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IHIS NEW

big catalog—just

off the press—heralds
values never before ap-
proached in radio mer-
chandising. Prices have never
been lower—or quality so high.
Send for your copy today. See for
yourself the astounding values we
offer—the actual wholesale prices at
which you can now buy. Our recent
purchases totaling over one million
dollars($1,000,000)in standardradio
receiving sets coupled with our tre-
mendous stock of standard acces-
: sories,parts and kits has enabled us
ﬂ,,;uWﬁ“. | to make startling price reductions.
q ‘ \‘ﬂ Ja | gt il Write today for the complete

| I" ‘
.«ljlutl.ﬁ'w Lj\‘\ story as given in this large 196
..|H‘l L

\ page catalog of radio bargains.
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EVERYTHING IN RADIO
AT UNHEARD OF PRICES

New Screen Grid A. C. Humless All-Electric sets—standard A-C sets as well
as battery operated receivers in an attractive array of consoles ranging from
small table model types to gorgeous pieces of radio furniture. They represent
the finest offerings of the season. The price range is especially attractive pre-
senting unusual values as low as $15.95.

Get this Allied catalog. Buy low so you can make more profit. Deal with an
organization of experts who are trained to render real service in radio.

_ALLE D%AD.D

/ , Backed by
Reliable, ) Resources
High-grade totaling over
Radio House ’ $3,000,000

‘ 711 W.Lake Street Dept.E  Chicago




TRIAD INSURANCE.

sells more tubes...protects your profits

Tube insurance — a radically new Triad sales idea! A
printed guarantee of six months’ perfect service — or a
satisfactory adjustment made — with every Triad Tube.
Now — for the first time the dealer can be sure of greater

Tune in on the

“Triadors’ —
every Friday
evening, 8 to 8:30
Eastern Daylight
Time — WJZ and
associated NBC
Stations.

-

Unique triangular
Triad carton. Builds
up into a striking
attention-getting dis-
play. Use Triad car-
tons in your windows
and on your counter
to link up with Triad
national magazine,
newspaper and radio
advertising.

West Coast Factory
R. J. NOEL CO.
508 Eddy Street
San Francisco, Calif.

Representatives:

J. A. CASH
Pioneer Bldg.
Seattle, Wash.

A

tube sales and profit protection !

When a tube is
backed by a printed
certificate guaranteeing six
months of perfect service, it must be
good! Tube purchasers realize it — that’s
the reason for the tremendous popularity of
Triad. And that’s why dealers are winning
greater sales with Triad than they have ever
enjoyed before. But that’s only the first
step — Triad does more than that for the
dealer — it protects the profits he has won.
The insured certificate assures him and his
customer of absolute satisfaction should an
adjustment be necessary. He retains every
cent of profit that he has made in the sale!
No wonder dealers are enthusiastic about
this line. For sales, satisfaction and pro-
tected profits, it will pay you to stock Triad!

Call your Jobber or write us for
complete Triad dealer information

TRIAD MANUFACTURING CO., Inc.
Triad Building Blackstone. Middle and Fountain Sts.
PAWTUCKET, R. I




Dealers Listen/

THE SET YOUR CUSTOMER WANTS ~ THE SET THAT MEANS QUICK SALES

Tom QW

SCREE GRID
POD\TABI_E AIO

Speaks in the tone "”‘ﬁ-@’
"o/ PROFITS

; : V.3 vvvvvvve‘ S~ oy It Will Pay
e : ~ You To
f 4 .u l _ -3’5? d. B | P
. P SEND
'S PROFITS because it’s be: wutiful, Dependability plus low price—that
light, shock-proof; unique among is why this FOUR-TUBE PORT- for
portables, and SCREEN GRID. ABLE SET, requiring neither : d s
’ PROFITS because it's TRULY aerial nor ground, is winning Dealer’s
PORTABLE. dealers from coast to coast. ' A Proposition
4
| Now!
" Wire or Write
» 4
|
4
DE-LUXE
TOM THUMB 1
PORTABLE
With Power Tube <
$65.°° $
East of Rockies '
$67.50 List AL LS b ddASSSAS Aasrasssssdadsvd
West of Rockies
Less Tubes and R R
Batiores ALL-ELECTRIC PORTABLES

Just Plug Into the Light Socket—and Tune In!

A. C. PORTABLE ALL ELECTRIC, SCREEN GRID, 110 Volts, 60 Cycles, 95 $99.00
complete with special cone speaker in front cover—large output—QUALITY .LIST S .,
REPRODUCTION. Less Tubes West of Rockies

STANDARD BATTERY MODEL,
same in appearance as De Luxe battery model, but has air column speaker and s57ous-,- $60.00 .
no power tube, Less Equipment West of Rockies

ALSO TWO OTHER MODELS

AUTOMATIC RADIO MANUFACTURING COMPANY, INC.
332 ¢“A” STREET, BOSTON, MASS.

Northern California Distributors

OFFENBACH ELECTRIC CO., 1452 Market Street, SAN FRANCISCO, CALIF.
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Universal
analvzer

plug

Tube Testing FPlus==-«

The only dependable tests on all tubes. includ-
ing screen grid, Tests each plate separately of
5 i - . . e
80 type rectifiers. An exclusive feature and if
prime importance.

The only commercial means of testing tubes
under actual working conditions, revealing all
tube deficiencies, many of which cannot be
determined by any other service instrument or
tube checkers.

Don’t rely upon partial or misleading tests.
Stop guessing. Use The SUPREME DIAGNO-
METER and Anow to an absolute eertainty the
condition of all tubes. Saves tinme and money.

SUPR

[Radtio Diagnomeicy
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Screen Grid Analysis,etc.

Aecurate screen grid analysis without produc-
ing oscillations in the set.

Synchronizing by thermo-couple meter or A.
C. meter. Fasy and accurate. Same method ak
most universally employed in faciory practice.

Neutralizing. External connections to all ap-
paratus.

Allcontinuity tests without the use of batteries.
FHE DIAGNOMETER'S COMPLETENESS,
EANGE AND FLEXIBILITY WILL PROVE
ASTOUNDING.

MOST GOOD DISTRIBUTORS CARRY THE
SUPREME DIAGNOMETER IN STOCK.

“Set Testers”’ prove only

29%to 407% efficient in comparison
with the SUPREME DIAGNOMETER




cees @ vear and

“,....but they couldn’t copy

our mind,

So we left ‘e sweatin’ and

A year and a half behind”

1t is perhaps natural that the remarkable sue-
cess of the SUPREME DIAGNOMETER would
inspire others to copy and imitate.

For eighteen months the slogan, “Makes Every
Conceivable Test” has characterized DIAGNO-
METER advertising. That slogan was employed
because it was true, and for the purpose of dis-
tinguishing this remarkable instrument from
the rather limited range “set testers” then and
still in general use. Recently a manufacturer
of a “set-tester’” adopted the slogan, word for
word, “Makes Every Coneeivable Test.”” Will
it? Try and see. The answer is left to your own

investigation.

The first model SUPREME DIAGNOMETER
was housed in a carrying ease, providing ade-
quate convenient space for all tools and spare
tubes and this unusual fcature was extensively
advertised. Now eighteen months afterwards a
“get-tester”’ manufacturer announces ‘4 large
case with compartments for tools and replace-
ment tubes.” Colton said, “Imitation is the
sincerest flattery,”” and to which might be
added: —and the frankest confession of supe-
riority."

Eighteen months ago and ever since, the
SUPREME DIAGNOMETER has been adver-
tised as 4 complete portable laboratory.” It
was the only way to fittingly describe this re-
markable instrument, so unique, and posses-
sing a range, completeness and flexibility that
has never been even remotely approached in
the service field. More than a ‘“sei-tester”—
truly ““a complete portable laboratory!”

—Kipling.

Again our advertising is copied, and this manu-
facturer of ‘“‘set-testers,”” apparently with
much pride, announces in bold headlines: “4
complete portable laboratory.” But is it? You
ask. Ah! There is the rub. It is much easicr to
mimie advertising phrases than to recreate the

spark of genius so infinitely present in the
design of the SUPREME DIAGNOMETER.

{gain the answer is left to your investigation.

Note the innumerable tests and funetions that
others do not even remotely attempt, then—

watch their further efforts
to copy and imitate--
ee.d vear and a half behind”

The SUPREME DIAGNOMETER, the result of several years
intensive engineering effort, has in the brief space of eight-
een months, come to be recognized as the outstanding,
in fact, the only complete portable radio testing outfit

ever produced. Its performance is as distinctive as the
name « « « « « - not merely a “set tester’ but a carefully
designed practical apparatus for instantly and correct ly

diagnosing every radio ill.

Its sweeping success is without parallel. In the brief
space of eighteen months this remarkable instru-
ment has been sold in very substantial quantities
in every state in the Union, in every province of
Canada; in Mexico, Cuba, Panama, Brazil, Spain,
Italy, Australia, Ilawaiian Islands, Czechoslovakia
and China. Wherever radio service penetrates, the
superiority of the SUPREME DIAGNOMETER is
recognized. Radio technicians and engineers are
unanimous in declaring the DIAGNOMETER to

be the most complete portable testing instru-
ment ever designed.

The more vou know about radio, the more you
will appreciate the SUPREME DIACNOMETER.

Hruly the Diagnometer Hs SUFPREMIEKE

SUPREME

' Radio Diagnometer

Most Good Distributors Carry the
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The only complete portable

radio testing
laboratory

Showing front view of instrument tray re- Rear view of instrument showing pinjacks
moved from case affording external access to all apparatus

There is no servicing problem that the SUPREME DIAGNOMETER will not solve
easily and quickly. No more returns to factory or distributor for adjustment or re-
pair. All service can be given, right in the customer’s home, so quickly that the cost
of servicing is negligible compared with antiquated methods. The work is done by
scientific analysis, insuring the perfect results that create enthusiastic customer
satisfaction and good-will.

Supreme Service League Order WNOW

Present production permits im-
mediate deliveries but the

To Radio Owners: momentum of sales is such that
buyers are cautioned to place
Look for this emblem in your radio their orders now.

Reservations will be made

shop, on the lapel button or card of against all orders placed for fu-

vour service man. It is your gunaran- ture delivery on specified datcs.
i Make use of this plan to avoid
tee of dependable radio service. disappointments.
Supreme Radio MManual Supreme Instruments Corp.
. . 337 Supreme Bldg.
A most complete loose leaf radio manual accompanies Greenwood, Miss.
each instrument. Monthly supplements are issued to Please ship SUPREME
keep the manual constantly up-to-date. An invalu- DIAGNOMETER Model
able aid to the service man. 400-B on basis checked below.

Net cash $139.50.
Time payment plan—

D $33,50 cash and 8 month-
ly payments of $15.00
cach.

All prices are F.O.B. Green-

wood, Miss. No dealer’s dis-

. o count.
R Date shipment desired. . .. ..
' Radio Diagnometer Date = -
Firm Name o
[W![eleﬂw . Street Address.
Makes every)lest on any Radio Set- o
City .
Most good distributors carry the SUPREME ﬁ,‘;‘,ﬁj give three or more bank or
DIAGNOMETER in stock. If yours cannot sup- "'.‘l‘,"’ GO ".;"l ""',','f,sql'f,;f:":
.ply you, send order direct on form to the right. 'c;:a;:':':.snﬁr;'-':xlxle" o e
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Jor Profit!

"N the month of June, this year, the

Capehart Corporation opened a great

new factory at Fort Wayne, Indiana.

Just 17 months before, the business started from a
mere idea in a shack at Huntington.

P’henomenal growth based on immediate and wide-
spread public response. Those who have been iden-
tified with the Capehart during this period have
made big money. And still the business is in its
infancy. Merely the surface of the market has been
ta}])re . The opportunities for real big profits are
stil ahead. The business has grown so fast that
many valuable territories still remain untouched.

The Capehart Organization is building its dealer
organization carefully. It has a valuable franchise
to award—one that is worth big money. It presents
a new opportunity for profit to established
res([l)onsible dealers who have the energy and ability
to develop its tremendous possibilities.

'"The Musical Marvel
of the Age

The Capehart Orchestrope actually solves the
problem of music for hotels, restaurants, refresh-
ment parlors, roadhouses — in fact any place of
amusement or recreation that caters to the public
in any way. The Capehart brings all the advan-
tages and profit of music to establishments which
never could afford it before.

The great sale and tremendous enthusiasm which
has greeted the Capehart is proof that the business
establishments of the country have been waiting
for just such an instrument.

Mail Coupon for Details

If you are interested in a new activity which will
not interfere with your present business—one that
is bringing a profit of $2,000 to $5,000 a month to
others, one that will take out the gaps in your yearly
sales curve, one that has so large « dollar margin
in every sale that it pays you well for every effort
—send the coupon at once for full details. Those who
become identified with the Capehart organization
now are getting in on the ground floor, with all that
such an opportunity offers. Don’t wait until the
ground floor is taken. Please write us at once.

THE CAPEHART (ORPORATION

Tort Wayne, Indiana

A New Opportunity

4
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Plays 56 Selections

The Capehart Orchestrope offers the
most complete line of automatie
phonographs in the world. Each
model plays 56 selections, 28 records
on both sides, without repetition.
They operate 24 hours a day, if de-
sired, without even a moment’s atten-
tion. The tone, brought throagh

ARISTOCRAT MODEL
Exquisitely designed for use
inthefinest clubs and homes.

three stages of audio amplification
and a dynamic speaker, is startlingly
true to life. The volume is adjustable

to any requirement. Supplied with
or without coin-operating attach-
ments. Also with

as many as five
auxiliaryspeakers.

AUDITORIUM
MODEL
Recommended
for public audi-
toriums, dancing
academies, etc.

OUTDOOR MODEL
Specially built to meet
great volume outdoor
requirements. Fireproof
and weatherproof.

! Tha: f]apehﬂrt.ﬂnrpnmﬁon
Diept. 3486, Fo Woayne, Indianas

Please scad we, sithoot  obligation, descrip fons of sll Capesart
Trrcliesirope madebs amil detaile of the Capoles. Dealec’s Fronebise,
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SCOTT/Cusrom

NATION WIDE
FROM A SEED/PLANTED FOUR YEARS
LISHED THE-WORLDS RECORD FOR

f' OUR years ago, in the early days of the appli-
R cation of mass-production methods to radio
L ” manufacturing, E. H. Scott assumed an attitude dia-

tended that the best product of factory methods
could never even approximate the performance pos-
sible to obtain from a receiver custom-made in the
laboratory. He gave his thought material form and
the resulting instrument, which was destined to be-
come known as the Scott World’s Record Receiver,
established the world’s record for di§tant reception
and the Scott records §tand unapproached and un-
contested to this date. 117 programs, all 6,000 to
8,000 miiles away were received during the thirteen
: ¢ weck test period. All were verified.
The idea of custom-built radio
made an instant appeal to people
who wanted what the best of the

L. H.
-
SRR c‘ £ 5 metrically opposed to current thought. He con-
Wy

Cor}zer RS T 8 i “ordinary”
0

Studio sets could not

5 give them —

and these peo-

’nle World’s Records
Held by Scott Radio

We repeat our challenge to ANY Radio Manufac-
turer to show a better verified DX record than that
listed below.
1— A better record for a number of broadcasting sta-
tions heard from 6000—8000 miles distant.
6—Stations heard—diftance 6000 miles. Research
7—Stations hcard— diffance 1000 miles. Laboratory
6 —Stations heard — diftance 3000 miles.
2—A better record for number of programs heard
from stations distant 6000 or more miles over a pe-
riod of from one to three months.
19 ~programs from stations 8000 riles away.
19— programs from stations 7000 miles away. Experimental
79— programs from stations 6000 miles away. Laboratory

SCOTT TRANSFORMER COMPANY,

ple were will-




Below are sketch-
ed a few ofthe
Scott Custom-
made consoles
which constitute
the first line of
radio furniture
made to the same
high standard as
your other home
Jurnishings.

Bunr RADIO

INSTITUTION WHICH HAS GROWN
AGO WHEN E.H.SCOTT ESTAB—
RADIO RECEIVER PERFORMANCE

ing to pay for the comparatively costly laboratory
method necessary to duplicate the performance of the
original Scott World’s Record Receiver. And they
are $till willing to pay for Scott laboratory precision
—more willing than ever before. They are eager to
pay for Scott custom-building when they experience
the tremendous power, the exact seiectivity and the
tonal perfection made possible thereby. In fact, the
market for Scott Custom-Built Radio has grown to
such proportions that the Scott Laboratory, where
Scott Receivers are laboratory-made, has become the
greatest institution of its kind in the world.

One of the seven thousand qualified Scott
sales and service represenratives scattered through-
out the nation will gladly dis-
cuss Scott Radio with you. The
price range is berween $300 and
$8,000.

rite for name cf nearest

Scott Representative

Precision
Cozl _—
Latching

Custom-Built
Period
Cabinets

To exactly

suit the ac-

coustical
~ and mechan-
ical requirements of the Scott Cus-
tom Built Chassis, there are fifteen
especially designed period cabinets.
All are custom-made to the very
highest standards of furniture crafts-
manship and present a range of de-
sign variation adequate to suit every
taste. Such fine cabinet work has
never been shown in the field of ra-
dio furniture before.

SHIELD-GRID 10

The newest model of Scott World’s Record Custom-Built
Radio combines the advantages of world's record pet-
formance with the convenience of direct A-C operation
‘All the world’ is on the single dial of the SCOTT A.C.
SHIELD GRID 10 and it is certain that you will not only
be pleased,but thrilledandamazedat the realism of itstope

(90}

4450-66 RAVENSWOOD AVE., CHICAGO
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SEE THESE

New Gilfillan Models

that set higher standards
for TONE and
SELECTIVITY

A 4

1 Three new cabinet designs—Custom-made chassis
' —Silent operation— No A-C Hum — Sharpest
selectivity with great distance-gaining power —
New audio system and 4 stages of Radio Frequency

Amplification—Screen gnd and latest type Dy-
namic Speaker— Three attractive cabinet styles over
compelling price range—complete with tubes and

Dynamic Speaker

$175.50 $187.00

Tubes not included in above prices.

Manufactured under R. C. A., Latour and Hazeltine Patent License
in the Gilfillan Radio Factory — largest radio factory in the West.

GILFILLAN BROS., INC.

Main Office and Factory:
1815 VENICE BLVD., LOS ANGELES, CALIFORNIA

SAN FRANCISCC: 921 MISSION STREET SEATTLE: 100 ELLIOTT AVE., WEST

= BUILT FOR WESTERN RECEPTION ~—

%
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are the answer to

Successful Radio
Merchandising

You can depend upon

their high average de-

pendability and improved

reception in the receiv-
> ing sets you sell.
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Safety-First in
erchandising

demands that in radio
essentials you stick to
standard lines -+ + + +

UBES are such an important part of radio equip-

ment that the alert radio dealer realizes that.it
is sound business practice to stock and sell only
tubes that hold their position of tube-preference
with the radio public.

([ For fourteen years Cunningham Radio Tubes have
embodied the latest and finest radio principles with

6-

12




the result that the name Cunningham has become
a symbol of tube reliability.

(@ An integrity invisible as radio waves, yet just as
real, is ever present in the manufacture, sale and
service of every Cunningham

Radio Tube. This integrity

controls every step from
technical research to ultimate RADIOZ/TUBES
. : Standard
sale. Cunningham Radio Since 1915
Tubesaredominantin millions _ __
of homes where tone-quality TYPE
: : CX-345
is valued at its true worth. POWER
AMPLIFIER

E. T. CUNNINGHAM INC.

NEW YORK CHICAGO SAN FRANCISCO
DALLAS ATLANTA




'he Confidence of the Public
in Cunningham Radio Tubes

is bound to reflect in no small
degree upon the dealer who
sold the customer his tubes

°In modern business dealers are judged
by the quality of merchandise they sell.

UThe surest way to increase your busi-
ness and to hold the customers you now
have, is to supply them with standard
merchandise that will give them the max-
imum enjoyment and excellent service
that Cunningham Radio Tubes provide.

E. T. CUNNINGHAM INC.

NEW YORK CHICAGO SAN FRANCISCO DALLAS ATLANTA

4
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indispufable

EVIDENCE

IIE demand for radio receivers equipped with Jensen Electro-Dynamie Speakers confirms
the judgment of America’s leading set manufacturers who early in 1929 proved to their
satisfaction the superiority of the new Jensen Concert Speaker. These manufacturers’
sets are known today as the industry’s ““best sellers’’. This new Jensen Concert Speaker
with ten inch cone and many other exclusive features has been specifically de-
signed to meet the individual requirements of these manufacturers who know
the value of offering to their trade the finest possible tone quality. Each of
them found this new reproducer to interpret into sound more faithfully
and brilliantly the energy delivered by their receiver. € Jensen Electro-
Dynamic Speakers are offered in three models, with eight, ten and
twelve inch cones, each size available for operation with either
110 volt AC or 110 or 220 volt DC current. Jensen Concert and
Auditorium models are also available in the Imperial Cabi-
net, America’s finest and most beautiful reproducer,
Radio dealers are finding aready marketand attrac-
tive profits with Jensen Dynamic Speakers either
sold separately orinstalled in radio furniture.
Licensed undoer

Lektophone
Patents

_lensen

FLECTRO-DYNAMIC SPFAKERS

<]
JENSIEN RADIO M ANUFACTURTING COMPANY
6601 South Laramie Avenue, Chicago, IHinois

212 Ninth Street, Oakland, California

15



Make PERFORMANCE Your Guide
And You’ll Choose ELECTRAD

Resistance Units and Voltage Controls

Screen-grid tubes—super-power amplifiers—battery
eliminators—practically all modern radio develop-
ments depend, for perfect operation, upon the
effective performance of their controlling re-
sistances.

You can depend on ELECTRAD Resistance

A remarkable, long-lasting
volume control for hand-
ling the heavy currents of
modern receivers. Lab-
oratory tests equal
to more than ten
years’ average use
show no material
change in resist-

Exclusively licensed by ance or effects }831{32
Technidyne Corp. under 5. P

U. S. Pats. 1593658, of wear. LA B
1034103, 1034104

ROYALTY Variable
High Resistances

Widely used as voltage con-
trols where low self-inductance
is desirable. Made with a
long-wearing resistance element

and finest insulating materials ADJUSTABLE
available.  Entire resistance P SLIDING
range is covered with one Pt .
turn of the knob—the same N CLIP
resistance always being found %A /
at the same setting. 11 " 5
types for every radio &
purpose. Potentiometer % %
types—$2.00. other ““
types—g$1.50. % \
N
U. S Pat. % "i.
1676869 and A\
Pats.  Pend. %

~
o4
|"

more satisfactory service.

grooved fire-clay base.
the air than in any other type.

The Super-TONATROL
ELECTRAD’S New High-Voltage Volume Control

Made in seven types with uniform or tap-
ered curves—$2.40 to $3.50.
the coupon for complete data show-
ing how the Super-TONATROL
can be adapted to various
receiver circuits and used
to control the output
from phonograph
pick-ups.

Exclusive patented construction makes for greater durability and
Nichrome resistance wire over an asbestos-
covered enameled copper core, which is in turn wound around a
More of the resistance wite is exposed to

Exclusive adjustable sliding clip for quick adjustments.

Variable models also, with knob control for fine adjustment. Wears
longer, owing to endwise travel of contact over the resistance wire.
22 stock sizes of variable models—$2.50 each.

Units and Voltage Controls for the dependable, long-
lasting service these improvements require.

Finest materials—an experienced engineering and
manufacturing staff trained to build the best—and
quantity production—insure you of not only get-
ting the best, but getting itata reasonable price.

Special resistance element
fused to an enameled metal
plate. Practically all metal
construction, including
cover, insures rapid heat
dissipation. Pure silver
floating contact gives
delightful smooth-
ness. Practically
immune to

Licensed hy Rider

h - Radio Corp. Pat.
changes in tem- 5/2/16, 7/27/26
perature and and lats. lend.

humidity.

Send

PHASATROIL.
The Universal

Balancing Device

Recoqlmended as a simple, yer
effective means of balancing
and controlling tadio fre.
quency amplification. One wnit
to each stage of amplification
wnl[ completely eliminate all
oscillation and R.F. distortion.
Can be quickly installed with-
out experience. Complete in-
structions for.ada_p(ing to vari-

ous popular circuits i ked
TRUVOLT with each gHASA'Ts;'ngL.e
. andsome Bakelit o
All-Wire Corrosion- roofe ls:l;‘e’:-er
ing lugs. One-hole or
RESISTANCES baseboard mounting.
Price $2.00- each.
Simplify

Eliminator Design

Keeps cool. Accurately rated.

[J PHASATROL.

Name

Western Representatives

UNIVERSAL AGENCIES
905 Mission Street
San Francisco, Calif.

Address

City _ =

ELECTRAD, INC., Dept. PR9, 175 Varick Street, New York, N. Y.
Please send data on [ Super-TONATROL, [J ROYALTY, [0 TRUVOLT,

Western Representatives
UNIVERSAL AGENCIES
905 Mission Street

State_. 5 San Francisco, Calif.

ELECTRAD

ANANANANNANANAANANANANANNAT IN C « AV ANANAAAAAAANAAAANAN
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—Fbouw courtesy Laltorma Radio dervice Co.

A Well-Equipped Radio Service Shop

Increase Your Skop Business and Prestige
with an ddeguate Test Board

Whose Design and Inexpensive Construction Is Here Described

EST equipment in the radio shop, in

I contrast to the portable kit carried

by the service man, should be com-
plete enough to perform any test that
a dealer may be required to make. Nor
should it be regarded merely as a sup-
plement to the portable kit, which is
likely to be out on call at crucial times.
An independent test board for shop use
may be built at minimum expense and
with minimum duplication of equip-
ment by recalibrating inexpensive meters
as multi-range instruments.

Every part of the complete board
whose design and construction is here
described will be found of use in this
day of custom building and knock-down
shipment of receivers. As many of its

By J. GARRICK EISENBERG

parts can be resurrected from the junk-
heap, its cost, aside from labor charges,
should not exceed $50. Its design may
be modified to suit individual require-
ments. Its essential parts, as shown in
the schematic diagram of Fig. 1, com-
prise a milliammeter of low-high range,
a high-resistance voltmeter of low-high
range, a resistance meter, an emission
tester, a tester of condenser leakage and
breakdown, a modulated oscillator, and
an a-c continuity tester.

The milliammeter can consist of a
0-10 ma instrument which can be
shunted with a low resistance so as also
to give a 0-100 ma reading. This shunt
must be of such resistance as to bypass
(100-10) =90 ma so that the remain-
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ing 10 ma will pass through the meter
to give full scale deflection. Calculation
shows that for this multiplication the
resistance of the multiplier should be
.944 ohms for an 8.5-ohm milliammeter.
This can be realized in practice for any
milliammeter by shunting an old 6-ohm
rheostat across the meter, varying it un-
til the proper scale reading is secured,
cutting off the right length of wire with
a little extra allowance for safety, and
re-calibrating until the resistance is ex-
actly right. For absolute reliability the
calibration should be checked with an-
other meter of known accuracy.

The milliammeter connections are
brought to pin jacks on the front of the
board and the 100 ma shunt is connected
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so that it is open-circuited unless its cor-
responding jack is used. The diagram
shows a contactor which does away with
a separate meter switch. This consists
of a small piece of springy phosphor
bronze which is screwed to the back of
the board close enough to the jack to
make contact with the inserted plug.
The contact blade should be about
14 in. long and bent into an L-shape so
that its shoulder affords a smooth wiping
contact.

The high resistance voltmeter is a
0-1.5 milliammeter calibrated with
various resistors of 10,000, 100,000, and
200,000 ohms connected as shown in the
diagram to give maximum readings of
15, 150, 300 and 750 volts. The re-
sistors should be of a type which is guar-
anteed to an accuracy of at least 1 per
cent. Separate scales may be plotted
and marked directly on the meter or a
chart may be prepared to show the cor-
rect voltages for corresponding ma read-
ings. Connections are brought to pin
jacks on the front of the board.

The resistance meter is used for test-
ing short circuits in variable condensers,
locating open circuits in the r-f stages,
and checking the matching of coils. It
consists of the 0-10 milliammeter and
a separate resistance circuit. The
scheme permits a fixed current to flow
through the meter and resistance in
series, and then observing the drop in
current when the meter is shunted by
an unknown resistance. This part of the

10,000
E—AAMAAAAAAS——— O 0
100,000 1.

1000000

VOLTS
= 15 {50 300 750

EMISSION TEST
MA METER

board consists of two circuits, one of
which gives fairly accurate readings
down to 15 ohm and the other gives
relative readings for resistances between
100 and 5000 ohms. By using a 5000-
ohm limiting resistor with an 8.5-ohm
milliammeter the current from the 45-
volt tap of the oscillator battery can be
held down to 9 ma. The meter read-
ings can either be plotted so as to show
resistances or used only for comparative
purposes.

Even without calibration, this circuit
can be made to show whether a variable
condenser touches at some point by con-
necting the test picks across each stage
while the condenser is slowly rotated.
The average r-f coil has a d-c resistance
of about 4 ohms, which permits about
4 ma to flow through the meter wind-
ing. When the circuit is shorted by a
momentary contact the current drops to
Zero.

An open circuit due to poor contact
of an r-f coil is likewise quickly located
by a variation from the normal resist-
ance that may be disclosed by the meter.
Similarly it is possible to check the fact
that two coils have approximately the
same number of turns.

The emission tester gives comparative
values only. Thus when it is known that
a tube of a certain type should cause a
certain milliammeter reading, the rela-
tive emission of any other tube of the
same type is compared with this as a
standard. The different values of bias-

RES.METER

REMOVE R;HU/VT
#0)
© 0-5000nTEST

©
M-A METER

ing resistor permit the emission to be
checked for different conditions, and it
is even possible to calculate the mutual
conductance to within 85 per cent of its
strictly accurate rating. Plate current in
ma times the grid resistance in ohms will
give the voltage drop, and from this the
applied voltage to the grid is readily de-
termined. Means are provided for meas-
uring rectifier tube emission also, but in
the case of the full wave type each plate
must be measured separately—which test
will incidently show up the results of
any bad filament sag. The small flash-
light bulb in series with the plate is a
safeguard in case of accidental overloads.
Care should be exercised in using the
proper scale reading of the milliammeter
when measuring the emission of the
larger type of tubes.

With the condenser breakdown test
it is possible not only to locate badly
broken down condensers, but also those
which show only periodic leakage spurts
and which are almost impossible to lo-
cate by any other method. The peculiar
characteristics of the 874 glow tube are
used for this purpose. This tube, when
“cold,” has a voltage drop across it of
nearly 90 volts, but once ignited, will
operate on currents of about 2 ma.
Since the starting voltage must be some-
thing higher than 90, a switch which
cuts the lamp across the 110-volt a-c line
is provided. Once ignited, the tube will
operate satisfactorily on the 90-volt bat-
tery, which also supplies the oscillator

A |

GRID BIAS
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18

_cowret P |

JO BATTERY B0X-A§B

BREAK DOWN '_"+90
TEST CIrCUIT B~

Fig. 1. Circuit Diagram of Test Panel
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with B power. A limiting resistance of
5000 ohms is placed in series with the
lamp, so that peak current will not
exceed 50 ma. After igniting the tube,
the switch i1s thrown to the off position,
which puts the tube and its limiting re-
sistor In series with the test picks and
the 90 volts d-c. The picks are then
placed across the terminals of the con-
denser under test; even a large filter
condenser should have a d-c resistance
of several megohms, so of course a per-
fect one will not allow any current to
pass through the tube. A badly shorted
one will pass current easily, while one
which has only momentary leakage
peaks will cause the tube to glow for just
the fraction of a second during which
the condenser discharges through itself.
Obviously such a condenser will cause
faulty operation of the radio receiver.

By-pass and blocking condensers can
also be measured safely with this device.
Probably the most desirable arrange-
ment is to mount the glow tube on a
separate sub-panel placed just far enough
back from the test board so that the top
of the tube fits into an observation hole
cut into the board for this purpose. The
layout diagram (Fig. 2) shows a con-
venient placement for this hole. It might
be mentioned that these tubes vary con-
siderably in characteristics, so that it
may be advisable to ascertain its actual
flash voltage or to arrange for exchanges,
at the time of purchase.

The modulated oscillator is a stand-
ard self-modulating circuit, fed from d-c
supply, through a common impedance
(the primary of the transformer). This
transformer may be of the old high ratio
type, which usually peaks at about 900
cycles with a .001 mf condenser across
the primary. The ma meter can be cut

Parts required for building test
board:

S, S, S, S, and S.—S. P. S§. T.
Yaxley jack switches.

S—D. P. D. T. Yaxley jack
switch.

S.—S. P. D. T. Yaxley jack
switch.

10 Super-Davohm Resistors—2 500
ohms, 1 2500 ohms, 2 5000 ohms,

1 10,000 ohms, 3 100,000 ohms, 1
200,000 ohms.

1 0-1.5 milliammeter.

1 0-10 milliammeter.

(1 0-3, 0-15, 0-150 volt a-c meter—
optional).

28 tip jacks—Yaxley type.

1 type 874 glow tube.

1 Filament transformer.

1 .00035 mif. variable condenser.

2 6-volt pilot lamps.

2 OQutput transformers—old type.

1 10:1 ratio audio transformer.

Incidentals: tube sockets, a-c snap
switch, etc.

into the circuit to give an indication of
the output of the circuit, and in fact the
circuit may be utilized in this way to
give an indication of the oscillating qual-
ities of any particular tube. Filament
and plate voltages may be checked by
connecting in the voltmeter through its
pin jack terminals.

The unit described here utilizes '99
type tubes, which give an adequate out-
put; the oscillator coils are made up of
85 turns for L, wound on a 2-in. form,
and 35 turns for L. wound on a 1%-in.
form and slipped directly inside L,. The
tuning condenser was a Cardwell .00035
mf and with these constants the oscil-
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Fig. 2. Suggested Panel Layout
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lator covered the broadcast band nicely.
The entire unit measures 3 x6x8 in.
overall. It should be entirely shielded
so as to give a sharp signal with a mini-
mum of harmonic interference.

The uses for this device are legion,
although its greatest value is perhaps as
a driver, when balancing or neutralizing
a receiver. For this purpose it makes use
of the auxiliary circuit shown on the
print as the resonance indicating circuit.
This is simply a current transformer
with a crystal rectifier in its secondary,
making use of the 0-10 scale of the milli-
ammeter as the resonance indicator. An
ideal transformer for this purpose is one
of the old output type whose secondary
is in the neighborhood of 5000 ohms.
This approximately matches the crystal
impedance. Somewhat better rectifica-
tion can be secured by using a push-pull
transformer and full wave rectification
(2 crystals), but this refinement is not
considered necessary. A very sharp peak
indication is secured by this method and
with fairly loose coupling to the oscil-
lator a rectified current of from 5 to 6
ma should be secured.

If an audio check is desired another
transformer should be cut in parallel to
the current transformer and its sec-
ondary brought out to the loudspeaker
terminals. This latter transformer may
be of any type, depending on the sort
of speaker to be fed, but its primary
should match fairly closely the primary
impedance of the current transformer,
otherwise the peak indication on the
meter is apt to be sluggish. The manner
in which this equipment is used is as
follows:

(1) Neutralizing the receiver. The
oscillator is set in action somewhere
around the middle of the broadcast band,
and its output measured by connecting in
the milliammeter in place of the short-
circuiting clip in the plate circuit. A
pair of phone cords make an excellent
duplex connector for this board, by the
way. Then the short-circuiting clip is
replaced, the meter is plugged into the
resonance circuit and the input terminals
of this circuit connected to the loud-
speaker terminals of the receiver under
test. A dedd tube, having one of its fila-
ment prongs sawed off, makes an ideal
“neut” tube; it must of course be of the
same type as those used in the receiver.
An insulating rod fashioned as a screw-
driver or as a wrench, as requirements
demand, will serve as the neutralizing
tool. Now tuning the receiver to the
oscillator, and with all the tubes in, a
strong signal should be picked up, as
indicated on the meter or in the moni-
toring horn. With a receiver which is
badly out of balance it may be necessary
to couple to the oscillator, in which case
a piece of bus-bar may be plugged into
the oscillator jack marked “out” and a
length of wire, one end of which con-
nects to the antenna binding post of the
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receiver, brought in close proximity to
this bus. Coupling should be as loose as
possible, thus permitting sharpest adjust-
ment of the neutralizing condensers. It
will probably be found easiest to neutral-
ize from the last stage back towards the
antenna, so this tube is removed and the
neut tube inserted in the socket and
minor tuning readjustment made for
maximum pick-up. The neutralizing
condenser is then varied until the signal
disappears or is reduced to a minimum.
Failure to neutralize properly may be
due to shorted neut condenser, poor con-
nections to coil, an open circuit, or too
much pick-up from the oscillator. The
latter can be taken care of by loosening
the coupling to the receiver. The pro-
cedure outlined is carried through the
successive stages, and then it might be a
good plan to check back again, as in some
receivers varying the neut condensers of
the previous stages has the effect of
throwing the last stage slightly out of
balance. In the case of shielded circuits,
all the shields should be around the re-
spective coils when neutralizing, except
of course the particular stage which is
being worked on. This business of neu-
tralizing properly is incidently a lot more
important than the average service man
seems to think. It cannot be done prop-
erly with a metal screwdriver. A moni-
toring horn is almost essential for this
work, as it is not too easy to read abso-
lute minimum on the meter, with low
input voltages.

(2) Balancing the receiver. Since
most condensers do not have an abso-
lutely straight line characteristic, it is
usually necessary to balance the receiver
at both the low and high end of -the
range. To this end, the oscillator is
tuned to say 1500 kc as is also the re-
ceiver. The receiver gain is then set to
give some convenient reading on the
resonance indicating meter, and then the
midget condenser across the last r-f stage
varied until maximum signal is indi-
cated. This procedure is then carried
out through the various preceding stages.
If the set is not fitted with compensat-
ing midget variables, it will be neces-
sary to loosen the rotor set screw and
slip these plates the amount hecessary to
achieve peak resonance. With the re-
ceiver adjusted at the high frequency
end, the oscillator setting is changed to
about 600 ke, and the receiver retuned
te this frequency but the procedure of
balancing is varied somewhat. A bakelite
strip is used to spring the rotor plates
backward and forward a trifle, the peak
indicator being watched meanwhile for
variation from maximum. When it has
been determined whether the capacity
for some particular stage must be in-
creased or decreased for exact resonance,
this is accomplished by bending one of
the rotor plates the required amount. It
will usually be found advisable to bend
back the last plate if the capacity is to
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be decreased; in any case the plates
should never be bent to such a degree as
will introduce any danger of short-cir-
cuiting the condenser. Should any con-
siderable readjustment of condenser ca-
pacity seem necessary at the lower fre-
quencies it will probably be found that
one of the coils in the receiver does not
match. The increased power and sen-
sitivity resulting from a properly bal-
anced receiver, even though the adjust-
ments made seem minute, are sometimes
surprising; it is usually necessary to go
over the neutralizing process in the case
of a receiver which has required such
readjustment.

The continuity tester requires little
description. It requires only the 110-volt
a-c supply, and a 6-volt .25-ampere dash
lamp as the indicating device. A series
1esistance of 500 ohms is needed to give
the required drop. The actual current
flow in this circuit is about .21-a, which
will light the lamp to practically normal
brilliancy. (The actual value of resist-
ance for a .25-a. load would be 416
ohms, but a standard 500-ohm resistor
is used for convenience.) The lamp
itself can either be mounted directly on
the test bench, or can be set back into
the test panel in the same manner as is
the glow tube. A covering face plate
having a red glass bulls-eye gives a neat
finish if the latter arrangement is used.
The lamp will glow, though dimly, on
very tiny currents, so that it is possible
to check through circuit resistances up to
about 5000 ohms. Because of the lim-
ited maximum current there is not much
danger of burning out any device when
using this method of continuity checking.

The terminal picks for this tester may
be made of two pieces of No. 10 hard
drawn copper wire each about 10 in.
long, and covered to within an inch of
their ends with cambric spaghetti. The
ends may be filed down to points if de-
sired. The picks are soldered to lengths
of flexible No. 14 lamp cord, and the
spaghetti secured in place by a strip of
tape. If desired, they may be brought up
through the bottom of the test bench
through insulating bushings, and a
pulley and weight arrangement rigged
up under the bench so that they fall back
in place when released. The same sort
of terminal picks are suggested for the
condenser test circuit and ohm-meter
also.

Dimensional figures depend entirely
upon individual requirement and avail-
able space, whether the board is to be
modified or expanded from the design
data given here, and very probably, by
the desire to utilize the present shop
board as an integral unit. A sample
layout is shown in Fig. 2. It will be
noted that this includes an a-c meter
which has not been shown in the
schematic diagram. This is a desirable
but optional addition, although some sort
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of a-c meter should be kept around the
shop. If it is to be mounted in the test
board, the connections are simply
brought out to pin jack terminals, as are
those of the d-c meters.

No doubt a number of improvements
over the original *design will suggest
themselves to the shop man. One which
comes to the author’s mind is the pos-
sible recalibration of the 0-1.5 milliam-
meter as a 0-15 scale meter, so that it
can be plugged into the plate circuit of
the oscillator and used as an output indi-
cating device when the other milliam-
meter is being used in the resonance-
indicating circuit.

A shunt of 2 ohms will be necessary
for the Weston type of meter. In some
service shops, where the volume of busi-
ness—and bank balance—justifies the ex-
penditure, separate meters are used for
each of the functions outlined here. But
the average service shop is rather sadly
under-equipped, and it is hoped that in
outlining the design of an adequate test
board which may be constructed at very
nominal cost, these may be encouraged
to make the necessary improvements.
Write the cost off against advertising
if you wish, for the well equipped shop
soon becomes well known, and in the
very nature of the game the investments
made will pay handsome dividends in
increased volume of business and In
prestige.

CHECKING OF GANG
CONDENSER ALIGNMENT

AIGNM ENT of gang condensers can be
readily checked with a simple tool
made from a S-in. piece of bakelite rod
with a 1%4-in. heavy copper wire ring
fastened to one end and an old condenser
plate fastened to the other end. This
tool may be used to add an extra plate
to the rotor of each condenser in the
gang by placing its condenser-plate end
in parallel with the stator plates and
touching the rotor. If the signal then
increases in strength, the condenser is
low in capacity and its trimmer should
be tightened. If the signal decreases in
strength the condensers are approxi-
mately in alignment. After checking for
low capacity, insert the ring end of the
tool in the center of each r-f coil. This
should decrease the signal strength. If
the signal increases, the capacity is too
high and should be lowered by adjusting
the trimmer or bending the outside plate
until a decrease in signal is experienced.
The condenser-plate test should then be
repeated so as to be sure that the capacity
is not too low.
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Experimental

Set for Local

eceprion

Constructional details for the best
inexpensive receiver you €ever
tried. Uses a-c screen-grid tubes
in r-f and power detector stages,
and ’45 tube in audio stage.

By FRANK C. JONES

ANY city people want an inex-
I\/I pensive receiver which will give
extremely good quality on local
reception. Such a receiver can be built
with only three tubes. The cost is
kept down by the fact that there are
only two tuned circuits, no audio trans-
formers, and relatively few parts.
From the circuit as shown in Fig. 1,
it can be seen that there is one r-f
stage, power detector, and one audio
stage. Screen-grid tubes are used for
the r-f and detector stages and a 45
power tube in the audio stage.

The a-c screen-grid tube is about

Upper Baseboard Arrangement of Completed Receiver

three times as efficient as the d-¢ model,
since the plate impedance at normal
voltages is about 400,000 ohms and the
amplification constant about 420. The
corresponding d-c tube values are about
850,000 ohms and a mu of 250 to 300.
The tube, like the ’27, is less micro-
phonic than its d-c counterpart.

Due to the increased efficiency, this
tube makes an ideal r-f amplifier and
power detector, so that the three-tube
set gives plenty of volume on local
reception and will even play a little

dx of a few hundred miles. It should

be remembered, however, that this re-
FC qr.
5)?0/411 Clo S

ceiver is designed primarily for reception
from stations not over 20 or 30 miles
away.

The 45 tube has a maximum output
of 1.6 watts, which is about the same as
that of a ’10 tube. However, this tube
operates at about one-half the plate volt-
age of a 10 tube, and has about the
same plate impedance and amplification
constant as a ’50 power tube.

The ’71A tube is rather unsatis-
factory in a-c operated receivers due to
its small output and also to a-c hum
trouble. The 45 tube operates on 2.5
volts for the filament so the chances for
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Fig. 1. Circuit Diagra}n of Experimental Three-Tube Set
R,—800 ohms. R,—7% megohm. R,—60 ohms. C, and C —.1 mf. C,, and C—4% mf.
R,—0-50,000-0hm vol. control. R —1500 ohms, C1 and C,—.00035 mf variable. C, C, C,—1 mf. L —40- henry, 75 ma choke.
RS—ZS 000 ohms. R:—GO ohms, C,—50 mmf trimmer. Cg—.OOOOS mf. L—Dynamlc speaker field.
R, —14 megohm. RS—SOOO ohms. C, and Ca_% mf. C  and C,.—2 mf. L—30 henry, 40 ma choke,

RADIO FOR SEPTEMBER, 1929

n

21



hum trouble are nearly eliminated from
that source. There is another conven-
ience in this value of filament voltage
since it is the same as is used for the
heaters of either the '24 or ’27 tubes.
‘This means that one filament winding
will serve for all the tubes except the
rectifier.

Resistance coupling is used between
the detector and power tubes because
of cheapness and good frequency char-
acteristic. A 500-henry audio choke is
better in some ways but more costly for
plate feed. The plate impedance of the
'24 tube as a detector may run up to |
or 2 megohms, so the coupling unit has
to be of some form which has a linear
frequency characteristic. The total plate
load is something less than 200,000
ohms, which is considerably less than
the tube output impedance. The four ele-
ment tube, or five elements in this case, is
a little different in its operation, as it does
not operate on a plate characteristic
loop, as would an ordinary three-elec-
trode tube connected to a plate circuit

e —

load of less than its internal impedance.
The baseboard lavout, Fig. 2, should
be followed, as a little more room is
allowed in the location of parts, whereas
in the pictured set everything was
crowded into as small a space as pos-
sible.  Allowing a little more space
eliminates oscillation difficulties and also
any a-¢ hum problems of induction from
the power transformer. The set was
designed to fit into any console type of
cabinet with the three controls sticking
through the panel. The dial escutcheon
should be mounted on the panel. The
set may be constructed as shown or with
only two controls through the panel. In
such case the volume control should be
located directly below the tuning con-
trol since the trimmer condenser is not
necessary if matched coils are used.
The selectivity of the set is quite good
if good r-f coils are used and small an-
tenna coupling is used. The power
detector input circuit is quite selective
in comparison to the usual grid-leak
detector except where a great deal of
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regeneration is used. The set has nearly
the same selectivity as zn ordinary
Browning-Drake receiver when used
for local reception.

Various types of r-f coils have been
tried in the set. The coils shown are
2 in. in diameter and wound with 75
turns of No. 30 enameled wire, spaced
to cover about 134 in. of winding space.
These were obtained at one of the low-
priced chain stores and gave good re-
sults. The plate tap was taken at a
point 20 turns from the fi' ament end.

Another set of coils tried were 2 in.
in diameter, space wound with 90 turns
of No. 28 D.S.C. wire. In this case
the coils were about 3 in. in length and
the plate tap was taken a* 18 turns,
since the losses were lower and more
trouble was had from oscillation. The
antenna winding in all cases consisted
of 7 turns of wire wound near or over
the filament end of the first r-f coil.
Another set of coils consisting of 100
turns of No. 30 enameled wire, close
wound on 1Y4-in. tubing had greater
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losses, but the field was also reduced, so
no trouble was had from oscillation
wherever the plate tap was made.

The most satisfactory coils, consider-
ing selectivity, gain and oscillation
trouble from the unshiclded coils, were
two coils of 100 turns of No. 30 D.C.C.
wire wound on a 1V5-in. diameter. The
plate tap was made at 25 turns with
small taps made at 15 and 20 turns for
testing after the set was hooked up to
a given antenna. The antenna wind-
ing consisted of 10 turns wound over
the filament end of the first r-f coil.

The tuning condensers consisted of
a two-gang .00035 mf variable con-
denser sections. The trimmer condenser
consisted of a 50 mmf midget variable
condenser. To make it effective it was
necessary to pull two turns from the
first r-f coil secondary in each case. This
is the reason for the statement that the
set would be satisfactory without the
trimmer condenser if matched coils were
used.

The antenna is so loosely coupled that
it does not materially affect the tuning
of the first circuit. An overall length
of 75 ft. was used in conjunction with
the experimental set. This was satis-
factory in a location about 7 miles from
a S5 kw broadcast station and about 10
miles from several 1 kw stations.

Looking through the circuit shown
in Fig. 1, the various values of re-
sistances should be approximately as
shown. R, provides the necessary C
bias for the r-f tube and consists of a
wire-wound ‘“‘grid  resistor”

! mf in order to bypass audio as well
as radio frequencies.

The resistance coupling unit consists
of a grid leak of 14 megohm and an-
other of 4 megohm values. The grid
condenser is a .1 mf 1000-volt test. It is
essential that this condenser should have
a low leakage in order to function prop-
erly. The grid leak R; returns to the
common ground connection and bias
voltage will be provided by the .re-
sistance Rg. This resistor should be
capable of dissipating several watts, as
about 30 to 35 milliamperes flow
through it. The power tube draws
about that much current when operated
at 250 volts plate potential and 50 volts
negative grid potential. The resistance
R, of 1530 ohms provides the necessary
grid potential of 50 volts if 300 volts
are available from the filter output.

The resistance Rg also furnishes 50
volts positive potential for the screen-
grids of the two ’2+ tubes. Since the
power tube filament is run from the
same filament winding as the screen-
grid tube heaters, the latter will have
a positive value of 50 volts with respect
to the cathodes. This apparently does
no harm, in fact it may tend to elim-
inate any hum. In order to provide the
filament return of R, to the center of
the power tube filament, a center-tap
resistance R; of any value from 10 up
to 60 ohms should be used. Similarly
a 30 to 60-ohm center-tap resistance
should be used on the rectifier filament
f()r Rg).

R, provides sufficient current drain
to properly operate the field of a dy-
namic loudspeaker L,. This is the so-
called 90-volt field type and functions
when the current through it is at least
40 milliamperes. Since approximately
300 volts are available at the output
of the first choke I,, the voltage avail-
able at the junction of the speaker field
and R, will be approximately 180 volts.
R; should be a 40-watt rating resistance
of 5000 ohms if the speaker field re-
sistance is 2500 ohms or slightly less.
R, can be any value down to 4000 ohms
and the field resistance down to 1900
ohms before the current drain on the
rectifier becomes too large for efficient
filtering.

The filter condenser block should con-
sist of two sections of 4 mf, one section
of 2 mf, and three sections of 1 mf for
convenience in mounting and wiring.
The two 4 mf sections should have a
d-c rating of 500 volts and the other
sections 200-volt ratings. This loud-
speaker filter condenser should also be
of 500 volts rating with a capacity of
2 mf. In addition to these condensers
there are two ¥4 mf condensers mounted
in one can, and two separate .1 mf con-
densers for the plate coupling units.

The choke coil L; should have a

rating of 40 henries at a d-c load of 75
milliamperes unless two small chokes
are used. T'he other audio choke L,
may consist of a 30-henry choke with
a 40 ma rating. The loudspeaker filter
consisting of the choke L, and the 2
mf condenser may be omitted

of 800 ohms. The bypass
condenser shunting it may be
of any value of from .01 up to
| mf. The volume control re-
sistance R, should consist of
a 50,000-ohm tapered poten-
tiometer with the lowest re-
sistance increase end at the
ground connection. The by-
pass condenser connected from
the moving arm to ground
should be at least 4 mf in
order to insure quietness of
operation when adjusting the
volume control. This method
of volume control varies the
screen-grid potential and so
varies the amplification. In
this receiver the a-c line switch
was mounted on the volume
control so that it snaps off at
the zero resistance position.
R, provides a high bias
voltage for the power detector
and consists of a 25,000-ohm
grid leak. The plate and
screen-grid current has to flow
through R, to return to the
cathode and this provides the
necessary bias of from 10 to 15

since a dynamic loudspeaker

has an output transformer
incorporated into the unit.
The latter will generally

give a better low frequency
response if the power tube
direct current is not passed
through the primary wind-
ing of the output trans-
former.

In the set shown the two
chokes and filter condenser
block act as feet or supports
for the set in the chassis form.
No brackets were necessary,
since the dimensions of these
items were correct to allow
their use as such.

In mounting the r-f coils
care should be taken to
mount them at right angles
on opposite sides of the vari-
able tuning condenser since
these coils are not shielded.
The tube sockets should be
mounted not less than 2 in.
from the tuning condenser
stators in order to reduce
these feed-back capacities. It

volts. The bypass condenser
shunting R, should be about

Loacer Baseboard drrangement
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practical demonstration of
why and how it is used to
give humless reproduction at Jﬂ

minimum cost of equipment.

Why Use Push-Pull |
Audio Amplification?

A theoretical discussion and w

(1
|

PUSH-PULL amplifier stage requires
Aone more tube and socket than is

required by a single power stage.
For the same operating voltage, the
allowable power output is increased by
a factor that is closer to three than to
two. The filtering necessary to reduce
hum to an unobjectionable level is tre-
mendously reduced. This item, par-
ticularly in the case of high-power,
high-voltage amplifiers, gives rise to a
considerable economic saving. A lower
voltage power transformer is then satis-
factory, since the reduction in filter min-
imizes the internal voltage drop. The
usual audio-frequency filtering required
for proper cascade operation of the ordi-
nary amplifier is made unnecessary. And
finally, an actual increase in the overall
gain of the push-pull over that of the
single stage amplifier is realized.

A two-stage a-c power amplifier with
the '45 tubes working at rating off a
275-275 volt transformer, with a filter
of not more than 3 mf capacity, an over-
all gain of 275, and an irreproachable
frequency characteristic, is the summa-
tion in practice of the preceding para-
graph. Its construction is described
herein after discussing its theory.

The increase in the maximum power
output inherent with such connection is
rather well known. It has been shown
that harmonic distortion caused by over-
loading in an amplifier is mitigated in
the push-pull connection to the extent
that the even harmonics are removed
from the output. The third harmonic,
next in order of magnitude to the second,
is present in the output and now deter-
mines the overload point. The nominal
ratings of 5 watts undistorted power
output from a single ’50 tube, and of
15 watts from two of the tubes in push-
pull, indicate how high this new over-
load point is.

To make a complete statement about
the extraneous harmonics produced in a
push-pull amplifier: the even harmonics
from the separate tubes are of such phase
as to be canceled at the output terminals
of the amplifier, but are additive in the
common plate supply lead; the phases of
the odd harmonics, fundamental, third,
etc., are such that these components add
and appear at the output terminals, but
neutralize and are absent in the com-
mon plate lead.

Ordinarily an audio by-pass con-
denser, or condenser-resistance combina-

24

By G. F. LAMPKIN

tion, must be connected around the
C-bias resistor in the negative plate lead.
However, since in the push-pull stage
no fundamental frequency components
flow in the plate supply circuit, such a
by-pass around the bias resistor is super-
fluous. There are neither regenerative
nor degenerative feedbacks from plate to
grid due to coupling in the bias resistor.

It is convenient to remember that any
voltage, or voltage variation, applied in
phase to either the grids or plates of the
push-pull stage has no effect at the out-
put terminals. By in phase is meant that
if the Instantaneous polarity on one grid
be negative, that on the other grid is
also negative. Contrarywise, if the volt-
age be applied out of phase, a counter-
part is had in the output. It was stated
above that the even harmonic currents
do add up to flow in the plate supply
circuit, and necessarily in the C-bias
resistor; and it may have been thought
that there would be a feedback from
these currents to the grids of the tubes.
There is such a feedback, but inspection
will show that when one grid is forced
positively as a result, the other grid is
affected likewise, and hence no effect is
made on the output.

The d-c voltage for the plates of the
push-pull tubes is supplied in phase—it
therefore has no effect on the output. A
loudspeaker can be connected across the
output chokes, say, and there will be no
resulting flow of d-c in its windings.
The action might be viewed in the light
of voltage drops. The only d-c potential
possible across the speaker terminals
would be that due to voltage drops in
the chokes—at the most only about 25
volts. But the currents come into the
chokes at the common point, and then
diverge in opposite directions. Appar-
ently the d-¢ drops from outside to out-
side of the chokes must cancel, and there
is left no potential to force d-c through
the speaker. Such is another economic
advantage of the push-pull system, in
that no blocking condenser is required
in the output filter.

Perhaps it is well to remember, how-
ever, that the speaker terminals and
windings are still at high d-c potential
above ground, and must be treated with
the same respect that is accorded the pos-
itive B lead.

An output choke in a speaker filter is
seldom suspected of lowering the overall
gain of an amplifier. To cite illustrative
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figures, however, a single 112 tube on
all-battery supply was connected directly
into a 10,000-ohm resistance load and
the gain measured. With other conditions
unchanged, a well-made speaker filter
was then put between the tube and the
load, and the gain measured only 0.74
times that of the former conditio