits, otherwise difficult to test. For instance, the usual ohmmeter will not
check them; conditions in the megohm range must be handled.

The radio-frequency coverage is from 100 kc to 20 mc, in five bands,
selected by front panel switch. These bands are:

(A) 6 to 20 mc
(C) 660 to 2,000 kc

(B
(D) 220 to 660 kc

) 2 to 6 mc
(E) 1G0 to 220 kc

The dial is direct reading in frequencies, and the five coil-switeh_ positions
are designated alphabetically, also in frequency ranges. Full particulars of
other functions are imprinted on the panel scale.

Model T-37 works on 90-130 volts, a.c. or d.c.

commercial frequency.

The a.c. may be of any

Sensational in More Than Price Only!

Two type 37 tubes and a neon tube
are used. One of the 37's is used as
Hartley r.f. oscillator, the other as the
rectifier. The neon tube is the audio
oscillator.

The modulation, or tone, is about
1,000 cycles, and may be included or
excluded, as desired, by front panel
switching.

The purpose of Model T-37 is to
enable adjusting the intermediate and
radio-frequency amplifiers, 100 kc to
20 mc, at precisely the right frequency,
getting each circuit in exact tune, for
maximum gain and maximum selectivity.
Model T-37 enables the lining up of
superheterodynes and tuned radio fre-
quency sets.

As another unusual feature, posts are
included for separate avdio output, at
two amplitude levels, so that the tone
may be used for checking public address
systems, aucdio amplifiers in receivers,
and speech amplifiers in rransmitters.

Model T-37 is all-puspose, finely made,
sturdily built, the most generous offering
of a standard signal generator. Order
one now.

Model T-37, All-Wave Signal Genera-
tor, wired, calibrated, tested; complete
with three tubes, in shield
cabinet with carrving handle
and instructions (shipping

Weight 7 158.).nevnnvnnnn.. $12.40

SUPERIOR INSTRUMENTS COMPANY
139 CEDAR STREET, NEW YORK, N. Y. Dept. W

June, 1936

$1 2.40
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““Magic *Lion” is one of the most

finish metal ornamental statuary you ever laid your eyes on. It
houses a complete cathode ray tuning indicator unit,
this means to radio owners who want the advantages of this new
scientific tuning attached to their present set!

*Lion” they get a superb metal reprod

Swiss Lion of Lucerne PLUS an accurate guaranteed radio

tuning unit.

SENSATIONAL
“WIAGIC TION"

RADIO WORLD

beautiful pieces of bronze
Think what

Now with “"Magic
uction of the world famed

' New Cathode Ray
Radio Tuning Unit

63

NO CABINET BUTCHERING! NO HOLES TO BORE!
QUICKLY-EASILY INSTALLED!

EASY TO INSTALL

No risk of ruining a fine radio cabinet
or control panel when you install
“Magic ‘Lion”! Five wires quickly
connected and the job’s done. “Magic
*Lion” rests gracefully atop flat cabinets
or on a table beside cathedral shaped
sets. Quick easy installation spells
clean quick profits.

PROFITABLE

The beauty of “Magic *Lion” alone
slices sales resistance! Set owners
hesitate to have their radio cabinet
butchered for ordinary cathode tuming
unit installations but when they see
how simply “Magic ‘Lion” is attached
they're delighted. Aggressive service
experts will like the quick cash sales
on “Magic ‘Lion”.

List Price

$8.75

Complete
with

ORDER A SAMPLE FROM YOUR JOBBER OR WRITE RIGHT NOW!
Specify Cathode Ray Tuning Indicator tube type desired, 2.5 Volt or 6 Volt.

"MAGIC *LION” MFG. CO., 56-60 Gold St., New York, N. Y.

2 books

PRINCIPLES of
PUBLIC ADDRESS SYSTEMS

A practical handbook, full of useful in.
formation, fully illustrated, written by
M. N. Beitman, an engineer and noted au-
thority on audio amplifiers.

Considers in detail various microphones,
radio and phonograph inputs, acoustic feed-
back, mixing and volume controls, use of
vacuum tubes, interstage coupling, power
amplifiers, output coupling, loud speaker
placement, the decibel, P.A. measurements,
power level, and other points of importance,
including actual cireuit diagrams of tested
P.A. systems.

MATHEMATICS

of Radio Servicing

Introduces and explains the use of arith-
metic and elementary algebra in connection
with units, color code, meter scales, Ohm’s
Law, alternating currents, ohmmeter testing,
wattage rating, series and parallel connec-
tions, capacity, inductance, mixed circuits,
vacuum tubes, curves, the decibel, ete., etc.,
and has numerous examples.

Plainly written and easy to understand.
QOnly useful data included. M. N. Beitman,
author. Size, 8% x 11 in.

Price, 50c each book.

SUPREME PUBLICATIONS

3727 West 13th St., Chicago, lllinois
TR T e A S

Tube

IRON CORE
I.LF. TRANSFORMERS

EW Radio Design Company iron core
intermediate transformers, as much gain

and selectivity with one stage of i.f. as

with two stages using ordinary i.f. coils. Shield
size: 3% x 1V inches. Coils tunable 450 to
470 kc. Price, postpaid........ 00006000 $1.15 each
Coils for Lamb’s Noise Silencer i.f. transformer
and separate r.f. choke, price, both postpaid—
$1.50

RADIO DESIGN COMPANY
13583 Sterling Place Brooklyn, N. Y.

We have coils for alt circuits. Write us your
requirements.
Send for free circuit diagrams.

METAL CHASSIS

We can supply chassis for any make receiver,
experimental or otherwise.

Inquiries should be jed with
and 1 detail bli us to give
quick service as to prices and delivery.

KORROL MFG. CO,, Inc.

Dept. R.W. 436
232 Greenwich St. New York City

[
|
SERVICEMEN ‘

You need
. . these

Latch

AND EXPERIMENTERS
TURN TO PACGCE 64

ADVT.
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CLASSIFIED
ADVERTISEMENTS

7 cents a word. $1.00 minimum.

WE NEED TEACHERS at once for vacancies now listed; write
I'l:»' your qualifications. Teachers Exchange, Kansas City.
I\ allsas.

Details free.

AMATEUR SINGERS. Improve your voice!
Mayer, Bartn Bldg., Denver, Colorado.

AUTHORS invited forward MSS of all desiriptions for publi-
cation. Fiction specially required. £30 for Poems; particulars
free. Stockwell Ltd., 29, Ludgate Hill, London, England.

-

Book Ever Printed
for Radio Amateurs
and Experimenters

1936 EDITION
of ‘THE RADIO Handbook’

* ALMOST 400 PAGES
ONLY $1.00 PER COPY

——

POCKET RADI0—$3.85 complete. Illustrated Bargain Cata-
logue, 10c, American Business Service, 353 RWM, Shamokin,
Penna.

USED 1. C. S. COURSES bought, sold, rented. Bargain
catalog free. R, Whaley, Fort Payne, Alabama.
OPPORTUNITIES. MAKE 108 FDR YOURSELF. Start

profitable business without capital. Part or full time. Send

25c for plan. McCrea, Box 153, East Akron, Ohio.

TAKE ADVANTAGE OF LOW YEN and order two genuine
pure gilk neckties. Elegant designs, beautiful colors, $1.00,
postpaid. State colors desired. Satisfaction and delivery
guaranteed. John Hays, 42-C Matsugaye-cho, Nagasaki, Japan.

A COMBINATION OFFER!
RADIO WORLD and
“RADIO NEWS”

$3.50

Canadian and Foreign, §1.50 extra on this offer.

You can obtain the two leadl h I that
cater to experimentsrs, service men and students, for ene year
each, at a saving of $1.50, Tho regular maill subseription rate
for RADIO WORLD for eme year Is $2.50, Send Im $1.00
oxtra, got ““Radie News also for & yoar—a new Issue each
month fer twelve months. Total 24 Issues for $3.50.

RADIO WORLD, 145 West 45th Street, N. Y. City

A Many radio books are published. some you’d
like to have, others you ought to have, and just a
few others you MUST have. Here is one of the MUST
list—"The Radio Handbook,” with transmitter and
receiver circuits galore, a wealth of fundamental radio
information for amateur and experimenter, and what’s
more, everything authoritative. Imagine! Almost 400
pages, and only $1, postpaid. Send that dollar now,
get the book quickly, and study it slowly, when fin-
ished you'll know amateur radio and experimenting,
if you don’t now. And if you do now, youll think
you didn’t after you have.

Send Check, M. O. or Currency to:
RADIO WORLD

145 WEST 45th STREET, NEW YORK CITY

YOU'LL FIND IT
ON PAGE 64

ADVT.

Coil Winding Made Easy

sent free.

RADIO WORLD

The biggest help anyone can get who desires to wind
radio-frequency coils for any frequency from just be-
low the audio range to the fringe of ultra frequencies
is to have a book that tells just what inductance is
required for the condenser one possesses, and just
how many turns of any kind of wire on any sensible
diameter are needed to produce that inductance.
“The Inductance Authority,” by Edward M. Shiepe,
gives you all that information, to an accuracy of
one per cent. Send $2.00 and book will be mailed you
postpaid; or send $5.00 for a two-year subscription
for Radio World and this valuable book will be

- 145 WEST 45TH STREET, NEW YORK CITY
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New Metal Tube
Rectifier, 5W4

Bottom view of the

socket.
Pin | = Shell (S}
Pin 2 = Filament {F)

Pin 3 = Blank

Pin 4 = Anode No. 2
{A:)

Pin 5 = Blank

Pin 6 = Anode No. |
(A)

Pin 7 = Blank

Pin 8 = Filament (F)

The key is shown be-

tween | and 8.

A new all-metal full-wave rectifier is des-
ignated SW4. It is a filament type tube in-
tended for applications where the d-c require-
ments are moderate.

5W4

Filament Voltage (a.c.)............. 5.0 Volts
Filament Current ................ 1.5 Amperes
A-C Plate Voltage Per Plate (RMS)

350 max. Volts

D-C Output Current.............110 maxr. Ma
Maximum Overall Length............... 3"
Maximum Diameter................... 15/16"
Base .............. oot Small Octal 5-Pin

Six-Month Celebration
of NBC's 10th Birthday

The tenth anniversary of the National Broad-
casting Company will be celebrated over NBC
Red and Blue networks this Summer and Fall
with a six months' period of special broad-
casts.

Programs from here and abroad will be
presented weekly from May 18 to November
15, the actual anniversary date.

DON'T MISS SUPERIOR’S
SENSATIONAL OFFER
ON PAGE 64

ADVT.

SCRAMBLED NAME FANS!
IMPROVED LIST

5000 names of actors and actresses; U. S. and
Foreign countries. 3 to 26 letter divisions. $1 00
Alphabetically listed ...................... .

M. M. HAYES

525 WALNUT GRAFTON, W. VA,

Now—a high powered

Radio Engineering
Library

—especially selected by radio specialists of
McGraw-Hill publications

—to give most complete, dependable cover-
age of facts needed by all whose fields are
grounded on radio fundamentals

—available at a special price and terms.

These books cover circuit phenomena, tube theory, net-
works, measurements, and other subjects—give special-
ized treatment of all fields of practical design and
application. They are books of recognized position in the
literature—books you will refer to and be referred to
often. If you are practical designer, researcher or engi-
neer in any field based on radio, you want these books
for the help they give in hundreds of problems through-
out the whole field of radio engineering. .
5 volumes, 2891 pages, 2000 illustrations

(. Everit’s COMMUNICATION ENGINEER-
ING

2, Terman’s RADIO ENGINEERING

3. Chaftee’s THEORY OF THERMIONIOC
VACUUM TUBES

4. Hund’s HIGH-FREQUENCY MEASURE-
MENTS

j. Hemney’s RADIO ENGINEERING HAND-
BOOK

10 days’ examination. Special price. Monthly payments.

$26.00 worth of books cost you only $23.50 under this

offer. Add these standard works to your library now:

E:Zk small monthly installments, while you use the
s.

|— SEND THIS ON-APPROVAL COUPON

McGraw-Hill Book Ce., Ins I
330 W. 42nd 8t., New York, N. Y.

I Bend me Radio Engineering librsry, 5 vols., for 10 days’ |
examination on spproval. In 10 days I will send $2.50, plus
few cents postage, and $3.00 monthly till $28.50 1s paid, I

I 1d t ; on orders accom- |

or return books (We pay
panied by remf of first 1 1

|Nnmo .................................................. I
| Adarom ...l |
' City and BEate ..........cc.eeeeereranniioececanes I
l Position

COMDANY v vreineerrnresnoasarssrsssssasssnosse RW-6-36
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(Continued from preceding page)
necting link between set and speaker. This is
done by matching. There is a transformer at
the output in the set. It has a certain second-
ary impedance. A line is used of a certain im-
pedance. The total impedance of line and sec-
ondary should match the input impedance of the
transtormer at the speaker. In this way the
energy is conducted from the source (receiver)
to the destination (set) with minimum loss.
That is true because practically all the energy
gets to the speaker, none being dissipated in
spurious waves. The rule is that all the energy
is dissipated in a resistor terminating a line,
when the terminating resistance is equal- to the
impedance of the line. This is called the charac-
teristic impedance of the line, or the surge im-
pedance. In practice perhaps a 500 ohm line
would be used, with transformers at either end
to supply the necessary matching. Then almost
full realization of the set’s output is attained.

IMITATING INSTRUMENTS

WILL you please state what is the object
" of these audio devices whereby you can
imitate different kinds of music, using the same
instrument? For instance, play so that the
sound is like that of a piano, organ, violin,
clarinet, trombone, etc.>—W. D. S.

The object is to provide instruments for home,
studio and auditorium use whereby at will
whatever type of instrumental music that is
desired may be enjoyed. The principle is in
substance the same as that which applies to
the electric organ, although in that instance
the tones are so treated that only the organ
type of music can be produced, with the wide-
range selection type of instrument, levers per-
mit the selection of any one of a dozen or so
different types of musical renditions. The re-
sults are achieved by generating as many funda-
mentals as will be necessary to cover a specific
range, and filtering the harmonics of different
orders in such manner as to duplicate the
harmonic contents in the type of music desired.
Harmonics to the eighth are normally used,
with the seventh suppressed, if possible, as this

one does not contribute musical values.
x % x

SET CHOKES UP

WHAT can be the cause of my set choking
up on loud signals? I have a home-built
superheterodyne that uses the 55 as second de-
tector and first audio amplifier. The triode part
of this tube is direct coupled to the diode, that

is, the rectified voltage is the input to the triode.
The cathode of course is grounded.—K. L.

The audio amplitude reaches such a height
that the triode of the 55 does not carry enough
plate current. In fact, the plate current on
peaks may be almost cut off. You probably
run second detector output voltages of the order
of much more than 20 volts. Besides choking,
you probably suffer distortion at signal ampli-
tudes somewhat below the choking level. It is
suggested you put a 5,000 ohm resistor in series
with the cathode, bypass it with a 8 mfd., and
return diode load resistor to cathode, not to
ground. Then put a stopping condenser of
.05 mfd. between high side of the diode load
resistor and grid of the tube, and use a leak
at 2 meg. from grid to ground. In that way
the grid is negatively biased by the potential
drop in the cathode resistor, whereas the diode
circuit is not affected as to potential, except
trivially. If the volume control is a poten-
tiometer used as diode load, connect the stop-
ping condenser to the potentiometer arm. It is
assumed you are using resistance coupling,
about 1. meg. plate ioad resistor, and not a
transformer primary in the 55 plate circuit, as
diode biasing of a transformer-coupled circuit
with primary carrying the direct plate circuit is
specifically taboo on account of too-high aver-
age plate current, pa-ticularly high plate cur-
rent at no modulation, which endangers tube
life.

x ok

EFFECT OF SHIELD

A BOUT what is the inductance drop when a
coil is put into a shield? I refer particular-
ly to the type shields used commercially today.
-—-W. E. R.

Considering a shield of 2 1/16 inch outside
diameter (aluminum or copper), and a coil
wound on one inch diameter tubing, centered in
the shield, so no part of the cail is closer to
the inside shield wall than 7§ inch, the induct-
ance drop due to enclosure in the shield is about
10 to 13 per cent. The capacity increase is very
small, a few micromicrofarads. Coils in the
broadcast band were measured. Such results are
important to consider when winding coils on
data for unshielded varieties and yet the coils
are to be enclosed in shields. A good rule is to
measure the inductance change and allow for it,
otherwise add 12 per cent. to the required in-
ductance and solve for the higher inductance.
realizing that shielding will encompass the con-
traction.

S400-16000
/400-5000
S40-/600

Audio transformer used for

modulator (center 37).
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RADIO CONSTRUCTION
NIVERSITY

Answers to Questions on the Building and Servicing
of Radio and Allied Devices.

25,0000

vol. :.nr.l

J00a
L
T

SPEAKER,

LEAK VALUE FOR STABILITY

AVING read contradictory statements

about the effect of the value of the grid
leak on stability of an oscillator, in one case
that the lower the leak, the other the higher
the leak the greater the stability, please en-
lighten me.—I. O.

Depending on the circumstances, either state-
ment may be correct. If any power considera-
tions arise, the lower leak makes for better
stability, and low value of leaks are commonly
used in transmitters for that reason. The leak
should be low enough to result in the same
slope of curve for the grid current as for the
plate current, though the phases are different,
where only voltage is desired, practically no
power taken out, the high values of leak may
work in the direction of improved stability.
The conductance of the tube being rather low,
the high leak holds up the oscillation, and thus
diminishes the likelihood of abrupt changes.
The word stability as used here means fre-
quency constancy. In another view of oscilla-
tors stability is sometimes intended to mean
that the life of the oscillation continues, and
instability to mean that the circumstances that
originated the oscillgti(;n gie out.

HICH FIDELITY BASIS

AN the straight characteristic of an ampli-
s If‘ier be taken as high fidelity reproduction?—

No, considerably more than the amplifier has
to be considered, for instance, the speaker, the
baffle, and the acoustics of the room, auditorium
or theatre. A metered test of the amplifier
might prove almost ideal amplification, but the
reproduction as heard might be far from that.

150000

Six-tube t.r.f. set.

TWO DIAGRAMS

LEASE show a multi-band r.f. oscillator
modulated with an audio oscillator using
a transformer. What kind of oscillation trans-
former do you recommend for the audio oscil-
lator? I should also like to have the diagram
of a tuned radio frequency receiver with bias
detection and power pentode output. I should
prefer a metal tube set.—F. W. K.

You will find the radio frequency oscillator
at the bottom of page 60. It is a four-band
Hartley. The audio transformer for the modu-
lation oscillator may be a cheap transformer
with low turns ratio. Use no condenser across
either winding. A good transformer is likely
to generate a frequency that is entirely too low.
A one-to-one output transformer could be used
to advantage. The circuit on this page answers

your requirement for a t.r.f. receiver,
* % %

REMOTE SPEAKER

WILL you please tell me whether it is all
right to connect a speaker a considerable
distance from the set, without any special pre-
cautions, or, if there is some way of avoiding
volume drop. please explain it.—W, D.

For distance of more than a dozen feet, say,
especially where there is considerable power, it
is advisable to minimize the losses in the con-
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CATALOGUES

A new 64-page catalog featuring a large
assortment of radio receivers, public address
amplifiers and systems, radio service replace-
ment parts, electrical appliances and electrical
refrigerators, has been brought out by Whole-
sale Radio Service Co., Inc, of New York.
The book measures 7 by 10 inches and is
printed in rotogravure in three colors. Whole-
sale Radio’s main office is at 100 Sixth Ave-
nue, N. Y. City, while the following are branch
offices; 901 West Jackson Blvd., Chicago, Ill.;
430 West Peachtree St., N. W. Atlanta, Ga.;
219 Central Avenue, Newark, N. J.; 542 East
I‘ordham Road, Bro*nx; N; Y.

Catalog No. 131A, listing Electrolytic Con-
densers made by Cornell-Dubilier Corporation,
4343 Bronx Blvd, New York City, has just
been published.

* % %

The Magic Magnet Speaker Catalog of 8, 10,
12, and 18-inch speakers has been issued by
Cinaudagraph Corporation, Stamford, Conn.

Tubular Condensers Improved
by Cornell-Dubilier Corp.

An improved line of tubular condensers is an-
nounced by Cornell-Dubilier Corporation, 4343
Bronx Boulevard, N. Y. City. Outstanding
changes are increased impedance to radio fre-
quencies and high internal resistance at high
humidity operating conditions. The condensers
are recommended for bypassing at radio, inter-
mediate and audio frequencies and a.f. and r.{.
coupling, also as tone control adjuncts. The
condensers are known as Tigers and Cubs,
according to size.

Durham, Nadell and Fischer
Appointed

Wholesale Radio Service Co., Inc., 100 Sixth
Avenue, N. Y. City, announces the following
additions to its forces: Wilson N. Durham,
manager of public-address sales for the metro-
politan New York area; Aaron Nadell, author,
special engineering consultant and correspon-
dent on p.a. problems; Leonard Fischer, de-
sign engineer in the high-frequency development
laboratory.

Tube Base Diagrams

Tube base diagrams of more than sixty dif-
ferent prong arrangements and connections are
shown in a folder issued by the Western Elec-
trical Instrument Corporation, Newark, N. J.
Base connection diagrams for octal base tubes,
both metal and glass, are included.

A table in the folder classifies more than
300 makes and types of tubes according to their
tube base connections as shown on the charts.

Lion Rests, Eye Alert

They say a lion can see in his sleep, meaning he
can sense a noise or inttusion and wake up with
a snap. The above lion is cast, never wakes up,
and the eye that's alert is the electric one (6ES5
or 6G5). The device permits resonance and
voltage determinations, is self-powered, works on
any set and is known commercially as The Magic
Lion. The casting duplicates the Lion of Lucerne,
famous statue.

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.

F. W. Boland, 181 Frederick Street, Asnfield, N.S.W .,
Australia.

Qscar C. Kelly, Kosciusko,
Miss., on radio, radio servicing and construction.

David Salzman, ¢/o Union Radio Service Lab., 2007
Foster Ave., Brooklyn, N. Y.

James A. Flick, 208 West St., Wilkinsburg, Pa.

Coles Radio Service, Jewell Ridge, Virginiz, on con-
struction of radios.

Joe Sabath, 120 Clarion St., Qil City, Pa., diagrams
of 80 meter transmitters,

A. Ward Howe, New Hartford, N. Y.

Francis Swanson, 723 Orchard Ave., Ckariton, Iowa.

Wilmer E. Brubaker, P.C. Box 176, Cabool, Mo., radios
and radio replacement parts,

Harry H. Middleman, 415 West Fifth Avenue, Mec-
Keesport. Pa.

S. P. McCoun, 3106 North 10th St., St. Joseph, Mo.

Rolert Wold, 3843 Nevada Ave., Fresno, Calif.

Ingwald Haugen, 832 Craire Ave., Rice Lake, Wisc.

Kelly’s Radio Service,
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nomena. When there is conduction the electrons drift along and it is that drift that
constitutes current. In dielectrics the electrons are “bound” to a point of equilibrium
and they are displaced .a little from this point. It is the displacement that consti-
tutes the current. But are electrons essential to the propagation of electro-magnetic
waves? If they are, empty space must be chock full of hound electrons. Of course,
it may be that what constitutes an electron in a dielectric constitutes “ether” in frec
space !

This application of wave guide theory that has come out of Bell Telephone
Laboratories and. which is discussed elsewhere in this issue is an eye-opener. The
claim is made—and it has been proved—that electric waves will travel down a
metallic pipe without a return path and also that such a wave will travel down a rod
of dielectric material, that is, an insulator, without any metallic conductor. Either
type of contrivance is called a wave guide. It appears that both of these guides are
the same in principle. In each case there is a bounded dielectric and at the boundary
there is a sudden change in the electrical properties. The metal pipe is a good
conductor and therefore a good reflector, just as a mirror is a good reflector.

RESONANCE WITHOUT DISCRIMINATION

W HEN we tune a circuit composed of inductive and capacitive elements we ad-
just either the inductance or the capacity until the current in the circuit
is maximum or until the voltage across it is maximum. We then say that the circuit
is in resonance with the frequency of the voltage by which it is agitated. We accept
as axiomatic that there is only one frequency which will satisfy the conditions. We
do that every time we tune a radio set to some desired station. We need not quibble
about the fact that the current is maximum at one frequency and that the voltage
across the circuit is maximum at another. In all practical cases these two frequen-
cies are very nearly the same,

We could also define resonance as that condition in which the circuit offers zero
reactance to the frequency impressed. When the current is maximum in a series cir-
cuit the reactance is zero and there is only resistance in series with the impressed
voltage. Also, when the voltage across a parallel circuit is maximum the reactance
is zero and the resistance is L/CR, where L is the inductance of the coil, R is
the resistance in the coil branch, and C is the capacity of the condenser branch.
This resistance is extremely high. Practically, there is only one frequency of reso-
nance in either case.

In view of these definitions could there be a circuit which is resonant for all
frequencies at the same time? Yes, there could. But surely that answer is a slip of
the tongue. It must be a momentary mental aberration. No, it is quite true. That
is. it is true if we define resonance as the absence of reactance in a circuit composed
of inductance and capacity in parallel. Let us explain.

Suppose the inductance is L and the resistance in the coil branch is R. Also
suppose that the capacity in the condenser branch is C. Further suppose that there is
a resistance in series with the condenser and that this resistance has a value R. That
is, its value is exactly the same as the resistance in the coil branch. Let us make
one more assumption. Let R squared be equal to the ratio L/C. What is the re-
actance of a parallel circuit formed of these two branches? It is zero, and it does
not in the least depend on the frequency. That is, it is zero for all frequencies.
The resistance of the circuit is (L/C)*. If the inductance had a value of 250 mi-
crohenries and the condenser a capacity of 250 mmfd., the square root of the L/C
ratio would be 1,000 ohms. Thus 1,000 ohms would have to be placed in series
with each branch, that is, 1,000 ohms present in series with the coil and the same
amount of resistance in series with the condenser. The line resistance would then be
1,000 ohms for all frequencies.
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Incredible But True

The Returnless Wave Startles
Science—Also, Imagine a Circuit
"Resonant” to Everything!

—AND NEVER RETURN AGAIN

“] E never hesitate to speak of open circuits. Sometimes we mean by an open

circuit that there is no circuit where there should be one. That is, we mean
that there is a break in the circuit. But at other times we mean a circuit in which
there is a condenser. But if there is a circuit it must of necessity be a closed circuit.
The closing makes the circuit; the opening of it unmakes it. In one of the Bureau of
Standards publications the statement is made that there are no open circuits. That
statement is obviously true. If we speak of an open circuit we must do so with a
tacit or expressed apology.

It has always been axiomatic that there must be a return conductor in an elec-
tric transmitting line. It is understood that the earth may form the return, Uptoa
very short time ago any suggestion that no return conductor was necessary would
have been ridiculed. Yet now it has been shown that the return conductor may be
dispensed with. Worse than that—or maybe better—it has been shown that even the
“go” conductor may be dispensed with. Energy can be sent by electromagnetic
waves with only one conductor, provided the shape is right, or without any metallic
conductor, provided that certain other requirements are met. At first meeting with
this idea it is astounding. After a little thought the possibility of such transmission
appears obvious. Simple analogies help to make it so. The idea is intriguing both
mathematically and experimentally.

What becomes of the old axiom that there must be a return path? Are we still
disposed to laugh at any suggestion that no return is required? No, not quite so
ready. But still we might smile, though only after we have made certain that we
have left a diplomatic door open for a face-saving retreat. We know we can hurl a
jet of water without a return, as long as the water supply lasts. We know also that
we could cool an auto engine or heat a room without a water circuit, if we had a
steady supply of new water. Simple circulation is involved here. No waves.

Do we have to have a return when we send waves and energy carried by waves?
We do not. We can send voice waves down a speaking tube as long as the vocal
cords will vibrate. We can do this without circulation of air. It is possible to
seal off both ends and still talk through the tube. We do not even have to stand
for any back talk from the remote end of the tube. If we had any means of launch-
ing sound waves efficiently on a steel wire, we could substitute such a wire for the
speaking tube. The wire would then be a sound wave guide. It is clear that no
return path is necessary.

In a radio transmission line, either of the concentric or Lecher wire types, is one
conductor the “go” and the other the “come”? Heretofore we have thought of
transmission line phenomena in such terms. But does thinking in a groove make it so?
Hardly.

We are accustomed to thinking of electrons in connection with transmission phe-
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two hollow copper pipes are used, which are
four inches and -six inches in diameter and
1,250 feet long.

In much the same way that a pair of wires
may resonate to waves traveling along their
length, or an air column may resonate to cer-
tain sound waves, so may a short section of
wave guide be made to resonate electrically
to the frequencies which it is able to propagate.
In its role as a resonator it behaves as if it
were a coil and condenser, sometimes in series
with an electromotive force, and sometimes in
parallel. These resonance effects are very pro-
nounced and may be simply demonstrated by a
%xlindsrical chamber such as that shown in

1g. 3.

The open end of a guide may be made to
radiate wave power much the same as sound
waves issue from a pipe. To enhance this effect
the pipe may be expanded into a cone, thus pro-
ducing an electrical horn. Tests show that it
may function much the same as an acoustical
horn, and accordingly may be used as an ef-
ficient radiating load for the generator to which
it is connected.

The question naturally arises as to what use

Some of the experimental ap-
paratus used for the wave guide
transmissions. The hollow metal
cylinder just below the operator’s
right hand is a resonator which is
being adjusted to resonance with
a high frequency signal generated
by the oscillator at the left.
Another resonator may be seen
in the background. A long pipe
of the same diameter as that of
the resonator constitutes the
wave guide. A wave guide is not
an electric conductor in the usual
sense, but is literally guide in the
same way as a speaking tube is
a guide for sound waves. In
these the air does not move con-
ductively. Only the wave moves
from one end to the other. The
analogy between sound quides
and electric wave guides cannot
be perfect.

wave guides may be put. This is a difficult
question at this early day. Wave guides have
definite limitations. The diameter of the hol-
low pipe that may be used is directly propor-
tional to the wave length. For a pipe that is
at all convenient in size, the frequencies are
the highest that have yet been tried out for
radio. It is true that the diameter of pipe
might be reduced if it could be filled with a
suitable insulator.

At this point we are met with a conflicting
difficulty of producing at reasonable cost the
necessary medium that will incorporate high di-
electric constant with sufficiently low losses. It
is true too that low attenuation could probably
be had with much smaller pipes by the use of
H, waves, but this calls for an even higher
range of frequencies.

For long-distance transmission, the situation
is that the art at these extreme frequencies is
not yet at a point which permits a satisfactory
evaluation of practical use. For transmission

over very short distances, however, or for use
as projectors of electric waves, or as selective
elements under certain conditions, the use of
wave guides has definite possibilities.

It's Convention Month, Hence P. A.

This is the year of power amplifiers and
public address systems. Nearly everybody in
the radio business is “going in for” public ad-
dress work. Why this sudden interest in a
line that has been comparatively dead? Why,
it is not a sudden interest. It is merely a
simultaneous outburst of interest that has been
accumulating for four years. The main reason
for the interest is the political activity promised
after the nominating conventions this month.
Between June and November thousands of
politicians will spout political promises and eco-
nomical panaceas. And much of the spouting

will be amplified. Every radio man should be
ready to share in the profits of public address
amplifiers and accessories.

Of course, public address amplifiers will not
be confined to political activity. Many will be
used for entertainment purposes. Roadside inns
will instal systems in order to supply dance
music to their patrons. Small towns will instal
systems for the education and entertainment
of their citizens.

As a result of this interest there is also an
increased interest in phonograph records and
in other forms of recorded sound.
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The analytical work of Rayleigh and others
has now been greatly amplified. The extensions
which have been added to the theory include
calculations of characteristic impedance, at-
tenuation, and inductive effects into neighbor-
ing wave guides,’ and particularly the dis-
covery that, theoretically at least, one of the
many waves that may be transmitted through
a hollow pipe becomes progressively less at-
tenuated as its frequency is raised. This re-
markable property appears a]together unique in
the field of electrical transmission.

These electrlc waves that are guided through
hollow pipes and dielectric rods are moving
configurations of electric and magnetic fields.

Various Associations
Mathematical theory indicates that in cylin-

H: waves the source is conmected between
diametrica]]y opposite points on the inside of the
pipe.

Wave guides behave somewhat like wire lines
in that they have a definite characteristic im-
pedance and a definite attenuation. Also waves
travel through them with a velocity that may
be predicted with considerable accuracy. The
calculated attenuations of the four principal
waves are of particular interest. They are
shown in Fig. 2 for the special case of a five-
inch hollow copper pipe.

It will be noted that all waves suffer infinite
attenuation at or below certain critical fre-
quencies, and that with an increase in frequency
this attenuation - decreases very rapidly. For
three of the types of waves it approaches a mini-
mum, and then increases for higher frequencies.
For the wave that has been designated as Ho
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drlcal guides these two fields may be associated
in many different ways to provide a wide range
of types of waves. Four of these are shown
in Fig. 1. They may be generated by any
source of sufficiently high frequency, such as a
Barkhausen or a magnetron oscillator. To set
up any particular type of wave it is necessary,
of course, to provide an appropriate launching
mechanism. If the E, wave is desired, the
source may be connected between the outside
shell of the guide and a rather large central
disc perpendicular to the principal axis. For

FIG. 3.

Waves that can be
transmitted on a wave
guide are subject to
strong resonance phe-
nomena. Here are two
views of a resonator,
It consists of a hollow
metal cylinder the
length of which can be
varied accurately. A
crystal detector is em-
ployed to indicate when
resonance occurs,

this attenuation appears to decrease indefinitely
with increase of frequency.

Hollow Copper Wires

Not all of the calculated characteristics of
wave guides have yet been verified experiment-
ally. In particular, no information is yet avail-
able on the very interesting Ho wave except near
cutoff. At present, the author, together with
A. E. Bowen, A. P. King, and J. F. Hargreaves,
is working at the Holmdel Radio Laboratory
measuring the attenuations. For this purpose
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the outer tube forms one side of the circuit
and the central conductor the other. If, how-
ever, instead of operating such a structure at
a frequency of about a million cycles, approxi-
mately the average frequency for broadcasting,
a frequency of two thousand million cycles were
employed, it would be found that the central
conductor could then be completely withdrawn
and still the structures would be able to trans-
mit power. It would be necessary, of course, to
provide a suitable means for launching the
waves, and the form of transmission would be
radically different.

Dielectric Effect Considered

In this example the pipe would have had to
be at least 4%4 inches in diameter, but if the
pipe had been filled with an insulating material
having a dielectric constant of 4 a 214-inch pipe
could have been used, while if the dielectric
constant had been 9, a 134-inch pipe could have
been used. As a matter of fact, the outer pipe
itself may also be done away with, and the
transmission will take place along a wire or
rod of insulating material, and the attenuation
will be least when the resistivity of the insulator,

was attempted at that early date. As often
Lappens in science these principles were inde-
pendently discovered by others. In particular,
a group of workers in Germany studied this
problem, and published several papers. They
were Hondros and Debye in 1910, Zahn in 1916
and Schriever in 1920. Also our own J. R.
Carson in 1924 and R. V. L. Hartley in 1931
gave thought to this problem. Both Zahn and
Schriever did a small amount of experimental
work but it related mainly to the form of wave
guide consisting of insulation alone, and dealt
with just one of the many types of waves that
may be propagated. The published literature
indicates that their work was dropped at thai
point.

Work Amplified

In 1931 the author resumed some experimental
work on this subject, which he had started in
1920. This has now been expanded slightly
and moved to our Holmdel Radio Laboratory
where long wave guides may be constructed.
Some details have been given in the April, 1936,
issue of the Bell System “Technical Journal.”
Throughout this experimental research there
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acting as a guide, is the greatest.

Incredible as these phenomena may seem at
first sight, they are readily explicable on
mathematical principles that have been known
for many years.

As early as 1897 Lord Rayleigh obtained
solutions for certain differential equations oc-
curring in electrical theory that indicated that
wave power could be propagated through either
hollow metal pipes or through dielectric rods.
So far as is now known, no experimental work

000
FREQUENCY IN MEGACYCLES PER SECOND

has been considerable work done by members
of the mathematical groups, notably by J. R.
Carson, Sally P. Mead, and S. A. Schelkunoff,
who also have a paper in the Bell System
“Technical Journal” for April. Sometimes ex-
periment has suggested analysis. Sometimes
analysis has suggested experiment. As in mili-
tary operations so in experimental research,
greatest progress is made when the efforts of
line and staff are complementary.
(Continued on mnext page)
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Electric Wave Guides

Propagation with No Return Circuit
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FIG. 1.

Four types of possible waves on a wave guide are illustrated here.
In the E» wave the electric force is radial and the magnetic force

concentric.

In E: the electric force lines are suggestive of the flux

lines about the poles of a bar magnet and the magnetic lines to the

equipotential lines.
Eo, but with the electric and magnetic lines reversed.

In Ho the pattern is the same as that in
In Hy the elec-

tric force lines are similar to parallels of latitude and the magnetic

force

lines meridians.

The distributions of electric or magnetic

potentials along the wave guide are shown at right.

N the early days

of electrical
communication, it
seemed axiomatic
that there must be
a completed circuit
to permit the flow
of electric current
or power. A re-
turn path, either in
the form of another
wire or the earth,
was apparently es-
sential. With the
advent of radio this
seemingly funda-
mental law was
broken, because for
radio transmission
no return path in
any ordinary sense
is required. Radio,
however, was very
evidently a dis-
tinctly different
type of transmis-
sion. The radio
waves simply
traveled in all di-
rections through
space as does light
or radiant heat.

Something
New
Researches in
Bell Telephone
Laboratories have
disclosed a new
form of transmis-
sion for high fre-
quencies. It is un-
like radio because
the waves are not
broadcast through
space but follow a
physical guide com-
parable to a wire.
No return path,
however, is re-
quired of the kind
that is commonly
assumed in the
usual case of trans-
mission. With an
ordinary concentric
conductor, such as
is used for feeding
a radio antenna,
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when used in this position. This trouble can be
reduced, if not entirely eliminated, by installing
the potentiometer in the grid circuit of the triode
or a.f. amplifier. If increased hum results from
this method the grid circuit should be filtered
by installing a .1 or .25 meg. resistor from the
low potential end of the control to the source of
bias voltage, and bypassing the joint of the two
resistors to the cathode of the tube by the largest
paper condenser that can be conveniently used.
Such filtering is recommended in any event for
improved tone and reduced hum.

Reduced A.V.C. Voltage

It will be observed that the common a.v.c.
filter resistor is often left unbypassed. If loud
squawks develop, when the receiver is being
tuned to a signal, apparently due to repeats or
images from strong stations of higher fre-
quency, it may be necessary to bypass the re-
sistor as shown by dotted lines in the diagram
(Fig. 3). The smallest possible capacity should
he used at this point to avoid increasing the
time constant of the system unduly. Usually
.006 mfd. will provide the desired resuits.

Since there are two diode plates provided there
may be a little more volume using them in par-

allel, but there are advantages in using them
separately.

The principal advantage is that a.v.c. may
be obtained independently of the demodulator
circuit, and control action may be delayed to ob-
tain better sensitivity on weak signals. It will
be found that stations formerly almost inaudible
may be brought in with respectable volume by
delaying the a.v.c. action.

It will be found by a little investigation that
often more voltage is being developed in the
a.v.c. section than is necessary. This condition
may be easily checked by merely shunting vari-
ous size resistors from the filter resistor to the
load resistor, as shown in Fig. 3, thus forming
a voltage divider across the load resistor and
enabling the experimenter to determine the ap-
proximate proportion of voltage desirable. When
this is done the receiver should be cheécked by
the signal of the strongest local available, to ‘be
sure that the control voltage has not been re-
duced so much that the first detector becomes
overloaded. If the receiver is used largely for
the reception of local stations the a. v. c. voltage
should not be reduced to a point where the
manual volume control would have to be almost
fully retarded for customary reception.

The changes are all included in Fig. 3.

Keeping The Soldering Iron Point Clean
By Walter E. Bonham

NOTHING is more annoying to the shop-
man than to have his soldering iron point
always dirty, the tmnmg burned off the point
every time a joint is to be soldered or un-
soldered. Even a clean, well-tinned iron while
heated and exposed to the air becomes oxidized
and the tinning burns off, requiring cleaning
and retinning.

The arrangement shown is about the best I
have ever used to keep the iron always clean
and well tinned, ready for use. It essentially is
an arrangement which holds the pomt of the
iron in a bowl of solder which the point keeps
melted. The point is next submerged in the
solder and is thus free from exposure to the
air. Besides, the heat is conducted away from
the tip.

By building the holder at the proper slope
and by regulating the level of the solder in
the bow! as much of the point as desired may be
kept clean.

Any small iron crucible or the dipper part
of a small ladle can be used as the solder
pot. A 5-inch length of one-inch inside diameter
water pipe cut as shown constitutes the cradle
and holder for the iron.

The pipe is cut as follows: One-half inch
from one end cut the pipe crosswise, half the
diameter. Then cut the pipe lengthwise from
the other end, cutting down the middle to meet
the first cut evenly, Remove the loose piece.
In a piece of 4x7 inch sheet iron and near
one end cut a hole to accommodate just the

bottom round of the solder pot. Fasten the
pipe and the bowl together as shown by a-
small iron strap of sufficient length to enable
bending it around, and fasten to the base when
the solder pot is in the depression cut for it
and the iron pipe is at the right slant. Two
thin iron straps fasten to the other end of the
pipe with a small bolt and are spread as an
inverted V and fastened to the base. The base
is elevated sufficient to clear the bottom of the
bowl by any kind of legs or small wooden
blocks which may be handy around the shop.

Waterp
S long, " Iam

LAX7" Sheet
. ’iron base

J . Solder pot sits in U

hole cut in base

How Walter E, Bonham solved the problem of
keeping solder tip clean.
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power factor condensers, that is, condensers
in which the losses are small. These losses are
of practically no consequence in the B filter,
unless of such great proportions as to indicate
condenser breakdown.

Besides leakage, it is desired to test capacity.
This is not so readily done, unless one has a
meter specially built for the purpose. Capacity
testing by a simplified method, using a rectifier
type a.c. meter, was discussed in last month’s
issue. Herewith is given a circuit wherein the
capacity of the unknown Cx may be determined
on the basis of the quantity of d.c. plate cur-
rent.

The line voltage is introduced into a trans-
former that has two separate secondary wind-
ings. One secondary feeds one triode and the
other secondary another similar triode. Both
of these tubes are negatively biased by bat-
teries to just the point where the milliammeter
indicates there is no plate current through the
upper tube, a 37 or 76 or 6C5 with “unknown”
terminals shorted. The tube is then removed
and the other intended for similar tube plate
current cutoff is put in the socket, to be sure
the same condition obtains. In this way two
equal or nearly equal tubes are found, and the
third is used as B rectifier.

The theory of operation is that when the
condenser Cx is connected between the un-
known terminals, it will be charged by the B
voltage from the rectifier, due to the upper

tube becoming conductive when the B poten-
tial is applied. Meanwhile the lower 37 re-
mains nonconductive as s negative bias is
simply augmented by the a.c. input alternation
being negative. lHowever, the phase reversal
in the next cycle makes the lower tube con-
ductive, thereby permitting the discharge of
the condenser, and the resultant direct current
flow is a measure of the capacity of the un-
known. If the unknown is Cx, the voltage is
E and the frequency is f, the current I =
CxEf, so Cx = I/Ef. The frequency f may be
counsidered a constant, 60 cycles, and the voltage
E may be a constant, and adjusted to 100 volts,
read on the voltmeter. Thken Cx = [/6,000. The
capacity Cx is in farads, and values in micro-
farads are desired, therefore Cx is to be multi-
plied by 1,000,000. However, I is in amperes,
while milliamperes are desired, so I is to be
mutltiplied by 1,000. Hence the formula bhe-
comes Cx (mfd.) =1I (ma) /6000. Hence Cx
(mid.) = Ima/6, or one mid. equals one-sixth
of a miliampere or 167 microamperes. The
nmeter could be shunted so that there would be
one milliampere through the meter and five
milliamperes through the shunt, total current
6 milliamperes, whereupon full-scale would be
read as 10 instead of as one, and represent 10
mfd. Capacities then could be read, from .2
mfd. to 10 mfd. on the usual 0-1 milliammeter
with 50 divisions.

The capacity measurement method applies to
all types of condensers, including electrolytics.

Remedies for A.Y.C. Troubles
By R. K. Wheeler

To Controllod Yades

FIG. |

HE automatic volume control circuit most

commonly published, and largely used in
the smaller receivers, is shown in lig. 1, and
several changes may be made in this circuit for
improved operation.

The small condenser C;; across the diode load
resistor, is necessary to help remove the inter-
mediate frequency from the a.f. component of
the signal. The goal is not fully accomplished
by this method, so further filtering is recom-
mended, by adding small condensers from grid
or plate (or both) of the triode section to
ground or cathode. This filtering is more ef-

— AN
Aucx 3
- b
N
oz Shumt beré Em,, Voltags
AAAA - » c=
Delay Voitage
FIG. 2 FIG. 3

fectively done by placing a .1 meg. resistor be-
tween the coil and the load resistor, Rl, and
bypassing at each end of the added resistor, with
a .0001 mica condenser to cathode (Fig. 2). This
usually eliminates the need of condensers at the
plate and grid of the triode, although the de-
sirability of the inclusion may be checked ex-
perimentally.

Relocating the Yolume Control

A potentiometer is often used as diode load
and. manual volume control, and most of the
available controls seem inclined to become noisy
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SERVICE BUREAU

Ge= 1/6,if £=100, f=60~

C?‘ inph, Iin Ma.

N
a
.
E 28 T3S
! E 8 Mfd.o
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A method of measuring high capacity (Cx), based on applying 100 rectified volts to the plate

(measured at E}, biasing the left-hand pair of 37's to cutoff, and reading the current | in milliamperes

through the meter Ma, Cx in microfarads equals | (milliamperes) divided by 6, for 60-cycle frequency.

If a 0-1 milliammeter is shunted so | ma at full scale passes through ma and 5 ma through the shunt,

full scale equals 10 mfd, and the meter is direct reading in capacity. Electrolytics may be measured
as well as paper condensers.

Capacity Measured, Including Electrolytics
By Barry Walters

HE circuit for testing condensers for leak-

age by the flash-counting test is shown
herewith. A rectifier, small tilter and a neon
tube are used. The unknown, or condenser to
be tested, is put between two open terminals.
If the flashes occur once or fewer times per
second the condenser may be approved.

All types of condensers may be tested this
way, including electrolytics, which usually have
the highest leakage. Mica condensers have such
small leakage that the equivalent of “no re-
sults” may prevail, even if the capacity is very
large, which is unusual for the mica types. The
test for them, then amounts simply to finding
out if the condenser is shorted. There is some
value here, nevertheless, as intermittent shorts,
a perplexing trouble on the few occasions when
it does arise, will show up.

As may be inferred, the circuit is also a con-
tinuity tester.

It is easy to memorize the frequency condi-
tion represented by one flash a second, and
since one will prefer to be too particular rather
than not conscientious enough, he will discard
condensers that give a quick repetition, obvi-
ously more than one a second. No stopwatch
or pocket watch is needed in connection with
the practical application of the test.

The neon tube used is preferably of the type
that has no limiting resistor built in. This is
not the regular type of night bulb sold in stores,
although many radio stores, and practically all
the catalogue houses, have the lamps without
the built-in-resistors. Even the night lamp type
can be used, however, but the limiting resistor
will be of somewhat higher resistance than
75,000 ohms, which tends to reduce the fre-
quency of the flashes. Wattage of ¥4 watt or
less is sufficient.

The tolerance of higher leakage for elec-
trolytic condensers is acceptable, because the
circuits in which they are used (principally B
filter circuits) are not ones requiring low

(Continued on next page)

Neon Tube

75,000 0
Line Cord.

Cx 2 Mfd

L "1

Using a neon tube without limiting resistor built
in, Cx is tested for leakage. Flashes greater than
one a second indicate too much leakage.

3500 30w

25 Meg.

4
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Distortion Proved in Overloaded Ear

Everyone who listens to music by radio
knows that it is possible to “overload” the loud-
speaker of his receiver. This is particularly
easy when listening to a nearby or very power-
ful station. If one turns up the amplifier and
puts more power into the loud speaker, the
quality of the music may be spoiled. The expert
says that this is because the amplifier or the
loudspeaker has been “overloaded.”” The re-
ceiver, in that condition, gives out some tones
that don’t belong in the music at all.

The human ear can be overloaded in the same
way. When it is, the brain hears sounds that
have not reached it through the ear at all.
John Mills, of the Bell Telephone Laboratories,
tells the story in his last book, “A Fugue in
Cycles and Bels.” He says:

Music Hashed

“Starting with only two or three strong mu-
sical tones in the radio input, a badly overloaded
amplifier, or overloaded loadspeaker, can make
a veritable hash of music; and too frequently
one or the other does just that. When the ear
does it, that is different, because there really
is a good deal in having hash made at home.”

Then he goes on to tell how in the Labora-
tories it has been proved that when you are
listening to a single pure musical note, if that
note is made loud enough, you will hear also
still higher tones. You will hear the next octave
above that note, the G tone above that, and a

WIJZ to Bury 85,000 Feet of Copper

Washington.
The National Broadcasting Company filed
with the Federal Communications Commission
an application for increase of power on WJZ
to 500,000 watts. The company also applied for
permission to erect a new antenna, a slender
steel tower 640 feet high.

“The up-to-date antenna system will increase
the efficiency of the present 50,000-watt trans-
mitter, and minimize fading, assuring improve-
ment of reception in the metropolitan New
York area from the key station of the NBC-
Blue network,” said Lenox R. Lohr, president
of NBC.

The engineers of the National Broadcasting
Company, under O. B. Hanson, Chief Engineer,
and Raymond F. Guy, are collaborating with
RCA engineers in planning the new antenna
system and transmitting equipment, which will
be produced by the RCA Manufacturing Com-
pany.

“The antenna system proposed,” said Mr.
Hanson, “is a slender steel tower of approxi-
mately 8 feet cross-section from top to bottom,
held in position by means of two sets of guy
wires. The ground system will comprise a vast
buried network of copper ribbon of 85,000 feet.
Directly under the antenna there will be a cop-

tone two octaves higher. The louder is the sin-
gle pure note to which you are listening, the
more you hear of these tones which don’t exist.

Proximate Tone Used

In the Laboratories, where they carry out
fundamental investigations of hearing  and
speech for the Bell Telephone System, the sci-
entists developed a neat and ingenious method
for proving that such higher tones actually
exist in the inner ear, even though they do not
exist in the air outside the eardrum.

The trick was to use another tone not quite
in tune with one of the higher tones, but just
enough “off” from it to make a sort of discord.
What one then heard was the recurrent swell-
ing of a tone, the “beats” which are evident
when two tones are not quite alike but very
close in pitch. The presence of “beats” proved
the existence in the ear of these higher tones,
although only a single pure note had been
sounded.

In “A Fugue in Cycles and Bels” the author
tells other interesting things which scientists
have learned about the hearing of musical tones
and also what electricity can do for music.

The words “cycles” and “bels” are borrowed
from the vocabulary of telephone engineers.
“Cycles” is used to describe, for any complex
musical sound, the pitch of a component tone ;
and “bels,” or decibels, to tell how intense or
loud the tone is.

per screen 150 feet in diameter, to minimize any
losses which might occur in the earth at this
point.

“The tower structure will be connected with
the transmitting apparatus by means of a con-
centric tube transmission line 10 inches in
diameter and 600 feet long. This will provide
the maximum efficiency in energy transfer with
the utmost reduction in fading and in the radia-
tion of spurious frequencies.”

Thick Loom Shielded Wire

WHY is shielded wire of the “thick” type
recommended for connection between set’s
antenna post and antenna coil in the set, as or-
dinary shielded wire should suffice?

The conductive wire is usually surrounded by
small rubber insulation, then a thick serving of
cotton, then the braided metallic weave that is
to be grounded, which constitutes the outside.
Note how by this method the conductor is far
enough removed from the grounded part or
shield to create very small capacity between
them. Hence the Icss is small to ground due to
capacity, the pickup to the set is greater, and
sensitivity is not diminished. This is of particu-
lar importance in tuned radio frequency sets, not
of moment in big supers.
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[See immediately preceding pages for article on the 6L6.]

6L6

[Data from RCA Radiotron Division, RCA
Mfg. Co., Inc.]

Heater Voltage (a.c. or dc.)........6.3 Volts
Heater Current................... 09 Ampere
Base ....coovviiiiiiiiannn. Small Octal 7-Pin

Push-Pull Class A: Amplifier

Subscript 1 indicates that grid current does
not flow during any part of the input cycle.
Plate Voltage................. 375 max. Volts
Screen Voltage................ 250 max. Volts
Plate and Screen Dissipation (Total) #

24 max. Watts

Typical Operation—2 Tubes:
Values Are for Two Tubes
Fixed Self

Bias Bias

Heater Voltage ##.... 63 63 Volts
Plate Voltage........... 250 250 Volts
Screen Voltage ......... 250 250 Volts
D-C Grid Voltage °..... —16 —16* Volts
Peak A-F Grid-to-Grid

Voltage ............. 32 356 Volts
Zero-Signal D-C Plate

Current ............. 120 120 Ma
Max.-Signal D-C Plate

Current ............. 140 130 Ma
Zero-Signal D-C Screen

Current ............. 10 10 Ma
Max.-Signal D-C Screen

Current ............. 16 15 Ma
l.oad Resistance (Plate

to plate) ............ 5000 5000 Ohms
Distortion ;

Total Harmonic ..... 2 2 Per Cent.

3rd Harmonic....... 2 2 Per Cent.
Max.-Signal Power Out-

put ..., 145 13.8 Watts

#Precautions should be taken to insure that dissipation

rating is not exceeded with expected line-voltage
variations, especiallv in the case of fixed-bias opera-
tion. Fixed-bias values up to 10% of each typical
screen voltage can be used without increasing dis-
tortion,

##The heater should be operated at 6.3 volts. Under
no condition should the heater voltage ever fluctuate
so that it exceeds 7.0 volts, The potential difference
between heater and cathode should be kept as low
as possible.

*With no signal.
°The type of input coupling used should not introduce
too much resistance in the grid-circuit. Transformer-
or impedance-coupling devices are recommended.
When the grid circuit has a resistance not higher
than 0.05 megohm. fixed bias may be used: for higher
values, self-bias is required. ~With self-hias, the
grid circuit may have a resistance as high as,
but not greater than, 0.5 megohm provided the heater
voltage is not allowed to rise more than 10% above
rated value under any condition of operation.

New 1F4 Like 33
A glass type power amplifier pentode, 1F4,
has been announced.

The 114, having a 2.0-volt filament and an
ST-14 glass bulb, is intended for use in the

6L6
Push-Pull Class AB: Amplifier

Subscript 2 indicates that grid current flows
during some part of inpui cycle.

Plate Voltage .........cc...... 400 max. Volts
Screen Voltage............... 300 max. Volts
Plate and Screen Dissipation (Total) #

24 max. Watts

Values Are for Two Tubes
Fived Fixed

Bias Bias

Heater Voltage ##.... 63 6.3 Volts
Plate Voltage........... 400 400 Volts
Screen Voltage ......... 250 300 Volts
D-C Grid Voltage °..... —20 —25 Volts
Peak A-F Grid-to-Grid

Voltage ............ 57 80 Volts
Zero-Signal D-C Plate

Current ............. 88 102 Ma
Max.-Signal D-C Plate

Current ............ 168 230 Ma
Zero-Signal D-C Screen

Current ............ 4 6 Ma
Maux.-Signal D-C Screen

Current ............ 13 20 Ma
l.oad Resistance (Plate

to plate)............. 6000 3800 Ohms

Peak Grid-Input Power °° 180 350 Milliwatts

Distortion :

Total Harmonic...... L **  Per Cent.

3rd Harmonic........ *ok **  Per Cent.
Max.-Signal Power Out-

1301 40 60 Watts

**With zero-impedance driver, plate-circuit distortion
does not exceed 2%.
°°Driver stage should be capable of supplying the grids
of the Class AB stage with the specified peak values
at low distortion.
, 4%, °, *: See notes Push-Pull Class A,
Amplifier.

under

output stage of battery-operated receivers. It
is similar in application to the glass type 33,
but takes less plate current and filament cur-
rent. Physical dimensions and connections of
both types are identical.

Filament Voltage (D.C.)............ 2.0 Volts
Filament Current ................ 0.12 Ampere
Plate Voltage................. 135 max. Volts
Screen Voltage ............... 135 max. Volts
Grid Voltage..................... —4.5 Volts
Plate Current .......................... 8 Ma
Screen Current .............coouvenn.. 2.6 Ma
Plate Resistance ................ 200000 Ohms
Amplification Factor...................... 340
Mutual Conductance.......... 1700 Micromhos
Load Resistance.................. 16000 Ohms
Undistorted Power Qutput...... 340 Milliwatts
Maximum Overall Length............ 411/16”
Maximum Diameter.................. 113/16”
Bulb ... i ST-14
Base .......coooiiiiiiii, Medium 5-Pin

[Data from RCA Radiotron Division, RCA
Mfg. Co., Inc.]



June, 1936

RADIO WORLD 45

what contributes largely to the high efficiency
of the tube.

The high power output of course is readily
understood as meaning that the output tubes
can drive a suitable speaker with a signal with
stated wattage behind it when the peak audio
volts are delivered to the output tubes’ grids,
for output distortion level as stated. High power
sensitivity means that for a small amount of
power expended in the grid circuit there is
vastly larger power in the plate circuit, or,
a small input power controls a great output
power.

Of all the tubes made, the new output tube
is alone in the enjoyment of this honor of high
power sensitivity, consistent with high power
output. In the past tubes might have had one
or the other or neither, but never both.

The Beam Circuit

High efficiency means that for the output
signal wattage compares favorably to the watt-
age expended in supplying terminal voltages
to the tube for operational requirements, and
for the input grid volts. Thus the output signal
wattage bears a favorable ratio to the wattage
used in all other directions, compared to the
case of normal tubes.

As stated, these ends are accomplished by in-
voking a principle new in power tube design,
and in a sense new to vacuum tubes in general.
That principle is the beaming of the electron
stream, the direction of that stream into a con-
centrated path, much the same as focusing. The
beams are controlled much as if they were rays
of light, but of course are not of light frequen-
cies. Fields of potential created by the tube
specially located electrodes produce beams of
high electron density. Their paths are made to
be narrowly continued between the spacing of
the turns of which the screen grid is made.

Considered as a single beam confined to a
path focused on the screen electrode, naturally
the beam develops a space charge, a cloud of
electrons. Since the cathode emission intended
for a screen is never completely delivered to
a screen, due to some electrons returning to
the cathode and others remaining for brief sus-
pension just about the screen, there is the
equivalent of a steady average value of these
delinquents about the screen, though the iden-
tities of the electrons is constantly changing.
These suspended electrons constitute the space
charge and they are limitations on practically
all vacuum tubes, since the space charge acts
as an obstacle to other and succeeding elec-
trons also seeking the screen or other electrode.

Plate Efficiency Increased

The ingenious accomplishment in the new
tube is that the usual drawback of a tube is
transformed into an advantage, as the space
charge of the screen is made to serve as a sup-
pressor to eliminate secondary emission from
the plate. By secondary emission is meant the
travel of electrons in the wrong direction, elec-
trons that have been bounced off the plate and
thus to limit the plate current, a serious im-
pediment when present. With secondary emis-

sion from the plate eliminated plate efficiency
soars.

Screen current is likewise reduced, due to
focused beam, hence the overall efficiency 1s
increased, as increased efficiency in any single
element increases the overall efficiency.

The 616 offers much opportunity to the ex-
perimenter who has high technical attainments
and considerable resourcefulness. Its possibili-
ties are very large indeed. As is true of tubes
generally, they are introduced because they
serve some distinct purpose, but many other
purposes are found, some quickly. Ordinarily
a tube does not offer such a vast field of pos-
sibilities as the 6L6.

Tonal Effects

One fact well worth considering is that the
tube may be classed as a constant current am-
plifier. Within certain limits of operation, as
already set forth, that much could be imagined,
since for husky output, nearly 14 watts, the
plate current changed so little between maxi-
mum and minimum dc. values. The flat plate
current curve removes the requirement of strict
ohms loading, since there will be practically
no change in the current though there is intro-
duced a considerable change in the load. Also
impossible requirements as non-reactive load-
ing of a tube with violent plate current swings
is removed. .

The effect of working at a very low amplitude
level, compared to rated input voltage to the
tube, or much lower power output than op-
timum, is to cause a reactive device like a re-
producer to respond more strongly to the high
audio frequencies than to the low. 1f one has a
receiver so selective that sidebands are reduced
in amplitude, the high audio tones are im-
paired, and the low-level operation of the
61.6's enables atonement for this discrimina-
tion, and an approach to fidelity.

6C5 a Good Driver

The output tubes have to be driven. of course,
as a detector alone will not furnish the require-
ment. A driver should be a 6C5, 6Q7, 6R7 or
6F6 as triode, the 6C5 preferred.

Turns ratios of the push-pull input trans-
former have an effect. If the 60-watt output is
to be utilized the turns ratio should be less than
1 to 3, primary to one-half of secondary. Not
more than 1 to 3 should be used for general
purposes with these tubes. 0

Average operating conditions for the
6L6 for Class Ax (around 14 watts) and
Class AB: (40 to 60 watts), both push-
pull outbuts, are given on the following
page. Data on single 6L6 output are not
given because the method of producing a
second harmonic, and none other, is not
familiar to us.—EDITOR.
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(Continued from preceding page)
and therefore the tubes are better suited for
the push-pull output. For Class A: push-pull,
under given voltage conditions, no grid current,
the total harmonic is 2 per cent., made up prac-
tically wholly of third harmonic. There is no
second harmonic if the stage is balanced.

To capitalize the advantage in the single-
ended circuit, i.e, using one 6L6 output tube,
is not so easy. It is suggested that the pre-
amplifier, or early audio stage, develop sufficient
second harmonic and be so coupled to the in-
put grid of the 6L6 that the second harmonic
present in this grid circuit is bucked out. This
requires, first, a method of generating second
harmonic only, and, second, a method of
measurement, both of phase and amplitude. The
phase must be out by just 180 degrees. These
requirements are beyond the ordinary capabili-
ties of experimenters. Moreover, though the

Bottom view of the

socket.

Pin | = Shell (S)

Pin 2 = Heater (H)

Pin 3 = Plate (P)

Pin 4 = Grid No. 2
{Screen)

Pin 5 = Grid No. !
{Control Grid)

Pin 6 = Blank

Pin 7 = Heater (H)

Pin 8 = Cathode (K]}

The key is shown be-

tween | and 8.

suggestion comes from tube manufacturers, the
circuit for accomplishing the exclusive genera-
tion of second harmonic is not given. The re-
active effects of all but tubes heightens the
problem. This we state not in criticism but
from the frank admission of self-disappoint-
ment, as we could not think up the circuit our-
selves.

The best we could do was to assume that
even a tiny bit of second harmonic might be
present in a supposedly symmetrical circuit,
where the supposition was not fully justified
(the usual case of push-pull), and to specu-
late on a way of getting rid of the trouble.
This method is to intercept the return to B
plus, in the output stage, with the primary of
a transformer. No fundamental is present in
this primary, the principal voltage is second
harmonic, and this is delivered by two secon-
daries to the power tubes’ input grid circuit.

Another Problem

The single Class A, tube yields 11.5 watts,
14.5 per cent. total harmonic. Push-pull Class
Ai affords 13.8 watts at total of 2 per cent.
distortion. Class AB,, fixed bias, gives 23 watts,

6 cent. distortion, all third harmonic. Class
AB: enables 60 watts, the third harmonic run-
ning up to 7.5 per cent., the second being only
2 per cent,, however. The third harmonic, here
strong, is one that offers no simple solution.
To get rid of it without wiping out the funda-

mental, which is likewise an odd-order har-
monic (the first), is a problem nobody has
solved.

Only when one gets above 30 watts do the
higher order harmonics than the third appear
in this form of operation. Assuming that the
requirement is to attain high power output at
low distortion, the 50-watt limitation may be
imposed, same type circuit, with a third har-
monic less than 4 per cent., fifth a bit over 1
per cent. and seventh about .25 per cent, Sec-
ond harmonic is deemed absent.

It can be seen therefore that the 6L6 beam
power amplifier is a tube that is very attractive
for a home receiver, especially if worked in
a push-pull circuit, where for moderate ter-
minal voltages it affords unexpectedly high
power output at very low distortion level,

Constant Current Indicated

Working the system at even less than the
maximum output, which is what might be done
practically for home use, the power output at
250 volts, self bias, may be nearly 14 watts, 2
per cent. third harmonic distortion, )and no
other distortion present.

All ratings of power cutput have significance
only when considered in the light of the per-
centage distortion, and 2 per cent. is the lowest
distortion for any receiver ratings. And this
low level here is accomplished at only 250
plate volts, 250 screen volts, and a negative
grid bias of only 16 volts. The d.c. plate cur-
rent maximum and minimum for these accom-
plishments are only 130 and 120 milliamperes,
respectively, screen limits are 10 and 15 mil-
liamperes. Note the small change, indicating
constant current. The ohms load is 5,000, plate
to plate.

The plate impedance is high for such a tube,
which rids the high B current requirement of
one of its severest rigors, since the high plate
impedance removes the criticalness of output
ohms loading, and permits operation without
any further filtration of the B current than a
large condenser next to the rectifier. Hence the
large current does not have to pass through a
high resistance choke, such as the field of a
dynamic speaker, or any other choke. In this
way also poor regulation is avoided. When the
terminal B and C voltages change considerably
with changes of current drawn, due to high
resistance in the rectifier line, as speaker field,
the regulation is said to be poor.

Where to Put Speaker Field

It is not to be supposed that a speaker field
is taboo. Instead the field should carry the B
current of the rest of the set, for a receiver
of sufficiently high performance to warrant the
use of the new tubes will draw enough B cur-
rent to energize the speaker field when B cur-
rent other than that to power tubes is passed
through the field.

It may have been noted that the screen cur-
rent is relatively small. This is another way
of stating that little power is consumed by the
screen circuit. This fortunate development is
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Extraordinary Power
Tube, 6L6

Quadrode Has Focused Stream, Enables 60
Watts in Push Pull, and is Otherwise
Outstanding

By Paul Madllard

HE 6L6, an all-metal power tube quadrode,
introduces the principle of the focused beam
to the power tube and produces the only power
tube that combines high power output capa-
bilities with high power sensitivity. Therefore
the tube is one of high efficiency. Cousidering
the voltages used, which are modest, the power
output reaches surprising heights, and the per-
centage distortion is purposely confined to the
second harmonic, except for a small third har-
monic and negligible higher order harmonics.
Two 616 tubes in push-pull, Class AB, afford
as much as 60 watts output. Some grid cur-
rent flows during part of the cycle. Class AB:
is a customary designation of this type of ser-
vice. The plate volts are only 400, screen volts
300, negative fixed bias 25 volts, zero signal
d.c. plate current 102 milliamperes, maximum
signal plate current 230 milliamperes, screen
currents, minimum and maximum, 6 and 20
milliamperes, respectively, peak grid input pow-
er .35 watt, ohms load 3,800, plate to plate.
At this level there is ratable third harmonic
distortion, the third exceeding the second har-
m(lmic over part of the cycle of the fully-driven
tubes.

When Third Harmonic Goes Up

While third harmonic distortion is particu-
larly disagreeable to the ear, for public address
work this might not be considered a serious
drawback. For receiver use in the home or in

a small auditorium, there would be no incen-
tive to work the output to the limit, and by
holding power tube input to lower levels very
low distortion will result at power outputs be-
yond those previously enjoyed with any pair
of receiver power output tubes.

Besides the use of the beam principle, the
concentration of the distortion on the second
harmonic was introduced because, since there
had to be a given amount of distortion, if the
apportionment could allow concentration on the
second harmonic, in the first instance the over-
tone least objectionable to the ear would be
heightened, and secondly a push-pull circuit
could be used to eliminate this harmonic from
the output. Push-pull has the effect of cancel-
ling from the output the even order harmonics.
The second harmonic is the strongest of these
by far.

As an example, take the Class A. single-
ended amplifier, where no grid current flows
during any part of the cycle, for given voltag-
ing the total harmonic distortion is 14.5 per
cent., of which the second harmonic is 11.5 per
cent., so all harmonics other than the second
contribute the difference, or 3 per cent. And
this 3 per cent. is nearly all third harmonic.

A Splendid Push-Pull Choice

There is no ready method for the single-
sided circuit, to eliminate the second harmonic,
(Continued on next page)

Making Watmeter Calibration Hold

(Continued from preceding page)

one would be used, the phase difference is so
small that it may be neglected. Only approxim-
ate values are required in a routine test anyway.

It is well to sound a warning. The resistance
in the line across which the voltmeter is con-
nected should never be allowed to open as long
as the meter is across it. If the resistance opens,
the meter burns out.

The purpose of the rheostat is to adjust tle

voltage across the measured device to compen-
sate for fluctuations in the line voltage. Some
standard of reference is also required for the
adjustment. This standard may be a 50-watt
lamp. If this is connected in the output socket
S and the rheostat is adjusted until the volt-
meter reads the same as it did when the device
was first calibrated, the calibration will hold
for all other values of power within the range
of the calibration.
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An Improvised Wattmeter

Simple, Quick Measurements Made
By Eugene Kingrey

line 0-SVolts A.c s
VAN,
/0. Shunt 7 - ’

3 Line Voltage Control

Circuit of Kingrey's wattmeter improvisation.

A SIMPLE and quick method of measuring
wattage is often desirable. Wattmeters are
not generally available, but one of sufficient ac-
curacy for practical purposes can easily be con-
structed. It is based, naturally, on the principle
that wattage is the product of current and
voltage.

In most instances where we want to measure
the wattage we know the voltage and it is only
necessary to measure the current. As soon as
we have found the current we get the wattage
by multiplying it, expressed in amperes, by the
voltage.

In the sketch is shown one way of improvis-
ing a wattmeter. A heavy-duty, non-reactive
resistance is conmnected in series with the line
and across this resistance is connccted a low-
range a.c. voltmeter. The internal resistance of
the voltmeter should be so high that the shunt
resistance is neglible in comparison.

Current and Voltage

The small resistance in the line may be one
ohm and the voltmeter may have a range of 0-5
volts. This arrangement, the resistance in the
line and the voltmeter across the resistance, real-
ly constitutes a current meter. Its range, when
the resistance is one ohm and the voltmeter has
a range of 0-5, is from zero to 5 amperes.

Now we have a means of measuring the cur-
rent. We should now determine the voltage that
exists across the load, in this instance across
the output socket S at the right in the figure.
The voltage at this point could be measured
with the same voltmeter provided that the ter-
minal connected to the line plug could be moved
temporarily to the low side of the output plug.
Of course, a suitable voltage multiplier resistor
would have to be used to protect the voltmeter.

As a rule the voltage of the line is known
with sufficient accuracy. If the line voltage
control rheostat is set at zero, the line voltage
is nearly the same as the voltage across the
output socket, jor the drop in the one ohm re-
sistance cannot exceed five volts, and in most
instances it will be much less. Therefore the
power in watts can be computed from the meas-

ured, or partly assunied, values of current and
voltage.

Lamps as Standards

It is convenient, howcver, to have a direct
reading wattmeter. This can be had by calibrat-
ing the voltmeter in wa‘ts for a specified line
voltage. The specified voltage can be attained
by adjusting the line vcltage control rheostat,
provided the available line voltage is higher than
the specified voltage.

For rough purposes the calibration can be
done against commercial resistance devices, such
as Mazda lamps, heating pads, soldering irons,
and others. All these devices are rated in watts
and voltage. For example, a lamp may be rated
at 50 watts and 120 watts. This does not mean
that the lamp takes 50 watts from the line re-
gardless of the voltage of the line. It means
that it takes 50 watts when the voltage is 120
volts. If the voltage is less, which it usually is,
the wattage is less. But the wattage is propor-
tional to the voltage and it can be computed
from the rated wattage of the device and the
actual voltage of the line, or rather the actual
voltage across the device.

The calibration can be carried out at a stand-
ard voltage, say 115 or 110 volts, and every
time the wattmeter is used the voltage can be
adjusted to that value by means of the rheostat.
The power indicated by the wattmeter there-
after is not the power taken by some device
when connected to any line, but the power taken
when connected to a line having the voltage at
which the wattmeter was calibrated.

The Question of Phase

It should be noted carefully that a wattmeter
of this type, that is, one in which the voltage
and current are multipled together. does not
give the true power under all conditions. It
only indicates the true power when the current
and the voltage are in phase. They will be
whenever the load is a pure resistance. But fre-
quently it is required to measure the power
taken by a device which is connected to the line
by means of a transformer. ‘In that case the
current and voltage are not necessarily in phase.
When they are not, part of the current flowing
in the line does no work and the power indi-
cated by the wattmeter is too high. The excess
is greater the greater the phase difference be-
tween the voltage and the current. A regular
wattmeter will indicate the true power even
when there is a phase difference between the
current and the voltage. In many instances where
a simple improvised wattmeter like the present

(Continued on next page)
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aerial. Usually an indoor wire will suffice for
a sensitive super. Many persons use very short
indoor antennas.

The ratio of signal to set-originated noise
goes down as the antenna is shortened, so that
a hissing sound may accompany reception. The
more antenna input, the less this kind of noise,
which is due principally to the tubes. The ratio
of signal to noise improves. Loud locals may
drown out this set-noise, but distant or other
weak stations are not likely to do so, although
scientific application of a. v.c. tends to equalize
the results on strong and weak stations.

Number of Condenser Gangs

Also, the noise is kept down the greater
‘he selectivity anywhere in the set, the more
the pre-selection and the closer the first tube
is operated to maximum allowable plate current
conditions. Any a.v.c. system for highly selec-
tive circuits must work fast enough to give
quickly visible indication of resonance, other-
wise resonance could be passed over, with ab-
rupt change in audible output, without sufficient
or even any indication on the visual device
(tube, meter or shadowgraph) of the reso-
nance point that was passed over. A smaller
condenser fron: the controlled circuit’s a.v.c.
resistor to ground will speed up the action.

Shielded Wire,
A

Shielded Wire

Flemm==~=]a

]
'
—

For a super a three-gang condenser is most
commonly used. If a four-gang condenser is
used in commercial practice, all four sections
are not often applied to all bands, except in
highest class sets. Practical opinion varies as
to the band to which to apply the four tuned
circuits.

Difference of Opinion

In one instance only the highest frequency
band, about 8 to 25 mgc, is subjected to four-
gang tuning because additional pre-selection is
needed, the higher the carrier frequency. In a
set made by another manufacturer the broad-
cast standard alone is subjected to four-gang
tuning, the other bands to three-gang, to pro-
vide enough selectivity without amplification
reduction to prevent a strong local from cross-
modulating locals or distant stations. In this
case the highest frequency band is not subjected
to four-gang tuning because the importance of
this band is not considered as great. The ad-
visability of pre-selection of course holds. All
four gangs on all bands are not used in com-
mercial practice, except as stated in the very
finest sets, because of the extra expense and
space, and the problems arising from the in-
crease in the number of coils, which might
number twenty!

To d‘river

Oscillation cures above.
and should be high as practical.

in resistance if sensitivity drop is not material.
are capacity-resistor filters.

by-passed, helps (1,000 ohms, 2 watts).
considerably on overhead grid leads.

Ck is the cathode by-pass condenser
A paper condenser of 2 mfd.
is suggested. Rk, the cathode biasing resistor, may be raised 50%
RIC!I and R2C2
Plate circuits (RIC!) are more im-
portant than screen circuits (RC, R2C2). A common B resistor,
Shielded wire aids
At right, audio overload

preventer in a diode second detector.

If a limiting resistor is placed
between the potentiometer and
the secondary return, though all
the rectified voltage may be
used for a.v.c,, not all of it can
be put into the audio channel.

WBZA to Go It Alone On New Channel, 550 k¢

Washington.

The first synchronized operation of broad-
casting stations in America will be brought to
an end under an application filed by the West-
inghouse Electric and Manufacturing Company
before the Federal Communications Commis-
sion.

The application seeks a new frequency for
WBZA, Springfield, Mass., so that it may
operate independently of WBZ, Boston,
with which it has heretofore been synchronized.

Both stations will continue as outlets of the
Blue network of the National Broadcasting
Company.

Under the terms of the application WBZA’s
frequency would be changed from 990 kc to 550
ke and its transmitter moved from East Spring-
field to across the Connecticut river from
Springfield. WBZ would continue on 990 kc.

A new high fidelity transmitter and improved
antenna system is proposed under the WBZA
application.
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(Continued from preceding page)
suppression is sufficient, and the only way this
can be accomplished is by high i.f. and suffi-
cient pre-selection.

How the Image Arises

The image arises from the fact that the
intermediate frequency is produced by a local
carrier mixed with a local oscillator, and the
oscillator does not distinguish greatly between
a carrier lower than or higher than itself in
frequency. That is, for 450 ke i.f., 10,000 kc
station desired, the oscillator may be at 10,450
ke, the usual case, or may be at 9,550 ke, both
differing from the station bv the i.f. Since the
oscillator is considered fixed in the example at
10,450 kc, the intended carrier is 10,000 ke,
which is 450 kc lower than the oscillator fre-
quency, but an unintended carrier of 10,900 ke
is 450 kc higher than the oscillator frequency,
so also differs from the local oscillator by 450
kc. Both object and image are received. The

e

l__

frequency difference from i.f. resonance is the
same, 10 kc. Assume the selectivity curves are
the same for 100 kc and 500 kc i.f. A fre-
quency 2 per cent. removed from resonance
would be attenuated only a little, because close
to resonance, one 10 per cent. off resonance
a great deal. Hence the higher is the percent-
age difference for the same absolute frequency
difference at the i. f. level, the greater the inter-
channel selectivity.

In high-fidelity reception systems, using the
super, some method of changing the i.f. selec-
tivity is introduced. The inductive coupling be-
tween primary and secondary of i.f. coils may
be changed, or a tuned circuit may be con-
nected through a variable resistance to present
different degrees of loading, to somewhat the
same effect. That is, a parallel tuned circuit is
either shorted out (no loading highest selec-
tivity) or is coupled te in various degrees,
depending on manual control of the resistance
connected with this load circuit. When the

POWER
TUBE

I

—
—

Two hum reducers that usually work well. At left, the receiver tubes, instead of having heater winding
grounded, have heater center connected to center of filament type power tube winding. At right,
Ri, the plate load resistor, This is excellent for aresistor-capacity filter CR. Always R is less than

the plate load, RI.

image may be a real station, when both sig-
nals mix, or simply may be some disturbance
in space at that frequency, and there are usually
enough disturbances to cause trouble.

The higher the i.f. the better the image sup-
pression, because of the greater absolute fre-
quency difference between wanted and un-
wanted reception. But the higher the i.f. the
less the inter-channel selectivity. Suppose the
i. f. is 100 k¢ and the difference at the r. f. level
to be considered is 10 kc. This difference is
10 per cent. of the i.f. Suppose the i.f. is 500
kc. At the r.f. level again the difference con-
sidered is 10 kc. This is 2 per cent. at the i.f.
It is less exacting on the i.f. channel to reduce
by any given amplitude a frequency 10 per cent
off resonance than one 2 per cent. off resonance.

I.LF. Selectivity Effect Explained

Consider selectivity is the reduction of the
amplitude of off-resonant voltages. Assume the

C is in microfarads, high as practical.

coupling is maximum the absorption is great
enough to broaden the tuning, due to the equiv-
alent resistance load presented by the third
tuned coupled circuit. The control therefore
is one to get away from fidelity to high selec-
tivity when this is needed for reception clear
of interference.

Choice of Antenna

The inter-channel selectivity is aided of
course by the tuning at the r.f. level, but the
quantity of such selectivity (thinking of it in
decibels) is far less tkan any good i. f. will pro-
vide, but the image suppression is greatly in-
creased by pre-selection, especially as the i.f.
can not be increased much above 500 kc for
practical reasons. )

The front-end selectivity, against both im-
ages and adjacent channels, is increased the
smaller the antenna. Hence cross-modulation
problems often may be solved by using a shorter
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in amplitude at the transmitter, though of
course opposite in phase.

The detector protection is especially signifi-
cant in connection with high fidelity reception,
because the stations use a high precentage modu-
lation. The transmitters will afford 100 per
cent modulation.

Percentage Modulation Explained

This means that the modulation amplitude
at some time may become as great as the un-
modulated carrier amplitude, since at 100 per
cent modulation the modulated carrier is twice
the amplitude of the unmodulated carrier.
Therefore the station’s modulator tube or tubes
must be of at least the same power capabilities
of the transmitter’s “final.”

In program transmission, for entertainment
and instruction, the percentage modulation is
ever changing, and 100 per cent modulation
simply defines the capabilities, and not the con-
tinuous operating condition. Perhaps the average
modulation is 30 per cent from a broadcasting
station, but at times when there is special dash
and vigor to music or speech the transmitter
has to be a sort of jetty that will withstand
the groundswell; i.e., handle 100 per cent modu-
lation without distortion.

Problems in a Super

The diode therefore will react favorably to
deep modulation. If the average modulation
percentage is taken as 30 per cent, then the
detector tube should be able to produce an
output at least three times as great, without
distortion, as the average output. This demand
is very small on a conventional diode, which
could swing in a 10-fold voltage range, and
more, without distortion.

The diode statements just made of course
apply just as well to a superheterodyne as to
a t.r.f. set, but the super has special problems,
numerous ones, and there is in sight no com-
plete solution for them. That need not be alarm-
ing, since for most problems in radio there is
no complete solution, and all operation is more
or less on the basis of compromise.

Stability Problem With Two LF.

The audio channel in a superheterodyne need
not be distinguished in any way from one in
a super, except that the amplitudes will be
greater, and suitable voltaging, biasing and
loading have to take care of this properly.

T

BMid.

L0001 Mid.

-

A triode may be hooked up as a diode, as shown at left, for t.r.f. use.
gets around the difficulty imposed by the grounded tuning condenser.

Usually the intermediate channel is consid-
ered first. It should be built along with the
line rectifier and audio channel, so that align-
ment is simplified, especially as the detector
output (audio) loading has a small effect on
the resonant frequency of the if. channel.

The general rule is that one i.f. stage is not
quite enough and two if. stages are too much.
The exception to the single-stage i.f. system is
*hat if the two coils are of high Q all require-
ments for normal reception can be met. The
exception about two i.f. stages (three coils)
is that by expert design the system may be
sompletely stable, used for its full selectivity,
but possibly something less than the full audio
output taken off the load resistor, to avoid
possibility of overloading the audio channel. Yet
the maximum developed rectified voltage may
be applied to automatic volume control.

For the two-stage channel the filtration must
be of a high order. Usually screen filtration
is much less important than plate circuit filtra-
tion, but if stages are separately biased by
cathode resistors, large capacities across these
resistors simplify the stabilization. Again 2
mfd. paper capacities are satisfactory.

Limited Choice of L.F.

What the i.f. shall be is subject only to
{imited choice under present requirements. For
a receiver covering only the broadcast band a
low if. is preferable, and 175 kc is popular.
The inter-channel selectivity is very high this
way, compared to use of higher intermediate
frequencies, and the image suppression is not
difficult. For all-wave coverage, or any in-
clusion of short waves, the if. must be higher
than 175 kc if a certain form of interference
is to be avoided, or at least minimized. This
is called the image interference.

What is the image? It is the response duc
to an input to the antenna post at a frequency
higher than the one to which the receiver is
intentionally tuned. How much higher? Con-
sider 450 kc as the i.f. The image always is
higher by twice the frequency of the inter-
mediate channel. Thus, to receive 10,000 kc,
r.f. level is tuned to that, say the local oscil-
lator is 450 kc higher, or 10,450 kc, and the
image is 10,0004 (2 450) or 10,900 kc. Hence
the image concerns reception of an interfering
station. If there is a real station on that image
frequency it will come in, unless of course the

(Continued on next page)
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The elevated cathode again
At right a 6H6 dual diode

detector has separate diodes paralleled, tuning condenser in series with the secondary as another
possible solution of grounded rotor problem.
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The greater the capacity, the greater the
reduction of the higher audio tones, and the
more the reduction spreads to the middle audio
frequencies. Of course the general effect is to
lower the average volume or quantity of sound,
through bringing out the bass. Reproducers being
sluggish at bass frequencies as a rule, the tone
control serves a purpose; but more particularly
there are times wlen realism is not so important
as reduced interference, and there are interfer-
ence forms quite pronounced in the high audio
frequency spectrum. The tone control helps to
reduce such annoyance. Natural static is one of
these nuisances. For clarity of speech, however,
the high frequency audio tones are essential.
They account for the consonants to make for
highest intelligibility.

Hum should be kept at a low level. The
demand today is for practically humless recep-
tion, and it is attainable. Sometimes the im-
provement in this direction consists merely of
encasing an audio transformer in an alloy con-
tainer, usually a combination of nickel and iron,
in certain proportions, to produce high perme-
ability. Moving the audio coils away from
power transformers helps, too, and of course
B filtration should be excellent.

Resistor-Capacity Filters

Some special troubles arise concerning hum,
but all are soluble. One expedient found suc-
cessful is to connect center tap of winding
serving heaters of r.f. and other tubes, to
cathode of power tube, rather than to ground.
A customary practice is to insert filters, such
as resistors across which are large capacity
condensers, but these are not normally advisable
in audio plate circuits, because of the power
expended. If the audio tube is not a driver of
the output, but merely feeds the driver, then
the expedient may be all right, the filter resistor
never greater than the intended load resistor,
and the capacity from joint to B minus as large
as practical. As a rule, 8 mfd. will be adequate.

If the t.rf. circuit is taken alone, it is re-
quired to afford sufficient selectxvxty for the
location in which it is used, the sensitivity
readily will be high enough, depending largely
on the coils, the detector should be a proper
protector of quality, and an audio driver should
precede push-pull output.

It is advisable to have an antenna coil with
high inductance primary resonated by virtue
of antenna capacity just below the lowest broad-
cast frequency, to help even out the sensitivity
characteristic. Usually the sensitivity is low
at the low broadcast frequencies, and the large
antenna winding, often a honeycomb coil, either
inductively coupled to the secondary, or capacity
coupled by a turn or two of wire, favors the
low against the high radio frequencies. This
applies to a single band.

Feedback Not Wanted

This same method helps a little to solve the
feedback problem at radio frequencies. Regen-
erative cffects tend to arise as the frequency
is increased, and if these are kept within limits

they may be quite favorable, but usually turn
out to be a nuisance because of criticalness, so
that even t.r.f. sets are constructed nowadays
with the view of elimination of feedback and
its attendant instability, unless controlled manu-
ally. And such manual control has not been
in favor for years, except in very small sets,
usually of the plug-in coil variety, where only
controlled regeneration affords possibilities of
practical reception.

There are several methods of providing safety
against unwanted feedback. One of them is
to provide enough filtration in plate legs par-
ticularly, another is to use screen ﬂltration
additionally, another is to use shielded wire
on the coil leads to plates and grids and ground
the sheath. This grounding for the grid leads
may be done to a lug fastened to top of the
coil shields. The filters often crowd the set
with parts, sometimes so much that unless ex-
pert pains are taken in placement, the remedy
proves worse than the ailment.

Large Bias Bypass Condenser

Various makeshifts consist of altering the
usual operating conditions of the tubes, for in-
stance reducing the screen voltage or increasing
the grid bias until oscillation is eliminated, or
reducing the plate voltage, or the number of
primary turns, or putting a resistive load across
one of the circuits, principally antenna circuit
or plate circuit.

The danger of thus loading the antenna cir-
cuit is that in localities where there are numer-
ous stations, or at least where there is a strong
local, there may be crossmodulation.

If the bypass capacity across biasing resistors
is made much larger than usual, say, 2 mid.
paper dielectric, feedback is often completely
eliminated.

The diode detector is recommended for the
t.rf. set for fidelity reasons, but it also is a
little help as a safeguard against oscillation, as
it does not amplify, hence does not contribute
to feedback, though the coil feeding it may so
contribute. However, the prmcxpal causes of
feedback are capacitative and resistive, and not
inductive.

FullWave Diode Impartial

The diode enables high fidelity detection and
stands a larger a.c. input than a t.r.f. set is
likely to supply. It detects well because the
a.c. (amplified carrier) fed to it is changed to
pulsating direct current, the pulses representing
the modulation, and the rectified output being
proportionate to the carrier input. Hence the
audio output is obtained, while the carrier is
eliminated.

The diode is distinguished from the usual
triode, quadrode or pentode detector by that
linearity of response. If both alternations are
rectified, the d.c. output is equal for both.
Other types of tubes handling full-wave detec-
tion will give a stronger output on the positiv~
alternation than on the negative alternation.
An alternation, by the way, is half a cycle, and
it is assumed that the r.f. alternations are equal
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plying most of the amplification. The last of
the tuned circuits usually feéds the detector,
after which comes the audio amplification, which
should consist at least of a triode driver, work-
ing into the push-pull output, or three audio
stages.

Common Problems

Granting that a t.r.f. circuit is well shielded
and filtered and therefore is stable at radio
frequencies, also at audio frequencies, there are
few problems arising in the construction of
the receiver to attain superlative results as to
quality. For adequate selectivity in all likely
locations, a four gang condenser would be used
for tuning, in conjunction with four low-gain
coils.

More frequently a three gang condenser is
used, with three coils instead of four, and
results are not of such a high order of selectiv-
ity, although for use in rural or other sections
where selectivity demands are not so great, the
three-gang condenser arrangement is very satis-
factory. With high-gain coils the sensitivity is
very marked.

It is not advisable to use the band-pass method
of tuning, or any equivalent representing two
tuned circuits without a tube between them,
because the selector or prior tuned circuit is
a load on the coil across input of the first
tube, and sensitivity suffers.

Some problems are common to all sets. If
there is no radio frequency filter in the detector
circuit, and yet there are signs of a rasping
type of distortion together with incapability of
reducing the sound output to zero by adjusting
a diode volume control, better r.f. filtering in
the detector should be provided.

Unwanted "Double Detection"

Radio frequencies that escape to the audio
amplifier may suffer stray detection there and
otherwise introduce distortion, especially of that
very annoying type due to phase shift. Plural
detection of that type, instead of single detec-
tion ahead of the audio amplifier, may cause
likewise some strange effects, as that of a pro-
gram in which its echoes are heard, all sound
seeming to originate from a pulpit that had

r=f-~--—=-

Full wave detection for a t-r-f set.

A center-

tapped honeycomb coil is inserted in the regular

coil form. No bypass condenser is needed &cross

the diode load resistor (.5 meg. pot.) This is be-

cause there is no radio frequency across this load

for a balanced input, a condition arising from
true balance.

surroundings contributing bad acoustical re-
flections.

The detector filter may consist of an r.f.
choke in series with the plate (anode) circuit,
condenser across the load directly, or from
plate to ground if load return is not to ground,
or otherwise connected to the same purpose.
A condenser after the choke may be included,
but is not essential, except to satisfy the theory
of completing the filtration.

The capacity of the condensers is important
and refers back to the load. If a transformer
or an impedance coupler is in the plate circuit
the condenser may be higher in capacity than
if a high resistance is used. Since a diode
always is loaded with a high resistance in the
detector circuit it follows the capacity must
not be large, and it is suggested that 100 mmfd.
is maximum for a load of .5 meg. A trans-
former or impedance load may have up to
0005 mfd., and for phones alone up to .002
mfd. may be put across them, provided the
‘phones are not of the high impedance type,
for which smaller shunt capacities would be
more suitable.

Effect of Too Much Selectivity

Condensers mentioned are to act on radio
frequencies and not affect useful audio fre-
quencies.

Excessive selectivity’s effect is to prevent the
full variation of the amplitude of the carrier
over the width of the modulation band, and as
the higher audio frequencies actuating the car-
rier are on the outer fringe, the over-selectivity
cuts off this fringe. At the audio level, after
detection that wipes out the carrier, it is still
possible to remove the high audio frequency
fringe by too high a capacity across a load
resistor or audio coil, because currents of these
high audio tones tend to pass through the con-
denser instead of through the coil or resistor.

Masking Static's Effect

A tone control of the usual sort will act
upon these high audio frequencies, and in effect
the capacity across a line carrying audio cur-
rents is changed by tone control rotation.

(Continued on next page)

.0001 Mfd.

This is a half-wave detector for a t-r-f set, using

a very simple method. The stator of the tuning

condenser is connected to cathode. Ground is

reached conductively through the secondary. The

four diagrams presuppose resistance coupling to

driver, otherwise the biasing resistor, 5,000 ohms,
should be 1,500 to 2,000 ohms.
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Temptation

A TWO-STAGE in-
termediate fre-
quency amplifier al-
ways presents the
possibility of oscilla-
tion at this level, and
a ready means of re-

-

e e

Quality Super Steps Out, Yet Produces Fine Tone

&HE

The Diode

WHEN the two
plates of the dual
diode are
nected, likewise the
two cathodes, while
the resistance of the
tube thus circuited is

mtercon-

just half of that of a

Coils

One antenna coil one modulator coil, one oscil-
lator coil, all shielded. (See text.)

Three if. transformers, 175 k¢, primary and
secondary tuned; all shielded.

One power transformer; primary, 115 volts,
50-60 cycles; secondaries, 2.5 volts, 3 am-
peres c. t.; 6.3 volts, 3 amperes, c.t.; 5 volts;
400-0-400 volts, c.t. (120 ma dc.)

One dynamic speaker, 1,800 ohm field; output
transformer built in, 5,000 ohms load, plate
to plate; five wire cable and plug.

One push-pull input transformer; ratio primary
to one-half of secondary not to exceed 3.
(1.5 was used in the set as built).

[High ratios produce more wvolume but more

distortion.]

and audio volume controls are included.

LIST OF PARTS

Condensers

One three-gang .000365 mfd. tuning condenser.
(Built-in trimmers were removed and Ham-
marlund 35 mmfd. air dielectric trimmers
used, as calibration of receiver was retained
better that way.)

Three .1 mfd. 300 volt tubular condensers (Cor-
nell-Dubilier).

Four .1 mfd. 200 volt tubular condensers (Cor-
nell-Dubilier).

Two .05 mfd. 300 volt tubular condensers (Cor-
nell-Dubilier).

Three 8 mfd. 500 volt electrolytic condensers
(Cornell-Dubilier).

One 25 volt, 25 mfd. electrolytic (Cornell-
Dubilier).

[Electrolytics in cardboard containers.]

Mica condensers: two .01 mid.; one .0005 mfd.;
¢ _two 0001 mid.
¢ Padding capacity for 175 kc is 800-1, 300 mfd.

See text.
Resistors
' Four 300 ohm. One 1,000 ohm. One .01 meg.,
3 watts.

One .5 meg. potentiometer with a.c. switch.

One .02 meg. pot (wire-wound).

One .02 meg. One .005 meg. One D5 meg. One
5.0 meg.

One 750 ohm, 5 watts. One 1,000 ohms, 2
watts.

(Note: resistors not specifically rated may be
Y%, 1/3, ¥ or 1 watt, as preferred).

To convert to ohms read .01 as 10,000 and
001 as 1,000).

With this circuit a great deal of distance reception was enjoyed, with faithful tone. The audio driver tube is
specially circuited, as explained in the text. The biasing resistor for the 6A8 should be 300 ohms. R.f. sensitivity

. . 1 . he
moving the trouble is single unit of th
to det%me the middle A -lsﬂfl’- tube, nevertheless it
i.f. transformer slight- l ov was not to ex-
ly. However, this in- T Vil pected that the vol-
troduces a substitute . *- WIRE Wounp ume would fo ug
trouble. The selectiv- | —— T much, since the loa
ity then is not as — = resistor was .5 meg.,
good at the i.f. level, . - ) therefored ver)t'h high
also a lopsided tun- compared to the re-
ing curve may intro- sistance of bth? tube
duce some distortion. 10000 ::cetrilntghe tIlerencl: c?}r:é
;)nror:};' ?::::uc;en?: "2 WATTS 18000 Field mean c.urrent is cer-
with which to make 45 ,T\o,—m tainly not doubled.
such a special type of oC5 H == P Nevertheless quite a
adjustment. oo g su]:pnsethwas in store

It is highly recom- . when e measure-
mended that instead S :_ — 1 ment ;)f rs;:;xﬁednsgg\e-
of the reduced selec- K ponen as n s
tivit]yt. and fsensitivity b ’,’ i “_‘_J 50 ;lﬁxer:lg (l))r:tehdloddigds;rslgli);l,
resulting from pur- == L= £ 1 i
poseful mistuning that 0005 Mid. 4 =N T m Fos parallel. The mcriaﬁ:d
the i.f. level be stabil- 8 M. : nid. \-o(l)ume wa§h1mar em.1
ized by more f]fqgmal 25V, d ‘ nteh'pOSS| ethr'\et&a::
and more efficient - or this was tha
means. Some of these 25 3 h appreciable part of the
are stated in the text Hid S, — A output is lost due to
of nine-tube super- - the voltage developed
heterodyne article, H 63V across the1 tube when

i it is a high resist-
Ot]:lel'S- in_ another e s 2 ﬁ . :
article in this issue. ance. aralleling re
sw- duces this loss.
257 AC.

Other Requirements

Line cord and male plug.

Six small octal sockets, three four-lole UX
sockets, one five-hole UY socket (five-hole
is for speaker plug).

" Four miniature grid clips.

Length of shielding wire for connection from
antenna post of set to antenna winding of
first coil.

One dial. Three knobs. One chassis.

Antenna-ground binding posts (chassis to be
grounded).

Quarter inch shaft, about 4 inches long, with
flexible coupler.

(Note: the shaft is passed through a front
panel hole and is coupled to the audio volume
control shaft with the coupler, to keep the
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Improving Set Performance

Receivers Apace of Fidelity Transmitters
By Edward Walling Guard

Todriver

L0001 Mfd

In a tuned-radio-frequency set, since tuning con-
denser rotor is grounded, the problem is to con-
nect properly to the diode. A stopping condenser
and high inductance r-f choke (20 millihenries
suggested) afford one solution.

MPROVED results from radio receivers de-

pend largely on increased possibilities of
tubes. However, some betterment is achieved
independent of the actual tubes used, although
not always so readily.

Only now are radio receivers becoming in-
struments of notable musical worth, in keeping
with the capabilities of the better transmitters.
For a long time transmitters have been ahead
of receivers as to performance. Naturally this
would be true in a country having a ratio of
66,000 receivers for each standard broadcast
transmitter. But it has been true also through-
out the world. Many transmitters were bad but
the average of the receivers served would likely
be just as bad or worse.

Evils present in the receiver, or in the medium
through which the radiated wave passed, have
been blamed on the transmitter as a chronic
opinion.

It is therefore fitting to consider the prin-
ciples guiding the construction of better and
better receivers.

Why Superheterodyne is Used

The predominant circuit of the day is the
superheterodyne. This is because the public
wants to tune in short waves, and also waves
longer than broadcast waves. For wide fre-
quency coverage of that type, or all-wave re-
ception as it is called, the superheterodyne
circuit is essential for all save laboratory re-
ceivers. For certain measurement purposes
tuned radio frequency circuits may be used,
with equally wide wave coverage, but separate
and shielded plugin coils are advisable, the
selectivity is not constant, nor the sensitivity,
and the chief advantage of such a laboratory

Todriver

Another diode connection method for a t-r-f set,

this one utilizing a third winding, 2 millihenries.

This is a honeycomb and fits inside the regular

coil form. This and the previous diagram are for
half-wave detection.

set is to be able to identify responses readily,
as to frequency of stations. The superheterodyne
would not produce measurement results quite
so definitive.

The tuned radio frequency set is readily of
the type that does not introduce more selectivity
than high fidelity permits. Too selective a set.
and a superheterodyne readily easily could be
made so, reduces the intensity of the high audio
frequencies, all but removing the upper registers
of string and wind instruments and speech.

Maintaining Tone Quality

Since there is a growing interest in high
fidelity, and some possibility that programs of
that type will be widely transmitted, the sets
should keep pace with the transmitters. There-
fore if one desires to listen only to the standard
broadcast band, he may select a t.r.f. receiver,
introduce a diode detector, and use high-grade
audio coupling, preferably with a driver and
push-pull output. As a rule the triode output
tube or connection is to be preferred, though
less sensitive. The “connection” refers to triode
use of a quadrode, pentode, etc., by intercon-
necting the externally accessible elements other
than grid and cathode. The result is in general
reduced quantity of distortion, especially small
third harmonic, which overtune may be accentu-
ated in a pentode. The even order harmonics
are not so important because, though triode gen-
erated, they are practically eliminated from the
output by the push-pull circuit.

The tr.f. set may be as sensitive as the
superheterodyne, will not likely be as selective,
and is much simpler to understand and construct.
A group of shielded coils is tuned by a gang of
variable condensers, the tubes in between sup-
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apd after several trials it was considered suffi-
cient to _conﬂne a.v.c. to the circuits as shown
in the diagram.

300 Ohms for 6A8 Cathode

The alignment was done on the basis of a
0-6 voltmeter placed across the 300 ohm re-
sistor in the cathode leg of the last 6K7, the
tube ahead of the diode. The meter was tem-
porarily fastened to rear of-the tuning con-
denser.

By the way, the resistor in the cathode leg
of the 6A8 should be 300 ohms, also, as the
number 3 disappeared during the engraving
process, and the designation now reads 00 ohm
in the diagram.

The finished circuit produced results on a
par with the best of receivers, attaining a sensi-
tivity of about 3 microvolts per meter.

The only trouble encountered in any direction
other than what has been set forth concerned
oscillation at the intermediate frequency level.
The use of shielded wire, sheath grounded, for*
the overhead grids of the i.f. tubes, was found
necessary, and the insertion of the 1,000-ohm,
2-watt resistor in the B feed to these tubes,
with 8 mfd. as bypass, helped. Not all 8 mid.
condensers were useful, because some had too
high an impedance even at the intermediate
frequency, but the Cornell-Dubilier condenser
did the trick nicely.

The if. channel was single peaked but there
was no sideband cutting of useful audio fre-
quencies.

Coil Winding Directions

The tuner coils used were of commercial
manufacture (Delta Radio Co.), but those de-
siring to wind their own shielded coils may do
so from these data:

RA. coil, secondary 130 turns of No. 32
enamel wire on one inch diameter; primary,
35 turns of same wre, wound over secondary,
near one end, two turns of insulating material
between. This may be wrapping paper or
Enipire cloth.

Modulator coil, same as r.f. coil.

Oscillator coil, for 175 kc, if i.f., secondary,
100 turns No. 32 enamel wire on one inch
diameter; tickler, 40 turns of same kind of
wire, wound nearer the center over the sec-
ondary, nearer the center of the axial length
of the secondary, one turn of insulation material
between.

The padding condenser for 175 kc should
be 800-1,300 mmid. adjustable, or may be made
up of a fixed condenser with a variable across
it of smaller capacity, to strike this range.

For 465 kc if. the r.f. and modulator coils
are the same as for 175 kc, but the oscillator
coil consists of 85 turns of No. 32 enamel
wire on one inch diameter, and the tickler of
30 turns, placed as was done with the other
tickler. The padding condenser would be 0003
mid. fixed and 140 mmfd. adjustable across it.

However, the direction for both ticklers are
subject to the grid current test previously set
forth. If more tickler turns are put on the
oscillator parallel trimmer has to be reset.

The image suppression is of course better if

New Oscillator
Powerful, Stable
Near One Meter

Cleveland.

A radically new type of radio oscillator,
powerful around one meter, was demonstrated
here before the convention of the Institute of
Radio Engineers by P. D. Zottu, of the RCA
tube research and development laboratory, Har-
rison, N. J.

Mr. Zottu produced 80 watts of power on
a wavelength of 120 centimeters with eight com-
mercially available tubes. The design is such
that twenty or more might be used.

The new oscillator permits the use of tubes
in parallel without “adding up” their internal
capacity. In microwave circuits, the internal
capacity of the tube, governed by the size of
the tube’s elements, is a definite part of the
tuning circuit. The smaller the elements can
be kept, therefore, the shorter the wavelengths
on which the tube may be effectively employed.
But the problem has been complicated by the
fact that production of greater power neces-
sitated large tube elements to dissipate the in-
creased heat.

The new multiple oscillator employs standard
tubes of conventional design. The tuning cir-
cuit between the grid and plate of each tubc
is like a miniature horseshoe. The eight tubes
used are disposed radially around a common
“tank” circuit and connected to the tank so
each tube coniributes its utmost power with-
out appreciably influencing the tuning of the
main circuit. Thus, if one tube will produce ten
watts, ten will generate 100 watts. It is be-
lieved that this is the first time that more than
two tubes have been used together as oscilla-
tors at such short wavelengths with directly
proportional increase in power. Moreover the
separate units can be replaced without shut-
ting down the oscillator.

If one tube should have a tendency to stray
from the wave all the others, acting through the
common “tank” circuit, pull it back. This is
regarded as an important advantage in any
possible commercial application as a transmit-
ter, since crystal control, effective on short
waves and in the broadcast band, does not lend
itself readily to micro-wave work.

a short antenna is used. It was not found
necessary in New York City to use more than
ten feet of wire, as aerial, and any outdoor
antenna would undoubtedly afford lesser se-
lectivity, unless a doublet is used, but this is
not intended for the present circuit. The change
required for a doublet would be to avoid ground-
ing the return of the antenna winding, and
instead bring that out, as well as the present
antenna lead, to a binding post.

[List of parts and schematic diagram will be
found on following two pages.]
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(Continued from preceding page)
300 volts applied to the 6C5 through the pri-
mary of the push-pull input transformer, there
will be grid current even if the grid is about
one volt negative. That means even with a
signal that carries the grid negative by one
volt there will be distortion.

Gets Rid of Bad Distortion

This form of distortion is particularly annoy-
ing and is present when receiving weak stations.
Really the case becomes that of mixing second
and third detection. If the modulator part of
the mixer tube is considered the first detector,
the 6H6 the second detector, for small signal
inputs the 6C5 would be the third detector.
Lf there is grid current there is inevitable
detection, and it so happens the grid current
has to flow through the diode load resistor and
is out of phase. The resultant speaker sound
is rasping.

So the simple device of introducing a biasing
resistor in the cathode leg was applied, and this
got rid of the trouble. It is usual to have
a biasing resistor if indirect coupling is used,
say, stopping condenser between diode load re-
sistor and 6C5 grid, and then the addition of
triode grid leak returned to the grounded lead.
When that is done a little self-rescue work
is performed by the driver circuit, because the
higher the amplitude of the rectified com-
ponent of the carrier (that is, the stronger the
audio frequencies), the greater the plate cur-
rent through the 6CS5, and the greater the
negative bias, since the plate current must
flow through the cathode resistor to complete
the return circuit t6 B minus.

The Other Extreme

The author is partial to direct coupling,
because the frequency characteristic is better,
and the difficulties arising can be solved. The
circuit is nearly non-reactive and the reduced
plate current for increased signal improve audio
transformer results on low notes.

The cathode resistor eliminates grid current,
beecause at low signal level the 6C5 current
is greatest and the negative bias as developed
through the cathode resistor is highest.

The front view.

Next, if too much signal is put into the
6CS the plate current will be reduced prac-
tically to zero, and this introduces another form
of distortion, due to operation of the tube at
or near cutoff, the other form of rectification.
Again there would be distortion.

The total voltage across the secondary of
the push-pull transformer may reach 60 volts,
delivering 30 volts to each tube, for loading
up the power tubes. If the ratio of primary
to one-half of secondary is 1 to 3, as much as
ten volts of signal may appear across the
primary before the push-pull input and output
are overloaded. The working mu of the 6C5
is about five for very strong signals, therefore
as much as 2 volts may be put into the 6C§
before output distortion results from power tube
overload.

Strong Stations

The rectified voltage across the diode then
may reach 2 volts safely, as viewed from effect
on the 45’s output. The current through the
diode resistor load then may be 4 microamperes
with audio volume control all the way on,
for maximum output. The diode current could
be 250 times as great and still be within the
maximum current allowable for the diode, so
that is not overloaded.

So for strong stations, say one or two that
may be tuned in by persons operating the re-
ceiver in large cities, the audio volume control
or the r.f. sensitivity control would have to be
adjusted so that the output would not be over-
loaded, or the 5,000-ohm resistor (.005 meg.)
in series with the 20,000 ohm i.f. screen poten-
tiometer may be increased to such a value that
no distortion appears -even on the strongest
local. However, it is recommended that the
values imprinted on the diagram be followed,
since then weak stations come in stronger, and
that also is important.

A.V.C. Helps Out

The question may arise whether the biasing
resistor that is the novelty in the direct-coupled
driver circuit hastens the cutoff of plate current
due to strength of signal, Practically it does
not. Since the plate current runs very low in-
deed on loud signals through the tube, the
voltage drop across the cathode resistor be-
comes less, so that if the plate current is
reduced to zero, there is no biasing due to the
cathode resistor. Also there is no output, since
no audio signal appears across a primary
through which there is no d.c.

Therefore the cutoff condition is practically
unchanged, and while it is something requiring
consideration, it is not a real trouble. Auto.
matic volume control does or can correct for
it, and such control is introduced in the second
i.f. stage and in the station carrier input circuit
of the pentagrid converter. If for reasons of
prevex!'ng distortion due to strong locals the
a.v.c. dction is desired to be more effective,
then the first if. stage also may be subjected
to a.v.c, using the same constants of filter
resistor and capacity as in the secand if. stage.
However, a.v.c. is at the expense of sensitivity,
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More Pep, Less Distortion

Precautions in Super’'s Mixer and
Driver Circuits
By Frank Barker Reynolds

Side view of the nine-tube superheterodyne. Front
to back the tuning coils are r.f., modulator as
oscillator.

HEREWITH is a nine-tube superheterodyne
for covering the standard broadcast band.
The circuit may be built with intermediate
transformers of low frequency, around 175 ke,
or with if. up to 485 kc. The lower the inter-
intermediate frequency the greater the inter-
channel selectivity, so it is assured the con-
structor will select 175 ke, as the higher if.’s
would be necessary only if short waves were
to be tuned in, which would require more coils
and also switching.

Two particular factors concerning the re-
ceivers are the mixer circuit and the audio
driver. As metal tubes are used, except for
rectifier and power tubes, the pentagrid con-
verter is the 6A8, which requires special atten-
tion, and the audio driver is a direct-coupled
6C5. Standard practice is followed in the rest
of the circuit, so attention will be paid to the
mixer and the driver.

Pentagrid Converter Tips

It has beén found that for optimum conversion
there should be an abundance of grid current,
although there is an upper limit. Let us fix
the upper limit as half a milliampere (500
microamperes). So, too, there is a lower limit,
which we shall select as 100 microamperes.
But since we have only one band to consider,
the standard broadcast band, where the diffi-
culties are least, let us imagine the circuit is
complete and functioning and we are desirous

of finding out simply whether the translation
is as great as it should be.

Most tests for this factor are difficult and
some of them lead to contradictory or inaccurate
results, but since there is grid current, we may
rely on this, therefore put a 0-1 milliammeter in
series with the .05 grid leak. This is done by
cutting the connection of grid leak at the
cathode of the 6A8 and interposing the meter
between the open side of the leak, and the
cathode. The optimum grid current is half
scale on the meter and this we shall not desire
to exceed.

By turning the set’s dial we shall note that
the grid current changes. Usually it is greatest
at the higher frequencies of tuning. We shall
watch the maximum current and the minimum
current. Since the minimum will occur near
or at the low frequency end of the tuning
(padding condenser assumed nearly right,
though not critical for this purpose), does the
current dip below 100 microaperes If so there
is not enough tickler winding, and even if the
job is slightly irksome we shall have to add
tickler turns until at or near the low frequency
terminal of tuning the grid current comes to
100 microampeers or more.

Establishing Correct Grid Current

The test for how much more lies in com-
paring the current rise at the other frequency
extreme. No more than 100 microamperes
should flow at the low frequency end if that
causes the grid current to be driven beyond
500 microamperes at or near the high frequency
end. So at some part if the tuning 500 micro-
amperes are reached and at the other end it
will follow that 100 microamperes will be
exceeded or at least equalled. Small departures
from these values are permissible if circum-
stances require.

By establishing high enough grid current the
oscillator modulates the other part of the tube
sufficiently. Besides increased sensitivity there
is a greater ratio of signal to noise.

Now as to the driver. This is the 6C5,
ahead of the push-pull output tubes. The grid
of the 6C5 is directly coupled to the diode load
resistor. The diode is a 6H6 used with two
sections paralleled, as it was found volume was
greater that way. Now, if there is no biasing
resistor in the cathode leg of the 6C5 there
will be some grid current even when there is
no signal, because the negative bias would be
zero, or nearly zero. It so happens that for
the conditions deemed to exist, with around

(Continued on next page)
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BATTERY-OPERATED TRANSCEIVER

J PLATE CONDENSER

!00 000!!

This circuit is that
of a typical short-
wave transceiver. An
unusual feature, how-
ever, is tnat the grids
of the oscillator are
returned to 90 volts
plus when the circuit
is set for detection or
reception. This is not

009/ | 15042
MFd.

an error, for it was
found that the receiver
operated better this
way than when the
grids were given the
more conventional bias
in values. There is a

]

b m,%—wm

slight error in the dia-
oram, however, Just
a__,bcn:* P _Dlus join !Ee

two lines.
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DIRECTION AS

Directiona] as well as “broad-
cast” microphones are in use.
A dlrectlonal mlcrophone is one
which is sensitive in certain
directions and not in others,
whereas a “broadcast” micro-
phone is equally sensitive in all
directions in the horizontal
plane. The directional micro-
phone has many apphcatlons Its
main advantage is that it is able
to pick up weak sounds from
one direction and exclude all
sounds coming from other di-
rectlons This property is use-
ful in recording out of doors in
the midst of many extraneous
noises. For example, some
celebrity is interviewed by talk-

FUNCTION OF MICROPHONES

ing_ film reporters when a ship
arrives. There are countless
noises about which cannot be
suppressed. But only the voice
of the celebrity is desired. The
directional microphone solves
the problem easily., There is
also use for this microphone
for public address purposes.
Only the direct voice of the
speaker is desired. If the ampli-
fied voice of the speaker also
affected the microphone the en-
tire amplifier would start oscil-
lation quite independently of
the speaker’s voice. If the loud-
speaker is placed on the insensi-
tive side of the microphone,
oscillation is easily avoided.

HOW TO GET SMALL CAPACITY COUPLING

The coupling between the plate circuit
of an oscillator and the output binding
posts must be very loose if the output
is to be controlled. A simple way of
obtaining loose coupling is by use of a
tiny capacity, and the simplest and least
expensive way of getting a tiny capacity
is to wrap one wire around another with-
out connecting the two conductively. As
an example of this, one No. 16 push-back
wire was wrapped around another of the
same kind and the capacity, the two form-
ing a twisted pair. The capacity was
then measured and it was found to be
3 rpmfd. per inch of the resultant twisted
pair.
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For 100,000 ohms I equals 1,580,000/101,580
ohms, equals 30.6 inicroamperes.

Differences likes .5 microampere can not be
read on the meter. In fact, the 1,000 microam-
meter may have a tota] of 50 subdivisions, or 20
microamperes per division, and while half and

- quarter divisions may be estimated, it is still
difficult to get close readings for differences of
microamperes. That, again, is why the
crowded parts of the-scale, particularly high re-
sistance and low resistance, can not be so closely
determined. Still, the information is often ade-
quate when one ascertains the resistance “more
than 300,000 ohms” or “less than 50 ohms.”

Notice that even resistance values purposely
have been obtained. From this information a
table may be prepared, or a curve run. From
the curve in particular in-between resistance
values may be found. The current is read when
the unknown resistance is inserted, and then the
current divisions on the up-and-down part of the
curve are consulted, and the point found where
a horizontal line on this axis intersects the
curve. Then the line is traced downward to
thedbase where the resistance value in ohms is
read.

Even Divisions on Meter Used

If it is desired to calibrate the resistance
values of unknown for the even divisions of the
meter this may be done from the formula

E
Rx = — — Ro
I
where Rx is the unknown resistance, E is the
potential in volts, I the current in amperes and
Ro the limiting resistance (1,580 ohms in this
instance). Rx and I change, E and Ro do not.

For 20 microamperes per division, assume
readings to one-quarter of a division, or 5 micro-
amperes, and use 5, 10, 15, 20, 25, 30, etc,
microamperes. Again, it may be found simplier
to consider I in microampere units, whereupon
E is multiplied by 1,000,000:

1,000,000 x E
Rx = ———— — Ro
Imca
where E is potential in volts and Imca is cur-
rent in microamperes. Ro is 1,580 ohms.

Thus for one division, if it equals 20 micro-
amperes, the total resistance is 1,580,000/20 or
79,000, and subtracting 1,580 ohms, the answer
is 77,420 ohms. Because the series resistance al-
ways has to be subtracted from various total
resistances, the current does not change pro-
portionate to Rx, except perhaps for high values
of Rx, and then one only relatively.

From the foregoing data assembled for the
full sweep of the scale the same general basis
of running a curve is provided, and the curve
should be exactly the same in either instance.
Slight transcription inaccuracies are to be ex-
pected because of the odd curve shape, and
mark the curve herewith,

The object of going into the method is to
enable the use of any meter one has, within
reason, remembering of course that the range
becomes less acceptable to general practice in
radio as the meter is less and less sensitive.
However, find the full-scale current, divide it

into 1, yielding the ohms per volt, and arrange
the series limiting resistance on the bases of
that many ohms per volt, for 1.58 volts. Then
apply the formulas, either one.

Those possessing a 0-1 milliammeter may fol-
low the curve given herewith, therefore do not
have to perform the computation, although the
curve range is only 100 to 10,000 ohms, because
excellent readings are obtainable, also because
the cross-section paper is two cycle semi-
logarithmic.

When one range is calibrated, unknown re-
sistances of any multiple of that range may be
read if the same multiple is used for ohmage
range, applied potential and the limiting
resistance.

This is true, for the limiting resistance is
the fotal limiting resistance. We found that
the meter’s own resistance was of consequence
on the low range. On the high range it is not,
and may be neglected.

Multiplying the Scale

Suppose nominally 1.5 volts were applied
originally, with 1,580 ohms; if we now use 45
volts we are multiplying by 30, and to have the
current scale reflect unknown resistance values
30 times as great we need 47,400 ohms, or, say,
a fixed resistance of 40,000 ohms and a variable
of 10,000 ohms. It is possible to use a single
rheostat for both purposes, by using 45,000
ohms fixed for the high range, 1,000 ohms fixed
for the low range, and have around 3,000 ohms
as the variable.

The off-curve resistance values for 0-1 mil-
liammeter are seven below, 100 and 10,000
ohms repeated, and current values ascribed as
accurately as they can be read:

Rx Current

(ohms) (Microamperes)

D) 50000000000000000006a0006000 995

70) 5onn00R000000000000300003000 987

) ooon000000000000a80a0aa000 .970

783 0800000000000000600000000300 950

1) coonc00000000000000000000000 940

10,000 ...vniiiiiii e 135

15,000 ...t 95

2N 5000006000608658000000060060 75

25000 ...oeiiiiiiiiieieaes 60

50,000 ... 30

75000 ... i.iiiiiie e 20

100,000 «.ovinieaiiiia 15

150,000 ...ooveniiniii s 10

300,000 ...c.oniiniiiieeeis 5

The meter has been considered as a current-
read device. When the scale divides the cur-
rent evenly for separate divisions that is a handy
way to work the formulas. Sometimes the scale
reads 15 for 0-1 ma, and then the voltage read-
ings are handier. Then the formula is

Rx=(E/e—1) R
where Rx is the unknown resistance in ohms,
E is the cell voltage in volts, e is the apparent
voltage as read when Rx is interposed, Ro is
the voltmeter resistance. If the meter is a
milliammeter deflections may be use for E and
e, while Ro would be the limiting resistance.



28 RADIO WORLD

June, 1936

(Continued from puge 26)

When one solves for the total resistance the
unknown limiting resistance must be subtracted,
since the difference is the value of the unknown.

So the sensitivity of the meter, either in
terms of full-scale current or ohms per volt,
must be known. It is usually imprinted on
the meter scale. Of course it may be meas-
ured. Or it may be obtained from the manu-
facturer’s catalogue. Look up the model num-
ber of the instrument (not the serial number),
and the voltage range or ranges, and a nota-
tion likely will be found that reveals the in-
formation on sensitivity.

If one sets up a circuit for full-scale deflection

as outlined, preferably using a higher voltage.

than 1.5 volts, and then puts a rheostat across
the meter terminals only, the rheostat may be
turned until full-scale is reduced to half scale,
and the resistance of the meter equals the re-
sistance of the rheostat at this setting. The

rheostat is removed and is measured in a
circuit through which considerable current
passes, say, 100 milliamperes. Then if the

rheostat may be ineasured for voltage drop at
100 ma by a low range 1,000-ohms-per-volt
voltmeter, and the rheostat resistance equals
ten times the voltage read. Usually a 6-volt
source, consisting of dry cells, will be suffi-
cient voltage, as the meter resistance of a 0-1
milliammeter may be expected to lie between
27 and 100 ohms in practice. This suggests a
10-volt scale on the voltmeter.

Use of Rheostat

The meter resistance is of importance only
for low voltage or ohmage ranze, as then it
may be a ratable part of the total required
series resistance. So if 1.500 ohms are re-
quired and the meter resistance is 100 ohms, the
limiting resistance should be the difference, or
1,400 ohms.

It is common practice to have a rheostat as
limiting resistor for the low ohmage range, or
a fixed resistor less than the required total
resistance, and a rheostat much more than the
difference. A good combination would be to
use 1,000 ohms fixed and 1,000 ohms variable.
Then the cell could be used until its resistance
has risen to about 400 ohms.

It is to be expected that the cell or battery
resistance will change, hence the compensator,
if the meter is zero adjusted (no current
through meter, needle made to read zero). then
if full-scale voltage is applied, the rheostat is
turned until full-scale needle deflection pre-
vails. There is no need then to know intimate-
ly what is the apportionment of the com-
ponents of the total series resistance, even if
the cell or battery voltage is a little different
in reality than the nominal value.

The Cell Potential

This point is made because numerous meas-
urements of single 1.5 volt cells, also small dry
batteries, using an electrostatic voltmeter (one
that does not draw any current) indicate that
the true potential of each cell is about 1.58
volts, rather than 1.5 volts. It is true that
voltmeter readings taken with current-draw-
ing instruments usually show closer to 1.5 volts,
but this is because of the resistance of the cell.

The current flowing through this cell resistance
accounts for the voltage potential difference. It
may be surmised that the cell potential actually
does not change, only the cell resistance changes,
and that the difference in voltages read from
time is due exclusively to the cell resistance
increasing.

For any close work, therefore, it may be
well to regard the cell potential as 1.58 volts,
rather than 1.5 volts, hence for a 0-1 milliam-
meter there would have to be 1,580 ohms per
volt instead of 1,500. The difference is small,
however, whichever way the subject is con-
sidered.

The usual setup for an ohmmeter is to use
a 0-1 milliammneter, with suitable limiting re-
sistance and rheostat, as explained, and for 1.5
volts full-scale deflection. Then resistance may
be measured very well between 100 and 10,000
ohms. Also, lower values of resistance, and
higher ones, may be measured, but the limits are
debatable. It becomes necessary to define meas-
urement as compared with estimate.

Formula for Selected Resistances

For a 0-1 milliammeter, then, consider the
limiting resistance Ro as 1,580 ohms, when the
cell is taken as E = 1.5 volts. If it is desired to
coordinate the current scale with ohmage val-
ues of selected resistors, then selected resistance
values, R, will be measured by the current [
as follows:

E
I=— — Ro
R
where I is current in amperes, E is potential in
volts, R is the selected resistance and Ro is
the limiting resistance (1,580 ohms).

I and R will vary, E and Ro will remain
fixed.

By this formula we obtain the current values
as read on the meter, corresponding to known
resistances, hence applicable to unknown re-
sistances by current measurement, and we may
select as many resistance values as we desire.
say, from 10 ohms to 300,000 ohms. The very
low and the very high resistance readings- can
not be closely made, because the meter scale
does not enable such close|distinctions.

Let us solve for 10 ohms, 100 ohms, 1,000
ohms, 10,000 ohms and 100,000 ohms, to il-
lustrate. Perhaps it will facilitate matters if we
note that current in amperes is to be considered.
whereas readings will be in microamperes,
hence if we want I in units, we multiply the
voltage by 1,000,000 and use the formula -

1,000,000 E ’
Imca = — - — Ro.
R

Values Computed

For 10 ohms, 1 equals 1,580,000/1,590 or 994
microamperes. (The 10 ohms have been added
to the 1,580 ohms.)

For 100 ohms T equals 1,580,000/1,680 or 940
microamperes.

For 1,000 ohms I equals 1,580,000/2,580 or
611 microamperes.

For 10,000 ohms 1 equals 1,580,000/11,580
ohms, equals 136 microamperes.

{
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Improvising an Ohmmeter

Current Scale Related to Resistances
By Neal Fitzalan

EGULAR ohmmeters are direct reading.

Meters serving multiple purposes often

include an ohmmeter scale. However, be-
gmncrs sometimes want to measure resistance,
using a meter they have. The instrument may be
calibrated for current or voltage. The problem
is to calibrate the readings in terms of ohms,
when the circuit is properly set up for this
purpose. In this connection it is well to ap-
preciate some fundamental facts concerning the
meter and its use.

In all instances the meter is a current-op-
erated device. The needle moves because of the
change in current. In a voltmeter there is a
limiting resistance in series with the meter, $0
that when the intended maximum voltage is
applied the needle recads exactly full scale.
Since the current scale in direct current in-
struments is linear, the voltage scale is linear.
However, the ohmmeter scale, or the equivalent
ohmage for different current settings, is not
linear.

Series Circuit Used

The ohmmeter thcreforc is a meter set up as
for voltage, that is, with limiting resistor, and
presupposes that the intended maximum voltage
is applied when the circuit is closed. This cir-
cuit would consist of the meter, the limiting
resistor and the voltage source in series.

If instead of simply closing the circuit as
described, an unknown resistance also is put in
series, then there Will be less current, because
when the voltage is constant the current de-
creases with increased resistance. llence the
higher the unknown resistance the smaller the
current.

The more sensitive the meter the higher the
resistance that may be read. The sensitivity of
the meter is greater, the less the current re-

(Continued from preceding page)

by avoiding conducive contact of generator out-
put wire, and wrapping a few turns of this wire
around the plate lead of the tube concerned.
6 Remove generator output wire from its

* present position and connect it instead to
grid of the modulator tube. The receiver being
peaked is assumed to be for standard broadcast
band reception, and if a multi-band set, the

switch is turned to standard broadcast position,
lowest receiver frequency setting.

7 Retune to the plate condenser of the trans-

former feeding the diode. Adjust this for
minimum meter reading. If the reading is too
low, meaning too close to zero, reduce generator
output. Hereafter do not molest this condenser,
Now adjust the condenser across the other

quired for full-scale deflection. For a current
meter useful for resistance measurements in
the ranges desired in radio practice the rating
would be in milliamperes. If possible, a meter
that has a sensitivity of one milliampere (.001
ampere) should be used, or a more sensitive
one, if that is at hand. Then the range is well
suited to radio practice.

Rating of Sensitivity

If the meter is a voltmeter the sensitivity
may be expressed in ohms per volt. This quan-
uty is equal to the total ohmage of the limiting
resistance divided by the full-scale deflection
voltage. Thus if the full-scale voltage is 1.5
and the limiting resistance is 1,500 ohms, the
current is 1,500/1.5, equals 15,000/15 or 1,000
ohms per volt. Or, statement of ohms per volt
enables computation of the full-scale deflection
current, which is the voltage divided by the
resistance, or 1.5/1,500 or 15/1,500 equals .001
ampere. If the full-scale current is known,
the ohms per volt for any voltage range equals
the number one divided by the full-scale cur-
rent in amperes. Hence for a 0-1 milliam-
meter, the full-scale current is .001 ampere, so
1/.001 or 1,000 equals the ohrs per volt.

If the ohms per volt and the full-scale de-
flection voltage are known, then the limiting
resistance is the voltage divided by the cur-
rent, or 1.5/.001, hence 1,500 ohms.

Getting Meter Information

It is necessary to know, or to be able to
compute, the limiting resistance for turning a
current or voltmeter into ohmmeter practice,
because the resistor intended to limit the cur-
rent at a given voltage to full-scale deflection
always is in circuit, along with the unknown.
(Continued on page 28)

winding of the same transformer. If either
adjustment does not reduce the meter reading,
return to the original setting affording minimum
deflection. This holds throughout. Now re-
peat the realignment process on the next trans-
former. If there is a third transformer do the
same work on that, Once the plate condenser
is adjusted for minimum meter reading on any
transformer do not disturb but make all further
changes, if any, in the grid circuits, or in the
diode circuit for the last transformer.

If there is no audio volume control and there-
fore there can not be ready elimination of sound
output, the speaker voice coil may be shorted
to accomphsh this. Due to the low impedance
of voice coils it is necessary to make this short
with stout wire. Even so a slight audible re-
sponse may be expected.
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Remedy for Disastrous Sluggishness
of AV.C.

While it is necessary to use a tuning meter with a circuit having automatic volume con-
trol, if one is to facilitate tuning with minimum of interference, maximum of sensitivity
and best tone, nevertheless circuit conditions may render even this aid difficult to use
properly unless the actuating circumstancés are understood.

One outstanding fact about a.v.c. is that it may act quickly, moderately or slowly.
Rather the action should be quick, not slow. If it is too slow it is called sluggish, and
the effect lags appreciably behind the cause, so that the diode rectified current, and con-
sequent voltage for a.v.c., become maximum before the meter reads maximum. Thus
turning the receiver dial one may pass over a station, or fail to tune it in correctly,
despite aural aid, because the meter finally is relied on, and it does not follow the
rectified voltage quickly enough.

Remedying Time Constant

This sluggishness is due to a time constant in the resistor-capacity filter that is too
high. This filter comprises the resistor in series with the grid return, and the bypass
condenser from coil end to B minus (usually ground). The action may be speeded up
either by making the resistor smaller or the condenser smaller, or reducing both. The
product of the resistance in megohms and the capacity in microfarads should lie between
.04 and .09. The action under the .09 time constant condition is slower than that under
the .04 condition, but both values and those between are fast enough, yet not too fast.

For audio-frequency reasons it is favorable to tone to have the resistance high and the
capacity low, yet of course attaining time constant values within the prescription. The
reason is that the diode has a load resistor of high resistance, usually .5 meg. No less
than .25 meg. should be used there. Since the filter resistors just mentioned are bypassed
they are substantially in parallel with the diode load resistor, and thus the audio im-
pedance is reduced in the diode circuit. For .5 meg. diode load, filter resistors of 1 meg.
bypassed by .05 mfd. would be minimum from the resistance viewpoint.

Tuning to |. F. "Depression"

If the i.{. channel is single peaked, then the meter action, with time constant proper,
is abrupt. But if there has been double peaking for band-pass filtering, then resonance
is not always denoted by the actual peak, but by the position between the two peaks. If
the channel has been carefully aligned and the a.v.c. time constant is right, the receiver
dial at low frequencies can be turned to work the i.f. channel on the “depression fre-
quency” over most of the broadcast band, particularly for low intermediate frequencies.
For short waves, when the i.{. is high anyway, distinction is not so readily made. An
exception exists if there is mechanical or electrical r. f. bandspread, when the valley can
be tuned to instead of either peak. For constant ratio of bandspread this possibility dimin-
ishes as frequency increases. It is usually sufficient in flat-top i.f. that the minimum
reading “holds” though the r.f{. dial is turned a trifle.

Turn on the set. The r.f. and i.f. sensi-

generator will have to be at largest output for

3 * tivity controls should be turned all the
way up (maximum volume). If there is an
audio-frequency level volume control it may be
turned all the way down, as the aligninent may
be made in silence. If a selectivity control is
present it should be at the position for maxi-
mum selectivity.
4 Use a signal generator, set at the frequen-
* cy at which the intermediate channel is to
be peaked. Connect output wire of the genera-
tor to plate of the last i.f. tube. Note the read-
ing on the voltmeter. Adjust the condenser of
the if. transformer winding feeding the diode
until meter reads minimum. Usually the signal

this purpose.
5 Remove connection of signal generator out-
* put wire from plate of the tube ahead
of second detector to plate of the previous tube.
Adjust the condenser across the plate winding
of the transformer feeding the diode. Adjust
the condenser across the grid winding of the
next transformer. The minimum meter reading,
sharply defined, is the sole test. If meter reads
too low, or if two positions of any condenser
give minimum readings, reduce the output of the
signal generator. This may be done by adjust-
ing the attenuator, or, if there is no attenuator,

(Continued on next page)
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quency, or 1,100 ke for a 175 kc if., and if no
sensible meter effect is produced, the oscillator
is tentatively right.

How Long an Aerial to Use

Next connect an antenna and note carefully
the response from 1,400 to 1,000 ke, with signal
generator shut off. If there are many whistles
and squeals and birdies, used a shorter antenna,
even only six feet of wire, and if the birdies dis-
appear, then everything is all right. You may
increase the antenna length to that point where
the birdies come back, but reduce it a bit to
get rid of them again, and then you know just
how much antenna you may use with the set.

Now remove the antenna from the receiver
post, turn on the generator, now adjusted to
afford 600 kc output, and turn the series padding
condenser all the way down, maximum capacity.

Unless the padding. condenser is of wrong
maximum capacity, or by accident just right at
that capacity, as you turn the receiver dial to
somewhere near the full capacity setting of the
tuning condenser you will get a deflection some-
what lower than the no-input value.

Now step by step, tiniest possible adjustments
made one at a time, turn the padder’s setscrew
with a screwdriver or alignment tool, and turn
the receiver dial to a higher capacity position.
The meter reading should decrease slightly,
or at least, not increase. Finally a considerable
drop in the voltage reading will take place.

Keep noting the voltage. Soon it will begin
to read higher, disclosing that the right point
has been passed. Remember each time to move
the receiver dial to higher capacity settings,
just trivial mechanical movements all of these.
Having noted the minimum voltage read, read-
just the padder unmtil this reading is restored,
and the alignment is complete.

Short-Wave Alignment

If the dial is frequency calibrated, though 600
ke is the true frequency for the receiver dial set-
ting now existing, the dial may read some other
frequency not far removed, but there is no con-
trol over this, without remaking the oscillator
cail, so it is perhaps wise to accept this as the
best that can be done without embarking on any
redesign of a receiver.

For higher frequencies of reception, assuming
a two-band or other set, such as all-wave, in-
tended to bring in short waves, the parallel
trimming, if any, is done at the high frequency
end, and the dial position used for the broadcast
band may be selected, and a frequency injected
that yields response. If there is to be low-fre-
quency padding of a short-wave band, then about
the same receiver dial position is selected as
was used for 600 kc, and the adjustment made
the same way. Many receivers have no low
frequency adjustment, or rely on fixed conden-
sers for short-wave padding. Some refinement
may be introduced by using more series pad-
ding capacity (by paralleling with small fixed
capacity) to check for better tracking and then
trying large series capacities, connected to the
padder itself, to the same effect, but this is
again in line with receiver redesign.

So far we have considered¢ the superhetero-
dyne. We have assumed a diode detector used
for detection proper (audio development) and
the same detector for a.v.c. Sometimes a sep-
arate a.v.c. tube is used, or a separate section
of a diode. No matter which way it is done,
there is an a.v.c. line. In rare instances there
may be two such lines, one from the regular
detector to effect a.v.c. on some tubes, the other
from the a.v.c. rectifier to effect control on
other tubes. Also, the a.v.c. may be applied to
modulator tube control grid circuit, or also to
the r.f. tube or tubes, but never to the local
vscillator. The principles just set forth, and the .
method of application, remain the same.

If the conversion takes place in a single tube,
e.g., a pentagrid converter, there is still no dif-
ference in the procedure. The modulator and
oscillator sections must be separately identified,
but this is easily done. Any tube manual will
give the necessary informaticn.

Tabulated Sequence

Although a.v.c. is not used much in tuned
radio frequency sets, nevertheless where it is
used the same procedure may be followed, where
the r.f. tube ahead of the only detector is the
one used as tube voltmeter, the adjustment being
made, however, at only one frequency, which
may be nearly the highest frequency to which
the set tunes, since such sets are usually single
band. There is no adjustment for the low fre-
quency end, except perhaps for tuning conden-
sers with slotted plates. It is hardly practical
to get high-grade results this way, and the high-
frequency adjustment is always upset by the
low-frequency adjustment, so perhaps reliance
on the high-frequency peaking will suffice. Bet-
ter grade condensers are made with tolerances
so close that here is no real need for monkey-
ing with slotted plates. Preferably install a
high-grade tuning condenser.

The procedure for peaking an intermediate
amplifier subject to automatic volume control
will be tabulated. A tube subject to control is
used as a vacuum tube voltmeter. The represen-
tative diagram assumes that the last i.f. tube is
so controlled. Many sets hLave only one i.f.
tube and if there is a.v.c., of course that tube is
controlled.

1 Short the antenna winding of the antenna

* coil. Do this preferably at the coil, not
at the antenna and ground binding posts of the
set, because there may be pickup due to the wire
leading from antenna post to antenna winding.

2 Unless you are working on a wooden table
* or bench free of metallic covering, turn
the chassis so that it stands on one end, prefer-
ably where supported by the power transformer.
Put a 0-5 or 0-6 d.c. volimeter across the
cathode biasing resistor of the controlled i.f.
tube, or if more than one are controlled, across
the biasing resistor of the last i.f. tube. If the
chassis in its console has open bottom no further
precaution about this is necessary, but if the
chassis has a metal bottom piece, solder volt-
meter leads to the cathode resistor and bring
them through the chassis somewhere, and affix
the bottom piece. Alignment must be made
under the conditions of actual use of the set.
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what more than the band width. That is, for
175 kc mean, start generator at 175 plus 5 or
180 ke, and slowly tune it through to 175 minus
5 ke, or 170 kc. A direct reading signal genera-
tor in the 175 kc range ordinarily will not per-
mit readings to 1 kc. Or, if the divisions at
best are 5 kc apart, then extend the theoretical
band to 20 ke, starting at 165 k¢ and running to
185 kc. When the frequency and voltage read-
ings have been taken a curve may be drawn so
that the selectivity and fidelity of the intermedi-
ate amplifier may be examined. Any lopsided
result will indicate that the double peaking has
not been done properly.

The foregoing concerned the intermediate am-
plifier, which is not always the most exacting
circuit to adjust in a superheterodyne. Since
we have the simple indicating system, the volt-
meter M, we may use that to advantage for
the radio frequency and local oscillator adjust-
ments, i.e., tracking. Suppose we select the
standard broadcast band, and describe the proc-
ess, which for other bands would be repeated
the same way, so far as necessary. For high
frequency bands there might be no series pad-
ding condenser, or if there is one, it may be
fixed, so that only the parallel trimmers have to
be adjusted, unless tracking can not prevail be-
cause of oscillator inductance error.

The Tracking Method

Remove antenna from the receiver, connect
signal generator to the antenna post, set signal
generator going at 1,450 kc, and turn the re-
ceiver dial to read 1,450 kc, if frequency cali-
brated; otherwise to read 8 or 92, depending on
whether a 0-100 dial reads low or high numbers
for low capacities of tuning. If little response
is noted on the meter, turn the parallel trimmer
on the oscillator tuning condenser section one
way and the other for minimum deflection on
the meter. This adjustment is critical, and if one
passes the desired point care must be observed
that one returns to the minimum reading ex-
actly. If minimum is too low to be read easily,
reduce the input, say, by wrapping the signal
generator output wire around the antenna bind-
ing post for six turns or so, at the conductive
part, end of output wire left free. All rf. or
i.f. manual volume controls are assumed to be
at position of greatest volume, maximum sensi-

tivity, and if any selectivity control exists, it is
set for maximum selectivity.

Next adjust the modulator trimmer, for re-
duction of the voltage read on M. Then adjust
the antenna trimmer of the modulator. The os-
cillator adjustment produces greatest change,
the modulator next greatest, the antenna trim-
mer least change. For strongly coupled oscil-
lator and modulator circuits there may be inter-
dependence between modulator and oscillator
trimmers at this part of the broadcast band, so
do not be surprised if any adjustment of the
modulator trimmer only makes the voltage read
higher. Simply restore to the original setting
for minimum reading.

Check Against Wrong Setting

The high-frequency tiedown for the standard
broadcast band has been completed, except for
a check on the oscillator frequency being higher
or lower than the intended carrier (1,450 kc)
frequency. In practice the oscillator is intended
to be higher, thus for 175 kc the oscillator should
be at 1,450 plus 175 kc or 1,625 kr, or for 456 kc
should be at 1,450 plus 456 ke, or 1,915 ke. But
if the oscillator were lower, instead of higher,
more likely if the if. is low frequency (175
kc) there would be reception just the same, but
the tracking could not be accomplished. So
now turn the oscillator trimmer all the way
down (assuming it was not all the way down
originally and see if the same response can be
picked up. If so the local oscillator is now
lower than the signal generator frequency and
the first setting was right, so return to it. If
the repeat can not be tuned in, this way, for
lack of capacity leeway on the trimmer, or be-
cause the if. is too high, both expressing the
same idea, restore the oscillator trimmer to the
original position of minimum deflection, and
change the signal generator frequency to some
value higher than 1,450 kc by about twice the

- intermediate frequency. Watch for needle de-

flection. Thus, if the intermediate frequency
is 175 kc, twice that is 350 ke, so turn to 1,450
plus 350 ke, or 1,800 ke, and if a response is
noted, though a weak one, the oscillator is
properly higher in frequency. As a check, turn
the signal generator to a frequency lower than
1,450 kc by about twice the intermediate fre-
(Continued on next page)

Phone Dial Method for Set Tuning

A radio receiver tuned
with a telephone type dial
was exhibited at the
Trade Fair in Leipsic,
Germany. Any desired
station is dialed in just
as a desired telephone
number is selected. The
dial controls relays and
a motor which drives the
tuning condenser around.
The number dialed de-
termines where the motor
is to stop. The tuning

is always exact for it has
been determined pre-
viously by precise instru-
ments. The illustration
shows a modernistic set
equipped with one of the
new tuning devices. The
sloping feature of the
tuning panel helps select-
ing and reading the num-
bers. The lack of sym-
metry in the cabinet de-
sign enhances the mod-
ernistic effect.
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Selectivity Measured
by Small Voltmeter

It is not to be expected that operators
will possess signal generators that give
the equivalent of bandspread tuning, but
if they are that fortunate they may run a
selectivity curve of the intermediate chan-
nel, by peaking the if., noting the meter
readmg, and then turning the signal gen-
erator to equally spaced frequencies up
to 7.5 kc on one side and 7.5 kc on the
other side, nothing the meter reading for
each of the equally spaced frequencies.
Then a curve may be prepared, using
cross-section paper, with frequencies writ-
ten at the base, and voltages on one side.
After the points are registered on the
paper the curve is completed by extrapola-
tion. Thus a result somewhat like that
obtained from a cathode ray oscilloscope
is produced.

If the channel is not to be singly
peaked, but doubly peaked to band-pass
effect, then the shape of the curve may be
vrewed also the width of the band passed
may be noted, and a critical examination
made of whether both sides of the curve
are equal. If they are not equal, the
double peaking has to be done over again
to make them equal, as lopsidedness pro-
duces a form of distortion.

If the task of tumng the transformers
for double peaks, using one winding and
its condenser for one peak, the other
winding and the other condenser for the
other peak, all constants of one transform-
er, proves too difficult, one transformer
may be peaked as to both windings at one
frequency and the other transformer at
the other frequency. Then if there is a
third transformer it is necessary to peak
one of its windings at one frequency and
the other winding at the other frequency.

(Continued from preceding page)
governing a single transformer. The plate con-
denser settings in the final checkup should not
be disturbed on rechecks, but only the secondary
condensers.

The condition will be encountered by some
wherein the voltage reading on M is reduced
practically to zero. This denotes too much in-
put, so reduce it. Using a 0-15 volt voltmeter
of 66.6 ohms per volt, Rk with no signal input
read 3.3 volts across 380 ohms, whereas at
resonance for completely aligned channel read

.5 volt. If possible use a voltmeter of smaller
full-scale deflection, say 0-6 volts, or there-
abouts. This is the same recommendation as

previously given, that the reading on the volt-
meter be as near maximum deflection as possible
at no-signal input.

When Beats Are Troublesome
If any circuit is desired to be adjnstcd as
plate circuit, when the signal generator is con-

nected to it, put a resistor between of 20,000
ohms to 50,000 ohms between signal generator
output lead and plate of the tube. This applies
also to the modulator tube, though connection is
then made to the control grid.

In case there are beats, causing confusion
in alignment, short-circuit the antenna winding
at the coil (not at antenna-ground posts), or if
need be, remove the local oscillator tube, if it is
separate from the modulator, cr short the Iocal
oscillator grid to ground with a piece of wire.
These references have nothing to do with the
oscillator in the signal generator. All final
peaking should be done with local oscillator
functioning.

Thus the peaking of the intermediate ampli-
fier is completed. The work performed is the
establishment of resonance at a selected fre-
quency, to afford the maximum sensmvrty and
selectivity of which the i.f. channel is capable,
also maximum performance in the absence of
oscillation. By all means the oscillation must
be stopped before any final alignment is at-
tempted. It so happens that when the circuits
are exactly in tune the presence of oscillation
is less likely, but close peaking must not con-
stitute a makeshift cure. Stop the oscillation be-
fore final peaking.

Double Peaks for Bandpass

Besides absolute peaking, which has just been
described, there is double peak alignment, re-
quired for some band-pass if. channels. The
amplitude is made of equal height a two points
each removed from the mean frequency by
half the band width intended to be passed.
Suppose that the mean intermediate frequency,
or depression frequency it may be called, is 175
kc. Suppose the band width is to be 8 kc.
Then the frequencies 4 kc removed from 175 ke
in both possible directions are 175 minus 4, or
171 kc, and 175 plus 4, or 179 ke. A signal
generator is required that has sufficient band-
spread tuning to enable the selection of the two
peak frequencies, each closely identified. The
condenser across one winding of an i.f. trans-
former is turned until there is minimum deflec-
tion on voltmeter M at one of the frequencies.
and, with generator next set at the other fre-
quency, the other condenser across the other
coil is adjusted until there is minimum deflec-
tion for the second frequency, 8 kc removed
from the first. The same sequence is followed
as for single peaking, starting at the last coil,
and the same connections are made.

Care must be taken that the reading is exactly
the same for one peak frequency as for the
other, both minimum readings on M. In the
final realignment the two frequencies are repeat-
ed and the proper circuits tuned to their intend-
ed frequencies, so it is well to keep a record
of which condenser was used for each fre-
quency on each transformer.

Possible to Run a Curve
When this double peaking is attained it is
well to note the minimum voltage reading on M
for one of the two peak frequencies, recheck that
the same voltage is read for the other peak fre-
uency, and then, all alignments having been
completed, to turn the generator through some-
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Mechanical Aspects
of Tuning LF. Channel

Most superheterodynes have intermedi-
ate frequency transformers with mica di-
electric condensers, one tuning the
primary, the other tuning the secondary.
These condensers have a spring tension,
and one of the plates is worked against
this tension by adjusting a setscrew, using
ascrewdriver. If the usual metallic driver
is employed there may be body capacity
effects, and even with a neutralizing tool
this is a possibility. Thus the meter
reading will change when the driver is re-
moved. Test carefully for body capacity.
If it exists, then the adjustments must
be made bit by bit, meter read when the
transformer is free and clear of this extra
metal or dielectric through which the
body capacity becomes effective.

Some transformers, particularly those
in the best sets, have air dielectric con-
densers. These also are usually adjusted
with screwdriver turning a setscrew.
There is one distinction: capacity is in-
creased for the mica dielectric condenser
almost always when the rotation is in
a clockwise direction, decreased when ro-
tation is in an anti-clockwise direction.
Thus “turning to the right” lowers fre-
quency, turning oppositely increases fire-
quency. With the non-end-stop air di-
electric condensers there is no guide as
to whether capacity is being increased or
decreased, and either may be true of either
direction, although the point is merely
academic. The right setting is attained
just as readily.

Some transformers have three tuned
circuits. Uusually it is advisable to align
on the basis of adjusting the two extreme
condensers, leaving the center one intact,
until possibly the final checkup, when the
center ones alone would be adjusted. As
a rule it is recommended that the center
one be not molested for high-class trans-
formers peaked at the factory.

from the signal generator, especially for the
two-stage i.f. amplifier, and most especiaily if
high-grade i.f. coils (high Q) are used, with
their relatively loose coupling.

The Retuning Process

A good first approximation is reached, and
when one is close to the required peaking condi-
tion the accomplishment of the final close re-
sult becomes easy. For instance, if the work
has been tentatively performed, and the genera-
tor is positioned at the modulator grid circuit, a
good plan is to identify the plate and grid tun-
ing condensers of the last if. coil. There is B
voltage between the plate condenser and the
chassis or the coil shield. Therefore now care-
fully retune the plate condenser of the last i.f.
coil for minimum deflection on M. Then slowly
turn the diode condenser to determine if you
can get a lower reading, and if not, reverse the
direction of turning, as a renewal of the attempt.
If you can not get a lower reading, return to
the diode condenser setting that restores the
minimum reading. For compression type (mica
dielectric) condensers, turning the condenser
setscrew to the right usually increases capacity,
therefore lowers frequency. Turning the set-
screw to the left does the opposite, lowers ca-
pacity and raises frequency.

Now go through the same process for the coil
ahead of the one just peaked, and then, if there
is still another i.f. coil, again repeat the process.

Plate Settings Stay Put

Due to interaction between plate tuning of one
tube and grid tuning of the next (or anode
tuning for the detector), for strong coupling
there may be no single setting for each con-
denser that will be just right. Of course the
two windings that are tuned are inductively
coupled, constituting the same coil. Capacity
change in one circuit is reflected a little in the
other, and the object therefore is not to estab-
lish just a particular capacity setting but to get
the two capacities set so that the transformer
is tuned to a single frequency. There is not a
great leeway, and one capacity can not be far
off, and the difference made up by adjustment
of the other, however the operator should not
be mystified by getting true resonance at differ-
ent pairs of settings for the two condensers

(Continued on next page)
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"Visual’ Has Special
Meaning in Testing

The single meter method of alignment
at d.c. values is of course a method that
is based on.use of the eye and therefore
visual in a true sense. However, formerly
there were two methods of alignment:
one concerning audio frequency results, as
read on an output meter, and the other
for results viewed on the cathode ray
oscilloscope as applied to receivers in pro-
duction. The test made with the oscillo-
scope is known as a “visual,” and to avoid
confusion of terms it is well to retain the
word visual for the cathode ray method,
and one therefore may refer to the meter
method as the silent test.

VIVM. LEINPUT  DET.

o

e

M T AN
s M) [ | w8
[ ./

The basic tube voltmeter circuit. The last i.f. tube
is used as such, in fact it may be the only if.

tube in the set. The detected voltage affects the
meter M. Rk is the cathode resistor for safety bias.

(Continued from preceding page)

the r.f. end representing some position in the
broadcast band, the remaining if. windings may
be peaked at the i.f. level.

Completion of IF. Peaking

All activities will influence the voltmeter M,
and since the added tuning will raise the ampli-
tude at the detector, the rectified voltage is high-
er, and the Rk voltage drop is reduced more
and more.

With the signal generator at C the peaking is
completed, except for refining the adjustments
in an effort to get the voltmeter reading still
lower. Always the aim is to establish the low-
est possible voltmeter reading.

The process just described does not require
that the signal generator used for supplying
the intermediate test frequency be modulated.
Whether it is modulated or not, the quantity
of the rectified voltage, or drop across the diode
load resistor R4, is about the same for modula-
tion percentages 100 per cent or less, as the di-
ode rectifies the mean a.c. The actual voltage

across the diode load resistor is .636 of the
rm.s. (a.c.) input to the diode, assuming per-
fect rectification.

For the foregoing reason it is not necessary
to pay any attention to audio, not even to listen
to any reproduction, because we are depending
solely on reading a d.c. voltmeter, and it is be-
ing influenced by conditions arising solely from
ratification of the i.f. carrier.

Anti-Noise Method

To put it differently, if there is a volume
control that works at the audio level, as in the
representative diagram, the voltmeter reading,
taken on M, is independent of the setting of this
control. If you like, you may listen to the out-
put, as well as read the d.c. voltmeter, although
only the d.c. voltmeter is the real guide. In
fact, the present silent method enables peaking
without annoying fellow workers or family with
screeches.

It is not necessary therefore to rig up a tube
voltmeter to attain a guiding deflection, be-
cause there is really a tube voltmeter, though
uncalibrated, present in the set.

The reason why the present method works on
as strong a signal as you may prudently feed
to the if. channel within the limits of over-
loading is that it is solely 2 measure of the
quantity of the i.f. amplitude in terms of the
if. carrier’s rectified voltage. And the more
closely the circuits are to resonance, the great-
er will be the i.f. input to the detector and the
consequent rectified current and resultant poten-
tion difference across the disode load resistor.
The a.v.c. action does reduce amplification, but
we are now using a method that in point of time
is prior to the effect on amplification.

First Movement Small

There are some factors to consider concern-
ing the signal generator connection. Depending
on the signal generator, the connection may be
made by putting the signal generator output
wire directly to plate of the second i.f. tube for
the first adjustment (secondary feeding diode).
If the generator output is very strong and can
not be attenuated sufficiently to yield a closely
definitive response, reduce the coupling by avoid-
ing direct connection, wrapping a few turns of
wire around the plate lead of the second i.f.
tube. Usually for the first adjustment, concern-
ing only the winding supplying the diode, the
input should be husky. It is not to be expected
that the voltmeter needle will move much, but
it will be a recognizable deflection. The ac-
companying plate winding, also intended to be
tuned, need not be adjusted at this particular
time, especially if the signal generator is close-
ly coupled to the second i.f. plate, for then the
loading effect on this plate circuit by the signal
generator is pronounced, and what looks like
tuning, with generator connected, turns out to
be mistuning when generatcr is advanced to
the preceding plate circuit. For the second
measurement, the indication will be pronounced.

The reason for working backward, from last
if. coil to first, is that gross misalignment is
frequently encountered, and it is hard to get
much through the i.f. amplifier at any frequency
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it attains a direct current value directly propor-
tionate to the mean i.f. amplitude. So the more
i.f. voltage put into the second detector, the
greater the rectified current, hence the greater
the potential difference across the diode load
resistor.

How Exira Bias Arises

_Since the high side of this resistor is negative,
if the grids of the controlled tubes are returned
through an exclusive d.c. path to the high side
of the diode load resistor, zero rectified voltage
across this resistor will add nothing to the
bias otherwise present on the controlled tubes,
any finite rectified voltage will increase the
negative bias on the controlled tubes to the ex-
tent of the rectified voltage.

To afford standard negative bias at no input
to the i.f. chammnel, the usual biasing resistors
are placed between cathode and B minus of the
controlled tubes, and are bypassed by fixed con-
densers.

Of course, more than merely if. amplifier
tubes may be controlled, but we shall confine
ourselves at present to a.v.c. in the i.f. channel
because it is always the first channel to be
aligned, and any other alignment depends on
the i.f. channel being right.

The circuit may consist of fewer i.f. stages,
or different connections, nevertheless the prin-
ciple remains the same, and the simple align-
ment process holds, using only the modest volt-
meter, and without breaking any connections
whatever.

The Action Analyzed

In the representative diagram, note the tube
identified as “2d LF.” The principle of operat-
ing the alignment method will be described in
connection with this tube and the diode, so that
the reader will comprehend what goes on when
he performs the simple process of adjustment.

Looking at the representative diagram, if an
i.f. input is made to the detector and the recti-
fied voltage is developed across R4, this voltage
is referred back to the second i.f. tube as addi-
tional negative bias. Remember that the sole
effect on the second if. tube is that provided
by d.c. voltage, as there is assumed to be no
a.c. left, the condenser across R4 in the set re-
moving the i.f. For an if. input at A, there-
fore, there will be a ratable voltage developed
across R4 that increases the negative bias on
the second if. tube. The more negative the
bias, other voltages constant, the less the plate
current in the controlled tube, therefore the
smaller the voltage drop across the biasing re-
sistor in the cathode leg of the second i.f. tube.
Although triodes are indicated, the tubes would
naturally te pentodes of the remote cutoff type,
and the sum of the plate and screen currents
would flow through the cathode biasing resistor.

Because only d.c. is now influencing the grid
of the second i.f. tube, the input coil to the sec-
ond if. tube has no effect. Resonance is not
now involved in the second if. tube and its in-
put.

Tube Voltmeter Practice
Fortunately, even the remote cutoff tubes,

Small D.C. Yoltmeter
as Tuning Indicator

The inexpensive voltmeter with which
the measurement is made for peaking by
the silent, no-broken-connection method
may be used as a tuning indicator. Such
a meter can be bought for 60 cents. All
a.v.c. systems require some visual method
of verifying resonance, otherwise reso-
nance becoines hit or miss, and when there
is a miss, which is often, there is distor-
tion. The meter should be panel mounted.

Since the actual voltage readings are
not important, but only minimum deflec-
tions are watched, the meter used need not
be calibrated, although it preferably
should have some gradations, to aid the
eye in discerning minimum deflection,
particularly noting small differences.

Since a low resistance voltmeter may be
used, its effect on the steady bias of the
controlled tube with which it is used
should not be ignored. The biasing re-
sistor normally would be 250 ohms but
often 300 ohms are used for a.c. sets with
remote cutoff tubes. No actual substi-
tution of biasing resistor need be made,
but an aural response (if used) may be
expected to be weaker, especially on faint
signals, when the voltmeter is removed,
due to the steady bias being higher when
the meter is out of circuit. The actual
biasing resistance, hence bias, is less when
the meter is across this resistor, as it is a
case of two resistors in parallel.

which are the only ones well suited to a.v.c.
provide substantial reduction of B current in the
controlled tube for small changes of grid control
bias voltage. Therefore the voltmeter will
show changes readily.

The second i.f. tube therefore is being treated
as if it were a vacuum tube voltmeter, uncali-
brated. The negative grid bias increase due to
a.v.c. reduces the voltmeter reading, and there-
fore it is well to use a voltmeter of a range
affording voltage reading across the cathode
biasing resistor Rk near full scale for no-signal
input to the detector.

Now any circuits that are tuned to an input
frequency will reduce the voltage reading across
the second i.f. tube’s cathode biasing resistor
Rk. There will be a sharp indication of reso-
nance. This method is known as peaking, be-
cause the tuning is done only to produce the
highest amplitude and only one peak.

Now if we move the signal generator con-
nection from A, the second if. plate, to B, the
first if. tube’s plate, we may adjust two suc-
ceeding hitherto untouched circuits, for greater
reduction of the voltage across the second i.f.
tube’s cathode resistor Rk. The meter’s circuit
position is not changed. Then if the connection
is moved to grid of the modulator tube, with

(Continued on next page)
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Silent Peaking with A.V.C.

Single D.C. Voltmeter Used and
No Circuit Connection Broken

By Herman Bernard

Ist. 1R ‘[/

5
‘
‘
'
T
'
1
‘
‘
'
‘
'
'

4

Cocoats e

—

2wo. LE

Rooadded D

| remmmemet

8
3T

— «—AVC. Line

— 8-

Representative diagram of an intermediate amplifier with two stages subject to automatic volume
control. The tubes, left to right, are modulator, first and second if. and detector. Rk is the diode
load resistor, M is the d.c. voltmeter (about 0-5 volts) used as sole indicator.

O UTPUT meter alignment of a circuit using
automnatic volume control is more difficult
because the very levelling effect for which a.v.c.
is used tends to mask resonance. Instead of
resonance denoting greatest quantity of sound
output the set may produce equal quantity at fre-
quencies slightly removed from resonance, be-
cause the off-resonant voltages nearly remove
the extra negative bias that functioning a.v.c.
contributes. The increased gain on weak sig-
nals makes up for the reduced gain on strong
ones.

,Therefore if a conventional output meter,

For Particular Receivers
Take Maker's Advice

Although a specific method of align-
ment of a superheterodyne at all channels
has been set forth, the data are intended
for application to the general case, and
are not to be construed as contradictory
of manufacturers’ directions. If a particu-
lar make of set is to be aligned there is
no better authority than the manufactur-
er. Then follow manufacturers’ directions
in preference to those given herewith, for
the manufacturers have in mind special
needs applicable to their own receivers.

which is an a.c. instrument of the rectifier type,
1,000 ohms per volt, is placed across the pri-
mary of the power tube’s outout transformer, a
strong signal fed to the if. amplifier will defeat
practical alignment. The same would be true if
an a.c. meter were put across the voice coil,
a connection which permits the use of a low re-
sistance meter. It is clear that all that gets
through the audio channel is audio frequency,
and what is being measured is audio frequency,
therefore if a signal generator is used it must
be of the type including modulation.

Inexpensive D.C. Meter Used

Realizing that many radio experimenters and
students have low-range direct-current volt-
meters, especially of the low resistance type, a
circuit was built, and peaking of the intermedi-
ate channel, as well as alignment of the oscilla-
tor and r.f. radio frequency section, was ac-
complished with the use of such a small, inex-
pensive meter.

The i.f. channel is assumed to exist with prop-
er continuities and voltages. It feeds a diode
detector. The i.f. voltage is impressed on this
detector and develops a rectified output across
the diode load resistor, R4 in the representative
diagram. The signs at the terminals of this
resistor denote the polarities of the d.c. poten-
tial across this resistor. The left-hand, or nega-
tive side, is called the high side, the cathode or
positive end the low side.

The number of controlled tubes is immaterial.
Two if. tubes are shown controlled as follows :

When the i.f. input to the detector is rectified
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unmodulated carrier and a few per cent higher
with complete modulation. This represents a
reduction in the plate power consumption of
the final stage of a radio transmitter by nearly
a factor of two, as compared with the power
required by an amplifier of the conventional

type.

A 50-kilowatt amplifier, for example, with 33
per cent. efficiency, would require a d.c. plate
input of 150 kilowatts, of which 100 kilowatts
would be dissipated at the anodes of the water-
cooled tubes.

Gaited to High Fidelity

With the new circuit the power input for
unmodulated carrier is 83 kilowatts, and the
dissipation accordingly only 33 kilowatts, per-
mitting a considerable saving in the water cool-
ing system as well as in power requirements.
These items are of great importance in modern
high-power broadcasting, where the cost of
apparatus and power constitutes a large part
of the operating expense.

By the application to radio transmission of
another Laboratories development, the feedback
principle* of H. S. Black, to reduce the effects
of non-linearity in the amplifier characteristics.
the new high-efficiency equipment has been
made to perform with a quality of transmission
which satisfies the most rigorous requirements
of high-fidelity broadcasting.

Finally, the new circuit, being purely an
amplifying scheme, can be applied to special

-*.Be]] Telephone Record, June., 1934, p. 290.

WHAT can be done to stop oscillation at
the intermediate frequency level of the
superheterodyne you build, which has two if.
stages at 465 kc? When you tune the amplifier
on the nose the oscillation is pronounced. When-
ever you pick up a carrier a squeal comes with
it, although by closely tuning to resonance with
the carrier you can get rid of this squeal ; indeed,
attain very high order of sensitivity.

When three i.f. coils are used that way the
circuit requires careful treatment, as oscillation
troubles is a frequent complaint. Assuming that
the filtration in this circuit is as good as you
can conveniently make it, the first and easiest
method is to use shielded wire on the leads to
control grids of the i.f. tubes. If it is almost
impossible to remove the coils so that the
shielded lead wire can be readily attached in
place of the present wire, wind thin wire around
the present lead, being careful to protect the
grid clip from what otherwise would be a
grounded wire and thus by shorting stop recep-
tion. Affix a lug to the shield coil with a self-
tapping screw and solder one end of the wound
overlay of wire to this lug. The coil shield is
assumed grounded to the chassis. Do this to
the two overhead leads, or the three leads, if a
screen grid tube is second detector. Also it is
permissible to raise the negative bias on the i. f.
tubes somewhat, using resistors of half again
as much resistance as the present ones. Then

I.F. OSCILLATION CURES
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FIG. 8
With a 90° phase shift in the plate circuit of
one tube, a compensating phase shift must be
inserted in the grid circuit of one of the tubes so
that both tubes may be excited from the same
source.

types of transmission, such as the single-side-
band transmission employed in the transoceanic
service of the Bell System. Other schemes
that have been proposed for improving the
efficiency of broadcasting radio transmitters do
not appear to be of such broad applicability.

retune the i. f. and if trouble continues (al-
though it will be less), use much larger paper
bypass condensers across the biasing resistors
in cathode legs of the i.f. tubes. If any endur-
ing oscillation can be traced to a particular
tube, put a resistor across the plate winding
connected to that tube, of such a value that
oscillation just stops. A 50,000 ohm rheostat
may be tried, turned until oscillation stops,
meiasured externally, and duplicated with a fixed
value.

A 6E5 or 665 ray indicator tube may be inserted

in a socket at side of a box. The other tubes are

6C5 (as diode line rectifier) and 6H6, as test

signal rectifier. The rectified signal is fed to the .
ray tube, over which the tube shield is put.
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(Continued from preceding page)
behaves similarly, as shown in Fig 5(a);
whence, in order to have the total load current
L linear with respect to grid excitation, the
current I, fed into the load from tube V2,
which is zero at the carrier point, must rise
linearly beyond this point and be equal to I
at the peak of modulation. .

From this same property of network N we
also deduce that if the voltage E., across the
load and the second tube, is linear with respect

OF FI1G.3

LOAD CURRENT
CURREN"S

oscilloscope the patterns are of the shape shown
in Fig. 6. Patterns (a) represent the envelope
of the plate potential of V2, which, being di-
rectly associated with the load, is required to
be sinusoidal when the modulating signal is
a pure tone. Patterns (b) show the envelope
of the plate potential of V1, which, though
sinusoidal over the negative half of the modu-
lating cycle, is twice as high as that of V2
over this range, and being unable to increase
appreciably beyond its carrier value, remains

I4=1,¢13
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FIG. 4
If the second tube were not per-
mitted to come into action at
the carrier excitation e the
load current could not increase
and would follow the path OAB.
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FIG. 5A
The current I, furnished to the
load by tube Vi supplements
l: to make the total load cur-
rent linear with respect to the
grid input voltage.
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FIG. 5B
As the grid excitation is modu-
lated about its carrier value ey,
the plate potential of tube V-I
does not respond to the posi-
tive half-cycles of modulation,

to grid excitation, then the current I; fed into
network N by tube V1 must also be linear.
Figs. 5(a) and 5(b) therefore give the com-
plete picture of the conditions existing at the
plates of the two tubes for all values of radio-
frequency grid input voltage to the amplifier,
and the behavior of each tube during the modu-
lation cycle may be studied by considering the
grid excitation to vary at audio frequency about
its average value e, to the extent corresponding
to the percentage modulation.

Phase Shifting

When samples of the radio-frequency plate
potentials on the two tubes during modulation
are viewed on the screen of a cathode ray
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since it has reached its maxi-
mum value at the carrier output.

flat during the upper half of the cycle of
modulation.

The network N employed to obtain the im-
pedance inversion may be one of a number of
networks of which an example is given in Fig.
7. They always have a 90-degree ohase shift,
which means that the plate potentials on the
two tubes are always in quadrature. This re-
quires the insertion, in the grid circuit of one
or the other of the tubes, of another 90-degree
network in order that both tubes may be excited
from the same source. The complete amplifier
then assumes one of the forms indicated in
Fig. 8.

The numerous tests conducted on the high-
efficiency amplifier at various power levels have
been uniformly successful, and the new circuit
is being incorporated in the new high-power
broadcasting equipment of the Western Electric
Company The overall efficiency obtained in the
tubes and output circuits is 60 per cent for
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FIG. 7
A section of simple low-pass filter at 0.7 times
the cut-off frequency consists of three equal re-
actances, and has a 90° phase shift and the de-
sired impedance-inverting characteristic.
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unmodulated carrier must not be more than
half of its peak value.

The efficiency of the conventional power
amplifier, then, is but 30 to 35 per cent when
the carrier is unmodulated, and only slightly
more for the average percentage modulation of
the usual broadcast program.

How the ldea Started

An efficiency of 33% means that the d.c.
power supplied to the plate circuit of the
amplifier must be about three times the carrier
output, and two-thirds of this input power has
to be dissipated at the anodes.

With power levels of 50 kilowatts and higher
becoming alniost commonplace in radio broad-
casting, it has become very important to find
means for increasing efficiency to reduce the
cost of power. Since early in 1934 a succession
of tests has been conducted at the Whippany
Laboratory on a new power amplifier circuit in
which the usual practice of dividing the load
equally between the tubes at all times was
discarded.

The idea was conceived that by obtaining
the power from a reduced number of tubes up
to a certain point—in particular, the carrier
output—these tubes could be operated at this
point at their maximum plate voltage swing,
and consequently at high efficiency; then if
the remaining tubes were brought into action
in a certain manner they would not only con-
tribute to the output, but would so change the
operating conditions for the original tubes as
to permit the latter also to increase their output
power without having to increase their output
voltage.

Connections for New Circuit

Fig. 3 shows schematically the method of
connecting the tubes to the load in the new
high-efficiency circuit. V1 and V2 are two
tubes that in the conventional amplifier might
have been connected in parallel with a circuit
whose impedance, for the fundamental fre-
quency, may be represented by the resistance R.
In the new circuit a network N is interposed
between R and V1, the tube which is to deliver
the carrier power. This network is the equiva-
lent of a quarter-wave transmission line, and
like such a line has the interesting property
that its impedance as measured at one end
is inversely proportional to the impedance which
is connected at the other end.

For all values of grid excitation from zero
up to the carrier level, V2 is prevented by a
high grid bias from having any plate current,
and the power is obtained entirely from V1.
The network N is so designed as to present
to V1 an impedance so high as to require this
tube to operate at nearly its maximum possible
radio-frequency plate voltage swing in order
to deliver the carrier power. The efficiency at
the carrier output is accordingly high, and may
be from 60 to 70 per cent.

How the Impedance is Changed

If we were to plot the current in the load
impedance R against the radio-frequency volt-

age applied to the grids of the tubes, as in
Fig. 4, the curve would be quite linear up to
the carrier point A and then, if V2 were not
allowed to come into action, would flatten off
along a path AB because the plate voltage swing
on V1 has attained its maximum value.

By permitting V2 to begin coming into play
at point A we obtain a twofold action: V2 not
only contributes power to the load, but in com-
ing into play in parallel with R it effectively
increases the impedance in which the network
N is terminated. This increase in terminating
impedance, by virtue of the inverse character-

1
I I3 2.
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FIG. 3
In the high-efficiency circuit, an impedance-
inverting network, N, is inserted between one of
the tubes and the load.

istic of this type of network, results in a
decrease in the impedance presented to V1, so
that the radio-frequency plate current, and
hence the power output, of V1 may increase
without any increase in its alternating plate
voltage, which was already at maximum at
point A. .

As the grid excitation on the tubes increases
beyond its carrier value e, V2 contributes
more and more power to the circuit and thereby
permits V1 also to supply more power, until
at point C, which corresponds to the instan-
taneous peak of a completely modulated wave,
half of the power in R is being contributed
by V2.

Output Power Doubled

The network N is at that instant effectively
terminated in 2R ohms instead of the original
R ohms, and the impedance presented to V1
is half of its original value, permitting V1 to
deliver twice its original output power with no
increase in its output voltage. The total power
in the load, then, at the peak of modulation.is
the required value of four times the carrier
power, corresponding to an increase in load cur-
rent to twice its carrier value.

It is a characteristic of networks having the
impedance-inverting property of network N that
a definite current at either pair of terminals is
associated with a definite voltage at the other
pair of terminals, entirely without regard to
the terminating impedances. From this rather
remarkable property we may deduce that if
the output voltage E. of tube V1 is linear with
respect to the grid excitation up to the carrier
excitation e, of Fig. 4, and then remains con-
stant up to the peak excitation 2e, then the
current Is fed into the load from network N

(Continued on next page)
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A New R.F.Power Amplifier

First Solution of High Efficiency Transmitting
By W. H. Doherty

Radio Development, Bell Telephone Laboratories

T
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FIG. |
Radio-frequency power amplifiers are coupled to
the load by tuned circuits which present a very
low impedance to the tubes at harmonics of the
carrier frequency.

THOSE accustomed to operating vacuum
tubes at the low power levels employed in
wire transmission or in radio receiving systems
are frequently startled to learn of the extremes
to which one must resort in the operation of
power amplifier tubes in radio transmitters.

The transmitting tube, far from being oper-
ated over a small and linear part of its charac-
teristic, is subjected to large alternating grid
voltages which cause the plate current to be
zero over approximately one half of the radio-
frequency cycle, and frequently to reach the
saturation value determined by filament emis-
sion on the other half-cycle, with accompanying
large grid currents. This extreme mode of
operation makes possible much larger power
outputs than could be obtained if operation
wvsere confined to the linear part of the tube
characteristic.

Fig. 1 shows the circuit of a simple form of
the conventional radio-frequency power ampli-
fier, in which two tubes are connected in parallel
and coupled to the transmitting antenna.

How Harmonics Are Minimized

The coupling circuit is so tuned as to be
equivalent to a pure resistance load of the
desired value over the relatively narrow trans-
mission band occupied by the carrier and the
side-frequencies due to modulation, while for
frequencies much lower or much higher than
the carrier, the impedance of the circuit is very
low.

Hence, although the radio-frequency plate
current wave contains large harmonic com-
ponents due to the extremely non-linear opera-
tion of the tubes, only the fundamental com-
ponent encounters any appreciable impedance,
so that the plate voltage wave is very nearly
sinusoidal. The power delivered by the tubes

to the circuit is therefore almost entirely at
the fundamental frequency.

High-quality amplification of a modulated
wave then requires merely that the fundamental
component of the plate current be proportional
to the radio-frequency grid voltage. It turns
out that if the tubes are biased nearly to the
cut-off point, so that plate current flows only
during the positive half-cycle of the alternating
grid voltage, a close approximation to this re-
quirement of proportionality is readily obtained.

Plate Swing vs. Efficiency

Under these conditions, represented in Fig. 2,
most of the plate current flows while the plate
potential is near its minimum value, and if this
minimum value is sufficiently low, i.e., if the
amplitude of the plate voltage wave is suffi-
ciently great, the power lost in the tubes—
which is proportional to the product of instan-

~—— GRID VOLTAGE
WAVE

FIG. 2
Most of the plate current of a power amplifier
flows while the plate potential is in the vicinity of
its minimum value, so that the tube loss can be
made small by using a plate voltage swing of
large amplitude.

taneous plate voltage and current—will be small,
and the efficiency correspondingly high. The
efficiency is, in fact, very closely proportional
to the amplitude of the plate voltage swing.
By permitting the plate voltage to swing
down to a value as low as 10 or 15 per cent
of the applied d.c. plate patential, large power
outputs may be obtained at an efficiency of
60 to 70 per cent; but unfortunately such farge
amplitudes correspond only to the peaks of
modulation, and since these peaks at 100 per
cent modulation have amplitudes of twice the
carrier amplitude, the plate voltage swing for
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Speaker Field Ohmage

Wide Option for Small Receivers
By Capt. Peter V. O'Rourke

What shall be the ohmage
of the speaker field? Is there
much leeway? May one use
a 2,500 ohm field, as he has
such a speaker, instead of

the 1,800 ohms specified
at right? Can a dynamic
speaker handle greater out-

put wattage than the d.c.
wattage across the field?

Jdmid.==

IN the four, five or six-tube set the speaker
field ohmage is not very critical, and it is
practical to substitute a larger field resistance
for a lower one specified, or even use a lower
resistance field than is recommended, and still
results may be good. The speaker field, when
used as series B choke, as is assumed, acts as
a sort of regulator, because if the resistance is
made higher than recommended, the current
through the field is reduced, the actual voltage
drop across the field may not change much,
whereas if the field is of smaller resistance, the
current is greater, and again there may not be
considerable change in voltage drop.

Of course it depends on the amount of current
the receiver is intended to draw, and on the
difference between the recommended resistance
of the field and the actual field resistance used.
If one takes two rather wide differences, 1,800
ohms recommended, 2,500 ohms used, there will
be lower B voltage available, because though
the current is reduced due to the higher resist-
ance field, the drop across the field is dispropor-
tionately greater, due to the wide divergence of
resistance.

When the field is made lower than recom-
mended it should not be much lower, say, if
1,800 ohms are called for, 1,500 ohms would be
as low as one should go, for the tubes have to
be considered, and too great a voltage may
shorten their lives. Since self-bias is used so
much, the negative bias is increased also, but
usually not quite apace.

The voltage delivered by the power trans-
former, and the regulation of the transformer,
have a bearing on the results. Another for-
tunate circumstance arises. The power trans-
former output from the high voltage winding
will be less, as the drain is increased due to
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lower field resistance, therefore nature come
along to give assistance, as it were, and perils
thus are minimized though one does resort to
substitution,

Perhaps the main reason for adherence to a
particular resistance field winding is that a
certain rating power transformer is used, there-
fore the rated voltages will be applied to the
tubes. If the B voltage is too high though
self-bias and other factors tend to reduce the
peril of it becoming too high if field resistance
reduction is not severe, perhaps a blue glow
will appear in the power tube. That is a warn-
ing. The quality may be impaired as well as
tube life shortened. Some pentodes have a
natural blue glow, not to be confused with the
gas effects that create bluishness all around the
plate. The harmless blue glow is concentrated
and is due to the rapid acceleration of converg-
ing electrons.

The field wattage is the product of the volt-
age in volts and the current in amperes. As-
sume 100 volts and .06 ampere, the wattage is
six watts. The output tube, say, is rated at five
watts. Suppose the speaker field wattage is
reduced to three watts, can the output tube still
be distortionlessly supported by the speaker, or
does the field limit the tube’s, hence set’s, dis-
tortionless output? There is no necessary lim-
itation on the set even if the d.c. wattage of the
speaker field is reduced, as several circumstances
control the results. For instance, the perme-
ability of the core on which the field is wound,
if high, would enable greater power output
from the set than the d.c. power dissipated in
the field. With cores as commercially present
in the fields of dynamic speakers, very high per-
meability is not to be expected.
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Front and side views of the Colpitts oscillator.

The dial may be read with extraordinary closeness,

as it is a National dial with true vernier scale.

(Continued from preceding page)

The circuit is universal. That is, it may be
used on either a.c. or d.c. lines. The fact that
all three output binding posts are insulated from
the high voltage and from the line, it is safe
to use the oscillator on all types of circuit.

The mechanical features of this Colpitts os-
cillator can be seen from the three photographs.
One shows a top view of it. In this the three
shielded coils are easily distinguished. Like-
wise the two-gang tuning condenser can be

*0005 M#d,

2 mH.

Middet Choke
11d.

O
3 h;___Output

seen in the center. The oscillator tube, a 6L7,
may be seen back of the panel at the extreme
right. The rectifier tube socket is seen in the
diametrically opposite corner of the chassis and
the filter choke at the right rear corner. The
remaining parts are below the subpanel. A
panel view of the oscillator shows the control
dial in the center, the coil selector switch at
the left and a output volume control at the
right. The rear view gives additional pointers
on the assembly of the oscillator.

The circuit of the Colpitts

direct current. The output
level is controlled by
means of bias variations
on grid No. 3. See text
for directions on connect-

37 oscillator. The output is

= — electran coupled to the

;fff’ screen of the oscillator

- : tube. All three output

$ ——g posts are insulated against
B3
d
Qo
3

ing this grid.

LIST OF PARTS

Coils

One set of three shielded coils to cover three
tuning bands.
One midget filter choke.

Condensers

One National Co. dual gang 335 mmid. tun-
ing condenser.

One .0001 mfd. grid condenser.

Two 0005 mfd. fixed condensers.

One .05 mfd. condenser.

Two 8 mfd. electrolytics.

Resistors
One 0.05-megohm grid leak.

One 2,000-ohm variable resistor, with knob.
One 1,000-ohm resistor.
One 350-ohm, 30-watt ballast resistor.

Other Requirements

One two pole, three stop switch for selecting
coils, with knob.

One vernier dial.

One octal socket.

One small grid clip.

One five-contact socket.

Three binding posts.

One line cord and plug (with built in resistor,
350 ohms, 30 watts).

One small chassis.
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Rigging Up a Colpitts
Cood Stability for Signal Generators
By J. E. Anderson

THE Colpitts oscillator has always been one
of the favorites among designers of quality
signal generators. Only one other oscillator has
enjoyed equal popularity, or possibly greater
‘popularity, and that is the Hartley, which is the
exact opposite of the Colpitts in so far as coils
and condensers are concerned.

Theoretically the Colpitts should have less
harmonics than the Hartley. Therefore when
the object is to produce a relatively pure wave
the choice should be a Colpitts, whereas when
the object is to get as many strong harmonics
as possible the choice should be a Hartley. Of
course, practically there will be strong har-
monics in the Colpitts.

One of the objections to the Colpitts is that
it requires two variable condensers in the tuned
circuit. But there is no difficulty in getting
such condensers, for a two gang tuning con-
denser is suitable for the purpose. The com-
mon rotor of such a condenser could be con-
nected to ground, and thus body capacity effects
would be eliminated.

Single Winding Coil

A decided advantage of the Colpitts oscil-
lator, especially when it is to cover many bands,
is that only one coil, and that one not tapped,
is required for a smgle band. Thus while the
switching problem is not simplified, the unused
coils are readily kept entlrely outsxde the func-
tioning circuit. Winding is easier.

One way of wiring up a Colpitts oscillator is
shown in the drawing. Three coils are in-
dicated. These may be separate coils or they
may be three windings on the same form. In
the present case, as will be seen on one of the
photographs, there are three separate coils, each
individually shielded, the better practice of
course.

Several details call for attention. There is
a grid condenser of .0001 mfd. for instance.
This is not absolutely essential because even
when it is shorted there is no shorted path to the
cathode. The grid leak, however, is essential
whether or not the grid condenser is used. A
value of 50,000 ohms is satisfactory and this is
suggested.

What to Do with G3

The 617 tube used has an injector grid (No.
3), not shown connected. Normally this would
go to B minus. Then the rheostat in the
cathode leg can be used as attenuator, and the
scheme also works if G3 is connected to the
slider, if the cathode resistor is a potentiometer.

Between the plate and the lower side of the
tuned circuit is a .0005 mfd. condenser. This is
not essential when the grid condenser is used.
But if grid condenser is omitted, as it may be,

Top view of stable signal generator, using National
Company's straight frequency line double bear-
ing condenser.

the plate condenser must be used. Its value is
not critical.

The output coupling deserves special mention.
It will be noticed that it is similar to that of the
Dow oscillator. In this instance, however, the
plate is used for feedback and the screen for the
output. In the Dow electron coupled oscillator
the arrangement is the reverse. A stopping
condenser of .0005 mfd. intervenes between the
screen and the output binding post. This in-
sulates the post from the high voltage. The
other output posts, the one on the extreme right,
is connected to ground through a 05 mfd. con-
denser. One side of the supply line is used for
ground. Therefore both binding posts are in-
sulated for the power supplies and only a.c.
appears at the output posts. There is a third,
or middle, post. This is coupled loosely by a
small capacity to the screen-connected post.
When the output required is very small, the
two right hand posts should be used. When
maximum output is required the two extreme
posts should be employed.

Mechanical Factors

A 37 tube used as a diode is employed as a
B supply rectifier. A good filter consisting of
a midget choke and two 8 mifd. electrolytic
condensers is used to remove ripple voltages.
This filter is entirely satisfactory because the
current required by the plate and screen of the
oscillator is very low, and under such condi-
tions any filter is most effective.

(Continued on next page)
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to get full filtration from this condenser.
The B supply filter consists of one 8 mifd.
condenser, next to the rectifier tube, a 2,500-
ohm speaker field coil, and a 4 mfd. condenser
next to the voltage divider. Of course, a 2,500-
ohm filter coil may be substituted for the field
coil in case the speaker has its own field supply.

Tapered Volume Control

The voltage divider consists of two 25,000-
ohmn resistors, the screens being connected to
the junctions of these two resistors. The .1
mfd. condenser across the bleeder section of

in controlling the volume. In addition, the re-
sistance element is tapered so that the proper
degree of control is obtained gradually at all
volumes within the range of the circuit.

Readrite’s Direct-Reading
Tube Tester Is Improved

New improvements add to the effectiveness
of the 1936 Model 430 Readrite tube tester im
checking all glass, metal and metal-glass tubes
under actual load conditions. The manufacturer

o5 Meg.

A good four-metal-tube
t.r.f. set, using a two-gang
condenser. |f the volume
control is tapered, as sug-

A AKAA—
J 20,000
e Tapered

gested, the change of
sound quantity will be

BT T

the voltage divider serves to maintain the screen
voltage on the 6K7 steady in respect to radio
frequency fluctuations.

The volume is controlled satisfactorily in this
receiver by means of a 20,000-ohm potentiom-
eter in the cathode circuit of the first tube.
Since the potentiometer is connected between
the cathode return and the antenna, with the
slider grounded, the control is doubly effective

more gradual. The slow
change in resistance should
be toward the cathode.

is Readrite Meter Works, Dep’t W, Bluffton, O.
It is an emission type tester. A unique shadow
type a.c. meter for line voltage adjustment is
a feature. Besides indicating the actual line
voltage setting, it also is a pilot. Model 430
has five sockets for receiving every type of tube.
It contains a direct reading Triplett model 221
meter with good-bad scale. Testing requires
only four operations. The cover is removable.

LIST OF PARTS

Coils

Two high gain unshielded radio frequency tun-
ing coils for 360 mmfd. condensers.

One power transformer to give a 250-volt out-
put.

One dynamic speaker with output transformer
for 6F6 and a 2,500-ohm field.

Condensers
One .0001 mfd. Two .05 mfd.
One .00025 mfd. Four .1 mfd.
One .006 mid. One .5 mid.
Two .02 mid.

One 4 mfd. electrolytic.
One 8 mid. electrolytic.

[Above condensers are Cornell-Dubilier.)
One two-gang, 360 mmfd. tuning condenser.

Resistors

One 20,000-olim tapered potentiometer,
line switch,

One 300-ohm bias resistor.

One 500-ohm bias resistor (three watts).

Three .025 megohm resistor.

One .05 megohm resistor.

Three .5 megohm resistors.

One 1 megohm resistor.

(All resistors not otherwise specified may be
as small as half watt.)

Other Requirements

One tuning dial with lights.
One line cord and plug.
Four octal sockets.

One four tube chassis.

Two grid clips, small size.

with
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receiver these two can be tracked perfectly at
all settings. Therefore the selectivity is higher
than one would suppose and it may be as high
as that of a three-tuned-circuit set in which the
tracking is not perfect. Indeed, it might be
higher. The selectivity will be greatly im-
proved if a short antenna is used with the
receiver. Also, the omission of the coil shields
makes the selectivity higher.

High Detection Efficiency

The 6K7 working into a high gain tuner

The detector tube, which is operated as a self-
biased transrectifier, is a 6J7, and this tube has
a very high detecting efficiency. The bias is
supplied by a 25,000-ohm cathode resistor, which
is shunted by a .5 mfd. condenser. For best
detection the screen voltage on this tube should
be much lower than that on the 6K7 and for
that reason a .5 megohm resistor is connected
between the 6J7 screen and the screen voltage
tap on the voltage divider. A .1 mfd. condenser
connected between the screen and ground is
sufficient to keep the screen steady in respect

Rear view of the four-tube
midget receiver showing
tuning condenser at left,
the speaker in the middle,
and the power transformer
at right. A midget speaker
is used in ‘this instance.

yields an extraordinarily high voltage gain.
This gain is considerably boosted by resonance
in the second tuner. Therefore a strong signal
is delivered to the detector grid even though
the input to the receiver be comparatively low.

A close view of the top of the tuning condensers,
with the trimmers and one of the unshielded high
gain coils.

to audio and radio frequency voltage fluctua-
tions.

The resistance-capacity coupler between the
detector and the power tube is designed to trans-
mit all frequencies equally down to the lowest
essential audio frequency. The plate load re-
sistor and the grid leak are both .5 megohm
and the coupling condenser is. .02 mfd. The
remaining parts associated with the coupler are
for filtering. Thus the .00025 mfd. condenser
connected between the plate of the 6J7 and
ground serves to prevent transmission of radio
irequency voltages to the power tube. The .05
megohm resistor in series with the grid leak
and the .1 mfd. condenser between the cathode
of the 6F6 and the junction of the two re-
sistors serves to suppress hum and also to pre-
vent reverse feedback. This .1 mfd. condenser
ts much more effective than the condenser of
the same value that is connected across the 500-
ohm grid leak alone.

In the plate circuit of the power tube is a
condenser of .006 mfd. capacity. Its function
is to suppress a certain type of high frequency
noise which is sometimes associated with pen-
tode power tubes. The .02 mfd. condenser con-
nected across the primary of the power trans-
former is also for the purpose of filtering. It
aids in suppressing line noises. As will be
noted, it is not connected directly across the line
but from one side to ground. Therefore it may
be necessary to reverse the power plug in order

(Continued on next page)
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The Dial's on the Speaker

In Four-Metal-Tube T.R.F. Set
By Jack Goldstein

Front view of the four-tube

midget receiver, showing

the volume control at left,

the dial in the middle, and

the condenser at right. A

belt connects the dial to
the condenser.

T‘HIS is in truth the era of midget sets. Re-
ceivers have been brought down almost to
vest pocket size. This reduction in size has
heen made possible by the increase in the sensi-
tivity of the tubes, as well as by the reduction
in the size of tubes. Two or three tubes will
now do more than half a dozen tubes used to do.

Unfortunately, the decrease in size of re-
ceivers has been accompanied by a decrease in
performance, not so much ‘n sensitivity and
selectivity as in output quality and quantity.
This is partly due to the necessity of using a
small speaker to confine the receiving unit
within the specified diminutive dimensions.

It is not necessary to have the speaker built
into the chassis, provided that we are willing to
devote more room to the speaker. If necessary,
the speaker may be put outside the receiver
proper, in which case the tuner and amplifier
can be confined in an extremely small space.

Metal Tube Set

There are many places in a home where a
speaker of large size could be placed to better
advantage. Of course, if the receiver is to be
portable—easily movable from room to room
in a home—the speaker should be an integrai
part of the radio receiver and in that case it is
necessary to sacrifice tone quality to a certain
extent. However, in the interest of realism
the speaker employed should be as large as pos-
sible, consistent with the space devoted to the
portable receiver.

In the present example we show the speaker
built into the chassis as that is the vogue of
the day for such small sets.

There is no trouble in getting a large out-
put from a midget receiver, for the output tube
may be a 6F6 power pentode, the tube that is
used in many large receivers, and this tube may

be operated under the same conditions in a
midget as in a large console receiver.

High Gain Coils

The midget receiver here presented is a t.r.f.
circuit of the high gain type. It has four tubes.
The radio frequency amplifier is a 6K7, the de-
tector a 6J7, the output tube a 6F6, and the
rectifier a 5Z4. All of these tubes are of the
metal type and all are of small size. Because
of the small number of tubes, and the small
size of each one, this set can be assembled into
a very small cabinet.

Two so-called high gain coils are used in the
tuner. Perhaps it would be more nearly cor-
rect to say that they are equal gain coils, for
the coupling between the primary and the
secondary circuits is such that there is just as
much gain at 550 kc as at 1,500 kc. And this
equality of gain over the eatire tuning band
has not been attained by suppressing the usual
high gain at the higher frequencies but by boost-
ing gain at the lower frequencies. This has
been effected by a fixed resonance in the
primary circuit of each coil below the lower
end of the tuning range. The coils are un-
shielded and mounted so that there is no stray
coupling. One coil is atop the chassis, the other
below.

Belted Dial

Looking at the speaker one notes that the dial
is in front of it. The tuning condenser, knob
attached to its shaft, is at right. The common
mechanical connection between condenser shaft
and dial is made by a belt. This solves the
mystery why the dial turns, though relatively
far from the condenser.

Since there are only two tuned circuits in the
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Right up to the minutel Every last minute
price change! Every latest development! All
leading manufacturers represented! ~ What

more can anyone ask from a catalog!

You'll find a large selection of Lafayette Public
Address Equipment . . . amplifiers from 3!/ to
100 watts for every conceivable occasion, com-
plete systems, portable and mobile. There are
and accessories,
while a big section is devoted to receivers from
4 to 24 tubes.

auto radios, aerials, parts

Remember—NO non-essentials; only fast selling
Be sure to get
63 today—ijust

profit-making summer sellers!
your copy of Catalog No.
address Dept. ElIR.

NEW LAMB NOISE SILENCER

We carry all the parts for this new de-
velopment . . . at lowest WHOLESALE
prices.

WHOLESALE RADI0 SERVI(E ©:

NEW YORK N.Y.
100 SIXTH AVE.

GA.
430 W, PEACHTREE ST

BRONX.NY. NEWARK.N.. .l
542 EFORDHAM RD.

S01W. SON BLVD.

CHIE%GD. ILL. ATLANTA,

219 CENTRAL AVE.

| DEPT. ElIR. |
Gentlemen: l
l Kindly send me your new Spring Catalog No. 63. I

l INFYT) 600000000006000000000000060000000000000000000a000

TRANSFORMERS

FOR ALL PURPOSES
for example:

TRANSCEIVER TRANSFORMERS

F-532-B—Microphone and Plate Primaries to Gnd
Secondary. Uncased, light weight, Net............ $.92

F-533-B—Transceiver Output from
plate of 33, 38, 41, etc. to 130,1000
or 2000 ohm handset or phones..$1.00

F-536-B—Similar to F-532-B but for
more powerful Transceiver using a
19 as push-pull R.F.,, 30 as audio
driver, and 19 as Class B Modu-
lator ........ setssecassesarceases . $1.08

F-534C—Class B Input, 30 driver to
Class 0000000000000 tesneeisceaccree
F-535-B—Class B Output from 19 Twin to modulate
19. Sec. handles plate current of r.f. stage, impedance
approx. 2700 ohms, or any 7 watt stage approx 50
m.a. at 135 volts.......cevieereeinnnccnasnanas voene 8117

19 Grids
$.80

General Replacement Transformers
will be found in our
CATALOGUE No. 51-C
Three examples out of 161:
No. 210—300-0-300 V. 40 m.a.;
25 V. 55 A; SV. 2A...... $1.11
No. 209—330-0-330 V. 60 m.a.;
25 V. 875 A; 5V. 3A...... $1.80
No. 1103—Single Plate to Push-
pull Grids .....ooovveeneinnnns $.98

High Fidelity Audio Trans-
formers for Public Address,
Broadcast and Amateur Sta-
tions will be found in our
catalogues No. 70, No. 70-A.
Description of all types for
microphones, matching, in-
terstage, and output, all fully

cased and shielded. Useful
diagrams included.
AMATEURS!
SEND FOR CATALOGUE
No. 52-C

Contains nearly a hundred
stock transformers and chokes
for all power phone and C.W.
rigs, design Boyd
Phelps. W2BP- W9BP Ius-
tration shows FTP-5 which
delivers % K.W. and costs
$9.50 net.

Any of the above catalogues free for the asking.
If in a hurry, order direct from this ad or see your
local jobber. If he does mot have these lines tell him
he is missing something well worth while.

FRANKLIN TRANSFORMER
MANUFACTURING COMPANY

607-609 22nd Ave. N.E., Minneapolis, Minn.
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HAYNES R-S-R RECEIVER

21,-555 METERS

Regeneration plus

Super Regeneration
Combined for the first time in
a single receiver with the great-
est tuning range ever incor-
porated in any radio set.

WRITE FOR FREE CIRCULAR
Price of Complete HAYNES K.S.R.
RECEIVER — wired and tested in
our lahoratory—with black crystal-
line hinged top cabinet, and 5 tubes
(2 MG4@'s, 1 MG43, 1 MG 5Z5,

1 76, ready to plug in $24.65

Complete Kit including wired switch
band Coil Assembly, driiled panel and

chasis, dynamle speaker, wir-
ing diagram Instructlnn; 314'95

Black crystalline cabinet,. .. $2-50

4 2Y2-555 meters—complots coverage of this tremendous tuning range Five tubes (2 MG 6K7's, $3 60
* \lo;ithd no ::d'?la or (deaga;go;s. : 7 ih q | MG 43, | MG 2525, | 76.. °
and switching (5 s)—no plug in coils from 15-555 meters. i -
“ Immedizte shift from regeneration to super-regeneration is accom. Wt gmlln;“::;trrlglhnn;n:ﬂ-:elr-wrlet:enzisr:ti::.
plished by mersly turning switch knob under speaker. v Adjustable selectlvity control.
Y Super-regeneration below |5 meters using simploe ofMcent pin-Jack ¥4 Both loud speaker and earphone re-

plug in eolls. ception on all bands,
HERE 1S WHAT THE RADIO EDITORS SAY ABOUT IT:—

The New York Sun, Mar. 7.—Circuits worthy of space are mot numerous this season, b X

ut the R-S-R 1 an exception. When
demonstrated to the editars. the receiver functioned so smoothly that it wag obviou.s its many fen!ure: wounld appeal to the
home experimenter. Here In one cabinct is a receiver that will reach from the top of the broadcast band down through
all the short-wave channels to the ultra short-wave band, where the two-way police systems are active and where television
will soon be carvirg ‘ts wny.—Ed. Note.

Radio News, May.—TUnder tests in two New York City Listening Posts the receiver considerably exceeded expectations.
ghgrh\}-‘nve ‘stnti{ms were tuned in, all on the loud-speaker, from Spain, Italy, England, France, Germany, Colombia,
uba, Canada, ete.

These are unbiased statements on actual tests made on the R-S-R.

! A. C. 3 TUBE
NEW POWERFUL 7 Sisceiver
= STABLE, CLEAN MODULATION

Here is a 5 and 10 meter transceiver that is in a class by itseli!
No skimping or cheap parts are used in its construction. A large
center tapped modulation choke accounts for its very fine speech
quality, while 20 watts input to the plates of the two 42's puts out
a carrier which really goes places.

N
o

On reception the gain is such that full volume control is seldom
used.

We sincerely believe that this is the finest transceiver available
today. Many operators arc using it as a fixed transmitter with
separatc receiver for duplex work.

Uses two 42’s and an 80. Speaker is off when phones are plugged in. Ilas modulation
gain control, regeneration control and volume control.

Complete kit; less tubes, cabinet and speaker

Portable cabinet with speaker, as pictured

Smaller cabinet, without speaker

Kit of 3 tubes, 2-42’s, 1-80

Wired and tested..

RADIO CONSTRUGTORS LABS. "%ew®Vork *n' v
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“RACO” PORTABLE
SIGNAL GENERATOR

output jacks. (Shipping weight, 11 1bs.)........,

Model 339 B Kit, less tubes
and batteries ..............

The Model 339-B Portable Signal Generator in a handle-

equipped black wrinkle finish shield cabinet, the front panel

finished in "Raco Wrinkle Illuminite,”” wired, complete with lator.

A and B batterles, two 30 tubes, r.f. attenuator, variable audio

frequency control, selector switch, r.f. and a.l. ‘ls 10
.

NET

$11.50

OUTSTANDING FEATURES

(1)—Frequencies are direct reading to an accu-
racy of 1 per cent., using Raco’s own calibrated
dial and precision inductances, and a precision
variable condenser (54 kc to 17,000 kc).

(2)—Radio frequency output has an attenuator
that does not molest the frequency generated,
no matter where the attenuator s set.

(3)—A tone is impressed on the radio frequency
generated, or not, as you prefer, to allow for
both methods of alignment. A throw of a
switch introduces or removes the tome.
(4)—The audio frequency generated may be
varied by adjustment of a control marked fin
arhitrary graduations, 1 to 10. This enables
measurement through interference.

(5)—Besides the radio frequency output jacks,
there are separate jacks for the audio frequency
output, and since this audio frequency may be
adjusted, tests may be made of response char-
acteristics of audio amplifiers.

(6)—Stabilization of the radio frequency oscil-

(7)—Stabilization of the audio frequency, and
independence of the audic frequency from any
setting of the radio freq y tuning d 5
(8)—Modulation is about 50 per cent., when
introduced in the r.f. oscillator, double peaks
are thus completely avoided.

Don’t be Misled! “RACO” Pioneers of Quality

THE IDEAL BEGINNERS’ TWIN
TUBE TRANSCEIVER

AT
LAST ! !!

An inexpensive 1
tube 5 and 10 meter
Transceiver,

‘This extremely effi-
cient  transceiver is
recommended for one
short wave enthusiast
who is interested in
exploring the fasel-
nating 5 and 10
meter hands.

The cireuit utilizes
2 llhq l,\'pe' 19 two-volt

R win t 5
exceedingly sensitive since the supcr-regenue:'?ltlv:mli)rh:!
ciple 1s employcd whem the recelving position is switched
on. A double pole single-throw switch is the meuans hy
which the instrument may be switched to cither recelving
or transmitting. Dimentions: 5 x 6 x 9,

Complete Kit with 5 meter Coils. .
Shielded Cabinet
10-Meter Colls .
R.C.A. Lincensed
Wired and tested .... . 1.00
Wiring diagram and complete instructions included
in cvery kit.

FEATURES

@ WIIl operate on 5 or 10 meters by simply changing
plug-in colls. @ Uttillzes the multi-purpose 19 tube.

@ Highest Quality Parts.

@ Weight only 4 lbs

3-TUBE NEW PORTABLE
5 METER GO-GETTER RIG

A powerful oscillator
with class B modula-
tion provides sufficient
power for excellent
portable - mobile work.
Conipletely self - con-
tained unity coupled S
meter transceiver using
two 19 tubes and one
30. The maximum
practical power for a
portable rig.

Two stage push-pull
audio, class B, used as
hoth modulator and re-
ceiving amplifier gives
fine speaker reception and
true 53-tube performance.
Batteries used; 3-45v and

5 TUBE PERFORMANCE IN

L.

twe dry cells. -
Complcte kit, less cabinet and tubes.......... $10.95
Wired and tested..............coiviiiiiiiiin, 3.00
Matched tubes ....o..oiviieiiiiiiiiiiiiiiia 1.65
Cabinet, as illustrated.......c.ccovevniriiiann 1.50
Cabinet with built-in speaker.................. 2.75

RADIO CONSTRUCTORS LABS.

136 LIBERTY STREET
NEW YORK, N. Y.

Ravio WorLp, June, 1936. Published monthly. Vol. XXIX. No. 3. Whole No. 693. Address, 145 West

45th Street, New York, N. Y. Subscription price, $2.50 per annum (foreign, $3.0C). Single copy, 25c. Iub-

iished by Hennessy Radio Publications Corporation. Entered as second class matter March, 1922, at the Post
QOffice at New York, N. Y., under act of March 3rd, 1879.
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H. G. CISIN'S FAMOUS KITS
AIR SCOUT JUNIOR ALL-WAVE KIT

Complete with All Parts, . \ Uses 2 Flashlight Cells and
Tube and 2 Coils covering 70 Small 22V, volt ‘“B’* Battery
to 550 Meters { Shipping Wt.—3 Lbs.

ONLY KIT OF ITS KIND IN THE WORLD

NIGHTTIME FOREIGN RECEPTION — POLICE CALLS — AMATEURS — LOCAL BROAD-
CASTS — TRANS-ATLANTIC PHONE CALLS — CODE — SHIP-TO-SHORE — AIRPLANES

Complete $2 Kit consists of following parts: Wood Panel—walnut finish, black and geld finish Calibrated Dial,
30-type Tube, Genuine Variable Tuming Condenser, Regeneration Control Potentiometer, Filament Rheostat, Grid
Condenzer, Grid Leak, Mica By-Pass Condenser, Antenna Control Trimmer, Six Connection Clips, Broadcast Coll,
70 to 200 Meter 8.W Coil, Two Sockets, Three Knobs, Hook-up Wire, Picture Dlagram and Detailed Instructions.

AUXILIARY PARTS (sold only with kit): Single Earphone, 60c; Double Earphones, $1.40; Antenna IKit, 60c; 2 Flashlight
*“A"" Batteries, 10c ea., 22% volt ‘‘B*’ Battery, 75c¢; 10 to 20 Meter Ceoil, 25c; 15 to 45 Meter Coll (Forclgn Band), 25¢c;
40 to 80 Meter Coil (Forelgn Band), 25¢; Wood Screw Kit, 10c; Wood Chassis Kit, 45c.

AMPLIFIER KIT: Consists of—5“ Loud Speaker; Power QOutput Pentode Tube; Complete Parts for
Resistance Coupled Stage; Socket; Hook-up Wire; Diagram $3.
SPECIAL OFFER: LOUD SPEAKER MODEL AIR SCOUT JUNIOR K consisting of $2 Kit and

$3.50 Amplifier Kit Only $5.00

Sensational New Metal Tube All-Wave

Magic Electronic Eye neemie AIR SCOUT
"TEST-ALL"

'Yy .95

Complete Kit of For Complete As-
Frf_ar}shwséh II'Z:_r:mkle - : sembled Kit, with

|ln sh a II_IE:’. N instructions and
Am:v:rlan;manghlge: C nl;ture diagram,
tailed Instructions. SR €0 Ll

U. S, Pat. Pending

Pat. Pending POWERFUL—Owners report verified foreign reception—
U. S. Serial No. 592,586 also police calls, code, amateurs, etc. Wonderful short
N C ' wave reception. Broadcast reception on indoor aerial. Air-
ports and beacons on long waves. A.C. or D.C. finter-

. .
For Radlo SerVIcemen, changeably, Why waste time with glass tubes? Modern

metal tubes outperform for short and long wave reception.

H Speaker on strong stations! Self-contained Power Supply.
Experlmen*ers' se* owners Set of 4 Short Wave Coils, 10 to 200 meters .

1 ! Broadcast Coil
A Most Versatile Instrument! Spec. Long Wave Unit with Coll, 550 to 1500 meters.

Can be used as a Tuning Indicator on any Radio Set. Earphone (single}—60c. Set of Matched Metal Tubes. 2.00
iscglumtely teststDens:i ?hor’trs, }'.cnlmltfesi AsUn Rei‘gnanc;
ndicator, can be used for Tuning, Lining Up R.F. an

LF. Stages. Excellent Output Meter. Also Functions as SPECIAL COMBINATION OFFER
Xac;n:m Tube Sfoétmetetx;.l Me;xsures or Complris Voltages,
esistances an. apacities. easures and works on A. 1t ¢ wired, 2 Metal Tub
or D.C. Self-Contained Power Supply, Tests Audio Dis- Agsembled Kit, not wired, 2 Meta o8,
tortlon. Antenna Systems. Hundreds of Other Uses! 6 Coils including Long Wave Unit,

EASY TO BUILD — EASY TO USE Above, Custom-Built, Wired and Laboratory Tested, Ready
Kit of Matched Tubes (2 Metal Tubes, 1 Magic Eye)—$3.05 to Use .$1 extra

H. G. CISIN Chief Engineer, Allied Engineering Institute
DEPT. 5C, 98 PARK PLACE, NEW YORK, N. Y.




AN
THE RANGE
Outstanding L

Testers with . . .

The Ranger Series takes the spot-
light. A complete new line of
quality radio testing equipment.
All Ranger testers are new designed
throughout and incorporate the very
latest engineering developments.

Built in durable metal cases with electro-
enamel hard wearing finish. All acces-
sories can be carried in special built-in

compartments . . . no extra carrying
cases required.

The Ranger series brings you the latest advancements to bring your test-
ing equipment up to the minute in keeping with 1937 developments. See
these outstanding new numbers at your jobbers. Compare the appear-
ance, compare the accuracy. Keep your costs per call to the minimum by
standardizing to Ranger Test Equipment.

Write for complete catalogue.

READRITE METER WORKS

627 College St., Bluffton, Ohio :
Please send me more information on |
The Ranger Series. i
Name ... ... ... .. ... .. .. 1
Address ... ... ... ... ... .. I
TESTERS AND METERS City . State /



® National offers a thoroughly engineered part for nearly every radio
purpose. The entire line cannot be compressed into our twenty-page
catalogue, much less a single page. But look over the group above.
Transmitting condensers from the little 1000 volt TMS in the foreground
to the 12,000 volt TMA at the rear. Low loss ceramic coil forms for every
amateur band. Low loss sockets for nearly every tube type, from acorns
to power pentodes. Flexible couplings from the little TX-12, which will
work around a corner, to the big fellows for heavy condensers, high
voltages, and low-losses. Strain insulators, spreaders, lead-ins for the

antenna: stand-offs, chokes, dials for the rig. National has what it takes.




