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The Peerless
“GOTHIC”
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O matter how good a radio

set you may build, it STILL
HAS TO BE SOLD! Some of the
greatest“flops”on record flopped
because the engineer was fvo far
ahead of his public.

So, I say—no matter how good
your radio, you need to “keep
your earto the ground.” You must
know what the publicwants. And
you must give it to them.

In radio speakers, for in-
stance, the public prefer Peerless
Reproducer.

I say they prefer it, be-
cause they bought and
paid for more Peer/ess
Reproducers this last
season than any other
independent speaker on
the market.

The public prefers
Peerless—just as they
prefer Timken Bearings,
or Fisher Bodies—be-
cause the product has
performed satisfacrorily,
day and night, moath in
and month out—in the
hands of the inexpertuser.

Our replacement re-
quests due to defects
havebeen less thanone-
tenth of one per cent
We must have “something on the
ball” to make a record like that.

Now, if the public prefers Peer-
less Reproducer, they will still

Even The ‘Best Must “Be Sold

preferit in your new radio models.
Equipped with a built-in Peer/ess
Reproducer, the radio buyer will
have confidence in your set—for
the same reason that Timken
axles give you confidence in a car.

BUILT-IN

?@ eetless

EPRODUCER

i,_:!!"u
& pamian

A 1399

This ‘Peerless Reproducer Unit

comes in a compact square cabinet as
shown in tbe zlluslralmn ItisonlygVqin.

wide, by 9)4 in high, by 6 in. deep. Self-

contained a// ready to install in the radio.

Peerless Reproducer gives good
engingering a chance, too. For it
gets the lows and the highs, takes
alotofvolume and stands the gaff!

Of course, your purchasing
agent may be a price-buyer and
that may cut you off the Peerless
list. For this isnot a“cheap”radio
reproducer. You can’t get Peerless
performance unless you build it
in with Peerless Quality. And
quality always costs a little more
than “shoddy.”

Note these things: Peerless
Reproducer builds inzo small
space. It gives maximum re-

sults with minimum size

Mechanically it’s a marvel.

No speaker will stand
equal punishment. It al-
most neves requires
service. And that means a
lot to you-—for when a
speaker goes bad, they
blame the radio—not the
speaker.

And it reproduces a wide
range with high efh-
ciency, fine quality—and
genuine distortionless

fidelity.

If I were a Radio
Engineer, building a
fine radio, I would de-

mand that PeerlessRepro-
ducer be used in justice to my
radio design. I would write the
Peerless people now for details of
the Peerless 7B Built-InReproducer.

UNITED RADIO CORPORATION, 15 CLARISSA STREET, ROCHESTER, N.Y.
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Send us your Tough
Punching Jobs!

ANY manufacturers who have diffi-

cult pieces to punch and machine

in preparing their insulating parts like to
depend on Formica for that work.

Modern, varied and up-to-date equipment
in large quantity, manned by men who
work steadily on just one material and
learn its eccentricities thoroughly, make
possible some results that manufactures
who work only a small quantity of the
material at irregular intervals find it hard
to get.

The Formica organization is thoroughly
specialized. It may be able to help you
on your insulating troubles.

Send your blue prints for quotations.

THE FORMICA INSULATION CO.

4638 Spring Grove Avenue
CINCINNATI, OHIO

ORMICA

Made from Anhydrous Bakelite Resins
SHEETS TUBES RODS
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NUMBER 3

Editorial

TIE introduction of the electric receiver has instituted

throughout the entire radio industry o vew and

dynamic selling power. Radio sets have automatically

taken their place in the same merchandising classifica-
tion as the washing machine, the vacuun cleaner and sundry
other home electrical appliances.

The fact that most of tliese receivers arve sold complete
makes them as easy to buy as an electric iron, & toaster or any
other simple etectric device. Simplicity of design has reduced
manufacturing problems to a minimnm; quantity production
is within the reach of eveu the small manufacturer.

The important point is that for the first time in the history
of the radio industry competitive products have heen met in
their own field.

The electrie receiver is a remarkahle selling proposition as
already demonstrated by the unparalleled success gained by a
number of set manufacturers. The success of the electric
receiver as a merchandising proposition is bound to exert a
detinite influence on other branches of the radio industry.
Radio sales in general will be stimulated by irs pioneering.

Rumor lLias it that three automobile manufacturers, a maker
of a famous vacuum cleaner and a number of other large
industrial organizations are contemplating the manufaeture of
electric receivers. These organizations have unquestionably
come to the realization that now, if never before, the radio
field has a wenlth of undeveloped possibilities.

There are approximately 383,000,000 families in the Tuited
Srates. Only a small percentage of them own radio sefs. All
of them are potential buyers of new sets or purts for sets.
They may spend their sorplus cash on automobiles, phono-
eraphs, vacuum cleaners, portable motion picture outtits or
any of the many other luxuries which work under the skin
and bhecome necessities. We venture the guess that these
23.000.000 families will spend a large portion of this surplus
on radio if they are properly handled.

The population of tlhie United States is far from being “radio
minded.” It is interesting to observe that infinitely more
hananas are consumed today than in the past because the
Fruit Growers Association edneated the whole country into
eating more of them, principally through the abolition of a
few false conceptions the public entertained r warding the
food value and physiological effect of bananas.

The time is ripe for group eduecational advertixing in the
radio field. This form of publicity will de more towards
creating a large radio market than any other means.

Once educate half of the people to radio and the other half
will swing into line.

By necessity alone, broadeast programs twill improve and
the control of broadcasting will be safe in the hands of an
immense radio audience representing a force too great and
likewise too important to meddle with.

Once convert the public through constructive educational
missionary work and you will have permanently tapped the
cash surplus of the Nation’s families. Accomplish this and
“YWired Wireless” will automatically have lost its value as a
commodity.

M. L, MUHLEMAN.
Editor.
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Experience

Is Back of
These

Condensers

EARLY thirty years before the advent of radio broadcasting, condensers were being

N made by Automatic Electric Inc. This long experience accounts for the ability of

Strowger Automatic condensers to meet the exacting requirements of the world’s
largest telephone companies.

It accounts for their ability to withstand voltages under which ordinary condensers soon
break down.

It accounts for their ability to stay “on the job™ year in and year out and still maintain
their rated capacity.

Through arrangements recently made with the manufacturer, Strowger Automatic filter
and by-pass condensers are now available to the radio trade and to radio manufacturers in
a wide variety of capacities and styles. Ample research facilities are available for the design
of condensers to meet special requirements.

ceAddress all communications to

/&. G.BURT, J

1033 WEST VAN BUREN STREET
CHICAGO, U. 8. A.

REPRESENTING

| ———ey

——— QTROWGER {2y AUTOMATI
.;CONDENSERS \

MADE BY

l | l 'l ﬂl Automatic Electric Inc.
CHICAGO, U.S . A.

IITET
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Multiple Locking!

Tangleproof-
Muitiple ,
Locking- Its the Tiwisted Teeth

Spreadprooi- that lock”™ |

thats ,
That's why the Shakeproof Lock Washer

Shakeproof.
— and the Shakeproof Locking Wire Term- i

inal — are today accepted by manufactur-
ers as the outstanding washers of them all.

Type 2008

Radio engineers — radio production men
~—and radio owners — all know the value
of shakeproof connections.

Better production — better sets — better
Type 11 results for the owner —all follow when

P! .
& External Teeth Shakeproof 1s adopted.

Type 20061 : FREE SHOP TEST SHIPMENT
>4 Your set or accessories really need Shakeproof
w g 2D —and the best way to prove this is to send for
Type 12 sample quantity of any of th_e types shown. A
Type 20064 Internal Teeth postal request will do.

SHAKEPROOF
Lock Washer Company

Division Illinois Tool Works
2509 North Keeler Avenue, Chicago, lllmms
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R A D I O

ADIO customer satisfaction

depends on trouble-free per-
formance. Every part, however
small, must do its work to perfec-
tion. That is why radio manufac-
turers turn to Scovill for such arti-
cles as condensers, condenser parts,
metal stampings, screw machine
products, switches, etc. Scovill-
made products can be depended
on for consistent quality and exact-

ness of specification. Every step
in the manufacturing process is
supervised by trained men. Every
part 1s thoroughly tested. Start-
ing from ideas, blue prints or
samples, Scovill will develop pro-
duction for any quantity of radio
parts you may desire. Butts and
hinges, continuous hinges and ma-
chine screws are kept in stock.

Scovill weans SERVICE to all who require paris or

finished products of wmetal.

Great factories equipped

with the last word in laboratories, and modern machinery
manned by skilled workmen, are at your disposal. ’Phone
the nearest Scovill office.

SCOVIL

MANUFACTURING COMPANY - - Waterbury, Connecticut

NEW YORK — CHICAGO — BOSTON — SAN FRANCISCO
DETROIT — PHILADELPHIA — LOS ANGELES — ATLANTA
PROVIDENCE — CLEVELAND — CINCINNATI

IN EUROPE — THE HAGUE, HOLLAND

Member, Cepper and Brass Resecarch Association
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“WHY are your soldering costs high?”

HE EXECUTIVES were assembled; the consulting engi-

I neer had the floor —*“There are maay contributory factors

@ governing soldering costs. Let us analyze the soldering con-
ditions as presented by the parts and materialsof this radioreceiver.

On approximately eighty percent of the wire used a heavy
accumulation of foreign material is apparent where the insulations
were removed. This is not readily dissolved by vour fluxing
agent —rosin. I say rosin, because it is the material you are using
and because it is the only flux that possesses the necessary quali-
fications for this type of work.

Fluxes are compounded or selected to cope with merallic
oxides, and not with the hundred and one other materials that
may be encountered on soldering surfaces. In this case the sul-
phur contained in the rubber insulation has attacked the tinned
strands of the copper conductors and the resultant compounds
seriously resist soldering action. Also there is indication of care-
lessness at insularion removal —small bics still cling to the sur-
faces where solder adhesion was desired. Either condition will
reduce soldering speed, force labor costs to higher levels and
reflect in the quality of the finished article. :

Here I note a heavily oxidized part. Its soldered connections
indicate that the flux was over-burdened—the amount of oxide
to be removed far exceeded the solvent capacity of the flux.
Mechanical removal should have been employed. These parts,
present nickel plated soldering contacts—evidently no effort
was made to mechanically remove the plating hefore solder-
ing. Again labor costs and quality are certain to suffer.

A large percentage of the conductor connections are secured
only by the solder. This means periodic enforced idleness for the
operator while solder solidifies. By use of secured connections
this unproductiveness is avoided; the operator moving from con-
nection to connection without loss of time. Sound engineering
pract.ce decrees that the joining of conductors should beexecuted
in such a manner that they are electrically conductive and

KESTER

mechanically secure without solder—then solder protect. Sup-
pose the operator withdraws support from the part before the
solder solidifies completely, a complete or partial fracture will
occur. Certainly labor costs and quality are affected.

On this part, the soldering lug should have projected at least
three-sixteenths of an inch beyond the part. That would over-
come the necessity for heating this relatively large mass of inetal
to a solder melting temperature to successfully create a soldered
bond. There must also be ample surface for contact between the
parts to be bonded and the iron's working face to insure 2 rapid
heat delivery from the iron to the work. Remember gentlemen
that thermal conductivity of metals, their mzass and radiating
surface all contribute to soldering cost.

Yes, I agree with you THAT KESTER ROSIN CORE WIRE
SOLDER IS THE BEST MATERIAL FOR PRODUCTION USE
—but gentlemen, don't forget this—TO SECURE THE FULLEST
BENEFIT POSSIBLE, GIVE SERIOUS CONSIDERATION TO
THE POINTS I RAISE AS CONTRIBUTING FACTORS IN~
SOLDERING COSTS. Are there any questions gentlemen?’
If so, address P. C. RIPLEY, Research Engineer of The Chicago
Solder Co.

“Facts on Soldering”
an interesting booklet,
sent upon request

\
I250IDERS

ESPECIALLY .Pnzmmm
. L I
& o0 /
‘r\ ScrA P

s 1RGN
Al g

Chicago Solder Co.
4224 Wrightwood Ave.
CHICAGO, U.S.A.

PATENTED

ANUFACTURYD BY

[
CHICAGO SOLOFR COMPANY
., -

Originators and World’s
Largest Manufacturers of
Self-Fluxing Solder

SOLDER

Rosin-Core
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Announcing the TABLE TYPE

And now you can have micrometric resistance
in the form of a convenient accessory. No
longer must the volume control Clarostat be
incorporated in the radio assembly as an
integral part.

There are many applications for the TABLE
TYPE CLAROSTAT. Among the first to sug-
gest themselves to the radio engineer and the
radio set builder, are:

An ideal form of remote control for
loud-speaker volume, in fitting the radio
rendition to conditions and programs.

Volume control for the A-C tube har-
ness, which may be conveniently placed
without disturbing existing set wiring.

A handy and neat form of volume con-
trol for electrical pick-ups that give new
life to the old phonograph.

Convenient variable resistance for use
in experimental work and in laboratory
practice.

FLAROSTA?

The TABLE TYPE CLAROSTAT is a hand-
some addition to any radio set. Finished in
statuary bronze and nickel, with attractive
Bakelite knob. Bottom provided with felt to
protect surface of fine furniture. Two con-
nection cords and tip connection block per-
mit of insertion in any circuit, in the case
of the standard model, but other connection
means may be employed to meet particular
requirements.  Available in any resistance
range to meet special needs. Resistance
range covered in several turns of knob, pro-
viding razor-sharp adjustment or micro-
melric resistance. Noiseless in operation.
Holds resistance setting. Foolproof. Dur-
able. In brief, a genuine Clarostat in a new
dress.

Your latest radio offering will be all the bet-
ter for the addition of this convenient form
of reliable resistor.

Look into the matter!

Page 7

And There’s a CLAROSTAT for Evry Purpose

Tue VoruMme Cox-
TROL CLAROSTAT for
controlling volume,
tone, plate wvoltage,
oscillation, siabiliza-
tion and other func-
tions in radio receiv-
ers. (7-watt rating.)

Let jus co-operaie with you in your resistance problems.
don’t forget the Volume Control, Standard, Heavy-duty and Power Clarostats.
for samnples and engineering data on your firm letterhead.

Tur Staxparp Craro-
STAT for controlling volt-
age taps in the usual B-
power unit, electrified
receciver, and power ani-
plifier. Also extreme re-

sistance range in radio
reception. (20-watt
rating.)

TuaE Heavy-Dury Craro-
STAT for line-voitage con-
trol in small and moderate-
sized radip power units,
as well as other resist-
ance requirenients requiriing
greatercapacity than Stand-
ard type. (25-watt rating.)

Tue Power CLAROSTAT, the giant
variable resistor, for handling re-
sistance problems usually consid-
ered the exclusive field of wire-
wound units, particularly in the
electrified receiver, A-B-C power
unit, power amplifier, and for
line - voltage control. (40 - watt
rating.

Aside from the Table Type,

Write

AMERICAN MECHANICAL LABORATORIES, INC.

Specialists in Variable Resistors

285-7 North Sixth St

Brooklyn, N. Y.

CLAR(OSTAT
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DISTANCE
lends

ENCHANTMENT

When you buy or build a radio set make
sure that it has Copper Shielding. Where
long distance reception is desired Copper
Shielding is essential. It is a refinement
to your set that will enable you to hear
the programs of distant stations much
more clearly.

Copper Shielded sets give:

BETTER RECEPTION
FINER SELECTIVITY
IMPROVED TONE QUALITY

By virtue of its easy working qualities and
its high conductivity Copper Shielding

is a decided improvement to any set.

COPPER & BRASS

RESEARCH ASSOCIATION
25 Broadway, New York
K3
Write for your copy of this

book. There is no cost nor
obligation on your part.
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A REPORT

which may be of interest to our readers and
advertisers

1.—In six months the paid circulation of Rapio ENGINEERING has more
than doubled.

2.—In January and February of this year the readers of RApio ENGI-
NEERING spent $977.50 in the purchase of Radio Books thru Rapio
EXNGINEERING.

3.—The amount spent for advertising in RADIO ENGINEERING i1n
January and February of this year exceeded the amount spent 1n
the same months of 1927 by over 50%.

4—In February, 1927, Rapio ENGINEERING stood /astz among the
eight leading radio monthly magazines in volume of advertising
carried. In February, 1928, Rapio ENGINEERING stands fourth
among these eight publications — (trade, fan and technical
magazines inclusive).

5. —Twenty-two advertisers who used space in RADIOC ENGI-
NEERING regularly during the past four months used
space in no other radio magazine.

Typical communications, recently received are quoted below :

"Radio Engineering Magazine, Inc.
52 Vanderbilt Ave., New York, N. Y.

Gentlemen:

We were greatly surprised at the QUALITY drawing power of an ad-
vertisement in Radio Engineering, bringing responses from such firms
as American Telephone and Telegr=ph. Crosley Radioc Corp'n, Dooley
Electric Co., Stewart Battery Company and others.

Replies were received from Mexico, Canada and one from Czecho-
Slovakia.

Cordially yours,

"Radio Engineering Megazine, Inc.
New York City.

Gentlemen:
................... I have had considerable comment from the

field .............. and can assure you that your circulation must be

quite extensive.
Yours very sincerely,
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A

[UJJIEC
Qualt()/

The thorough system of testing and inspection
employed in every department of the Dudlo
factories safeguards the quality of your product

Every material must pass a
laboratory test before it is
approved for Dudlo magnet
wire and coils.

Every Dudlo coil is individually
inspected and tested for specified
requirements by highly trained
employees before packing.

DUDLO MANUFACTURING COMPANY, FORT WAYNE, INDIANA

160 NORTH LA SALLE STREET

as well as our own.

No industry is more exact-
inginitsrequirements than
radio. Every coil must be
perfect in every respect—
or your receiving set, your
power unit, your trans-
former, may be defective
and you and your dealers
will have to pay the
penalty by standing the
grief of returned goods,
replacements, repairs, loss

of reputation and shrink-
ing sales.

W hy take a chance? Why
not play safe by following
the lead of the most suc-
cessful radio manufac-
turers by making Dudlo a
department of your busi-
ness? Use our engineering
and manufacturing facili-
ties freely—they are
dependable.

LO

Magnet Wire and Windings

Division of THE GENERAL CABLE CORPORATION

56 EARL STREET

CHICAGO, ILL. NEW » No J.

4153 BINGHAM AVE.
ST. LOUIS, MO.

274 BRANNAN §
SAN FRANCISCO, CALIFORNIA
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Theory and Construction of Quartz Crystal
High Frequency Oscillators

A Discussion on the Properties of Quartz and Practical Data on Cutting,

Twinning and Grinding

By Jennings B. Dow, Lieutenant, U. S. Navy

UARTZ crystals for use as fre-
quency stabilizers in short
wave radio transmitters have
received much well merited

attention during the past year but the
number of experimenters who have
availed themselves of the benefits of
these important devices is few. Sev-
eral causes no doubt are responsible
for this condition but the most im-
portant one is believed to lie in the
limited circulation of definite infor-
maution on the subject of their opera-
tion and construetion. It is hoped
that the present article will be at
least a small contribution in the right
direction.

The various steps in the production
of a crystal for the purpose here
considered are shown in Fig. 1. The
details of cutting and grinding will be
explained fully in later paragraphs.
Fig. 2 shows the designation of axes
with respect to the rough crystal. It
should be understood here that twenty
or more finished high frequeney crys-
tals can be made from one rough crys-
tal depending upon the size and
quality of the latter. The rough
crysrals vary in weight from a small
fraction of a pound to as much as a
hundred or more pounds.

It is useful to designate reference
axes in the following manner. The O
or optical axis of the rough crystal is
its longitudinal axis. DPass a plane
through the O axis and any one of the
six prismatic edges of the rough
cerystal. Any element of this plane
perpendicular to the O axis is an E or
electric axis. Pass  another plane
through the O axis perpendicular to
the first plane. Any element of the
new plane perpendicular to the O axis
is a B axis. Any line in the finished
crystal which is parallel to these axes
is similarly designated.

Now,. take the finished crystal out
of the rough one of Fig. 2, and put it
between two brass plates which will
hereafter be called the electrodes. If
experiments are performed with this
combination and suitable measuring
apparatus, it is possible to prove ex-
perimentally the following laws.

First Laww: Compression along the
electric azxis results in charging the
electrodes with equal and opposite
charges of electricity. Stretching the
crystal along the B azis produces
charyes on the electrodes having signs
corresponding to (hose of compression
along the electric axis. Stretching the
crystal alony the electric axis also pro-
duces equal and- opposite charges on
the electrodes but the signs of these
charges are opposite to those produced
by compression. Compressing the crys-
tal along the BB axis produces charyes
having the same signs as those re-
sulting from stretching the crystal
along the E axis. The electrical ef-
fects of compression or extension alony
the optical axis are neyligible.'

Second Law: 1f the elcctrodes are
charged by connecting o battery to
them and the charges have signs simi-

may reacily be inferred from a con-
sideration of the two laws and the
fact that such a body may be made to
vibrate 1iechanically along any one
dimensior. at a frequency uniquely de-
termined by that dimension. In the
present case interest is confined to the
longitudinal vibration along the elec-
tric axis and the ecrystal can be
thought of as a rod having length
which is small compared to its other
dimensions. If a rod is struck on its
end with a hammer, its natural fre-
quency of vibration is that one which
makes the rod one half a wave length
in length. This is fortunate because
the maximum elongation and contrac-
tion are produced by such a vibration
—and since the piezo electrie charge is
a function of the strain in the erystal,
the maximum potential variation is
produced at the electrodes.

FIG.1

Successive steps in the cutting and grinding of quartz crystals for piezo-

electric use in the control

of high frequency transmitters.

Dotted lines

indicate positions of succeeding cuts.

lar to those produced by compression
alony the electric axis, the crystal will
coniract along the electric axis and
expand along the B axis and will be
neutral alony the optical axis. If the
applied charges are opposite to those
mentioned above, a converse cffect re-
swults along the E and B axes.

The value of a quartz erystal for the
control of a vacuum tube oscillator

1Tt is now quite well understood that the
crystal is not entirely neutral along the opti-
cal axis. Absence of the neutral conditions is
believed due to actual deformation along the
E and B axis even though the external force
is applied along the optical axis. Consult
works on the Strength of Materials.

If the tinished crystal is placed in
the grid-filament circuit of a vacuum
tube and mechanical vibrations are
started, piezo electric potentials suffi-
cient to control the plate current are
produced. If sufficient energy is fed
back to the crystal from the plate cir-
cuit during each half cycle, the me-
chanical vibrations will not die out
but will become sustained and the tube
will continue to oscillate. In practice
this feed back of energy is accom-
plished through the plate-grid capacity
of the tube.

A rigid mathematical discussion of
a vibrating crystal in the grid circuit
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of a tube has not been developed to
date and indeed presents a very com-
plex problem owing to the fact that
the crystal is not uniformly elastic in
all its dimensions. Moreover this dif-
ficulty is accentuated by the fact
that the dielectric ‘‘constant” varies
throughout the vibration and in a

manner which is not well understood.

FACETS ONE END OF
NOT OFTEN ROUGH CRYSTAL
FOUND IS USUALLY

POORLY FORMED
FIG.2
Orientation of axes of finished
crystal with respect to rough
crystat.

Curie has proved experimenially in
his resarclies upon piezo crystals the
existance of the following static laws

a'=K,A 6D

where. ¢ =piezo electric charge de-
veloped on each electrode
(ESU).
p=externally applied pressure
(dynes/sq. cm.).
A=area of one face (sq. cm.).
K=a constant (6.32 X :llo;g
the electric axis of guartz).
x=KV (2)
where, x=increase or decrease in the

dimension along the electric
axis due to the applied volt-
age V. (cm.).

/=externally applied
age. (ESU).

volt-

Having the above two fundamental
equations, it is useful for practical
purposes to write them in terms of
the undisturbed dimensions along the
electric axis. This latter dimension
will be designated as v and to sub-
stitute it, use ix made of the familiar
elastic equation,

X
p=e— (3)
J

where, e=6.78x10" dynes/sq. cm. along
E.

This equation states that the pressure
required to change the length of an
elastic rod, say, is the product of
Youngs Modulus of Elasticity of the
material by the ratio of the change in
length to the original length,

Substituting (3) in (1) and (2) we
arrive at

x
' =eKA— (4)
v
\Y
p'=eK- (5)
y

where p'=piezo pressure resulting
from V.
We can further simplify
by letting

(4) and (3)

eK=g (6)
where, g is a constant including
both ¢ and K.

Performing the substitution, there re-
sults the more simple expressions,

X
q'=gA- (7)
Yy
v
D'=g (8)
¥

For those who are interested in the
physics of quartz crystals it is inter-
esting to compare the equations (7)
and (8) with those obtained by a
simple theoretical study of a charged
condenser having glass or any other
insulator for its dielectric. This in-
teresting study was pointed out by
Pierce in his Harvard Lectures.

For simplicity a condenser having
two plates separated by the dielectric
will be considered. Let

-() and 4+ Q=charge on the con-
denser plates (ESU).

V=potential difference
plates (ESU).

W=energy of the system (Ergs).

y=—undisturhed thickness of the
dieleetrie (em.).

F=force of attraction between the
plates (dynes).

A=area of one plate of the con-
denser. (sq. cm.).

e—=dielectric constant.

P=pressure on dielectric of con-

denser (dynes/sq.cm.).
The energy of the system is

between

W=%CV* (9)
Since the capacity of a condenser is

Ae
C= (10)
4my

it follows from (9) that,

1 [Aey .,
w1 {w_' } (11)
Since,
Sw
F=2 (12)
dy
it follows that (11) becomes
AeV?
F—— (13)
8‘”,\'7

Now we know that pressure is force
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per unit area and in terms of pressure,
(13) hecomes

- (14)

In the differentiation required by (12)
we have kept V constant. If Q is
held constant the same result as given
by (14) would be obtained.

Next, let us determine the change in
P whielhh we shall eall p resulting from
an inecrease in V by a small amount v.
From (14),

popp SV E (Ve Vot

8yt 8my? (15)

Since v is of small magnitude com-
parcel to V we can consider the v’ term
in (15) as negligible compared to the

others. Therefore
Ve [V 1w
P = AL R
TP 87yt | 4my |y (16)
In view of (14) the first term on each
side of the equality (16) cancels
wiving,
17y

7|

eVoe
4 ﬂy} y
Kquation (17) gives the increase in
pressure tending lo compress the di-
electric. that results from an increasge
in V by an ammount v. Note the simi-
larity of the result (17) with the piezo
equation (8). 7The bracketed term in
(17) is a constant like g in (8).

Now let ux determine the increase
in V caused by a decrease x in the
thickness y. "The charge on any con-
denser is

Q=CV (18)

hence from (10)

eAV
Q= ﬁ
eA(V+) (19)
47 (y—z)
eAd (V4
s 12 (20)
47y(1———)
Y
R1
—hc
L1 -r—
Ci
FIG.3
Equivalent circuit of vibrating

crystal.
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Sinece we are compressing the y di-
mension by an amount x without re-
moving any of the charge Q it is per-
missible to write from (19) and (20),

AV eA(V+v)
47y) 4W(1_§) @1
Yy
Performing the cancellation sug-
gested by (21) one gets,
V+v
|4
Sy (22)
1__.
Y

and further simplification of (22) gives

b.¢
v V- (23)

v

That 8, decreasing y by an amount
x develops a potential v given by (23).
Next determine the charge ¢’ which
can he withdrawn from the condenser
and still leave the potential V as De-

fore. We have
q'=Cv (24)

Substituting for v its value given hy
(23) and the value of C from (10).

A€ T
12yl
¢ L4f'z/} [ Vz/_

(25)
= =Y ]F b
L 4= |.Ay
Note the similarity of (25) to the

piezo equation (7). The left bracket
in (25) is a constant for the charged
condenser and corresponds to the con-
stant, ¢, in (7).

It is possible to treat the vibration
case of a wery thin crystal with a
fair degree of anccuracy by considering
only one of the elastic constants. This
can be done after the method of Pierce
but the treatment is too involved to
inclnde here. The results of such a
tfreatment are of interest.

The vibrating erystal is equivalent
electrically to the ecircuit shown in
Fig. 3. in whiech R, L. and C. are due
to the vibration and € isx the non-
vibrating capacity of the condenser

formed by the ecrystal and its
electrodes. R is the equivalent
resistance introduced into the cir-
cuit by heat and sound energy
losses during the erystal vibra-
tion. R is small. L is a very large

inductance and C is a small capacity
probably not exoeoding a value equal
to 0.002 C. To gain an idea of the
size of L., I’ierce has shown that in one
case its value was approximately 500
times the inductance which would
resonate ¢ to the natural mechanieal
frequency of vibration of the crystal.

Constructing the Finished Crystals

There are various sources of rough
quartz crystals suitable for our pur-
poses. The more important ones are
in order of importance as to quality.
Brazil, Madagascar. domestic. and
Japan. As a rule it is possible to ob-
tain the rough crystals through
mineral supply houses or through other
advertisers in the many technical

journats. It is to be regretted that
more advertising in this line does not
appear in the radio literature. In
recent months many of the optical sup-
ply bouses have taken to the cutting of
crystals for experimental purposes and
at least one company has been adver-

tising finished crysrals of excellent
quality.
FFor hest results rough crystals

should be selected with the following
points in mind.

1. One end of the rough crystatl
should have the typical quartz erystal
contignration shown in Fig. 2, at least
should possess as much of this detail
asx possible. The facets “a” of Iig. 2.
are nsually not to he found owing to
the rough handling which the erystals
receive at the mines.

Ell i i il

=

THE SCRAMBLE FOR SHORT-
WAVE CHANNELS

Developments in short-wave com-
munication have introduced a de-
cidedly interesting and likewise =
delicate situation in Washington.
These high frequency communica-
tion channels are now in strong
demand and may form the basis
of innumerable political difficulties.

The insistent clamor for channel
assignments on the part of a
myriad of commerical organizations
suggests that caution should be
exercised in making channel as-
signments. For obvious reasons
the action of the Federal Radio
Commission in this direction is of
prime importance to everyone
associated with the radio industry.

Mr. Donald McNicol has prepared
a special article for RADIO ENGI-
NEERING which presents the facts
of the situation as they now stand. =
This article will appear in the April
issue.

[} (TN
1

I
[1ITE

Jit

2. As many as possible of the six
prismatic edges should by intact.

3. The crystal should be as regular
(faces and edges parallel) as possible.

4. There should be as much free-
dom from interior flaws and cloudy
structure as possible. If it is difficult
to examine the interior owing to un-
polished surfaces, the application of
a4 generous coating of almost any clear
0il will greatly assist in this examina-
tion. Only the elear portion of any
rough erystal can be used.

Cutting and Twinning
After the rough crystal has been
«elected, the optieal axisx should be
located. This axis may be considered
for practical purposes to be along the
centers of all right sections of the
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crystal.  The first eutting should con-
sist in dividing the rough crystal up
into sections one inch thick. These
cuts should be made perpendicular to
the optical axis. To accomplishk: the
cutting which is a long time consum-
ing process, the rough crystal may be
mounted in a power driven hack saw.
A Dblade of mild unhardened steel
without teeth and about the dimen-
sions of a large hack saw blade should
he used. During the motion of this
blade across the erystal, an ample sup-
ply of carborundum grain (number
60) should be fed with water to the
contact line between the saw and
erystal. care heing taken to insure
that the grain is fed via both sides of
the blaude to make the cut as straight
as possible.  The carborundum grain
may be collected and used over and
over during the cutting. After the
erystal has been cut up into slabs in
this way an examination for twinning
should be made. This examination
is most important.

During the growth of a quartz
crystal, changes in temperature and
pressure are manifested by changes in
the crystal structure. Changes in
strueture result in shifting the pre-
viously designated axes, i. e.. portions
of other smaller crystals appear to
grow until the temperature and pres-
sure conditions again Dbecome normal
when the niin erystal structure con-
tinues its growth over these smaller
twins. Any twinned region of a erystal
is unfit for use. The previously cut
slabs may be examined for twinning
by sending polarized light through the
slabs along the optical axis and ob-
serving the transmwitted light with a
Nicol prism.

Apparatus for this purpose is usual-
lv available in any scientifiec labora-
tory where crystal strueture or light
phenomenon is observed. Most uni-
verzity laboratories have an instru-
ment known as a polariscope for this
purpose. When examining a slab of
quartz in this way the twinned sec-
tion will show up as one in which
irregular or jagged regions of colored
licht will be seen. Again oil can be
used to facilitate interior examina-
tion. In some cases, particularly
close to the edges of the slab, regions
of multi-colored light will be seen due
to natural reflection phenomena. If
this particular region of light is not
jagged but quite regular the phenom-
enon is probably not due to twinning.

5 WATT TUBE
LTI Il Il RFC C
Oscillator  cir- q: l
550" It‘:nsb;: J _2‘1 CRYSTAL _ l R
ent. suit-
Z%lil::v?or testing ‘/GRID |
well made L BIAS |l||
quartz crystals. +—[—- BAT. AL T

BYPASS COND.-1"~

220 V.

FIG.4 -
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The crystal should be turned slowly
about the optical axis during the ex-
amination. The region in which twin-
ning has not taken place will show
no colors or only very soft shades of
any color. The clear or untwinned
portions of each slab should be marked
out for use. In this connection it
might well be mentioned that a whole
crystal may be so completely filled
with twins as to be unfit for piezo-
electric purposes.

Direction of Electric Axis

The next part of the operation con-
sists in choosing the direction of the
electric axis. We have already fixed
the optical axis as the center line.
Should it be possible to locate one of
the two facets which exist in a per-
fect crystal use a prismatic edge of the
erystal terminating at one of these
facets, and the optical axis to deter-
mine the plune of electric axes. I’ass
such a plane and mark its intersec-
tion across each slal, In case the
facets cannot he tfound, pass the plane
through the optical axis and the pris-
matic edge of each slab which makes
the plane most nearly parallel to the
two longest sides of the polygonal top.
Next, mount a slab in the power =aw
and cut out strips of quartz. such as
are shown in Tig. 1, making the cuts
perpendicular to the electric axis.
The strips of quartz obtained in this
manner should Dbe about one-eighth
ineh in thickness or thinner if prae-
ticable since the finished erystals will
require grinding to probably not over
0.035 inch (assuming a 4000 kilo-
cvele fundamental).

The strips of quartz should now bhe
cut into one inch lengths as shown in
Jig. 1. For this cutting, either the
moditied power haek saw or a circular
saw may be used. A circular saw for
this purpose may be made by entting
out 2 dise of 0.020 inch mild unhard-
ened steel sheet and mounting it on a
motor driven spindle. Water and car-
borundum grain may most convenient-
Iy be used in the cutting. Such a dise
six inches in dinmeter and revolv-
ing at 400 to 800 R.P.M. makes an ex-
cellent saw when used with carborun-
dum abrasive and an ample supply of
water. With a saw of this kind it is
possible to cut through a one inch
square section of quartz in about oue-
half hour.

For the rough grinding operation.
a circular grey iron plate (6 to 12
inches in diameter) mounted with its
upper surface horizontal upon a mo-
tor driven spindle is most useful. The
speed of this plate should be 200 to
400 R.>.M. Rough grinding is accom-
plished by keeping the plate well sup-
plied with water and corbornndum
grain (Number 90) and holding the
crystal on the plate with the fingers.
Micrometer calipers must he used fre-
quently during all grinding operations
to insure that after the operation the
crystal is of uniform tbickness. When
the thickness of the cr rstal is within

0.020 inch of the finished dimension,
the edges should he squared up by
grinding.

An intermediate grinding operation
using a fine abrasive (earborundum
grain number 220 is recommended),
should be made next, and for this
operation a separate wheel like the
first is recommended. In case an ad-
ditional wheel is not available the
former may be used after careful
washing to remove all traces of the
course  abrasive. This operation
should earry the grinding to within
0.005 inch of the finished dimension
along the electric axis and particular
care should be taken to see that the
plane surfaces of the erystal are
parallel to within 0.001 inch at this
point.  The edges should again be
squared up.

The final grinding operations can
now begin and for this purpose two
stationary grey iron plates are re-
quired. These plates should he ma-
cliined flat and smooth. The first of
the final operations is made by mov-
ing the crystal around on the plate
with the fingers applyving water and a
fine abrasive (number 302 emery
grain is recommended). One plate
should be' reserved for this abrasive
and one for the second of the final
operations to follow. It might well
he mentioned here that fhe plane sur-
faces of the finished crystal must be
perallel to within 0.0001 imclh and sue-
cess in obtaining this essential ac-
curacy depends greatly upon using the
correct amount of abrasive. If too
much is used the tendeney will he to
make the crystal thinner near the
edges than it is in the center.

Final Smoothing Operations

As in the previous operations the
edges should be smoothed up again at
this point. All traces of scratches and
nicking of the edges of the crystal
whicli have been carried along from
the rough grinding should he removed.
\fter carefully washing the crystal
the second of the final operations
<hould be made using a still finer
abrasive and the remaining dise
(number 303 emery grain is recom-

mended). The first part of this oper-
ation should carry the grinding to

within 0.001 inch of the final dimen-
~ion along the electric axisx and at this
point the plane surfaces of the erystal
should bhe parallel to within 0.0001
inch. Bevel all edges very slightly at
an angle of about 45 degrees,
rhoroughly wash and test the crystal
in a small tube cireuit. The diagram
for such a circuit is shown in Fig. 4.
If the oscillating circuit is of fairly
“low loss” construetion the ammeter
(A) will indieate from 1 to 2.5
amperes when the condenser (C) is
tnned into the resonaunce region.

If the crystal does not oscillate it
nay be due to any of the following
possible causes in order of probability.

1. Plane surfaces of crystal not
paralltel to required accuracy.

2. Slight nicks in edges.
contains scratches or flaws.

Crystal
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3. Crystal not clean. Finger prints
will frequently prevent oscillation.

4. Crystal ground from twinned
section of rough crystal. A thorough
examination of the original slabs

should have prevented this.

5. Poor quality of quartz used.

6. Axes not well deterniined. The
selection of a well preserved rough
erystal is important in determining the
axes,

After investiguting the above pos-
sibilities and rectifying the deficien-
cies if any exist, and the crystal is
found to oscillate, a wavemeter may
be employed to advantage. As the
crystal is 0.001 inch over the finat di-
mension the wave length of the result-
ing oscillation will be in excess of that
desired and further grinding will be
necessary. By additional grinding
and measurement the crystal can be
worked down to the desired wave
length. It frequently happens that
after a crystal has been made to oscil-
late, it will cease to work after
further grinding. This trouble can
usually be traced to a lack of parallel-
ism of the faces resulting from the
last grinding.

Grinding a small amount of the B
dimension will sometimes improve the
output of an uapparently feeble crystal.

Patent Exchange Plan Is Near
Completion

T Buffulo. on February 6, the

RMA patent interchange draft

was perfected by its special

patent committee. The suec-
cessful patent pools of the automotive
and aeronautical industries are heing
followed in part.

Broadening of radio patent cross-
licensing to include future develop-
ments, such as television, is provided
for in the RMA plan. Also it is pro-
posed to include the new devices for
reproduetion of programs and pictures
via electric light and telephone wires.
\lthough it is not probable that tele-
vizsion and other developments, now
in the experimental stage, will be
available soon to the public commer-
cially. the RMA patent pool is being
broadened to take in the radio future
as five yvears' trial of the patent cross-
license plan is contemplated under
the RMA draft, with automatic exten-
sion thereafter. if successful.

As now being completed by the
RMA Patent Committee, it is believed
that the patent cross-licensing system
proposed will be acceptable to the nec-
essary majority of eligible manufac-
turers when it is presented to the
RMA membership meeting next June.
Immediate complete cross-licensing of
all radio manufacturers is not ex-
pected to ensue, but gradual growth
of the patent interchange operations
is the aim of its sponsors.
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Filter Circuits for Filament Type Rectifiers

The Effect of Filter Design on the Operating Characteristics of the

N a recent article, Ranio ExGINEEk-
1x6, December 1927, the effect of

filter constants on rectifier tube

performance was discussed. It
was  shown that the omission of
the input capacity ACToss the
filter (the tube feeding into an in-
duetor instead) resulted in much Dhet-
ter tube operiating conditions. higher
etliciency, and improved voltage regu-
lation.  Additional tests have been

made to determine the {ube losses with
cach type of circuit and the cffect of
the filter cireuit on the ripple voltage
at the output terminals.

The filter circuit used in determin-
ing the distribution of tube losxes is
shown in Fig. 1. The inductors used.

I, and L. were larger in physical
dimensions. although about the same

in induectance values us the types ordi-
narily used in B power units. The
D.C. resistance was only 75 ohms, thus
reducing the IR drop across themn to
a negligible value. The selt induct-
ance of these units varied only slightly
witlh changes in D.C. load current, as
shown in Fig. 2.

The size of the induetor I, has little
effect upon the power dissipated in
the tube due ro rthe tlow of rectified
current, as long as the eapacity across
the input (C.) remains large. As the
capacity of C. is reduced the self in-
ductance of I.. begins to affect the
wave form of the current through the
tube. and therefore the losses in the
ruhe.

Alteration of Wave Form

The vave form of the cwrent

* Chief Engineer. E. T. Conningham, e

CX-380 Rectifier Tube

By R. M. Wise*

through the tube, shown in the oscil-

lograph record in the earlier article
for the condition in which C, was 1

mftd, and wirlt €, omitted: is reprinted

increase in load cwrrents, so that the
increase is not quite proportional to
the square of the current, hut this
effect is rather small

for reference. With €, connected as The reduction in tuhe internal losses
usual, (Fig. 3), the current tlows under the conditions of Iig. 4 is 359,
through the conducting anode only as compared with Fig. 8, and while
Ly L2
o 00800 T
w
PRI m 20 H 2O
>
;I" he output - — e t— 2
ilter circuit o g
Srrlplo'yged tho g \Cf“ Cz/v C3/ 3
etermine the
distribution of 4 MF. 4 MF. < lz
tube losses. e
O —
* C, OMITTED WITH CHOKE INPUT
FiG.1
during about one-half of each alterna- the output voltage is also reduced

tion. and with a lead current of 125
m.a.. reaches the high peak value of
310 m.a. On the other hand, with the
condenser omitted (Fig. 4), the cur-
rent flowed through one anode or the
other during the entire cycle, and the
variation in current is quite small.
rhe minimmun value being 110 nia., the
maximunt 140 nra., with the same load
current as before, 125 m.a.

Since. if the internul resistance of
rhe tube is assumned coustant, the
losses in the tube are proportional to
the square of the current through it,
rhe high peak current occuring with
condenser input causes an increase in
power losses in the tube under the
condition of Fig. 3. The internal re-
sistance decreases to some extent with

209, this latter reduction is not the
result of a power losxs, being due to
the reactance of induetor L. The
transformer voltage may be increased
209, 1o compensate tor this reactance
drop and yet it will be found that the
power consumed is lower than before,
due to the saving effected by lower
tube losses. This condition, together
with  rthe decreased peak current
through the tube results in improved
operating conditions for the tube, and
therefore in improved life.

Improved Regulation

It is obvious that when the first
filter condenser is omitted, the varia-
tions in tube current will depend upon
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Fig. 3. Left: Oscillo-
graph record of the
output of a CX-380
full wave rectifier
tube when wusing a
standard current filter
circuit with condenser
input. Note the high
peak current.

Fig. 4. Right: Oscillo-
graph record of the
output of a CX-380
tube when using a
filter circuit with re-
actance input. Note
the substantial reduc-
tion in the peak cur-
rent. The reduction
in voltage is easily
compensated.
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FIG.5

Regulation curves of CX-380 with

input capacities from zero to 4

mfd. Impressed potential 300
vots R.M.S. per anode.

the value of the self inductance of the
inductor L,. If this inductor is made
very large the current through the
tube will approach direct current,
while if it is quite small the pulsations
will again become large and the con-
ditions will approach that of condenser
input. A somewhat similar condition
occurs when the capacity of C. is
varied, and a series of measurements
were made in which C: was varied
from zero to 4 mfd. The regulation
curves under the various load condi-
tions are shown in Fig. 5, in which
the improved regulation, when the
first filter condenser is omitted, is
quite evident. The reduction in out-
put voltage is also shown.

The power dissipated in the tube for
each condition shown in Fig. 5 is given
in Fig. 6. where the favorable operat-
ing conditions with choke input are
evident. There was very little dif-
ference between 2 and 4 mfd, the loss
for each of these conditions being 11
watts with full load current of 125 m.a.
flowing. With a reduction of input
capacity to 1 mfd, the power loss was
decreased to 9.2 watts. With .5 mfd.
the loss was 7.5 watts, and with the
condenser omitted was 6.9 watts, a
saving of 4.1 watts, or 379,. The tem-
perature of the bulb was measured
after a run under the extreme condi-
tions shown in Fig 6, that is with a ca-
pacity of 4 mfd., and with the con-
denser omitted. The bulb was several
degress cooler in the latter case. This
is a factor of importance at times as
it is often ditlicult to secure good ven-
tilntion of rectifier tubes included in
the cabinet of a radio receiver.

Effect of Filter Constants

The effect of the filter constants and
connections upon the efficiency of the
arrangement from the standpoint of
filtering action secured, was next in-
vestigated. It was necessary to use
A.C. from a motor generator set in
the building as D.C. power only was
available. It was found that a low
frequency pulsation occurred in the
power from this source, this pulsation

affecting the readings of ripple voltage
obtained. although the readings could

be repeated at any time without
change in the relative values. To ob-

tain a compuarable value four com-
mercial B power devices were supplied
with power from this source, and the
ripple measured in terms of the r.m.s.
value of the alternating component

present in the output circuit.  The
values found were as follows:
D.C. Louad Ripple
Load Resist- l.oad Milli-
Make Current ance Volts volts
A 46 4260 1496 55
B 46 3100 143 25
C 16 3580 165 63
D 46 4420 203 71
Average .............. 55
20 — . —
W + T o
Z 6l 1] ..
N4k j
géiZ» 1 E L= =5 T
B&0 1 5
E% 8———tT 1T i ; n
L [ B . i
o |
(W] 4_1 lt +—
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DIRECT CURRENT
THROUGH INDUCTOR
Fig. 2

As indicated, the self-inductance

of the chokes L; and L, in Fig. 1

varies only slightly with an in.
creasing current.

The measurements of ripple voltage
with various tilter arrangements were
next made. In the tabulated results
the notations refer to circuit constants
as indicated in the diagram, Fig. 7.
The load resistance, &, was held con-
stant at 3000 ohins, and the trans-
former voltage adjusted to give the
same output voltage regardless of the
tilter connection used. The load cur-
rent wus 45 m.a., and the xelf in-
ductance of the inductors used was
measured with this current flowing.

Tabulated values for each arrange-
ment tested follows. the blank spaces
indicating that the corresponding filter
elements were omitted in that test:
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FIG.6

Curves indicating watts dissipated
by a CX-380 tu.e under various
input :onditions.

Ripple

Milli-
L, Cy L. C: L Cs volts
2 11.5 4 135 4 48
2 11.5 2 13.5 4 48
1.6 4 11.5 4 13.5 4 33
7.0 4 11.5 4 13.5 4 45

The above results indicate that little
change in ripple output (hum) is in-
volved when the input condenser is
omitted. The lowest values in the
table would have been reduced to a
greater extent than the higher values
had it been possible to eliminate the
pulsation in the supply voltage source.
It is evident that they are well within
the values encountered in practice,
comparing tavorably with the values
in the previous tabulation.

The advantages obtained by omis-
sion of the first filter condenser may
be completely summarized as follows:

(1) Improved voltage regulation,
(2) Improved efliciency, (3) Reduced
emission demand on tube filament,
(4) Reduced heating of tube, (5) Im-
proved tube life (very marked), (6)
l.ower filter cost for equal filtering
efficiency.

The original suggestion of the de-
sirable features of this circuit were
received from Mr. J. C. Warner of
the Research Laboratory of the Gen-
eral Electric Company, and the inves-

Ril.)p.le tigation was undertaken in connection
Milli- with performance tests of the CX-380
L, G I. C Ls G volts rectifier tube in the Cunningham
4 13.5 4 400 Laboratory. Mpr. J. M. Stinchfield as-
8 13.5 4 74 visted the author in making the
11.5 4 13.5 4 52 measurements and compiling the re-
11.5 4 13.5 8 44 sults of the tests.
Ly L2 L3
e O —— T ——— T —{F—
it T
Filter circuit
employed for
aki tabula- FROM
rt’ri‘olnsngof rigple TUBE == -‘J= ? R
k ) I
“this article. Ct C2 Ca
AR
o—

FIG.7
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The Problem of Radio Set Power Supply

Covering the Design of Socket Power Circuits

PART III

S explained in the preceding
article of this series, the cur-
rent wave passed through the
rectifier is exceedingly complex
and hax the general shape shown in
Fig. 1 when the valve rectifies both
halves of the wave. Since the two
paths throngh the rectitier are rarely
exactly equal, the two halves of the
output wave are usually not identical,
so that a small amplitude component
will be present having the same fre-
quency as the supply. Obviously, the
largest component present in the recti-
fier ontput will be twice the supply
frequency, and careful analysis shows
that the next largest amplitude will be
at a frequency of six times the supply.
In addition. there will he small but im-
portant even harmoniecs of the line fre-
quency as high as the twentieth.

It is the function of the fliter to re-
move substantially all of these alter-
nating components leaving only smooth
direct current to be passed on to the
filaments or plates of the tubes in the
radio set.

The desizn of the filter is dictated
very largely by the direct current out-
put specifications. For instance, it
will be found that a filter principle
which can be satisfactorily converted
into material for supplying two or
three amperes at 6 or 7 volts, will not
work out satisfactorily when 50 or 60
milliamperes at 200 or 300 volts are
required. For thiz reason we have
grouped the descriptions in the follow-
ing under three heads:

1. “B” Socket Power Circuits,

2. Parallel “A” Socket Yower Cir-
cuits,

3. Series Set
cuits.

Method of Analyzing Filter

Circuits

Socket Power Cir-

Unfortunately, it is not possible, ex-
cept in the simplest cases, to give a
satisfactory explanation of the theory
of operation of any filter circuit in
purely physical terms, and it is neces-
sary to resort to mathematics, While
complete and rigorous proof of the
following Is somewhat involved. the
method may be applied with a knowl-
edge of ordinary engineering mathe-
matics’.

1 For complete proof =see Steinmetz
“Transient Electric Phenomena and Oscilla-
tions” and G. W. Pierce ‘‘Electric Oscilla-
tions and Electric Waves.”

® Vice-president and Chief Engineer,
Conner-Crouse Corporation.

By George B. Crouse*

For the purpose of illustrating the
method, there isx shown in Fig. 2 a
simple rectifier and filter circuit such
as is comunonly employved in B Socket
Powers. In this figure. 1 is the iron
core of a power transformer having
a primary 2 and a tapped secondary 3.
4 is a full-wave rectifier. The filter
comprises the iron core chokes 5 and 6
in series between the rectitier and the
lond 7, and the three condensers 8, 9
and 10.

In order to bring the analvsis into
a sufiiciently simple form for ordinary
engincering applicition certain as-

CURRENT THROUGH RECTIFIER

APPLIED -7
VOLTS

FiG.1

General shape of current wave
passed through a rectifier.

sumptions and simplifications must be
made. In the first place, the mathe-
matical difficulties are enormously in-
creased, if any impedance elements
are introduced into the circuit which
are not constants. The rectifier 4 is
such an element, its internal imped-
ance being a complex function of the
current fiowing through it. Not only
is it necessary to replace the rectifier
system, comprising the rectifier and
the transformer., with some other
equivalent element, from mathematical
considerations, but we would find that
even when the laborious analysis had
heen made, we would have no satis-
factory means of determining the

necessary coeflicients relating to the
rectitier system. e have found, by
empirical methods, that this system
may be replaced by a generator of zero
impedance and to which we can assign
the various frequencies which are
known to be present in a given rectitier
ourput.

Generalized Delineation

In Fig. 3, the diagram of Fig. 2 is
redrawn with the just mentioned sub-
stitntion and the inductive and ca-
pacitative elements of the mesh and
rhe resistive clement of the load have

heen represented as generalized im-
pedances. The capacity 8 of Fig. 1

has now become impedance Z: of Fig.
3. inductance 3 of Fig. 2 has become
impedance Z. of Fig. 3, etc.

We now proceed to break the com-
plex mesh up into a number of simple
coupled cireuits.  Circuit I includes
the generator in series with the im-
pedance Z,. Cireuit II comprises im-
pedances Zi, Z. and Za. Circuit III
comprises impedances Z;, Z. and Z,
Circuit 1V includes Z; and the load Zs.
it will be obvious that any current
flowing in Z: hy virtue of the potential
czenerated by the source will set up a
potential across this impedance which
will cause current to tiow in eircuit I
In other words, circuit I and circut IT
are coupled by the impedance element
7. In a similar manner, circuits II
and IIT are coupled through the im-
pedance Zs, and circuits 11T and IV
through impedance Zs.

We assume that the generator is
producing a potential E at some fre-
quency at which we wish to investi-
c¢ate the properties of the mesh, and
the problem is to find the current
which will flow through the impedance
Zs.  This is accomplished as follows:

The current flowing in cireunit I is
represented by I, and is the combined
result of the potential of the generator
and the potential across Z, due to

5 6

|

8

TS T

7

= =
sl 10

FI1G.2

Common form of rectifier and filter circuit used for B supply.
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LT
The circuit of
Fig. 2 in its
basic form
wherein the ele-
ments are rep-
resented as
generalized im-
pedances.

F1G.3

current circulating in eircuit II rep-
resented by I. and is equal to
E—7Z1l,
[i— —— a2
i 7 o))
In similar manner it mayv be shown
that the current in circuit II is the
combined result of the currents in cir-
cuit I and III, and is given by

— &l — 2,
T it Tt i @
and similarly
_ ZL— %],
= gzt @)
Z:I;
"G, @

Since the impedances are all con-
stant and the value of E may be arbi-
trarily assumed, these three equa-
tions may be solved by ordinary
algebra as simultaneous, for any of
the currents. Since we are interested
in I,, the current flowing through im-
pedance Z, we solve for this quantity
giving

EZWZ37,

I NS S
Bt 2] (B2 B Tos) - Bosln 1] + a0
(2:+35) (5)

The impedances in this equation are
of course generalized and must be con-
verted into specific types before
numerical values can be assigned, and
the actual vector amplitude of the
current I. found. Going back to Fig.
2 and comparing with Fig. 3 we see
that Z, is capacitative (the resistance
of the reactive elements of the mesh
may ordinarily be neglected) and its
value is defined by

1 .
g (6)
in which « is equal to 27X the fre-
quency, C, is the capacity of the con-

denser & in farads, and j = V-1.
Similarly Z. has a value defined by
Z= jol, (7N

As a final step, the complex quan-
tities are converted into ordinary al-
gebraic quantities, by collecting the
reals and lnaginaries, and taking the
square roots of the sum of the two
squares.

By assigning various values to w, the
frequency factor, we may determine
the action of the filter mesh at any
frequency, and knowing the fre-
quencies which will be present in the

rectifier output Ywe can determine the
suitability of any mesh for any par-
ticular problem.

It may be shown that any mesh, no
matter how complex, may be broken
up into elementary coupled circuits
and its characteristics determined by
ordinary algebraic methods as outlined

ahove,

5 /\ ////

o 1B

9 \-,,

i / :

g | V-

>

N

60 120 180 240 300 360

FREQUENCY
FIG.4

Ideal suppression curve for a filter

network. Infinite impedance is

present in the close vicinity of 120
cycles.

In the actual application of the
method it is necessary to know the
approximate input voltage at the out-
put terminals of the rectitier and also
the allowable ripple output voltage
of the mesh for a given radio set or
amplitier. Both of these are sus-
ceptible of measurement with a fair
degree of accuracy by modern lahora-
tory methods.

“B” Socket Poicers

The most common form of filter
for this class of service has just been
described and its analysis given. It
is a simple circuit to build but if a
high degree of suppression is required
it will work out to large and bulky
apparatus. It was pointed out above
that by far the largest alternating
component in the rectifier output was
of a frequeucy of twice the supply fre-
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cycles, and with modern amplifiers this
is well within the amplified range. Un-
fortunately, the circuit of Fig. 2 will
be found to have its greatest suppres-
sion at the very high frequencies,
which are ordinarily not present in
large quantities at the filter input.

It will, therefore, be seen at the
outset that it is extremely desirable
that the filter should exert the maxi-
muni suppression at some particular
frequency, and usually at 120 cycles.
An ideal suppression curve for most
cases is shown in the full line in Fig. 4,
and for comparison, in dotted lines,
the suppression characteristics of the
circuit of Fig. 2. This ideal suppres-
sion curve may be obtained in a
variety of ways.

For instance. in Fig. 5 is shown one
method applicable to “B’" circuits in
which we have all the elements of
Fig. 2 identically numbered. plus a
capacity 11 connected in shunt to the
inductance 5. If we are dealing with
60 cyele circuits the relative values of
the inductance and capacity should be
«0 ddesigned that the equivalent quan-
tity Z. will be infinite at 120 cycles.
Since this quantity appears in the de-
nominator of equation (5), the quan-
tity T, will vanish at this frequency
whereas at other frequencies the mesh
will behave very similarly to the
original simple mesh. The infinite sup-
pression characteristic of the mesh of
Fig. 5 will of course bhe apparent
from physical considerations, since it
is well known that a parallel resonant
circuit, such as that formed by in-
ductance 5 and capacity 11, has an
infinite impedance at one frequency,
and being connected between the
source and the load will not pass this
frequeney through the load.

Another method suitahle for “R”
Socket I"owers, and which lhas the ad-
vantage of not requiring any addi-
tional structure over the simple mesh
is shown in Fig. 6 where again identi-
cal parts are identically numbered
with Fig. 2. This mesh differs from
that of Fig. 2 by the addition of the
coil 12 wound on the same core with
inductance 5 and connected to an in-
termediate point of that incductance,
as shown,

By introducing the proper quantities
into equation (5) it will be found this
combination may he made equivalent
to a series resonant circuit in place
of the simple capacity 9 of Fig. 2, and

quency. Since the bulk of alternating
current outlets are 60 cycles, this
predominant frequency will he 120
! T i
Filter circuit ——j
with  first In- RECTIFIER
ductor 5 AND
shunted i):{ ta TRANS-
capacity o
provide infinite FORMER
impedance a t ———
120 cycles (See

Fig. 4).

1HY

again the quantity I. may he made to
vanish,
5

] [

Ly | _l_ :
i il

9 10 7
FIG.5
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Certain precautions must he ob-
served in the design of these circuits
employing resonance in any form, since
the resonance effect is greatly redneced
by resistance, iron lossex. or other
losses. They will be found to be most
effective where the original value of
the alternating component is relatively
small.

Another method whereby desirable
suppression characteristics may be
obtained is by the use of the Dbridge
circuit in various forms. Sinece cir-
cuits of this type will be described
under all three headings it will be
desirable to digress for a moment to
consider the general properties of the
bridge. A bridge circuit formed of
generalized impedances is shown in
Fig. 7, in which the generator rep-
resents, as hefore, an effect equivalent
to the rectifier. In this circuit four
arms dare represented by the im-
pedances Zio, Zoo, Zw. 8and Zy. The load
is included in the impedance Z:, and
may constitute the whole of this im-
pedance or any part of it. It should
be pointed out that while the four
bhalancing arms Z.. etc., may he of
any type it is necessary that at least
two opposite arms be capable of pass-
ing direct current and at the same
time the bridge must be strongly un-
balanced for the direct current. In
order to make the case general an im-
pedance Zg, is shown in series with
the generator. This might represent a
series inductance or an entire filter
mesh introduced hetween the generator
and the bridge.

In the case of a bridge circuit the
elementary circuit may be variously
selected. In any case there will be
three circuits. For instance, circuit
I would include the generator, and
impedances Zw. Z.o and Zs,. Circuit II
would include impedances Zio. Z.o and
Zso.  Cireuit III would include Zso,
Zw and Z:. We are. of course. inter-
ested in the current I, tlowing in the
load branch Z., and this current will
be found to be given by

Lo E [7»(17‘ Zi0da0)

. (Zm+7l20) (ZanZotZs0Z0) + (Zao+ 250}
(ZyoZootZsodaro) + (ZsotZeo) (Awlaot
ZinZzo) + Zso (Ziodo+Znls0) + Zeo

(Z10Zso+ B30d10) ®
One emhodiment of a bridge tvpe
mesh is shown in Fig. & In this

figure there ix no impedance between

ARG
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The addition of
inductor 12,
wound on the
same core as
Inductor 5, will

RECTIFIER
AND
TRANS-
FORMER

introduce a re-

sonance effect

in the filter cir-
cuit.

the bridge and the rectifier system so
that Z, 1is zero. The bridge arm
71 is formed by the inductance 20 and
the capacity 21. Zj is formed by the
inductance 22. 20 and 22 are both
mounted on the same iron core 23.
The arms Z., and Z, are formed re-
spectively by the pure resistances 24
and 25. If we are considering the
filtering for the detector circuit the
impedance Zs. will comprise the series
rexistances 26, 27 and 28, together

with the complex impedance formed
260
I
FIG.7
A bridge circuit arrangement,

composed of generalized imped-
ances which will provide the de-
sirable suppression characteristics.

by the capacity 29 and the plate re-
sistance of the detector tube. By so
proportioning the four arms of the
bridge that the following equation is
satistied

Zizo, Zao Zno, Ziso (ﬂ)

the numerator of equation 8 may be
made to vanish at the frequency for
which equation 9 is true and at this
frequeney no alterating current will be
passed through the load. By making
the reactance of the capacity 21 small
in comparision with the reactance of
the coil 20. the numerator ot equation

I
=] 2
RECTIFIER | 21--f~ 28
AND
TRANS- A filter circuit
FORMER of the bridge
type, repre-
— 25 sented in gen-
eralized form in
31 Fig. 7
£
‘. R
+180V. -C -C -B +B +90V

40V. 45V.

FiG.8

DET.

FIG.6

8 will remain small for all higher fre-
quencies and a substantial suppres-
sion will be exerted on them.

Turning now to the direct current
characteristics of such a mesh it will
be seen that no direct current ean pass
through the arm containing the con-
denser. Further, since in order to bal-
ance the bridge for an alternating
component it is only a ratio of the
arms whicll is required, we may make
the upper arms as small as we please
and therefore waste very little direct
current through the resistance 25.
The resistances 26, 27 and 28 serve as
a potentiometer for taking off inter-
mediate voltages and the capacities 30
and 31 perform the usual by-passing
runction for signal currents. Since
any ripple introduced into the last
tube in the audio amplifier is not fur-
ther amplified only 1 moderate degree
of filtering is necded for this stage.
The potential for this tube is therefore
taken off at the upper terminal of the
capacity 21, as shown.

The circuit just described has the
advantage of requiring only one in-
ductive element and is extremely
flexible in its design possibilities so
that it may be adapted to a wide va-
riety of output specifications.

Radio Jobbers Form National
Organization

NE of the most outstanding

features the Bi-Annual Con-

ventiou of the Federated Radio

Trade Association in Mil-
wankee wux the foundation of a
national organization of radio jobbers.
This organization to take in individual
jobber members throughout the entire
country and to become a part of the
Federated Radio Trade Association.
The Jobber's Section will aet individ-
ually and of its own accord and will
buitd a strong foundation for the Fed-
srated.  They will work on their own
individual problems for the good of
the entire industry but will not
attempt to dominate the sections of
the Federated ax a group.

On admission for membership:—A
jobber shall Lecome eligible for mem-
bership in the Jobbers Section of the
Federated Radio Trade Association if
he does business on a substantial
whotesale basis and does pass the
requirements of the Membership Com-
mittee.

Many
througliout the

wholexale radio houses
entire country have
signified their intentions of joining
this national movement and its suec-
cess is already assured.
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The Problem of the Battery Set

Methods and Circuits for A.C. Conversion

PART 1I

IIE object of all A.C. conversion
methods is to make of the bat-
tery set an A.C. set of the usual
type of whieh rhe circuits are

all very similar. in so far as power
supply is concerned. Therefore, an
analysis of these circuits is in order.
The elements of such a cireuit, as
shown (Fig. 1) are. one or more
transformers, for filament and plate
supply, rectifying tube (or tubes),
filter circuit, control and bias resistors,
and a few sundry condensers. This
is all in addition {o the usual circuits
of the D.C. radio set. The circuits of

i
é?
| Y
b_
Fig. 1. R.F. and A.F. circuits for
A.C. tubes of the ’26 type.
R.IE. and A.F. amplifving tubes are
identical. The filament is heuated by

a transformer winding Tr. tapped at
its center point for plate and grid re-
turn. The resistor Reo is the bias re-
sistor, which sets up by In Rw the
proper negative potential at the grid.
The condenser C» holds down the back
coupling of the signal fluctuation into
the grid circuit, which would be in a
negative or preventive direction.

A.C. Circuits

The usual detector stage, consisting
of a heater type tube, usually with
leak and condenser detection, is only
slightly different (see Fig. 2). The
grid is° biased by the leak to the
cathode; the tuned circuit may be con-
ductively anchored at its low end, or
merely by a comparatively large ca-

* Chief Engineer, Radio Receptor Co., Inc.

By Victor Greiff, E.E.*

pacity (in the order of IM.F.) at Cs.
An inreresting feature is the connec-
tion between the cathode and the
cenrer tap of the heater winding. This
is similar to the standard biasing
hookup; but in polarity and amount
offers wide latitude.

Variation seems principally to con-
trol the sensitivity of the tube. The
manufacturer’s recommendations vary
from —45 volts to 9 volts on the
lieater with respect to the cathode.

The only other element in the elec-
rric set is the output tube circuit. This,
however, is very similar to the audio
stage of Fig. 1, but with ditferent con-
stants, us a 171 or, in the better
models, a 210 or similar, would be
used in this stage.

The cases in A.C. electrification of
cets may be classified with respect to
condition 'of equipment and results to
be atrained :

1. Set is equipped with a B-elini-
naror capable of giving over 180 volts,
preferably 210 volts or over.

2. D-eliminator for set must be fur-
nished--best tone results not essen-
tial (171 output tube =atisfactory).

3. B-eliminator for set must be fur-
rished : best outfit desired, 210 tube.

In case 1, there is usually a 171 in
the last stage with a separ:te bias for
it, and an output rranstormer, if
needed, with the speaker used.

Such a =et, for bhattery operation,
may have connections as shown in Fig.
3. llere are four groups of grid re-
turns; the detector, to A.I.; the R.F.
stuges to A.; the 1st A.I. stage to

(1, usually 4'% volts, aud —C2,
usually 271% volts or move. Of course,
some of these are often combined.

The —B sources may be as varied
as shown, or may likewise be com-
bined, usually the R.F. and the AL,

+R

[

In converfing thisx set, the B-elimi-
nator may be retained. It will be seen
that the voltage supplied to the 171
will be robbed of an amount equal to
the ¢ hiax. This is obvious. since this
grid hias resistor iz directly in series
with the plare-tilameutr circuit of the
tube.

—r=l=
| s

& l?%T,

! X
AN
I__J
Fig. 2. Detector circuit for
tube of the

A.C.
27 type with heater
element.

Moxt important, it will be seen that
connecting the old A— and the C— in
no way limits the bias of the 171 or
the 226's. The transformer windings
are raised to ditferent negative poten-
tials (D.C.).

Tvying the —C1 to these others does
limit all the 226’5 ro the same bias.
This is found best amd, in faet, they
are usnally all operated at the same
plate voltage also.

The cathode of the 227 is shown
connected, via the A— lead directly to
the heater transformer, without the
intervention of any biasing element.
However, the 226 bias may be used
in either direction, or a part of the
171, or a separate bias developed, ac-
cording to the practice selected.

The sinmplicity of this connection
makes it interesting (see Kig. 4). The
unit with rhe necessary A.C. windings

+D +A4
[+]

m

Bl

- 5

|
|

+H

y
+A-8o- L F f ( E >
+Co—ll
-Co
~(0
Fig. 3. Standard grid, filament and plate connections of a battery operated

receiver illustrated for the purpose of indicating the steps in converting a
set to A.C. operation.
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ahd biasing cireuits and terminals for
simplest conneetion, should be quite
popular. There is required with it a
six wire harness with adapters, These
adapters must maintain the grid and
plate connections as with batrery tubes.
but make no connection with the old
filament springs in the =ockets, except
in the case of the detector, where a
connection for the cathode is desired.

Of course, it should not he forgotten
that (he =ct can be rewired for the
new tubes, It will be seen that if all
the set counnections are maintained in-
tact, except to detach them from the
filament springs of the sockets, the
altered set will operare O. K.

The same thing may be accomplished
by hending back the filament springs
and feeding the \.C. to the filaments
by & tangent connection or adapter.

In this application of the 226 tubes.
as in others, it may De found necessary
to cut down the =ignal energy to the
grids of rhe rubes in the R.I. stages
by rthe insertion of grid rexistors.
This is not a universal remedy for
oscillation, but some buttery sets use as
high as 1600 olims, though the writer
suspects that rhere are bad oscillatory
couplings in such sets. This value of
resistance is about the maximum re-
quired to stop oscillation of a 226
under any norm:l condition. and a few
hundred ohms in eaclt R.F. grid ecircenit
generally suffices.

Volume Control

The matter of control ix not 1o be
forgotten. Control of the filaments of
226 tubes is almost impractieal, for
the following reasons:

1. Time lag.

2. A very sharp cut-off at very low
voltage.

3. Necexxity for balanced A.C. volt-
age (neutral).

4. Distrubanece
ditions for control
troduce hum.

lunvestigation has shown that it is
most desirable to permit the tubes to
operate aut full power and cut down

of tube working con-
purposes may in-

the  “gain’”  somewhere hefore the
detector.
The most convenient and accessible

point of the circuit is, of course, the
antenna, and the most generally desir-
able connection is a potentiometer of
high enough resistiance not to drain
too much of the antenna energy at the
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Fig. 4.

The circuit of Fig. 3 converted to A.C. operation.
left is a standard filament heating transformer.

The unit at the
This supplies filament cur-

rent to the three 226 tubes, the 227 and the 171 through separate windings.
Note the grid connections.

found very satisfactory) connected, as
shown in Fig. 5. sometimes character-

ized as the “constant output imped-
auce’ connecrion,
A .
70 SET
G

Fig. 5. A high resistance potenti-
ometer connected in the antenna
circuit as shown makes an excel-
lent volume control for A.C. sets.

The use of the existing B-climinator.
as described, is never quite as desir-
able ns the use of a properly designed
combination unit, comprizing B-elimi-
pator, filament windings, and a coni-
plete B-bridge across the potential ecir-
cuit, giving stability, f{reedom 1rom
tube intercoupling, and wide adapta-
bility to different sets. The circuit of
a unit of this sort is shown in Fig. 6.

This type of unit using the 171 tube
can give any set the power plant of the
less expensive electric sers. It cannot,
however, promise any considerable im-

full position (25.000 ohms has been  provemrent in toune. if a 171 with good
T T O +180
. ] :
N =l= fj— %f +135
| T 4 1
I :
— —1 0 +45
3 g — —
= =
b= |
= — T
<= =
1 } é -8
T
| —
Fig. 6. Circuit diagram of a complete A-B-C unit for A.C. receivers. Three

filament heating windings are included oh the core of the power transformer
for supplying current to the A.C. tubes and the power tube.

voltage has been u<ed with the set
previously,

Unfortunately, these units are being
thrown on the market by simply pack-
ing a cheap form of the previonsly de-
seribed  addition unit, consisting of
filament transformer, bias resistors.
ete. into unsaleable B-eliminators.

It the plate source circuit were suf-
ficiently high in voltage and stability.
this would g¢ive an equally good unit;
but no job, except perhaps some ama-
teur packs, has this range. Stability
should be obtained by having low re-
sistances throughout, so that the
cross drain through the 13-bridge is acs
high as 50 mils. on open eircuit.

The harness and adapter problem on
such a job is the same as the previous
one. The tubes must be furnished with
filament and heater current thirough
the harness. and with signal connec-
rions to the set. This may be accom-
plished :

A. By rewiring the set.
sometimes quite easy.

This is

B. By tubes with side connections,
A temporary expedient.

C. By standard A.C. tubes with
adapters of either. *(a) the prong
tvpe. as  furnished with  powerized
harness: *(b) the flat shelf type, for
UX base tubes and where tilament

springs of the <ocket may be bent back
or cut off.

* Pats. }’ending.
(To be continued)

Corrections
Second solution of parallel resist-
ances shown on Page 41 of Part 3 of
“The Mathematies of Radio” reads as
follows:

1
R= or 3.07 ohms /
3.25
it should be
1
R= or 3.07 ohms
.325

Solution of parallel resistances in
second column on Page 40 reads as
follows :

ExR1
R 2=
R plus R1
it should be .
RxR1
R2=——

R plus R1
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Small Power Transformers for “A” and “B”

Units

Design Calculations Relative to the Construction of Small Power

P to the time that B-eliminat-
ors and similar devices came
into almost universal use.
the design of small power

transformers has had a tield of interest
limited to such uses as that of ringing
bells, operating various electrical toys
and sonie special purpose applieations.
With the present day demand for com-
plete electrification of radio receivers,
the more general use of power ampli-
fier equipment as applied to use in con-
nection with both radio receivers and
electrical reproducing phonographs, the
small power transformer has assumed
a position of vital importance and has
become of interest to all.

A careful analysis of large num-
bers of transformers used in present
day Tadio receiver power equipment
shows definitely that many manufac-
turers of transformers, in an attempt
to cut down the cost of manufacture
of such articles. are disregarding the
fundamental design equations to the
extent of turning out transformers that
are operating continnously at the verge
of burning up, have poor regulation,
efficiencies of is low as 6809, and last
but surely not least cost much more to
produce for the ectliciencies obtained.
It may be true that the ultimmate con-
sumer may not care at all what current
his power supply relatively consumes,
It is also quite probable that the buy-
ing public is not in the least interested
in the engineering problems of trans-
former efliciency, but it ix also true
that many radio manufacrurers are
expending large sums of money for
copper hecause theyv think they are ex-
ercising econoiny hy using cheap grades
of transformer iron. A more economi-
cal method would be to buy lines of
force instead.

For any wiven wattage in a trans-
former a definite suum total amount of
iron and copper must be uxed for any
given efliciency. The separate amounts
of both of these elements may he varied
over comparatively wide ranges with-
out seriously affecting the efficieney.
This being the case. it hecomes ap-
parent that as iron costs a fractional
part of the value of copper, a minimum
amount of copper should he used. In-
cidentally, the less copper used the
better the regulation. To get the best
possible combinations of iron and cop-
per though is not only the result of
calculation but of years of experience
in transformer building. Also it must
not be forgotten that it is the total

* Chief Engineer,
Laboratories.

FElectrical Research

Transformers

By P. McK. Deely*

flux density or number of lines of force
that is important. If cheap grades of
iron are used instead of the high
silicon sheet steels there certitinly must
he more of the former used or Inore
copper.

The purpose of this article is to show
how reasonable design figures can be
determined. Like rhe insignia of a
certain fraternal organization, a trans-
former consists of “three links”: the
primary, the secondary and the core.

Transformer Losses

Defore attempting the design of a
transformer it is important to thor-

St

Pi 7

— s2

FIG.! s3
General arrangement of windings

on the power transformer.. S, is
the high voltage winding. S: and
S; are filament supply windings.

oughly understand the different losses
in a transformer and their mutual re-
lations,  As a transformer consists of
three links there must be three classes
of losses. I’rimary loss, secondary loss
and core loss.

The primary loss is a true I'R loss,
expressed in watts and is the ohmiec
resistance of the primary winding in
ohms multiplied by the current in am-
peres squared. that is flowing in this
winding. Likewise, the secondary
losses are expressed in watts and de-
termined in rhe same manner uas the
losses in {he primary. If the primary
is connected to the supply line but the
secondary is disconnected, the sec-
ondary loss will he zero but the pri-
mary has a small current towing,
therefore a small power loss.

The core loss consists of two sepa-
rate forms of power loss. First the
eddy current loss and second the liys-
tevesis loss. DBoth these losses are ex-
pressed in watts. Any conductor

placed in a magnetic field of changing
flux has an electric current induced
into it, likewise an electrie current is
induced in fthe iron of the core. These
currents are undesirable because they
represent power drawn from the sup-
ply source which ix not available for
use.  Also this power is wasted in
the form ot heat which heats the cop-
per in both primary and secondary
windings increasing their resistance
thereby causing still further losses in
these windings.

Eddy current losses may be kept
snmiall by uscing thin sheets of steel or
iron and insulating one sheet from the
other by coatings ot inxulating varnish
or in case of the high silicon steels the
natural oxide or scale. This insulating
coating must be kept very thin or the
total core section will be greatly in-
creased. In dexign practice it must
always be remembered that allowance
must he made for this insulating coat-
ing in determining core cross section
area.

Eddy current losses are expressed as
a rule by the tfollowing equation :

16.98
1_016. b.fEBA

We:

We is loss in watts per cubie inch.
b the thickness of a lamination in thou-
sandths of an ineh (mils), f the fre-
quency and B the tlux density in lines
of force per square centimeter of core
cross section (Ganss).

The hy=steresis losx in an iron core
can be explained by picturing the fol-
lowing : When a piece of iron is mag-
netized for the first time and the mag-
netizing force removed a portion of the
magnetic flux remains in the iron. To
remove this portion completely it is
necessary to magnetize the iron in the
opposite direction. Obviously energy
must bhe used to demagnetize the iron.
and for each single reversal of the
magnetizing force there is a definite
amount of energy expended. As the
primary current of a transformer is
constantiy changing in both value and
direction mnaturally the maguerizing
foree is likewise changing, thevefore
the total hysteresis loss per second is
a function primarily of frequency.

ITysteresis is a Greek word meaning
“to lag." As magnetization is a mo-
lecular arrangement of the iron mole-
cules, hysteresis can be defined in this
sense as a molecular lag resulting in
molecutar friction which manifests
itself in heat.
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Hysteresis loss is expressed by the
following equation:

16.38
107

Wh is the loss in watts per cubic
inch of iron, k is a constant called the
hysteresis co-efficient and is deter-
mined by the class of iron or steel
used. B is the flux density in gausses,
or lines of force per square centimeter
of cross section of the core, £ denotes
frequency.

The total core loss in a transformer
is the sum of both eddy current loss
and hysteresis loss and is expressed
by the equation:

Wh— k{BLe

WeWo.t Wh 16.38 b*B*416.38 o,

107

10.16

Power Efficiency of Transformer

Having defined more or less roughly
the losses in a transformer the next
consideration is efficieney and regard-
less of the fact that so many designers
of transformers for use in connection
with radio receivers make the claim
that high efficiency is not only unnec-
essary but nndesirable from an eco-
nomical manufacturing viewpoint, it
is necessary for the fundamentals of
efficiency to be understood to design
any transformer.

The power eflieiency of a transfor-
mer is expressed as the ratio of the
useful power output to the total power
input. If this fraction is multiplied
by 100 the efficiency will then be ex-
pressed in per cent. The useful output
is obviously the total power input less
the sum of all three losses.

W.— W, — (I?R),— (I2R),
W

The power efficiency could also he
expressed as the secondary load in
watts as obtained by the product of
voltage times current divided Dby the
sum of the secondary wattage plus the
wattage of both copper losses in pri
mary and secondary windings plus
total core loss, more readily expressed
as follows :

Wi—

N =

E.T.

E.ls + R, + LR+ We

This is an assnmption which holds
true only when the power factor is
assumed to be unity or in other words
the second:ary load is non-inductive as
is the ecase with the applieation of
transformers to their uses with radio
receivers. Since the copper losses in
hoth primary and secondary windings
vary as tlie square of the current in
these windings the eilicieney of a trans-
former is a variable factor and traas-
formers should be designed to have
maximum efliciency at normal loadl.
The core loss can be assumed to be
constant and this has an important
bearing on design of large constant
duty transformers but need not be
mentioned here.

All losses in’ transformers are heat

7

losses. This is important to bear in
mind, especially so since the advent of
the completely electrified receiver. The
user of a radio receiver since its com-
plete electrification shows a marked
tendency to turn on the receiver and
let it run for indefinite periods of
time. This is only natural as there is
no fear of run down batteries or lim-
ited service. At the same time this
tendency is playing havoc with some
power apparatus in which transformer
efficiency and heat generation and dis-
sipation have been given little con-
sideration.

The ratio of transformation should
next be considered. and this is de-
scribeid as the ratio of secondary volt-
age to primary voltage.

Es
Ratio — —
ED
Transformer regulation is indieated
by the proportionate change in secon-
dary voltage from open circuit load to
full load. This can only be determined
by aetual measurement. The calcula-
tion of core losses ean be eliminated
and core size and volume may be de-
termined direetly by a shorter method.
The manufacturers of high  silicon
sheets guarantee a minimum total core
loss in watts per pound. By assuming
a certain total core loss as determined
by size of proposed transformer the
total volume of core can be readily
ascertained, and this will be fully cov-
ered a little later.

Example of Transformer Design

To make this article more practical
and useful, complete dexign of a trans-
former will be carried out step by step.

Design of power. transformer to sup-
ply filament current to one type 281
rectifier tube and one 210 power tube;
also to supply plate current of .065
amperes at 330 volts. (See Fig. 1.)

First determine total useful output.
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Supply current to be 110 volts,
cycle alternating current.

Es; = 550 volts

60

Es: = 9 volts
Ess= 9 volts
Is, = .063 amperes
I, =1.25 amperes

Is; = 1.25 amperes

Total useful output—

(550 X .063) + (9 X 1.25) 4+ (9 X
1.25) = 58.25 watts.

Assume an efficiency of 90% :

58.25

Input = ——— X 100 = 64.72 watts.
90

Total input to primary at normal

load is 64.72 watts.

Assume the use of high silicon sheet
=such as Apollo Special or Armco Trans-
former Special and No. 29 guuge
(.014”) B = 5,000.

Total  losses —(4.72 — 58.25 — 647

wiatts.,

Also in this type of transformer it
is usual procedure to assume that cop-
per losses are equal to the core losses.
This is an easy illustration, howerver.
of the design problem, as are most of
the assumptions in this . article.

6.47
Core losses — = 3.235 wuatts
2
6.47
Copper losses — ——— — 3.235 watts
2

It is also customary to assume that
the secondary losses are two-thirds of
the total copper losses therefore:

Primary loss=—1.078 wutts
Necondary loss — 2.156 watts

Determinations of volume of core:

. 1638 (2B )
- — 1.8
We= 5 ( G To.0021 £ B

b==.014 or 14 mils which corresponds to No. 29 gauge.

-CORE -
29 GAUGE ARMCO
TRANSFORMER
SPECIAL. .014" TH.

130 "A" PIECES
5"LONG X 1" WIDE.

130 "B" PIECES
2V5" LONG X 1" WIDE.
Details of the ~WINDINGS -
t -

D, (. (e ] ] N PRIMARY - 648 TURNS
sign oKf which its fo— | e 4" | OF N2.22 B. & S. GAUGE.
worked out, l -

Do by skep_in n e ¢! SEC.Net- 3600 TURNS

this article. All
dimensions, etc.,
are the result
of mathemati-
cal calculations | St
explaired in the

OF N9.3! B.&S. GAUGE

SEC.N9.3 - 58 TURNS
EACH, OF N2.19 B.& S. GAUGE. l

w
m
0
Tz
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n
P4 ]

text.
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Wo— 16.38 [14‘3X6(12X50002
T e 100
+ (0.0021X60X 5000 l-e)]
W, 16.38 [196x3600x25,000@g
AT 1,000,000,000
-+ (.0021 X60X5000 16 )]

5000 ".°is not obtained logarithmetically
as follows:

log 5000 18 == log 5000X1.6

log 5000 1.6 = 3.698987X1.6 = 5.918352

With the use of a table of loga-
rithims the number corvesponding to
this logarithim is found to be 828 600.

To continue:

16.38 _ [196X360025,000,000
10,000,000 7 | 1,000,000,000
+ (0.0021)(60)(828600)]
16.38
- X 122043.6
10.000.000

L000001638 X 122043.6
1999 watts per cubice inch.

In the beginning of this design prob-
lem total core losses were assumed to
be 3.235 watts and as the core loss is
0.1999 watts per cubic inch then the
total volume of the magnetic circuit
must be:

3.235

——— =16.1 cubic
1999

inches.

It is apparent that the mean length
of the core (1) multiplied by the cross-
sectional area (A) is equal to the vol-
ume in cubie inches.

A X1=1¢ cubic inchex.

Right here we must assume another
numerical value and this is the cross-
sectional area. For convenience in coil
winding this is generally made square.
Also, we must add 10% to the total
core volume to allow for space occu-
pied by the oxide, scale or other in-
sulation laminations otherwise we
would have only 90% of actual core
material in a given space.

16
X 100 = 1%7.7 cubic inches.
90

Assume A —1° or 1 square inch

| 17.7
-17.7 inches

one-half the mean length ==

17.7

=—8&.8 inches.
2
Now it must be decided whether the

“shell type” core or so called ‘“core
type” transformer is to be used. This
is governed by space available, coil
winding faecilities and insulation fac-

tors. For use in connection with radio
receiving power equipment the shell

type is in more or less common use.
To facilitate illustration, this particu-
lar design will be completed on the as-
sumption of use of core type as this is
the easiest construction for the average
builder.

If the shorter leg of the core is as-
sumed t¢ be one-third that of the
longer, then the long laminations will
be 5.86 inches X 1 inch and the shorter
293 inches.

Rapid Calculation of Core
Dimensions

Now before going ahead with the
design of the primary and secondary
windings it is advisable to discuss
briefly the shorter method of arriving
at the size of core dimensions without
woing through the more or less tedious
mathematieal caleulations just illus-
rrated and for the additional reason

thatr advantage may be taken of the
better g¢rades of high silicon trans-
former sheets now available.

Such silicon shects as Apollo Special
or Armco Transformer Special have
guaranteed maximum core loss for No.
20 gauge at 60 cyeles and 10,000
guusses of upproximately 0.8 watts per
pound.

Assnmed total core loss was 3.235
watts.
3.235
4.04 pounds.
S

As such sreel weighs approximately
.27 pounds per cubic inch

4.04
——14.9 cubic inches.
27
Much simpler and shorter. no?
Now comes the design of the primary
winding. The fundamental trans-
former design equation is:

\/2XAXNDX7erB
Eo ——

10°

E» = primary supply current voltage.

V2=1.414 or conversion factor of
peak voltage to root mean
square (R.M.S.) voltage.

A = cross sectional area of core in
square centimeters, because B
is in gausses or lines of force
per square centimeter.

Np = number of turns in primary
winding,
m—3.1416.

f = frequency of supply current.
— magnetic density in gausses or
lines of force per square centi-
meter of cross sectional area.

We have assumed A to be 1 square
inch and B to be 3000 in our core cal-
culations, One square inch—26.45
square centimeters
f — 60 cycles
OF 110 volts

1.414%6.45XNpx3.1416X60X5000
110 = -

10°

8,707,300 Np
110— = ==
10°

Np=1263 turns
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It might be well to say right here
that it may seem satisfactory to the
reader that in a 60 or 70 watt trans-
former 1263 primary turns will be the
right amount, but stop and consider
for a moment. Such a large number of
turns in the primary means relatively
that many more in the secondary,
especially so when a step-up secondary
ratio is desired. The increased length
of secondary windings means increased
ohmic resistance with consequent loss
of voltage and poor regulation. It is
apparent that in the equation for pri-
mary turns the values of B and A
must be increased if the copper con-
tent is fo he kept low. The increase
in A is a relative factor because al-
though an increase in the numerical
value of A decreases the required num-
ber of turns it increases the mean
length of each turn. It is conunon
nrodern practice to operate the high
silicon sheets at from 60000 to 80000
lines per square inch or 10.000 to 12.-
000 gausses. Assuming a 1B of 10.000
eansses the number of primary turns
hecomes 648 turns. This reduces the
copper content of the design by almost
half. Also the use of the high silicon
steel enables the total cubic content
in this particular design to be reduced
approximately 3 cuhice inches.

The designed becomes more specific
noaw.

1 = =15 inches

X 2 =15 inches.

Size and Length of Primary Wire

There are two methods of determin-
ing this. First assume, as is also
standard practice by the manufactu-
rers of better grade transformers, 1000
circular mils per ampere of current at
normal full load and let it go at that,
and second by the following method:

Length of wire:  Core section is 1
inch square then it must be 4 inches
around it. If the primary is wound
next to the core, as is common prac-
tice, & mean turn must be more than
4 inches, say 5 inches. As there are
648 turns then

648X 5
——— == 270 feet.
12

Size of wire: The primary copper
loss wuas assumed to be 1.078 watts,

[} Rp=1.078
Primary voltage 110 volts

64.72
———— — .588 amperes
110

I3 =.5882=345744

Primary current
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Resistance of primary,
calculations :
.345744R — 1.078
1.078

using former

R — .340744
—3.1 ohms.

3y consulting the wire table the size
of wire which is nearest to that cor-
responding to the desired resistance is
found to be No. 20 B & S gauge.

3.1 ohms

0114 ohms per foot.
270 feet
Now the eircular mil area of No.

20 is 1022 circular mils, and that of
No. 22 is 42 circular mils. Based on
the previous shorter method of allow-
ing 1000 circular mils per ampere No.
22 would be perfectly sutisfactory. The
weight of the primary wire can easily
bhe obtained by referring to the tables.

Secondary Windings
The optional merhods of determin-
ing sxize and length of primary wire
having been discussed. it is not neces-
sary to repeat same for the secondary,
«0 the design of the transformer will

be completed by the shorter and more
convenient method.

Es

Transformation ratio—
E»

Es;= 550 volts

Es«w== 9 volts

Es;— O volts

Assumed eflicieney of transformer
was 90%, therefore ratio of transfor-
mation is also only 90%.

Es 550
=-——=15
Ep 110
648
X — X 100 = 3600 turns in
90 secondary No. 1

Current in sceondary No. 1 is .065
amperes; size of wire required is 65
cireular mils or No. 31 B & S gauge.

Els: 9

- - -.081
Ei 110
648
081 = - X 100 = H8 turns

90
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Current in S$:=—125 amperes; 1250
circular mils required which is equiva-
lent to No. 19 B & S gauge wire 8; is
a duplicate of S..

The de-
as calculated are

This completes the design.
sign  specifications
given in Fig. 2.

Conclusion

The object of this article is to show
only the fundamental design problems
of transformer design and the actual
appleation of the various equations. In
doing this & number of roundabout
methods have been applied for the sole
reason of illustration. The actuitl abil-
ity to rapidly and etliciently design good
transformers is the result of experi-
ence and the use of good common
sense and judgment in the application
of the funduamental design eqguations.

No mention has been made of in-
sulation problems. heat dissipation,
core mounting, coil assembly or coil
trentment. All these phases are nat-
urally equally important with the
others but are governed by the par-
ticular and conditions to which
the transformer is to be subjected.

use

Pointers on the Use of the Screen-Grid Tube

Perfect Shielding of Leads and Circuits Required

IIE widespread interest in the
new CX-322 screen-grid tube
has caused many fans to build
sets uxing these tubes. In some
cases both engineers and fans have not
properly investigated the operating
characteristies and peeculiarities of
these tubes. with the result that the
receivers they have designed and built
have not proved entirely satisfactory.

Proper Use Produces Results

It must be remembered in dealing
with this tube that certain precautions
must be followed if the extraordinary
possibilities of the tube are to be real-
ized. The Cunningham CX-322 is not
a “tricky’” tube to use, but it is dif-
ferent than the standard 301\ type
of tube and therefore requires special
attention.

Careful Shielding Important

In using this tube there are two
very important factors which must be
given ecareful consideration before
maximum efliciency can be attained
through its use.

The first is that of careful and com-
plete shielding of each R.F. stage and
the second is that of proper design of
the R.¥. transformers or coupling
transformers.

There is nothing about the new tube
that will eliminate nndesirable inter-
stage coupling in electromagnetic and
electrostatic forms, and therefore
shielding in a two stage screen-grid
amplifier must receive approximately
the same amount of attention as would
the shielding in a four-stage radio fre-
nency amplifier.

With adequate shielding. it is en-
tirely practicable to employ even three
stiuges of R.IF. amplification. using
CX-322 tnbes without any trouble from
oscillation. Incidentally, such an am-
plitier will provide a voltage amplifi-
cation of from 10,000 to 15,000 as com-
pared with around 125 for a similar
number of stages in the average re-
ceiver and about 1,000 for an excep-
tionally efficient R.F. amplifier using
301A type tubes.

To be at all effective, shielding must
include not only the metallic shielding
usually used to isolate each R.F. stage
but also means for preventing coupling
through the battery or eliminator
cireuits,

Copper Shielding Best

The former can best be attained by
the use of suitable completely inter-
locking shields. For that purpose. cop-
per shields with soldered corner joints
and slip-over tops, are best, but where
such joints are not practical, com-
puratively heavy aluminum with over-
lapping joints may be used. Very thin
shiclds are practically useless. Alumi-
num nsed for the purpose should be at
least about .08 inch thick. Copper may
be thinner but should not be less than
about .05 1inch thick. Individual
shielding “cans” for the tubes are
recommended though not absolutely
necessary. For best results even the
lead which connects the plate from one
tube to the coil of the next stage should
be shielded by means of a small
grounded metal covering.

To eliminate battery coupling it is
necessary to employ radio frequency
chokes and by-pass condensers in the
plate circuits, In a three-stage am-
plifier it is advisable to also include
chokes in the scereen-grid leads of each
stage, although in a two-stage unit.
chiokes in the plate leads alone will
usually prove adequate.

Special R.F. Transformers

The standard types of R.F. trans-
formers used to couple R.F. stages
using 301A type tubes cannot be used
in eircuits employing the CX-322 screen-
erid tubes, because they do not pro-
vide a sufficiently high primary im-
pedance to obtain the high degree of
amplification possible with these tubes.
The old standard type of transformer
with a small primary winding may be
used as an antenna coupler, but not as
a coupler between the R.F. stages.
Transformers for the CX-322 tubes
should have primaries having approxi-
mately the same inductance as the
secondaries. Impedance  coupling,
using a single coil common to both the
plate cirenit of one tube and the grid
circuit of the succeeding tube may be
used, but this method does not permit
of the selectivity obtained by the trans-
former method.

The use of the close coupling ob-
tained by having a transformer with
equal primary and secondary winding
does not broaden tuning to any ap-
preciable extent if proper care is taken
in the design of the transformers and
circuits.
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The Mathematics of Radio

Determination of Resistance Values for Filament Circuits and the
Calculation of Condenser Capacities

PART 1V

OW we can consider the general

application of  resistances.

Variable or fixed, carbon or

wire wound. the calculation
and general applieation is the same.
3y same I do not mean that they will
function in a like manner in all cir-
cuits, that is to say. their operation
will be the same. As a resistance they
all will cause a predetermined voltage
drop, but in some instances the value
of resistance changes with age, use
and the temperature of operation.

£
=
R

FIG.16 -1
8

The voltage of battery B is reduced

by the resistance R to exactly meet

the voltage requirement of fila-
ment F

Calculating Values of Filament
Resistances

The use of a resistance in rhe tila-
ment circuit for the purpose of caus-
ing a definite voltage drop, and the ap-
plication of a predetermined voltage
upon the filament of the tube in ques-
tion. is very familiar to all. Thevefore.
the calculation of this resistance is of
more importance than a desxcription of
its function.

Resistance caleulations have been
covered in several paragraphs. but it
might be well to actually show the
method employed for the calculation of
resistances utilized in actual filament
circuits. T.et us segregate filament cir-
cuits into A.C. and D.C. arrvaunge-
ments, although the process of calcu-
lation is the same in both. Picture
the filament circuit shown in Fig. 16.
We have the tube filament F, the re-
sistance R and the battery B. Let us
assume that this battery is the regular

storage battery rated at 6 volts. With
the trend towards A.C. filament op-
eration, discussion of D.C. circuits

seems out of order, but the contrary is
true because the method of procedure
is applicable to other combinations.
We know, having examined the tube
carton. that the filament voltage to be
applied to a 201-A is § volts and that
the tube consumes .25 of an ampere.

What resistance R is required to re-
duce the voltage from the bhattery, so
that it is 5 volts at the tilament ter-
minals. If the battery has a potential
of 6 volts and we regure a potential of
3 volts. we must cause a drop of 1 volt.
According to formula 5 resistance is
equal to voltage divided by current,
hence

1
R= or
.25
R=4 ohms

Therefore, a resistance of 4 ohms
will cause a voltage drop of 1 volt and
the application of § volts to the fila-
ment from the 6 volt battery.

Let us now imigine the same fila-
ment circuit, the same battery but a
different tube. Suppose that the tube
requires 3 volts and consumes only
.06 of an ampere. In this instance we

must issipate 3 volts hence the
problem will be
3
R= or
.06

R=350 ohms

Suppose that this tube were used in
a 4.5 volt battery. What resistance
would he required to reduce the volt-
age to the proper figure? Now we must
dissipate 1.5 volts. According to the
formula
1.5
R=-— or
.06

R=25 olhms

Note thaf with the current constant
the resistance is proportional to the
voltage. If rhe voltage is increased,
the resistance must be inercased. If
the voltage is degreased. the resistance
must be decreasec. The actual calcu-
lation is independeut of the source of
potential. In our discussion we have
used a battery (storage) as the source
of potential. bhut the same method is
utilized if the source is the 110 volt
D. €. house mains., The same applies
to the number of tubes used. 8o far
we have been considering just one tube.
Let us picture a receiver utilizing 6
tubes, connected in parallel, as shown
in Fig. 17. All the tubes are of like
design, consume equal amount of cur-
rent and operate at like values of fila-
ment potential. Assuming standard
tvpe tubes, the potential remains at
5 volts beeause tubes econnected in par-
allel change only the value of current
consumed, the current varying in pro-
portion to the number of tubes used.

By John F. Rider. Associate Editor

When like tubes are connected in
series, the voltage varies as the num-
ber of tubes used and the current re-
mains equal to that of one tube fila-
ment. Ilence the current drain of
the six tubes in parallel is 1.5 amperes
or 5 volts.

What value of resistance R must be
used in the circuit to reduce the line
voltage to the correct vilue, which in
this instance is 5 volts? According to
the formula

105

R= or

1.5
R=70 ohms

(110 volt house mains are used in the
ahove problem). T.et us now consider a
frequently used arrangement for op-
erating single tube oscillators. Try
and overlook the generator part of this
circuit, and also the means of obtain-
ing plate voltage; consider only the
source of filament potential and the
means of obtaining the correct poten-
tial at the tube filnment terminals.
See Fig. 18. Here we have a single
tube oxcillator, whose filament supply
is being -obtained from the 110 volt
D.C. maing, in conjunction with the
plate voltage from the same source.
If the tube is of the 112 type, it re-
quires 5 volts at .5 ampere. What
must be rhe value of R? Solving we

have
105
R= or
5
R=210 ohms
T T . E % 5'
| =
110 V.
F16.17
A parallel fitament connection.
The tube filaments are operated

from the 110 volt D.C. line. Re-
sistance R is the controlling factor.

Now, mention has been made in a
previous paragraph that watts is equal
to volts times amperes, and since the
regular lighting bulb used in every
electrically equipped home is nothing
more than a resistance, despite the fact
that it gives off light, when the re-
sistance is made incandescent, we can
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utilize a bulb of this type as the con-
trolling resistance R. We have found
that we require a 210 ohm resistance.
We know that the tube consumes .5 of
an ampere. What bulb would be suit-
able for use as a resistance? When
used it would replace resistance R
in Fig. 18.

Since our requirements call for a
current How of .3 an ampere let us see

L
(R

R
FI1G.18 - it
11ov. D.C.

An oscillator circuit. Both the

“A” and B’ voltages are obtained

from the 110 volt D.C. line. Re-

sistance R reduces the voltage for
the filament.

which bulb will pass a half an ampere,
or rather whiech bulb consumes a half
ampere when operating. Since watts
equals EXI and since in this case
E—110 and 1=35 the products of
EXI will be 55 or approximately a 50
watt bulb. Let us now solve for the
resistance of this bulb. If it consumes
5 ampere and the voltage is 110 the
resistance will he equal to

110
R=— or
.5

R=—220 ohms

Therefore, this bulb is satisfactory for
use as the resistance. By the same
token other bulbs are satisfactory as
resistances by virtue of rheir inherent
resistance. Such bulbs are exception-
ally snitable for use in echargers op-
erated from the 100 or 220 volt house
mains. A simple way of deciding what
bulb is required. is to consider the
current drain and then to determine
which -bulb (wattage) will pass the re-
quired amount of current. For ex-
ample a 100 watt bulb will pass ap-
proximately 1 ampere; a 200 watt bulh
will pass approximately 2 amperes, efc.
It is of course necessiary to give some
consideration to the resistance of the
system to he fed, but at low voltages
and high values of current, this resist-
ance is negligible. That is to say, if
the svstem fto he fed requires 5 volts
and two amperes. the resistance of this
system is negligihle in comparison with
that of the bulb. At 5 volts and 2
amveres, tlle resistanee is only 2.5
ohns,

A.C. Filament Supply
Now for the A.C. circuits.

find a problem daily inereasing in im-
portance, which fact can be vouched

for by the many users of type 226 and
227 tubes. Operating as we do, and
with the voltage fluctuations en-
countered in house lighting mains, it
is necessary that some sort of cur-
rent control be used in the filament
circuits of the tubes used in the re-
ceiver. That is, if the tube filament
is sensitive to overloading, with respect
to operating life. At this point, some
will say that such resistances are un-
necessary, that the line voltage never
increases to an extent which would
cause excessive filament voltage, when
the source of potential is the filament
transformer. Let me correct this im-
pression. I have made measurements
upon various transformers operating
under various conditions. The voltage
output of the 1.5 volts winding very
often reaches 1.8 volts amnd the voltage
output of the 2.5 volt winding often
reaches 2.9 volts. This increase in volt-
age is not the fault of manufacturer,
even if the output voltage is slightly in
excess of the tube filament voltage
when the line voltage is 110 volts. The
manutacturer of the transformer must
accord some thought to voltage drop in
the receiver wiring, and if he is to
limit his transformer output to the
exact voltage, any small amount of re-
sistance in the receiver filament eir-
cuit will eause a drop great enough to
impair reception by insutlicient fila-
ment voltage.

The caleulation of the correct re-
sistance required in A.C. filament eir
cuits involves the process described be-
fore, but in addition. necessitates the
determination of the transformer out-
put voltage. After this information is

R._..
LV '

110 V. %m
V2 N
Za) 72y

-B-
1i0 V.

LAY

.C-
ADDITIONAL
MID- TAPPED -~~~
RESISTANCE
NOT USED

FIG.18

Arrangements used to obtain a
point of zero potential.

-A-

How.
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obtained, the correct resistance is
ensily determined.

The position of these resistances is
an important subject in A.C. filament
circuits. Because of the center bal-
ance employed, these resistances can
be placed only at certain points in the
circuit. If the tube in question is
equipped with a center tap resistance
such as R in Fig. 19-A, the resistance

TRANSFORMER --_
hEN

1o V.

FIG.20

A variable power resistor employed

with a power transformer to com-

pensate for variations in ling
voltage.

for reducing the filament voltage can
be placed at any of the points desig-
nated by X. But it the filament cir-
cuit is tapped at the transformer. the
placement of a voltage reducing re-
sistance at any of the points marked
X in Fig. 19-B, will muar the electrical
balance of the circuit and ecause a
“hum.” The use of a voltage reducing
resistance in a filament circuit utiliz-
ing a tapped filament winding necessi-
tates the use of another midtapped re-
sistance as shown in Fig. 19-C. In
this case the regular midtap on the
transformer is not used, as indicated.

The value of the midtapped resist-
ance commonly used in A.C. filament
circuits is governed by the resistance
of the tube tilament. Manufacturers of
such resistances have as yvet remained
undecided as to the correect resistance,
all values being manufactured. Since
the resistance of the average A.C. tube
(other than the 15 volt tube) is within
the 1 to 1.3 olim range, practically any
resistance greater than 20 ohms will
be satisfactory.

Mention must he made while dis-
cussing resistances. that the resistances
ntilized in A.C. circuits for the reduc-
tion of voltage, should not be inductive.
The D.C. resistance of a choke will re-
duce the voltage in the D.C. circuit a
predetermined amount, but the action
of this winding will manifest a dif-
ferent effect in A.C. eircuits. This
will be considered lIater.

Voltage Control

\ very popular theme is the use of a
variable resistance in the primary cir-
cuit of the average power transformer
utilized in A and B eliminators. The
function of rhis primary circuit re-
sistance is to reduce the input voltage,
thereby reducing rhe output voltage
and fuunctioning as a volume control,
althongh some claim that this uvuit
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will even control voltage tluctuations.
As a means of controlling voltage fluc-
tuations a fixed or manually variable
resistance is useless as a line voltage
fluctuation control. Such control can
be accomplished only with an auto-
matically operating current limiting
device which will govern the amount
of current fed into the transformer
primary winding. The position of a
variable primary circuit resistance is

—L——_—__ EE——
N | |
SPACING OF |
PLATES

o\ Y
AREA OF

PLATES

.B.
DIELECTRIC FIG. 21

.C.

Ilustrating the three factors gov-
erning the capacity of any cornr-
denser,

shown in Fig. 20. The exact calcula-
tion of this resistance for A.C. cir-
cuits will be considered in a later part
of this series, beciuse it involves data
not discussed thus far. However, if
a volume control unit is desired. or a
resistance for reducing the line voltage
is desired, one rated at 50 watts and
with a range from 25 to 500 ohms, will
be found satisfactory. So mueh for
resistances.

Capacity and Its Use in Everyday
Radio Practice

In the discussion of capacity and
other items associated with A.C. cir-
cuits, rudio frequency circuits and

audio frequency circuits we will de-
liberately omit extensive definitions of
what the term denotes. The actual
definition of the term capacity is of no
use to the man who is desirous of cal-
culating the capacity of a condenser
required to resonate a certain coil to
356 meters. And as far as the actual
calculation is concerned this same man
can determine the proper capacity
without ever knowing anything about
what takes place within the condenser.
This paper is not intended as a treatise
of the theoretical facts pertaining to
radio, but rather as a treatise on sim-
plified design.  Under the circum-
stances, the reader is considered as
sufficientlv versed in just whbat con-
stitutes a condenser and. therefore,
more interested in the decign details
pertaining thereto.

Assuming that the reader is familiar
with the definition of a condenser, let
us proceed with some technical details
pertaining to its caleulation. The ca-

pacity of any condenser varies with
the distance between the plates, be
they two or twenty-two in number. In
addition the capacity of a condenser
can be made to vary by altering the
area of the effective surfaces. A third
means is to vary the subsiance sepa-
rating the etfective plates of the con-
denser; that is to say, to change the
dielectric. These three methods are
shown in Fig. 21, A, B and C. Con-
densers consisting of two plates only,
are shown. but the same facts apply
to condensers comprizing a greater
number of plates.

If we assume a condenser consisting
of two plates, separated a certain dis-
tance and of a certain area, we will
tind that the capacity of this con-
denser will be a certain value, when
air separates the two plates. DBut if
we {ill up the space between the two
plates with some material, such as
glass, parallin, hard rubber, bakelite
or mica, and re-measure the capacity
of the econdenser. it will he found to
be greater than before. The capacity
of the condenser has been increased
by replacing rhe air dielectric with
some other substance. We say in-
creased because air is considered as
a dielectric with a constant of 1. All
orher materials have greater values,
which values are known as the ‘“dielee-
tric constant” or “K” of that material
and denote the ratio between the eca-
pacity of the condenser when this
dielectric material is used. to that of
the same condenser when air is used
as the dielectrie. The dielectric con-
stant is therefore

Cx
K where (7)
Ca

Cx is the condenser with the dielectrie
in question and Ca is the condenser
with the air dielectric. As an example
of the above let us assume & condenser
with a capacity of 0012 mfd. This con-
denser has air dielectric. We fill the
space between the plates with shellac
by immersing the condenser in a con-
tainer of this substance. The con-
denser while in the shellac is again
mensured and the capacity is found
to be .0039 mfid. What is the dielec-
tric constant of the shellac? Accord-
ing to the formula

.0039
K=

L0012
K=3.25

If we know the dielectric constant
of any substance, its use in a con-
denser to replace the air dielectric will
cause an increase in capacity equiva-
lent to

C=Cx—Ca where
Cx=KxCa and

K is the dielectric constant and Ca
is the capacity of the condenser with
air dielectrie.
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As an exuample of the method of pre-
determining increase in eapacity when
a known dielectric is substituted for air
we have the following :

C=Cx—Ca

Cx=KxCa

Ca=—.,005 mfd

K=4.7

therefore Cx=.005x4.7 or

Cx=.0235 mfd (capacity of
condenser with castor oil
dielectric)

C=.0235—.005 mfd or
C=.0185 mfd (increase in
capacity)

Table of Dielectric Constants

= Values of
dielectric

Substances constant (K)

Air ..o oo 10
Glass .............. 4 tol0
Mica ............... 4 to 8
= Hard Rubber ....... 2 to 4 =
Paraflin ............ 2 to 3
Paper, dry ......... 1.5to 3.0
Paper (treated, as
used in cables).... 2.5to 4.0
Porcelain, unglazed.. 5 to 7 5
Sulphur ............ 3.0to 4.2 =
= Marble ........... .. 9 tol2 =
= Shellac ............. 3.0to 3.7 E
S Beeswax ........... MR 2
= Silk oLl 4.6
= Celluloid ........... 7 tolo
= Wood, maple, dry.... 3.0to 4.5
Wood, oak, dry ..... 3.0to 6.0
Molded insulating L |
material, shellac
E base .............. 4 to 7 5
Molded insulating =
material, phenolic £
base (‘“bakelite”).. 5.0to 7.5 £
Vuleanized Fibre.... 5 to 8
Castor Qil .......... 4.7
Transformer Oil .. ... 2.5
Water, distilled...... 81.0
Cottonseed Oil....... 3.1

(Bureau of Standards, Circular No. 40)
[ 1| Janmen it

SN

The accompanying table shows vari-
ous values of dielectric constant for
various substances. These values, how-
ever, are not definite in actual practice,
that is, not constant under all condi-
tions. In the first place, the kind of
voltage applied to charge the con-
denser manifest an influence and effect
upon the vatue of the dielectric con-
stant. If the charging voltage is D. C.
the dielectric constant of the dieleetric
will vary with the period of charging.
Another difference is found if the
charging potential is A.C. The differ-
ences, however, are not great enough
under ordinary operating conditions to
cause effects which will completely
nullify calculations of capacity when
the most commonly used dielectrics are
utilized. 1In actual practice the most
frequently used dielectries are linen
paper and mica for fixed condensers
and air for vuriable condensers. In
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some cases oil dielectric condensers are
encountered, but this is very seldom
the case in everybody radio practice.
Data pertaining to electrolytic con-
densers will be discussed in a subse-
quent paragraph.

Calculating Condenser Capacity

The ftactors governing the eapacity
of a4 condenser have been mentioned.
Let us now consider the general
formula for 2 plate condensers. Three
formulae are used. although the sum
and substance of all three are alike.
Ther follow:

. KS

C—.0885x106x (8)
t
KS

Cl 9)

12556 x t

KSs

C2=.0885x- (10)

t

C is in microtfarads
1 is ecapacity in esu (1 esu==
1.1124 micromicrotfarads)
C2 is in micromicrofarads
K is dielectric eonstant
S iz area of one plate in centi-
meters squared
t ix thickness of dieleetric in cen-
tinerers squared.
Another formula for such condensers
when the capacity is expressed in miec-
romicrofarads is

KS
C—=5.85x.001x (11)
t

Suppose we solve one or two prob-
lems. We have two sheets of tinfoil 27
wide and 20” lopg. The dielectric is
linen paper with a dielectric constant
3. and .005” thick. Sinee 2.54 centi-
meters equals 1 inch, .005” is equal to
0127  centimeters. \ccording to
formula (10).

3$x10,322
C in micromicrotarads=.0885x
0161

(the 10,322 isx equal to the square
inches of surface area x the cen-
timeter constant squared)

Carrying this through to its con-
clusion :
C=169.253 mmfds or
C—.169253 mfds

We have two sheets of metal 10”
square immersed in oil with a dielec-
tric constant of +.7. The plates are .1
ol an inch apart. What is the capac-
ity? Using formula (9) we have

£ 7x254
C
12.56x.254°
303,255

(approx)
8.03

-

C=37TK875 esu
C=37875x1.1124—42132 mmfds
C=.042132 mf'ds

Condensers in Parallel Connection

Just as resistances are connected in
series and in parallel to obtain certain
values, capacities are interconnected in
the same mauner but with contrary re-
sults. When condensers are connected
in parallel, the final capacity is greater
than that of any of the condensers used
in the combination, and when con-
densers are connected in series. the
tinal eapacity is always less than that
of the smallest used in the combina-
tion. Fig. 22-A shows two condensers
connected in parallel. The type of
condensers used is inunaterial, the cal-
culation remains the same. amd the in-
crease in capacity varies iu like man-
ner. (We will discuss the calcula-
tions of multi-plate condensers such as
the standard variable tuning con-
densers in a subsequent paragraph).

With a steady source of potential at
12 in Wig. 22-A, charging the condensers
C and CJ, the same difference of po-
tential exists across the two con-
densers. Now if the charge applied to
each condenser is eoual to

Q—CxE (12)

the total charge will be equal to Q
plus Q1 and be equivalent to (C plus
C1) mulriplied by the voltage or

Qx=(C plus C1)xE

and since the capacity is equal to the

£

Ct

c Showing how
the capacity of
a condenser can
be increased by
any amount by
connecting an-
other condenser
in paratlel with
it. The cal-
cutation is
merely a matter
of simple addi-

_I'i--c tion.
_—_Ili"‘ct LGN JBIB |
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charge divided by the voltage the
resultant capacity is equal to

Cx=C plus C1

If we set the value of C in Fig. 22-B
as 002 mfd and that of C1 as .003 mfd
the total capacity will be equal to

Cx=.002 plus 003 or
Cx=.005 mfd

By the same token the total capacity
of the combination shown as Fig, 22-C
ix 042 mrd.

MAXIMUM .005 MF.
| %
c _L_ o £
_LOOZ MF. T .003 MF. ;
i
4
-A-
MAXIMUM .042 MF.
A ] i N
! X
|
C —I— Ci E'
-[-.002 MF -l_ .04 MF. i
t
| N
_B_
FIG. 22
lllustrating the result of connect.
ing condensers in parellel. It will
be noted that the capacities are
additive.

The calculation of parallel capacities
is carrvied out along the same line re-
cardless of the number of capacities in
parallel, be they 2. 3. 5. or 55. Mind
you, we are not speaking about the
ability of withstanding certain poten-
tialx. This will be taken care of later.
At the prexent we are concerned solely
with parallel capacities. The appli-
ciation of such parallel capacities in
actual practice is shown in Fig. 23,
A and B. In A we find the condenser
used in the plate circuit of the detector
tube. The condenser recommended for
this point is a .001 mfd. Let us
imagine that the condenser already in
the circuit C is one of .0005 mfd ca-
pacity. To augment the capacity at
this point until it reaches the proper
value, we connect another condenser
(1 in parallel with the first. If the
first one has a value of .0005 mfd, the
<econd must have a like value, so that
the rotal should be .001 mfd. In Fig.
23-B we show a stage of tuned double
impedance audio amplification. C is
the coupling condenser within the unit.
Let us assume that it is a .04 mfd con-
(denser. We desire to raise this value
above 1 mfd. To do so we connect in
paraltel with C another condenser Cl1
of at least .96 mfd. We can more
easily solve the problem by making
C1l a 1 mfd unit. Two parallel con-
densers are shown connected across the
I3 supply feeding this audio stage.

(To be continned)
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Tuning the Broadcast Transmitter Aerial

Tuning the Antenna Circuit With a Parallel Condenser Arrangement

T N IGURES 1 and 2 show two
—4{ methods commonly employed
1 for tuning the aerial circuit to

resonance. In most cases,

coarse tuning is accomplished by the
use of a tapped inductance and with
series condensers. The very fine tun-
ing is then done with either a con-
tinuously variable inductance, such as
the variometer or the sliding contact
form of inductance, or the vuriable
condenser.

FIG. 1 '

L2

CLOSED
CIRCUIT

[

..||”'

Antenna circuit tuned by means of
a tapped inductance and a vari-
ometer.

Tapped Inductance and Vari-
ometer

In Fig. 1 we have the antenna or
open circuit coupling inductance vari-
able with taps for the coarse tuning of
this circuit. The variable inductance,
L. takes care of the fine tuning. The
variometer makes a very good formn of
variable induetance, but in high power
transmission. sueh an instrument must
be large and very bulky, as well as
difficult to construct. A method more
commonly employed is the sliding con-
tact form. in which an arm controlled
from the front of the transmitter
forces a contact to slide over a cer-
tain number of turns of the inductance.

This form is much easier to con-
struct, and does give the desired fine
tuning. But a =sliding contact nust
make a comparatively light connection
and thus is not always positive. often
developing a high resistance in this
important circuit. I have known parts
of the inductance to become corroded,
and when being varied. the cirenit will
even break at certain points,

Tapped Inductance and Variable
Air Condenser

Another common form employed for
tuning in this circuit is the series vari-
able air condenser. This gives every-

- ® Chief Engineer, Station WOS.

By H. R. Rawson*

thing one could ask in fine tuning.
For the short waves where large ca-
pacities are not required, it offers the
ideal system. But in broadecast trans-
mission between 200 and 550 meters,
a series capacity under 0005 mfd. is
seldom employed, and more commonly
this is not under .001 mfd. A variable
air condenser varianble to .001 mfd,
that could be employed in a transmit-
ter of over 1000 watts, would indeed be
a bulky and costly instrument. It
would likely be ¢ feet high and 4 feet
in diameter.

Parallel Condenser Arrangement

While trying to develop a method of
fine tuning. easily available., I found
the system illustrated in IFig. 3 to he
most satisfactory, as well us con-
venient and low in cost.

In this ecircuit C; is a fixed mica con-
denser of proper power rating. not
under 001 mfd. Across this condenser,
I placed a small variable air condenser
of 100 m-mfd. capacity, maximnm.
The condenser contains 23 plates. and
the aectual spuecing berween the sta-
rionary and rotating plates is 0.18 inch.

At first thought it would not seem
possible that such a =mall condenser
would stand up in high powered work.
True, it will not if employed inde-
pendently of C,.. DBut in this case it
shows no signs of weakness at 1000
watts on 710 K.C. But one of the first
lessons we learn either from the elee-
trical primer, or by experience, is that
electrical current follows the path of

least resistance. Now capacitive re-
actance,
1
Ng=——
2mfi
R
s, £ c2

CLOSED
CIRCUIT

.4['_] i

FIG. 3

A splendid tuning system utllizing
a parallel condenser arrangement.

and a bit of tiguring shows that at
710 K.C the reactance of C; is about
100 times that of C..

According to this, this condenser
should easily handle the fine tuning of
a 5000 watt station. To give it a fur-
ther test. 1 inserted at C; a condenser
having 43 plates, spaced 3/16 inch, or
only 0.08 inch hetween stationary and
rotating plates. The capacity of this
condenser was 440 m-mfd. maximum.

FIG.2

CLOSED
CIRCUIT

. Antenna system tuned by means of
a tapped inductance and a variable
air condenser,

This condenser showed absolutely no
ill effect at 800 watts output, with
maximuin eapacity in, and tuned to
710 K,C.

But the first condenser spaced 34
inch seems the ideal condenser. It
gives full 10 kilocycle variation near
the 710 K.C. band. It is small, and
can bhe mounted easily and conveni-
ently. It is readily obtainable and is
also very moderate in price.

At R in Fig. 3, I have a 180,000
ohm resistance to take care of static
charges that might otherwise damage
or jump the condenser. The variable
condenser should be operated by an
insulated extension shaft to eliminate
body capacity when tuning. I have
also enclosed the condenser in a cop-
per box.

If ¢, and C. are placed in the cir-
cuit to reduce the eapacity, C. should
parallel but one of the condensers. I
do not believe the condenser should
be used across a fixed condenser of
lexs than .001 mfd capacity in the
broadeast range. It can be used across
larger capacities, however.

This system works well for me and
saved much delay and expense in in-
stallation Were I using a sliding con-

tact form of variable inductance with

a fixed antenna series capacity, I
would surely substitute this method
for fine adjustments because of its
positive action and eaxe of control.
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The Synchronometer

A Synchronized Automatic Contactor for the Laboratory

HE Synchronometer is nothing
more than an accurately timed
automatic  transmitting  key
which, in the model shown in
the illustrations, is designed to close
a pair of electrical contacts for a hrief
interval once in every five seconds. It
has, however, a special feature in that,
while the duration of contact can he

adjusted at will to any value between
05 seconds and .50 seconds, the be-
ginning of the contact interval, or in
other words, the “nose” of the signal,
always occurs exactly at the zero point
on the scale.

The complete outfit comprises two
instruments; the Synchronometer prop-
er and the synchronous driving fork.

The Synchronometer carries a black
bakelite dial the ecircuinference of
which is graduated into one-second in-
tervals, each second being, in turn.
subdivided into twenty spaces. A clock
hand, painted white for clear visabil-
ity, sweeps over this dial. keeping ex-
act time when the proper adjustments
have been made. The shaft carrying
this hand is driven at a uniform speed
by a small synchronous motor coupled
to the shaft through a 50:1 reduction
worm drive. The interior view shows
the motor and the driving mechanism.
The motor has two poles and a ten-
tooth rotor, and hence a synchronous
speed of 600 revolutions per minute
when driven by 100 pulses of current
per second. The extremeties of the
two field coils terminate in a pair of
jacks on the upper panel of the in-
strument.

An insulating dise bearing an an-
nular metallic segment is mounted
upon the vertical shaft carrying the
clock arm. Two spring contacts press
radically against this segment. One
of these is mounted in a fixed posi-
tion which determines the “nose” of

* Engineering Dept., Gencral Radio Co.

By H. W. Lamson*

the signal. The second brush is
mounfed upon an arm which may be
swung a certain  angular distance
around the shaft as a center. This
brush determnines the instant aut which
the circuit between both brushes
the revolving segment is
and, hence, the duration
interval of contact. In the

through
interrupted
of the

A view of the
small synchron-
ous motor and
the 50 to 1
worm drive re-
duction gear.
The motor oper-
ates at a speed
of 600 R.P.M,

il Il |

tront left hand corner of the upper
panel will he seen a thumb screw for
swinging this arm and c¢lamping it in
any desired position. The two brushes
are connected to a second pair of
jacks mounted upon the top panel
whereby this time interval keyv may
be connected into any desired circuit,

A second identical c¢loek Thand,
known as the index hand, is mounted

] Il I

The complete Synchronometer,
including, Iin the large case the
hatteries, meters and the tun-
ing fork and in the small case
the special synchronous motor.

directly Dbeneath the motor-driven
hand. 'This index hand, which is
normally stationary, is carried by a
hollow shaft upon which is mounted,
(directly beneath the panel, a large
grooved pullev. In the front right
hand corner of the panel is located a
hand knob which carries a small
pulley beneath the panel. A belt of
twine joins these two pulleys. Thus,
by manipulating this knob, the index
hiand may be set at any desired posi-
tion on the scale.

The purpose of the index hand is as
follows: Suppose that the automatic
signal, transmitted at zero time on
the scale. sets in motion a train of
mechanisms which, at some later time,
produces a second signal, preferably
audible in nature. ‘The operator, by
setting the index hand under the posi-
tion of the revolving hand at the
instant of the retarded signal, can
obviously determine the time required
for the operation of the mechanism.
It this operation can be repeated a
few times at five second intervals, o
close «etermination of the elapsed
time may he made. Various applica-
tions of a device of this sort will
sugyest themselves to the experi-
menter. Obviously a slight change in
the design of the instrument will
permit considerable variation in the
rime interval hetween signals.

The interrupted direet current of
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100 pulses per second necessary for
driving the synchronous motor is
supplied by a 100-cycle electrically
driven tuning fork. This is mounted
in a separate cabinet which carries
also ten No. 6 dry cells furnishing six
volts for energizing the magnet of the
fork, and nine volts for operating the
motor. Milliammeters are provided
for measuring these two currents and
a rheostat for controlling the current
to the fork magnet. The fork draws
about 20 milliamperes and the motor
about 200 milliamperes. An adjust-
able contact is provided upon each
tine of the fork, one for interrupting
the magnet current to maintain the
fork vibrarions and the other for con-
trolling the motor current. Both eir-
cuits may be opened or closed by a
single battery switeh., .\ twin con-
duector cord fitted with a plug on the

Synehironometer  end the two
instruments.

The accuracy of the time interval
of the Synchronometer is, of course,
determined directly by the precision
with whieh the frequeney of the fork
is adjusted to 100 cycles per second.
Small ehanges in fork frequency can
bhe made by manipulating the rheostat
in the driving circuit, while greater
changes are accomplished by the
adjustment of two counterweights
mounted near the outer extremities of
the fork tines. A check upon this
riming ecan, of course, be made by
compiring the Synchonometer with
stop watch.  Flowever, if aceuratelv
regulated 60 cycle lighting current is
available the following procedure is
simpler and more rapid. The shaft
of the motor proirudes through the
right hand side of the cabinet and

joins
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carries a disc painted black with 12
narrow white segments uniformly
spaced around it. When this dise is
illuminated by a lighting source sup-
plied with 60 eycle alternating current
the spoked pattern will appear station-
ary it the speed of the motor is
exactly 600 RR. . M. If the pattern,
on rhe other hand. appears to advance
in rhe direction of the dise rotation,
the speed of the motor, and hence the
frequency of the fork, is too high and
vice vers:,

A small knurled handle is attached
ourside of this dise. This is twirled
herween the rhumb and forefinger to
start the moror, which may readily be
bronght np to synchronous speed by
observing the dise partern in 60-cycle
lizht or by walching the pulses of the
needle on the milliammeter reading
the motor current.

A Slide-Wire Bridge for the Laboratory

Can Be Used for Measuring Resistance, Inductance and Capacity

NE of the most useful instru-
ments in the experimenter’s
laboratory is the well-known
Wheutstone Bridge. In addi-
tion to measuring resistance, this de-
vice may readily be adapted to the
measnuremenr of inductance and capac-
ity ; by combining actual results with

R1 a R2

Ry b R4

' il
FIG. 1

The schematic diagram of the
slide-wire bridge described in this
article.

simple mathematics the wave-length
range of coils and condensers may be
found accurately, the impedance of
audio frequency transformers checked
and many other useful experiments
performed. By employing cuare in the
details of construction of the bridge
itself and the standards, reasonable
accuracy may be assured.

Theory of Operation
The Wheatstone Bridge described
lhere is known as the Slide-Wire type
due probably to the fact that a slide
wire is stretched over a meter scale
and employed as the variable arm of

By W. A. Dickson

the instrument. DBefore we proceed
with the derails of construction let us
stop and consider the simple theory of
operation. The circuit of the Wheat-
stone Bridge is primarily a branched,
or divided eircuit as shown in Fig. 1
and the principle of operation depends
upon the fact that the voltage drop
from y to # must be the same over the
path yaz as it is over the path ybz. It
then follows that for any point, a,
which may be chosen on the upper
circuit yaz, there nmust be some point,
b, on the lower hranch yhz such that
there will be no porential difference be-
tween it and the point . If I, is the
current flowing through the top branch
and I. thie current flowing through the
bottom branch, then the voltage drop
between y and a is R, I, and is equal
to R; I. which is the voltage drop be-
tween y and . From this relationship

it will be seen that
R I:
Rili=R:lyor —
R; I
And also that
R! I‘.'
R:Ii=R, Izor——
Ry N

I'rom which it is clearly seen that

Ri R
Rs R.
Or
Ri—Rs

If rhree of the resistances are known
the fourth can easily be calculated
from the above formula. In the slide-
wire bridge the branch ybz is made
from a long piece of resistance wire
and it is not necessary to know its re-
sistance value. The ratio of the two
segments of the wire will be tlie same
as the ratio of the resistance.

A schematic diagram of the slide-
wire bridge is shown in Fig. 2. Ilere
y2 is the slide-wire, R is the known
rexistance, X the resistance to be
measured and r; and r. are two re-
sistances which may be inserted at
each end of the bridge wire for reasons
explained later. An ordinary telephone
recciver T, is employed to determine
the point of halance; this point is ob-
tained by sliding a contact along the
wire until a minimum sound is heard

METER SCALE-,

i |

General layout
and connections

of the com -

pleted slide-
wire bridge.
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Lgesl |
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FIG.2
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in the receiver, thus indicating an
absence of potential difference. The
terminals W are connected to a source
of alternating current which may be
either a 1000 cycle audio frequency
oscillator or a high-frequency buzzer
and transformer. The latrer method
for providing an A, C. tone is shown
clearly in Fig. 3. If y2 is the length
of wire and b is a point on the wire
where a balance is obtained, and r; and

r: are two resistances determined in
H.F. BUZZER
Sw.
‘\07 —l
TELEPHONE =
TRANSF. = ]

TO BRIDGE
FIG. 3

Circuit connections for the high

frequency buzzer.

equivalent
i balance

millimeters of bridge wire,
is obtained when
R r1+yb

X bz

r+ bz

X=R{|———

r1 + yl
If r; and r. are equal hoth may be
called r and as yz is 1000 millimeters
in length, the equation now becomes

r + 1000 - yb
a ()
r +yb

The value which may be given to r
will depend upon how nearly it is
possible to choose the resistance R to
be like X. Since the greatest value yb
can have is 1000 and a balance still be
obtained on the wire, we can assume
yb to have this value and solve the
previous equation for r

1000 X
r= -
R—X
Which is the maximum value r can
have. If it were possible to always

choose R so that X would never be
greater than R/2 then

1000

In other words r could equal 1000
millimeters of bridge wire. Using then
this value of r the equation solving for
X becomes
2000 — yb
X=R( " )
1000 + yb

The use of the two resistances desig-
nated by r is theoretically to make
the bridge wire three times as long. It

is obvious, however, that the range of
the bridge will be limited when these
two resistances are inserted, but
greater precision obtained than with-
out them.

Construction of Bridge

As the slide-wire bridge must be long
enough to comfortably mount a meter
scale, 45 inches should be allowed for
the length of the base; as for width, 8
inches will be suflicient. Pruactically
all of the connections between the va-
rious components of the bridge are
made on top of the base by means
of strap brass, 14 inch wide and %4
iuch thick, shown in Fig. 5. The holes
for the terminals are tapped the correct
xize which allows a minimum amount
of resistance between them and the
strap. The bridge wire may be any
high grade resistance alloy and al-
though Manganin is to be preferred,
Nichrome or others may be substituted
satisfactorily ; number 24 or 28 gauge
is the most convenieunt size to work
with. The wire is stretched taut and
securely fastened to the brass straps
at each end of the bridge. The meter
scale is mounted directly lLeneath the
wire, its ends fitting snugly between the
two pieces of strap to which the wire
is fastened. The slide-wire should be
mounted so that it is about 1-16 inch
above the meter scale. A stylus for
making contact with the bridge wire
may be made from a piece of 14 inch
brass rod about three inches long and
provided with a bakelite or hard rub-
ber handle. The point of the stylus
should be ground to rather a sharp
edge in order to obtain an accurate
reading on the scale.

Operation of Bridge

The operation of the slide-wire
bridge is exceedingly simple and re-
quires very little calculation to arrive
at the result. In the case of resist-
ance measurement, a standard unit
(which is chosen as near to the value
of the unknown resistance as possible)
is connected to the R terminals. The
resistance to be measured is connected
to the X terminals. The current is
switched on in the A.C. arrangement
and the stylus moved along the wire
until a point is reached where a mini-
mum of sound is heard in the tele-
phone receiver. The resistance of X is
then calculated fromn the formula given
previously. For example; if R is 100
ohms and a balance obtained at the
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point 400 on the scale then we find
that

2000 — 600
X == 100 (ﬁ—h

1000 + 600
1400

=100 { —— ) —87.5 ohms.
1600

In which we have assumed r to be
equal to 1060 millimeters of bridge
wire,

The measurement of inductance is
made with the two resistances, desig-
nated by r, removed and replaced by
copper links. The standard inductance
I. is connected to the R terminals and
the coil to be measured connected to
those marked X. A balance is ob-
tained and X calculated from

1000 — yb

yb

In determining the capacity of an un-
known condenser the same process is

= 15"
[+ ° [] ® []
r - B

ONE PIECE REQUIRED

Tiew 8
¥

[) ° & ° [-)

)

-B-
TWO PIECES REQUIRED

n

pt——— 6.——’}

5 o T 6]

1

TWO PIECES REQUIRED

FIG. 5
Dimensions of the brass pieces

used in the construction of the
bridge.

employed with the exception of the
formula which becomes

1000-bz
x—cf = )
bz

The impedance of an audio frequency
transformer winding may be easily de-
termined by the use of the slide-wire
bridge. First, it is necessary to know
the resistance of the winding which
can be obtained in the foregoing man-
ner. Second, the inductance must be
measured which is also done with the
aid of the bridge. Assuming the meas-
urement of inductance to have been

b — 45" ~
| |
ol r‘ D w $] - R = ’ — ] x (e 3
. . z A —
. o1
@0 C '
Y A S | S — . E—" = 1,,!;—“—'5g = ——— ’4/. =
FIG. 4

Details of the base board for the slide-wire bridge on which the brass pieces
and scale are mounted.
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accomplished at approximately 1000
cveles the reactance of the transformer
winding under test may be calculated
from the formula

N=2T {1l

In which f is the frequency (in this
case 1000 cyclex)

I. is the inductance as meas-
ured by the hridge.

T = 3.1416

Now, knowing the resistance and the
reactance the impedance is calculated
from the formula

Z=+ Rr1+X2

In whieh 7 is the impedance in ohms.
R is the resistance as meas-
ured.

X is the reactance.

The standards for use with the slide-
wire bridge may Dbe either purchased
from one of the manufacturers spe-
cializing in these products or made by
the experimenter himself. The resist-
ance standards must be accurate in
their value of resistance, possess a
low temperature coefficient and be
practically non-induetive. The induct-
ance and capacity stmndards must also
be accurate and capable of holding
their values of inductance and capacity
respectively over an indefinite period.
For resistance standards several of

each of the following units will be nec-
essary: 1, 10, 100, and 1000 olnns. In-
sulated resistance wire is available in
various sizes which may be wound on
bobbins to give, as near as one can
calenlate, the resistaunce desired. Half
of each coil must be wound in one
direction and the other half in the
opposite direction in order to minimize
self inductance. After they are
wound and impregnated with wax they
may be taken or sent to a conunercial
laboratory and their actual values of
resistance determined and carefully
noted. The writer has found that the
resistance units used for commercial
purposes as manufaectured hy several of
the large electrical companies have a
fairly low temperature coetlticient and
are practically non-inductive as far as
the average experinenter is concerned.
These. of course, are actually within
only about 10 per cent. of their rated
values but if theyv are carefully checked
when purchased and their actual value
noted, will act as excellent standards.
The most satisfactory arrangement for
an inductance standard is probably a
well constructed variometer. This may
be mounted with a vernier dial and
when calibrated with a curve plotted
showing the inductance at any dial set-
ting, will serve for most radio meas-

urements. A 1000 micro-mierofarad
variable air condenser of good con-
struction und low dielectric losses,

calibrated as in the case of the vario-
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nteter, will provide an ideal standard
of capacity,

Wlere greater precision is desired as
in the case of a commercial lahoratory,
the slide-wire Dbridge is usually cali-
Lbrated before being put into service.
In deducing the formula for the
bridge, it was assumed thuat the bridge
wire was divided into 1000 parts of
equal resistance and that the readings
obtained from the scale correspond
to these (divisions. To make sure that
the scale readings do thus correspond
to the bridge wire it is necessary to
calibrate the wire, Two well-adjusted
resistance boxes are inserted in the R
and X arms of the bridge and the in-
strument operated in the usual manner.
Supposing 500 ohms are put in each
box, then the balance point theoreti-
cally should fall on tlhe point marked
500 on the scate. It it does not. hut
fulls a distance, e, helow 300, then e
is the correction which must be added
to the readirng observed in order to
obtain the true reading. In the =ame
way the true location of the points
for 100, 200, 300. 400. 500. 600. 700,
800 and 900 may be found. The comn-
bined value of the two hoxes ix usually
kept at 1000 ohms. With a curve
plotted for these values the correction
for any point on the =cale may be read
direectly from the curve. The corrected
readings are expressed in thousandths
of the bhridge wire including the re-
sistance of the connecting straps.

From Out the Dust

The Story of the Processes Involved in Vacuum Tube Socket Manufacture

O all appearances the vacuum
tube socket is a lowly product.
One buys it and installs it in

a radio receiver without giving-

it a second thought. Yet if we analyze
the =socket, its constituency, its con-
struetion, its electrical design, yes, even
the contact springs used, this eomimon-
place article is replete with romance
and interest.

Let us consider its birth. In Fig. 1,
we see the tinished produet, but what
about its origin. “From out the dust”
is an appropriate appellation. since the
socket is originally a powder. But
wait a moment, we have advanced too
rapidly. The socket is made of
bhakelite, hence the first question is
“what is bakelite”? e have heard
much about its properties, bhut what
is it? The prineipal ingredients are
earbolic acid and form:aldehyde. the
former being also known as phenol.
Readers who have had occasion to
encounter the odor of these chemicals,
never promise much for their use, since
they are odoriferous to the fullest ex-
tent of the word. DBut if the two are

* Eugz’;e—ering Dept., H. 11, Eby Mfg. Co., Inc.

By F. C. Trimble*

combined. mind you two smelly sub-
stances, the new product is odorless
and tasteless dand in the form of a
resinous solid. The resulting material
ix an entirely new substance, possess-
ing altogether new and different
chemical and physical characteristics.

In this primary state, bakelite phenol
resin does 1ot possess the murvelous
properties accredited to the finished
product. Moderate heat will soften it
and solvents such as actone and al-

INustration of a molded
tube socket shell.

vacuum

cohol will dissolve it. A short period
of exposure to greater heat than is
originally required to slightly =often
it, will result in the creation of cer-
tain echemieal actions whiceh will so
harden rhe material, that never again
can it he softened, and the solvents
whieh were previously effective are
now powerless to act upon it. This
bakelite resin is rhe hinding substance
uxed iu all bakelite molding materials.
This is a definite cliemical with dis-
tinctive and unwavering properties.
The molding material used for mak-
ing vacuum tube sockets is located
under the “wood tlour materials” clas-
sification. The exact selection of the
material is governed by the character-
istics desired, and the suitability of
the materials for the purpose in mind.
One of these characteristics is the
coefficient of expansion or the power
of contraction when the material is
cooled. This property is of paramount
importance, particularly when the
tube prong holes are molded. If the
material contracts more than a pre-
determined value, the spacing be-
tween the holes will be less than is
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required and the socket will Le unfit
for use. The coefficient of expansion
of the materials used for the socket
shell illustrated is .00003 per degree
Centrigrade. standard temperature be-
ing normal room temperature, 68 de-
gree I'. or 20 degrees C. The dielectric
strength varies from 300 to 500 volts
per mil. and the dielectric constant is
approximately 4.5.

Forming the “Biscuit”

The socket in its original state is a
copper colored powder. A predeter-
minced amount of this powder is placed
into what is known as a “preforming”
machine. This m:chine compresses
the “charge” to form a “biscuit’” or
“tablet.” The shape of this ‘‘biscuit”
usualiy is governed by the shape of
the tinished produet. The biscuit has
an average volume of 1.5 times that
of the finished product. The powder
placed into the preforming machine is
cold and is compressed cold under a
pressure varying between 8.000 and
10.000 pounds per square inch. A
photograph of the ‘biscuit” making
machine is shown in Fig. 2.

The bhiscuit is then placed into the
mold, which is heated to a tempera-
ture of approximately 356 degrees F.
by means of steam, which is fed to
thie molds through heavy asbestos cov-
ered pipes. The steam is caused to

U GZ
.A- -C.

.

-B- -D-

FIG.3

Various forms of spring metal con-
tacts for vacuum tube sockets,

circulate around the mold, thus heat-
ing it to the correct temperature. After
the heat has been applied for the cor-
rect length of time. the steam ix
turned off, and cold water is caused to
circulate around the mold, chilling it
to the proper temperature. This
process of molding affords a more ac-
curate method of controlling the con-
traction of the molded subject. because
it is within the mold during the con-
tracting process. By utilizing this type
of manufacturing machinery, standard
uniformity of the manufactured prod-
uct is obtained. After the mold is
sufficiently chilled the flow of water
ceases, the mold is opened and the
socket shells are removed. Each socket
shell is then tested with a gauge and a
tolerance of .002 plus or minus is al-
lowed on all dimensions.
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A view of the molding department
manufacturer,

Automatic Conirol of Operations

The luman factor encountered in
the operation of rhe molding machin-
ery, plays a very minor part. The
flow of steam and the (low of water
are automatically controlled, as to
temperature and quantity. The possi-
hility of overheating or underheating
the molds is completely eliminated.
GGauges are used to indicate the tem-
perature and the pressure, which
usually averages about 2.000 pounds
per sguare inch of hovizontal surface
of the mold.

The socket when it is first removed
from the mold. is devoid of all metal
substances, but is in a state ready for
the clips, eontact springs, bushings or

whatever metal units are associated
with it. The mounting holes, tube
prong holes and contact spring ca-

vaties are all molded in one operation.

Contact Springs

This brings up the subject of con-
tact springs. The engineering depart-
ment of this organization expended a
great deal of time experimenting with
various types of contact springs prior
to the selection of the tvpe used, hence
a s=hort discussion of this phase of
socket manufacturer will not be amiss.
It will bring to light why certain
types of springs fail after a certain
period of operation.

I’rior to the selection of the contact
spring shown in IMig. 3-A. a great num-
her of experiments were condueted

with contacts of the type shown in
Iig. 3-B, -C and -D. Every one of

the last three developed a weakness
after a certain period of operation.
The faults were due to cumulative ef-
fects. In some cases the tube prong
when in place was acting against the
spring action at the spring point, as
in Fig. 3-B. In 3-C the contact be-
tween the socket contact spring and
the tube prong is liniited to one very
small point and in 3-D the spriug ac-
tion of the contact spring agninst the
tube prong is very weak. The con-
tact selected, Fig. 3-A. affords ex-
cellent advantages. First it permits
full leugth side wiping contact hetween
the tube prong and the socket con-
taer spring. Second, being of spring

in the plant of a vacuum tube socket

phosplior bronze and with a long lever-
age action, the pressure of the tube
proug does not weaken the spring ten-
<ion.

The physical design of the socket is
of interest, particularly so with re-
spect to what must be done to the
molds to produce certain effects upon
the finished produet. Whatever mark-
ings are to lhe produced upon the
tinished socket must be engraved upon
the mold. If any one portion of the
socket is smooth and with a polish,
the associated part of the mold must
be highly polished.

By molding the designated symbols
associated with the contacts, on top
and bottom of the socket flange, the
unit isx adaptable with equal facility
for baseboard and subpanel mounting.

Half-Billion Dollar Radio
Business in 1927

ADIO business during 1927 ap-

proximated a half-billion dol-

lars according to a state-

ment by R. A, Klock. Chair-
man of the Statistical Committee.
Radio Division. XNational Electrical
Manufacturers Asgociation.

This and other estimates are hased
on information compiled from a survey
of the radio stocks in the hands of
dealers throughont the country, The
information was gathered by direction
of Marshall T. Jones, Chief of the
Electrical Equipment Division, Burean
of Foreign and Domestic Commerce
in cooperation with the NIEMA Radio
Division. The average radio dealer
did a business of $11,000 in 1927, ac-
cording to the interpretation of the
returns.

Loud-speaker, socket power units
and “A-C” tubes and sets showed a
=xlight increase in this survey, as of
January. 1928, in comparison with
October, 1927. A slight decreasxe is to
be noted in hattery operated receivers.
dry cells, and direct current types of
ridio tubes. according to Mr. Klock.

RRadio sets in use today are esti-
mated to be eight million, of which
the NEMA committee figures that at
least one million are “A-C” tube sets.
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A Universal Tester

A Test Meter Which Will Perform Most of the Tests That Are
Required in Conjunction With a Radio Receiver

HERE are at the present time
an endless assortnient of vari-
ous types of meters used for
test purposes in conjunction
with radio receivers and allied appara-
tus. Each has been designed for a spe-
cific function and no doubt fulfills its
duty with entire satisfaction. Often,
it is possible to use an instrument in
a number of different tests, but often,
too, it is not possible to use it further,
for more complex and intricate tests.
Working on the assumption that one
single meter can do as much as three
or more, the author, in collaboration
with Mr. A. R. Marcy, Chief Engineer
of Station WSYR, evolved a circuit
which more than excecded all expec-
tations. In other words. owing to the
flexibility of the device regurding the
munlerous tests that can be made with
it, there can be no question but that it
will appeal at once to every set builder,
service man and radio technician.

What the Meter Will Do

The instrument, in its well-finished
cabinet presents a very neat appear-
ance, and since it is small and com-
pact, allows of ready portability, to be
carried from place to place without
fear of damage or injury to its vital
parts.

There are three distinet functions
which are performed by the device
and these are:

1—Voltage tester: for
“A” B, “C” Dbatteries
and for “A”, “B", “C”
eliminators and trickle
chargers.

2-—Tube tests: measures
the direct plate current
consumption of the tube
when it oscillates at radio
frequency, and thus gives
the actual efficiency of the
tube in a relative way.

3——Cireuit tester: for
open, shorted and
grounded circuits on coils con-
densers, transformers, choke coils,

rheostats, loud speakers, ete.

The large number of trouble-shoot-
ing cases in which the meter will find
endless use, is really surprising, for
though the subject of trouble shooting
is a rather large one, it is quite pos-
sible to give an accurate outline of the
most general cases.

Then again, the testing procedure
involved in obtaining the characteris-
tics of vacuum tubes in order to ascer-
tain the particular use for which the
tubes are best suited has been boiled
down to a very simple method which
has been found to be infallible.

* Chief Engineer, A. M. Flechtheim & Co.
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By Leon L. Adelman*

Of course, where the laboratory re-
quirements are exacting and severe,
it is advisable to use the 'round-about
method of finding the amplification
constant, the plate impedance. the
mutual conductance and other impor-
tant characteristics. In other words,
the nieter dexcribed in the following
paragraphs gives only the information
whieh would be required by the prac-
tician and not by the laboratory engi-
neer who is anxious to find out the
number of electrons which leave the

Top view of the completed Uni-
versal Tester.

filament every second, or to learn the
extent of electrolysis taking place in
the glass bulb when the tube is oper-
ating at definite voltages and fre-
quencies. What it does do, it answers
the purpose very nicely, in that it
gives in abstract terms—2, 3, 4, 5 or
more, the exact relative value of the
tube and denotes its particular use as
an amplifier for radio or audio fre-
quencies, or as detector.

Any type of tube can be tested—
the '99 type, the '014, the ’12, the 'T1.
Ilerewith is the list of parts required
for its construction:

LIST OF PARTS REQUIRED
1—Panel 7%” x 6 7/16” x 1&".
1—Combination Meter—0—6 Volts.

0—120 Volts.
0—6 Milliamperes.

1—Voltage Multiplier for Meter.
1—Jack Switch.
1—85 m, h. R. F. Cholke.
1—R. F. Transformer.
1—Jack.
1—Standard Socket.
1—>50-ohmn Rheostat.
1—Filament Resistor, 14 Amp.
1—Cabinet 8% x 7 X T%.
4—A\Il-Metal Binding Posts.
2—Pearl-head push buttons, 5 diameter.
1—Roll of Hookup Wire,
1—Tiber Strip 2 x 17,
1—Brass Angle “L” 1 x 14 X 1.
1—Brass Strip “L"” 3”7 x 1, %"
1—Phone Plug.
3—Single Flexible 6’ Phone Cords (Spade

tips at one end and plug tips at the

other).
1—By-pass condenser, 1 mfd.
1—Small Knob for Rheostat.

Construction

The panel is laid out according to
the constructional drawing of Fig. 1.

The large holes are cut either with
an extension bit or else with a small
scroll or coping saw. This task too,
must be done with pains-taking care,
else the mistakes will prove costly.

The meter is fastened in place by
three small machine screws and nuts.
The push buttons are forced into their
holes, fitting snugly. The binding
posts are locked tightly and the rhe-
ostat, the phone juck and the cam
switeh are mounted in the single-hole

mounting manner. Two machine
serews hold the socket in
place.
What parts are not

mounted on the top of the
panel, are fastened to it on
the under side. In a word,
all the parts are placed
together in one single
unit, making the device
very compact and adapt-
able for quick check-up.

When the instruments
have been placed on the
top of the panel, the radio
frequency inductance coil.
the radio frequency choke coil and the
1 mfd. by-pass condenser are mounted
by means of the fiber strip and brass
strip respectively. The filament re-
sistance unit is attached to the under
side of the panel by means of a small
machine screw.

It will be noted from the illustra-
tion of Fig. 3 that the multiplier for
the meter is held in position by means
of the connecting wires which pass
through its central core. Thus, all
strain is taken off the coil connections
and accidental breakage of the fine
wire leads from the multiplier resist-
ance, is prevented.

Soldering lugs have been provided
for every terminal, so that all connec-
tions and joints can be properly sol-
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dered. No mechanical means of mak-
ing an electrical connection should be
made, for continued handling may
loosen these conuections and give
cause for trouble.

The parts have been arranged so
as to provide the shortest leads con-
sistent with proper disposition. The
finished instrument is illustrated in
Fig. 2.

Precautions

Before the instrument is placed into
service the wiring should be checked
and as a final precaution, rechecked.
This will avoid needless spilling of
tears when the meter is accidentally
burned out by a nice fresh “1B7 bat-
tery because the multiplier had been
left out of the proper circuit, or else
by the loss of a seemingly perfect tube
due to some incorrect connection.

As the instrument is wired. it is
impossible to do any damage to it or to
any instrument connected with it, if
the proper procedure is followed.
Only familiarity with the eircuit will
prevent accidents to expensive parts.

The panel has been engraved with
the letters “A” and “B.” These de-
note the “A” and “B” battery connec-
tions. Since the meter range is 6 volts
for the *“A’” battery and up to 120
volts for the *“B’ battery, never use
more than these potentials connected
to their respective binding posts.
Otherwise, the inevitable happens and
you are the only one to be held ac-
countable. If in doubt as to the out-
put voltage of a “B” eliminator, test
it step by step, that is, by measuring
the detector voltage, then, the ampli-
fier and finally the power amplifier
voltage, if vou believe it safe. Other-
wise, test the voltage output between
terminals and add them together to

Interior view of the Universal Tester showing the special coil, the R.F.
choke, the automatic filament control, the voltage multiplier, etc.

better test, and since the meter is a
rather sensitive one, any fluctuations
in the supply can be noted quite
readily.

In this manner, “A”, “I}” and “C”
voltages from batteries or eliminators
can be ascertained with aceuracy.
I1lowever, make sure that you do not
reverse the polarities of the voliage
supply leads to the terminals. The
author finds that the needle pointer
develops a powerful kick which re-
sults in a badly bent pointer. The

obtain the total. This is really the marked leads of the telephone cords
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Schematic diagram of the Universal Tester.

Note that a voltage multiplier

is used in connection with the combination voltmeter and milliammeter.

plainly show the polarity and should
bot be disregarded or forgotten when
making connections.

Since the meter has full seale de-
flection of 6 volts and 6 milliamperes,
it iz easy to understand that at 6 volts,
the meter consumes 6 milliamperes
and rhus the resistance of the meter
mnst be 1000 ohms.

Tollowing the same line of rhought,
the resistance of the mmultiplier, in
order that the full scale reading of the
meter be 120 volts, is 19.000 ohms.

It will be seen, therefore. that the
meter consmnes very little current and
i~ thus eapable of giving a very accu-
rate measure of the volrage output of
an eliminator or trickle charger.

Testing Tubes

Tubes can he tested quickly. accu-
rately and safely. ITet us first con-
sider the type ’99. First connect a
source of filament supply to the “A”
terminals on the tester. Either 4 or 6
volts can be used. However. be sure
that the rheostat is in the “oft”
position.

Keep in mind to use 45 volts on the
plate of the tubes wlhen resting rhem.
It a higher potential is employed. say
90 volts, the tube may be found fo be
so exceptionally good, when tesied for
radio frequency oscillations, that the
needle of the meter may go off the
scale. Besides, the curves plotted for
tubes with 45 volts on the plate will,
of course. be different from rhose
using 90 volts.

Therefore. connect 45 volts of “B”
battery potential to the “B” fermi-
nals. Place the rube in the socket.
(Use an adapter, if it is the old type.)
Then turn on the rheostat slowly,
keeping your finger pressed down on
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the “A” push button and with your
eves on the pointer of the meter. You
will notice the mneedle start to move
very slowly at first and then accelerate
with every small increment in filament
voltage. Stop turning the rheostat
when the needle points to 3.5 volts,
for that is the correct tilament oper-
ating potential for ‘99 type tubes.
Then take your finger off the “A” push
button and press the “B” push button,
merely to ascertain the proper plate
voltage for the tube. When the
upper scale of the meter has Dbeen
read and found to be 43 volts, the
direct current input characteristies of
the tinhe have been met with. The
¢rid return of the tube has been made
1o the negative side of the “A” hat-
tery, muking tle circuit more ditlicult
of oxcillation and putting the tube to a
harder test than if the grid return

. 7;43_‘" _ ]
J

If the reuading is very low, the tube
is evidently a poor one and should not
be used as radio frequeney amplifier
or detector. Even as an audio fre-
quency amplifier it may not funection
with mueh suceess, but if it must be
used, it should be placed in the audio
trequency amplifier circuit. preferably
the first stage.

However, the low reading may Dbe
due to the fact that the tube is not
oscillating. This condition may result
from an improper connection of the
plate coil in the osecillatory eireuit.
Try reversing the leads to the plate
coil and then take the R. F. reading.
Whether the tube is oscillating can
quickly be determined by placing a
finger on the grid terminal of the in-

ductance coil or socket. The meter
reading should fall off appreciably

when the tinger is placed on the high
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Construction details for the panel of the Universal Tester.
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All necessary

dimensions are given,

were made to the positive side of the
“A’ battery.

It will be noticed too, that no grid
leak and grid condenser are used, nor
even a condenser across the secondary
of the radio frequency inductance.

These conditions have a tendeney to
enhance the severity of the test, so
that if the tube oscillates under these
conditions, it certainly will work
properly when placed in a regular
radio circuit, be it the radio frequency
amplifier, audio frequeney amplitier
or detector circuit. Just where, or in
what position the tube will funection
best, will be taken up shortly.

Now, when it has been ascertained
that the tube is propervly fed with the
required voltages, do not toueh any-
thing else, but turn the eam switeh to
its ‘“on’” position. Note the meter
reading. It should be anywhere from
1.5 to 2.5 millisonperes.

potential post. If it doesu’t, then one
can be reasonably sure that the tube
is not oscillating.

One thing must be kept in mind,
and that is—it is possible to increase
the R. F. reading by increasing slightly
the filament potential. Yet, it must
ulso be remembered that an increase of
ten per cent in filament potential re-
sults in a marked decrease in the life
of a tube. Thus, if the filament poten-
tial is adjusted to 5.5 volts for a type
01-A tube. it may be found that the
plate current may be inereaszed to half
again.or more, than when operating
the tube at 5 volts.

If, therefore, it is desired to use the
tube in a radio receiver, to obtain the
best results, it will be necessary to
turn up the filament rheostat. Unless
the tube is controlled by a separate
rheostat. the other tubes may suffer
because of the overloaded condition
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under whieh they are forced to ope-
rate. This results in u distinet loss,
for the tubes soon lose their eflicieney
and the reproduction from tlhe receiver
is atfected.

When, of course, the tube is con-
trolled by an automatic filament device
sufficient volume or amplification can-
not be obtained because the emission
from the filameut is too low. Hence,
the best place for such a tube is in the
first stage of audio amplification, after
which a stage of power amplitieation
can he used.

The radio frequeney choke coil and
by-pass condenser augment the chances
for self-oscillation in the ecircuit and
keep the radio frequency currents out
of the meter and batteries. This in-
sures accurate tube characteristic
readings.

The wave-length at which the tube
is made to oscillate is approximately
120 meters. The inductance of the
secondary winding together with its
self or distributed ecapaecity which is
extrenlely low, because of the execep-
tionally fine construetion aud design
of the inductanece, afford the high fre-
queney  counditions  (about 2,300,000
eyeles) at which the tube responds.
As this value of oscillation is tar
greater than that at which the tube
will be calted upon for any hroadecast
range reception, the tube is tested in a
mauner that is positive and thoroughly
detinite in every respect.

Since the meter range is hut ¢ mils.
aund since the type 12 tube miakes a
very good detector tube when operated
at the proper characteristics, (o not
connect 90 volts of plate current to
test the tube. becuuse the needle
pointer of the meter may run off the
scate too far and get badly bent. Rest
assured that if the tube proves to be a
good detector, it certainly will operate
very efticiently as an audio amplifier.

liere is a chart which gives all the
information concerning the tubes most
generally used and what should be ex-
pected from them when tested by the
meter, using a plate potential of 45
volts.

Input
Millinmperes Characteristics
Very Filament
Type Poor Good Good Volts - Amps.
199 1.5

200-A 0 1.0 1.5 1. 5.0 25
201-A 35 4.0 4.5 5.0 25
112 5.0 5.7 6.0 5.0 .50

2.0 2.5 3.5 .06
v

*171 3.0 3.2 3.5 5.0 .50

* Only 22.5 volts on plate.

It will be noted that 45 volts of “B”
battery potential has been used for
testing all the tubes, even though some
require more and others less. How-
ever. the values of the R. F. readings
as given in the above chart have taken
this into consideration and rep-
resent the results of averaging to-
gether the readings found during the
testing of a large number of the var-
ious types of tubes. Thus, one has the
means of ascertaining the actual value
of a tube and for what purpose it
should be used in a radio receiver
circuit.
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L P A l'f‘ For detecting distortion or overload-

Samson De UXC OWGI’ mp 1 lef ing in an amplifier the use of a mil-

liammeter is recommended. This

should Dbe connected in series with the

By Perryb Graﬁ“"” plate return of the last two power

NTELLIGENT forecasters of radio

development last year predicted

that this vear would be a power

vear as far as audio amplification

is concerned. Events to date would

prove that they are right for the -10

tyvpe of tube has come into its own.

No one starts to talk about real quality

reproduction with any sort of volume

unless they are speaking of a high volt-
age power job.

The new feature of power work this
vear, however, is the utilization of the
push-pull idea using these excellent
tubes. In other words, since the equip-
ment for high voltage was being pur-
chased, could we not get the utmost
out of it and use a push-pull combina-
tion¥ The amplifier we are about to
dexcribe has been dexigned as an an-
swer to this question and after listen-
ing to it the reader, we feel sure, will electro-magnetic  phonograph  pickup  tubes. that is, the connection which
agree it is an effective answer. which will give remarkable reproduc-  comes from the middle of the output

This unit has been developed to a tion of the new electrically cut phono- choke. A Jewell 0-100 milliammeter
point where it is extremely flexible graph records, equalling the results ob-  should be used.

The completed Samson De Luxe Power Amplifier which employs a 210
push-pull unit as the output stage.

permitting its use in a number of ways. tained with talking machines selling Iixcellent control of voltage is
For instance, it can bhe used with an at $500 and above. achieved by the use of a Clarostat.

Many devices of this sort use fixed
) outlets for plate supply but it has been
n SAMSON TYPE L the experience of the writer that for

SAMSON
TYPE Y TRANSFORMER £.°, QUT>YT IMPEDANCE . .
+ maximum results a variable voltage

T

9

w device ix desirable. especially when a
%3‘ LYNCHERESISIORS unit may be used with several different

5 ; « ouTRUT \ \Lﬂ types of receivers.
z g T 3 n‘t% Tubes uare an important factor in
o 3 <% by any radio receiver and even more so in
4 W b ¢ power amplification work. Ceco tubes
O SN SAMSON 5 (i}‘ N have been used throughout in the ex-
4 5 | [orERBLCA sow 9 perimental models and good results ob-
A OO0 R T ) tained. The new design of power and
0 rectifving tubes have a large margin

45

185V e || |18 1 i

135V

of safety.
In addition to the variable voltage
supply there is a fixed supply whieh is

100~
e
SE-430

z!

R
€ @ RECTIRER TUBE
s
%3
R
“R2

30V

-3
T
310

g taken care of by a specially designed

35v. O%—LL8) [ : 8)3 ; voltage regulator tube. This will give
RECGULATOR TUBE il + ! : a constant voltage of 90 vegarvdless of
B % g == -——é fFr—— A_2.| T ) the mmount of drain from its particular
VOS] 5 |y S | ol s 20 3y B anbutes S el il
I ST - ‘ﬂ—d 2 | GROUNDED ; g g - Fhis amypli er ix extreme v simple o

gg ] 2 ; &-Lﬁ..‘ G sk build due to the compact design of the

— |3 ¢ °—4‘||-‘ §§&—Li g Samson power units which have most
_4”(}_1,“2“_ ;Ié FEENS . §—U-I of the connections m.ade inside of
LG e E;NNJ%M &_L“... 4 BLOCK the cases, greatly redueing the amount

i FOR ‘o_l.“_J : of external wiring. Acme Celatsite wire

UXBQY,LHF;?,N Ex—?ﬂ '8 BLOCK J is used as it is Hexible and has a thor-

— oughly proven and tried insulation.

Complete schematic_diagram and explanatory details of the Samson De Luxe This is an important point, for in deal-

Power A lifier. This unit will supply the “g"” and *“C’ voltages for the ¥ q N . .
? - receiver and tthflyrst A.F. stage. ¢ ing withh high voltages the insulating
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material must be of the very highest
grade.

A Celoron pauel is used for mounting
this  amplitier and in  order to
strengthen ir as well as give it a much
betier appearance, reinforcing strips
are fastened around by the edges. The
base panel is 14 by 21 by 14 inches.
Two other pieces of Celeron 5 hy 4
by 14 and two pieces 14 by 15 by 24
inches should be obtained.

The necessary holes may now be
drilled along the edge of the panel for
screwing on these last mentioned rein-
forcing strips. These also act as legs,
raising the panel a half inch from
the table so that sub panel wiring may

be easily carried out if it is desired.

Ilaving assembled all the parts they
should be mounted in their respective
positions as shown in the illustration.
IIoles should then he drilled for
mounting these parts. All holes should
be drilled so that thev can le tapped
with a 6/32 tap for smaller objeects and
an 8/32 tap for the transformer and
condenser blocks.

To make a really professionual look-
ing job it is advisable to mount the
General Radio sockets as follows:

Cut ont the sub panel to permit the
top of the socket to extend through,
and then fasten the socket on the un-
derside of the panel,

—T;; ‘:ﬁleaveife;ctric 9”

By R. E. Lacault

11E main features incorporated
in the R.EL. 9 receiver,
described in the February
issue of Radio News, are, first;
complete electrification without any
lrum, and without the use of compli-
cated Dbalancing arrangements in the
circuit, Second; great sensitiveness,
due to tlie use of the “modulation”
system originated by the author and

used in his previous designs. Third;
selectivity  sutlicient  to  separate
stations oniy 10 Kkilocyveles apart,

without distortion. The sert is capable,
for instance. when operated in New
York City, of receiving siation WSM
on 880 kilocycles at the same time that
WLS on 870 kilocyeles is operating,
with WGBS, a local station, on 860
kilocyeles going at the same time.
I'ourth; the sensitiveness is even all
along the broadeast-frequency band.
Fifth; plug-in coils are used in order
to pormit the reception of short-wave
broadeast or amateur stations on the
set proper, without any external
adapting devices. The change of
wave-length is accomplished by merely
changing the coils. Sixth; a high-
quality audio amplifier is incorporated
into the receiver, producing marvelous
quality.

The quality and volume are
enhanced by the use of of a push-pull
amplifier in the second audio stage,
which will be described in the April
issue of Ranvio ExeINgErING. This per-
mits the reception of a band or or-
chestra with full volume and with
excellent quality, All those who have
witnessed demonstrations of the R.E.L.
9, when using a good loud-speaker,
were amazed at the truthful reproduc-
tion possible with this amplifier ar-
rangement. The power supply and
push-pull amplifier are built as a sep-
arate unit and may be used with any
other receiver; a feature which should
he of interest to those owning more
than one set. It is possible, by
merely plugging the output of tlhe re-
ceiver into the input of the power unit,
to operate the loud-speaker from
any set and get the full volume and
all  the advantages of  push-pull
amplification, in addition to the neec-
essary “B” and “C” voltages.

The radio-frequency part of the set
is shielded, and drumn dials are used
for the control of the tuning con-
densers, The tuning is extremely
simple, as only two small knobs are
used, in addition to the main tuning

C4
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LIST OF PARTS REQUIRED
1-—Samson No. 210 Power Block.
1—Samson Symphonie Push Pull Combina-

tion (Trype Y transformer and type

Z impedance),
1-—Tobe Deutschmann special Samson “B"

Block for 210 power supply,
1—Lynch SE-430 Tapped Resistor.
1-—-Lynch SE-72 Tapped Resistor.
1—Lyneh SE-9000 Tapped Resistor,
4-—General Radio UX-349 Sockets,
1—American Mechanical Lab. Power Claro-

stat. 200 to 100,000 ohms.

12-——Eby Binding Posts.
50— —Fes‘g Acme Celatsite Flexible Hook-up
ire,

2-—Ceco L-10 Power Tubes.
1—Ceco R-81 Rectifier Tube.
1—CX-874 Voltage Legulator Tube.
1—Celoron Punel, 147x247x15",
2—Celoron Strips, 1%7x1,”x14”,
2—Celoron Strips, 1%”x%”x24”,
Miscellaneous Hardware,

trol, and the other a sensitivity con-

trol regulating the action of the
amplifier. Last, but not least. the set

is extremely easy to build

wiring very simple.

and the

The Modulation System

In the ordinary type of superhetero-
dyne, the first tube employed as a fre-
quency changer is connected like a
detector; with either a grid condenser
and grid leak, or a “C” battery. This
detector rectifies the incoming signal
after it has been heterodyned, and the
variation caused in the plate eircuit
is amplified through a long-wave radio-
frequency amplitier,

In the system to be described a new
principle is made use of; this, which
has been called the “modulation” sys-
tem, causes the incoming =ignal to
modulate the oscillations produced
locally, in the same way that the
speech modulates the output of the
oscillator tubes in a broadecast trans-
mitter. This system, which is a de-
parture from the conventional detector
arrangement, is not only simpler,
but produces a greater signal strength,
which is more noticeable on weak
signals.

The first tube, which is called the
modulator, is connected across the
oscillating circuit of the oscillator. Its
plate-filament space is acting as a re-
sistor. the value of which is varied by
the incoming signal impressed upon
the grid. In this arrangement no “B”
battery is necessary; for the plate of

V7

dials. One of these is a volume con-
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Circuit diagram of the receiver portion of the ‘‘All-Wave Electric 9°. The power unit and output amplifier stage

will be described in the April issue of Radio

Englineering.



Radio Enginecring, March, 1928

the modulator tube is supplied by high-
frequency current fromn the oscillating
circuit. To receive continuous waves,
thix arrangemnt is very etficient: and
it has been applied very successfully
to the receiver descrihed in this
article.

Advantages of Modulation

In the modulation systemr the re-
sponse is even, for strong or weak

signals, and rhis is what makes it bet-
ter.  Normally, wlien the set is in
operation but no signals are received,
the resistance of the modulator tube
maintains itsx average value: but as
so00n as a signal is impressed upon the
arid, the voltage on this grid varies
and this, in turn, varies the internal
resistance of the tube within wide
limits, eausing plate-current varia-
tions of a much greater order of
magnitude rhan iz the case with a
regular first detector. At rhe same
time, no matter how small the im-
pressed signal. a respouse in direct
ratio to the impressed voltage is ob-
tained.

Another advantage of this circuit is
that the tube, operating with high fre-
quency on the plate, produces better
recrification; because the modulated
plate current increases from zcero to
a1 given value during each of the posi-
tive half cycles instead of merely vary-
ing from an average value in accord-
ance with the square of the applied
voltage as explained above.

In practice it is found that a very
weak signal. which is not heard at
all or only faintly when a detector is
used, is received with good volume
with the modulation arrangement.

The R.E.L. 9 incorporates also ahead
of the modulator. a stage of radio fre-
quency, which, in addition to increas-
ing the signal strength. sharpens the
tuning and prevents stations from be-
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Interior view of the completed ‘“All-Wave Electric 9” receiver, using A.C.

tubes.

ing heard at more than one setting on
the dial when the dials are revolved
simultaneouxly — as they should when
tuning.

In addition the radio-frequency tube.
whieh is controlled by the left upper
knob on the panel. may be made to
regener:te the signal - which results
in tremendous sensitivity on weak
signals.  When receiving loud signals
from local stations the R.F. tube may
he controlled to act as a volume con-
trol. therehy permitting even and
gradual amplification on all stations.

LIST OF PARTS REQUIRED

1, C2, C3 Hammarlund .0005 Mfd. Variable
Condensers.

L1, L2 Radio Elecrrie Labs, Type Bl
Plug-in Coils.

1.3 Radio Electric Labs., Type D2
Plug-in Coils.

L4-7 Radio FElecirie Labs, Type F

Plug-in Coils.

L8 Thordarson Plate Circuit A.F.
Choke,

T1 Sangamo 3 to 1 ratio AF.
Transformer,

The symbols correspond to those given in the list of parts.

1, R2 Amevican DMechanical Labs.
Clarostats.
C4 Sangamo 001 Mfd. Fixed Con-
denser,
C5 Sancamo .002 Mid. Fixed Con-
denser.
C6-9 Aceme Parvelt 0.5 Mid, (400
volt) By-Puss Condensers.
C10, C11 Acme Parvolt 1.0 JMfd, (400

volt) By-Puss Condensers.
C12--16 Radio Electric Labs. .00023 Mfd,
Matched Fixed Condensers.
R3 Arthur Lynch 100.006 Ohm
Fixed Resistor.
1 Arthur Lvnch Resistor Mounting

For R3).
1-8 Sovereign Heated Cathode \.C.
Tubes.
1 Formica Front Panel, 24/x8”
x4,
1 Tormica Sub-base Panel. 251’/
x127x347.

10 Eby Rinding Posts.

2 Aluminum Co. Stage Shields.

§ Radio Electric Lubs. Coil
Sockets.

2 Yaxley Tip Jacks.

2 Yaxley Tip Plugs.

8 Benjamin UX Tube Sockets.

1 Tyrman Double Drum Dial.

2 Rolls Belden Hookup Wire.

2 Hammarlund Ixteusion Shafts
(For C1, C2 and 3,

12 ft. Belden Bus Bar Wire,

The New ‘“‘A. C.

Optimum Five”’

By T. B. Rhodes

N designing the new *“A. C. Opti-
mum Iive,” the purpoxe has been
two-fold .—First, to give the set
constructor complete details re-

garding the assembly of a perfected
and modern batteryless set; second, to

enable anyone who has previously con-
strucfed the battery operated “Opti-
mum Five,” described in the January
issue of Ranio EXGINEERING, to convert
this easily to A. C. operation.

An important feature of the “Opti-
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Schematic diagram of the

“A.C. Optimum Five.”

A.C. tubes are used

throughout.

mum Iive” circuit is the obtaining of
constant coupling and hence constant
energy transtfer at all wave lengths
over the broadeast band. This means
that the receiver can be operated bhoth
at high and low wave lengths and at
all intermediate ones at maximum
efficiency without special adjustment,
The method of obtaining this desirable
characteristic consists of a system of
electromagnetic and elecirostatic coup-
ling between the radio frequency
stages. A. C. operation in no way im-
pairs this feature.

The circuit details, with the excep-
tion of the tilament ecireuit. are prac-
tically identical with the original ~Op-
timum Five.” Eby sockets are used
throughout, the detector socket being
of the UY type, designed especially for
the 227 five prong detector tube. 1In
the place of the ordinary filament
switch a Carter “Imp” power switeh
is used, as shown at (29) on the dia-
grams., In wiring the filameut eircuit,
each pair of filament leadx should be
twisted to prevent A.C. hum. For this
reason. those who are canverring the
original “Optimum TFive” to A. C. op-
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PARTS &.10.
15, 26, 2ha& 45
MOUNTED ON
UNDER- SIDE OF
SU8-PANEL

SUB- PANEL-""
8"x 20"

WOODEN
BASEBOARD
.-~ 6" X 20"

Layout details of the
extends along the rear of the

“A.C. Optimum Five.”
receiver baseboard and fits

Note that the power unit
into the same

cabinet,

eration, will have to remove the old
filament wiring, disecard tlie amperites
and rewire this portion of the circuit
twisting the wires as directed.

\ 13 wire Yaxley cable counector
with cable is recommended for the con-
nections between the receiver and the
power supply unit, (Note: Only 12
wires will be utilized.) In the place
of the 6-ohm rheostat, a 100,000 ohm
Royalty resistance is used for volunie
control, as shown at (28). As an alter-
native method of volume control. it
may be found preferable to shunt this
resistance across the primary of coil
(2).

The power supply is assembled on a
wooden baseboard. This unit may be
placed directly in back of the receiver
as shown, or it may be located at any
convenient point, limited only by the
length of the Yaxley cable. The ends
of the cable are connected to 12 Eby
binding posts. The loud speaker ter-
minals may also be connected to bind-
ing posts or two Yaxley “Pup” jacks
may be used for this purpose.

In order to obtain best results with

the new A.C. tubes the power trans-
former must be designed with exact-

ness so as to meet the specitications of
the tube manutacturer. The new Jef-
ferson Electric combination filament
and plate supply transformer is one of
the most efficient power transformers
obtainable, It has an output voltage
of 1.5 volts for the 226 tubes with a
capacity of from one to six tubes and
a maximum output current of 7
amperex. For the detector tube, it has
a 2.5 volt winding having a maximum
output of 2 amperes, As the 227 tube
is not critical as to filament voltage

no variable resistance is required for
voltage control. Since a separate heater
element ix used on the detector tube,
the grid return is not at all critical.
Hence it is possible to use a center tap
on the transtformer winding for this
purpose. The center tap is connected
to “B” plus 45 thus giving a negative
bias to the cathode. Referring back
to the 1.5 volt winding, this has no
center tap, inasmuch as the 226 tube
is quite critical with respect to fila-
ment voltage and grid return. In the
place of the center tap, a 10-ohm Yax-
ley rheostat is used as a potentiometer
(36) by soldering a connecting lug at
the open end of the resistance winding.
In this way it is possible for the grid
return to be brought to the point of
exact potentinl balance of the filinent
voltage. The negative grid Dbias is se-
cured by means of the 2000 olhm
Royalty resistance connected betiween
the mid-tap of the potentiometer and

Radio Engineering, Alarch, 1928
resistance is used so that it
adjusted for variations in plate volt-
age. It requires no further adjust-
ment, however, once it has heen cor-
rectly set. The Jefferson Power trans-
former also contains a 5 volt center
tapped winding for supplying two
power tubes with a maximum current
output of one ampere.

may be

LIST OF PARTS REQUIRED

2—8 angaumo Audio Transtormers, type
AT (210 23).

3—Precision 1II. F*. Transformers, type 4 D
2. 8,13

3—.0005 \Itd l[amnmxlund

“Mid-Line”
Variable Condensers (4, 9, 14).
3—Iammarlund Insulated Flexible Coup

lings.
1—[I:1mnmrlund Drum Dial with panel
light (25).
2—Hammarlund R. F. Chokes, type RFC-
85 (20, 27)
1—X-L \ullode11°91 tvae G-1 (19).
4—Eby Sockets, new style (6, 11, 22, 24).
1—Eby Socket, UY type (1%).

2004 Mfd. Sangamo fixed Condensers
tested to within 59 (5. 10).
1—~.0l)(4 %\Md. Sangamo fixed Condenser
15).

1--.00025 Mfd.

denser (17)
Mey. Durham Metallized Resistor
Grid Leak with Vertical M’'t’'g (16).

Flectrad Phasatrols (7. 12).

—1% Mfd. Acme “Parvolt” series “A™

cubienl condensers (26, 27-a).

Sangamo By-Pass Con-

1=

1-—-Electrad Royalty Variable Resistance
type IV (28).
1—Carter “imp” Power Switell (29).

2—Eby Engraved Binding Dosts (1, 3).
1—Yaxley 13-Wire Cable, complete with
Connector P'lug and M't's Plate (45).
2—Rolls Acme Celatsite Wire.
1-—Can Kester Radio Solder {(rosin core).
By the Chicago Solder Co.
1—Panel, 77x21”x3/16”,
1—S8ub-Panel, 9”7x207x3/16".
~-Brackets. low type.
3 Speed” super emission tubes, type SX-
226 (6. 2
J—#‘Qpeed(

1— \]xPed
171 (2

1—Jefferson Electrie Combination FIila-

ment and Plate Supply Iransforner

supex enussmn tube, type SY
16).

super emission tube, tvpe X
4).

Y
1

1—Ward Leonard Vitrohm Resistor No,
308 -1 (13).

1—"Speed”’ full wave rectifier tube, SX
280 (37).

1—Ebhy socker,

1—Sangamo tvpe
(32).

1—Sangamo
(14).

new style (37).
“E" Output lmpedance
R

type Plate Impedance

12-——FEby Engraved Binding Posts.
1-—Acme “Parvolt” 2 Mtfd, Condenser

(33)

1—Acnie .“P:n'\'olt" Microfarad Reservoir,

type R-210 (41-4 Mfds.) (40, 43, 43
-2 Mftds. each) (39-1 Mfd.)
B-—Aecme ‘Parvolt” 1 Mfd. serics ‘A

cubical condensers (34, 38. 42).
1—Yaxley 10-olim rheostat. to be used ax
a potentiometer (36).
2—Yaxley “Pup”™ Jaeks (M. N).
1-—Ilecetrad Royalty Variable

type P (35).

Resistance

“B” minux. This resistance is shown 1 -Roll Acme Ileavy Colatsite Wire.
on the diagram at (33). A variable 1—Wooden basebonrd., G”x20”x%”.
—— == o
A B £ F 6 H U K G /7 1 2] ~ N L
- .S,
] 1 ——ay ] 1
5] i ary =33 | |
wXx” w32 i
oy |
=F 39 == 40# 41 :
58 3¢ | 35 i - I
Z ) 8 e R
<k
E:é_’ 36 : e

Gy
o

TO 1OV, AC.

Schematic diagram of the power unlit demgned for the “A.C. Optimum Five.’

This unit suppties all the necessary “A’”

“B' and ‘‘C" voltages.
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The Eleétrified Everyman Four

HOSE who build the Electri-

fied Everyman Four will find

in  thig receiver the same

~implicity of control, economy
of parts, and good quality reproduc-
tion that has made the battery oper-
ated set so popular. The electrified
set is essentially rhe same as that
using D.C. tubes: the only additional
parts used are those necessary for the
successful operation of a receiver with
ACo tubes, The simplicity aud
efficiency of thisx four-tube receiver is
the result of using one stage of bal-
anced tuned radio frequency amplifi-
cation with tuned impedance coupling
to the detector, so rhat both the plate
cireuit of the radio frequency tube
and the grid ecircuit of the detector
tube are tuned with the same variable
condenser. Increased sensitivity is
obtained by regeneration which is
easily controlled with the 00005 Mfd.
condenser shown in the center of the
panel. Then follows two stages of
Ligh qualiry transformer-coupled
audio amplification with a 171 power
tube and an output transformer in
the last stage.

The radio freyuency and audio fre-
quency amplifying tubes are those
using alternating current directly on
the filaments and are the 226 type
tubes requiring 1.5 volts for operarion.
The detector tube is the 227 heater
type with five prongs requiring from
20 to 2.5 volts for operation. The
last tube requires about 30 seconds to
warm up after the switeh has Dbeen
turned on.

The % ohm and 1% ohm rheostats
and 30 ohin potenfiometer are mounted
on the A.C. control panel shown in
the center of baseboard layout. The
115 ohm rheostat is used to control
the voltage across the terminals of the
227 tube while the %% ohm rheostat
controls the filaments of the 226 tubes.
The 30 ohm potentiometer is used to
halance out the hum in the 1.5-volt
tuhes. When the rheostats have once
been set for most satisfactory opera-
tion and the potentiometer adjusted
to minimum hum, it will not be nec-
essary to give these controls any

N/
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turther attention. For this reason
thiey are not mounted on the front
panel.

The A.C. receiver takes up no more
space than the Dbattery operated set
while the space required for acces-
sories is considerably less since a I
power unit is the only additional part
required for the operation of the A.C.
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wires carrying radio frequencies short
and apart from all other wires, since
this very materially assists in making
a set both selective and =enxitive, The
low resistance resulting from short
wires and the absence of capacity
between wires, thereby making the
receiver easier to balance, are im-
portant factors in thix set. The con-
nections of the radio frequeney
amplitier are made principally above
the base, xeparating rhem from the
T'articu-

other wiring under the hase.

Top view of the completed Electrified Everyman Four.
inductances are mounted at right angles to each other.

Note that the two
All A.C, filament

leads are twisted pairs.

receiver. The 2000 and 750 ohm
resisrors provide the C-hias so that no
' batteries are required. The filament
supply transtormer is mounted on the
base with the set, eliminating the
necessity of additional space for the
A supply.

With the exception of the filament
circuits and a few other wires, the
wiring is almost the same for both
A.C. and D.C. receivers.

Interstage coupling is reduced to 2
minimum by using care in the wiring
and placing of the parts. The coils
are well spaced to prevent any coupling
through their fields, and each coil is
placed close to its own tuning con-
denser so that the leads from coil to
condenser may be kept as short as
possible. It is always well to keep

0LO

,,”_

i
/e Velt Line

Schematic

diagram of the Electrified Everyman Four,

using A.C. tubes.

lar care must be used in the wiring

to prevent any other wires from
running puarallel and close to the
twisted tilament supply wires. Any

wires running parallel to the twisted
A.C. wires should be spaced at least
14 iuch from them.

LIST OF PARTS REQUIRED

1 Muter No. 3300 Supreme AF. Trans-
former. first stage

1 Muter No. 3320 Supreme A.I", Trans-
former, second stage

1 Muter No. 2700 Clarifier-Output Trans-
former

1 Muter No. 3710 One Megohm Heavy
Duty Grid Leak

1 Muter No. 800 Grid Leak DMounting

1 Muter No. 301 .0001 Mfd. Moulded Bake-
lite Condenser

3 Muter No. 507 .5 Mfd. By-Pass Con-
densers

1 Muter No. 3508 1. Mfd., By-Iass Con-
denser

2 Muter No. 2750 Radio Frequeucy Chokes

1 Muter No. 1900 Variable Balancing Con-
denser

1 Muter No. 2305 % Ohm Power Rheostat

1 Muter No. 2315 1% Ohm I'ower Rheostut

1 Muter No. 2331 30 Ohm Potentiometer

1 Muter No. 2902 2000 Ohm Power Resist-
ance Unit

1 Muter No. 2975 750 Ohm Power Resist-

ance TUnit

1 Muter No. 2950 500 Ohin Power Resist-
ance Unit

1 Muter No. 3600 A.C. Filament Trans-
former

1 Mnter Binding PPost Strip, 1”7 x 6” x 18"

1 Muter A.C. Bakelite Control Panel, 2”
X 6”7 x "

1 Muter No. 1650 Power Switch

2 Muter .0005 Mfd. “Camfield” Coundensers

1 Muter 50 M-Mfd. “Camfield” Midget Con-
denser

1 Twin Coupler Co. 177 x 217 Micarta
Panel, Drilled and Engraved .

1 Twin Coupler Co. set of “Everyman E

Coils
Benjamin No. 9040 Cle-Ra-Tone Sockets
Benjamin No. 9036 35-I'rong Socket
X-L Binding Posts
I'ritts Basehoard (20%” x 10” x %)

L B>
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Van Doorn Opens FEastern

Sales Office

The Vau Doorn Company, of 160 No.
LasSalle Street, Chicago, I., have an-
nounced rhe appointment of Mr. John
C. Iindle ax eaxtern sales representa-
tive of the Van Doorn Company.

Mr. Hindle is supervising sules work
on radio and special etal products
from the new sales office at 100 Fifth
Avenue, New York City.

Peerless Announce Staff
Additions

To keep puce with the rapidly in-
creasing number of its customers, The
United Radio Corporation, makers of

po ST —

Captain F. W. Piper, Western Sales
Manager, United Radio Corp.

Peerless Reproducers, have announced
the appointment of the following able
and experienced men to their organ-
izatiomn.

Captain F. W. Piper will be Sales
Manager in charge of the Western
Distriet with headquarters in Chicago.
Captain Piper was formerly associated
with the Amplion Corporation of
America as Sales Engineer, having
heen associated with them since their
inception.

H. C. Goodrich. formerly field rep-
resentative for the King Manufactur-
ing Corp.. will be district representa-
tive in the Middle West covering the
states of Michigan, Ohio, Indiana and
Iowa.

Milton C. Bickford also of the Peer-
less Sales Staff will be the distriet
representative for the South Atlantic
States.

These mer will work with whole-
salers and retailers assixting them in
increasing rheir sales and merchandis-
ing radio.

Majestic Increases Manufac-
turing Facilities

The Grigshy-Gruno-Hinds Company,
of Chicago, Ill.,, makers of the Majestic
line of radio products have just leased
the property of the Yellow Truck and
Coach Manufacturing Company in
Chicago. .

The Grigsby-German-Ilinds Company
has just completed an addition to their
original plant at 4540 Armitage Avenue
which doubles the facilities of this
plant. The two Armitage plants will
be known as plants No. 1 and No. 2
and the Yellow Coaclh property will be
known as Majestic plants Nos. 3. 4, §
and 6. The tloor space of the Ma-
jestic Organization available for
manufacturing purposes now totals
nearly a half-million square feet.

Hartzell Sales Company Moves

The IIartzell Sales Company, with
headguarters formerly at 50 Church
Street. New York City, have moved
their principal office to 508 South
Dearborn Street, Chicago, 111,

Bosch Appoint New Director of
Sales

The American Boseh Magneto Cor-
poration of Springfield. Mass.. an-
nounce the appointment of Mr. Frank
. Goodman as Manager of Sales in
the Radio Division. Mr. Goodman was
formerly with the Souora I’honograph
Company in a similar capacity. His
headqguarters will be at Springfield.

Empire Company Moves

The Empire Electrical Products Com-
pany, formerly located at 132 Greene
Street. New York City have moved to
141 Wooster Street, New York City
where rhey have incrased plant fa-
cilities for the manufacture of their
cone speakers.

The Empire Eleetrical Products
Company. along with several other
well-known  companies, has been

licensed to manufacture loud speakers
under the Himmer patents.

Thordarson Appoints H. P.
Manly as Sales Manager

Mr. C. H. Thordarson. President,
has just announced the appointient
of Mr. H. I". Manly as sales manager
for the Thordarson Elecrric Manufac-
turing Company. Mr. Manly euntcred
the Thordarson organizarion in the
early part of 1924, [Iis =services in
directing sules of Thordarson trans-
formers to manufaciurers and the
trade will begin immediateix.

The sales policy of the company will
remain unchanged.

Air-King Co. Enlarges Plant
The Air-King DProducts Company.
222 Grand Street. Brooklyn. New York,
have increased their facilities to

H. C. Midwest Sales

o Goodrich,
Representative, United Radio Corp.

handle the manufacture of special type
inductance ecoils for manufacturers,
They also have a department specializ-
ing in short wave and rransmitting
coil types.

New Westinghouse Catalogue
the 1925-1930 cata-
Supplies of the

Publication of
logue of Eleetrical
Westinghouse Electric and Manufac-
turing Compuany lhas just been an-
nounced. This catalogue presents the
electrical and mechanical features and
application information for all supply
apparatus and  appliances manu-
factured by the Westinghouse Com-
pany, and in addition describes and
illustrates a representative list of large
motor and generating apparatus.
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The New UX-250 Super-Power
Amplifier Tube

A still larger and more powerful
amplifier Radiotron is announced by
the Radio Corporation ot America. It
is designated as the UN-250 Power
Amptifier Radiotron, and is capable

of delivering over three times as much
as the

undistorred energy UX-210.

R.C.A. UX.250 Super-Power Tube.

The UX-250 is considerably larger
in size than the UX-210, althongh irs
hase is identical. The filament of the
UX-250 is of the improved coated rib-
bon type, which insures great mechani-
cal strength and long operating life. The
ptate, which is blackened, is tall and
narrow, as in the UX-281 rectifier
tube. The standard UX or push type
base is used.

This new tube will provide a far
greater loud-speaker volume, without
distortion, than has heretofore been
possible. especially in conjunction with
auditorium loud-speakers and in the
operation of a plurality of loud-
speakers from a common amplifier, as
in hospital and exposition work. It is
interesting to note that while the plate
voltage has not been materially in-
creased over that of the UX-210, the

ALY DEVELOPMEN
~OF THE MONTH

required plate current is three times
as great as for the UX-210. Obvi-
ously, while the new tube is capable
of enormous volume—far more than
can he utilized in the largest of living
rooms—it is unnecessary to operate it
at full output. Instead, it may be
employed at but a fracrion of its full
capacity, thus securing undistorted
output at all times with ample re-
serve power. It is this reserve of
power which gives that character to
reproduction often referred to as
“depth” or ‘“timbre.”
'The characteristics
UX-250 are as follows:

of Radiotron

Recommended Maximum
Plate valtage.... .. 250 300 350 400 450 Volts
Negative grid bias. 45 54 63 70 84 Volts
Plate current...... 28 35 45 53 55 Milliamp.

Plate resistance(a-c) 2100 2000 1900 1800 1800 Ohms
Mutual conduetance 1800 1900 2000 2100 2100 Micromhos
Voltage amplifica-

3.8 38 3.8 3.8 38 .........

tion faetor......
Maximum undis-
torted output.... 900 1500 2350 3250 4630 Milliwatts
Filament........ 7.5 volts 1.25 amperes
Maximum overall, Helght 614” Diameter 243"
Base............ Large RCA Standard UX

When used as a transmitting Radio-
tron the UX-250 is rated at 25 watts
as against the 7%-watt rating of the
UX-210. As a power amplifier tube the
maximum undistorted output of the
UX-250 is 4650 milliwatts (4.65 watts)
as against 1540 milliwatts (1.54 watts)
for the UX-210, 700 milliwatts for the
UX-171, 195 milliwatts for the UX-
112-A, and 110 milliwatts for the
UX-120 dry-battery power tube.

Samson Phonograph Amplifier

The Samson Electric Company, of
Cunton, Mass., are now manufacturing

LRI i 1

The Samson
PAM type push-
pull phonograph
amplifier which
emplays one 227

A.C. tube and
two 210 power
tubes. A 281

hali-wave recti-
fier is used in
the power unit.

mginm LI
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a completely assembled Phonograph
Amplifier of distinctive dexign.

The amplitier is complete in itself
in that it supplies all of the “A", “B"
and “C” voltages required for its
operation.

The Samson Phonograph Amplifier
employes a one stage transformer
coupled audio frequency amplifier,
utilizing a 227 type A.C. tube which
feeds into a push-pull amplifier with a
transformer input and an impedance
outpur. This stage employs two 210
power tubes.

Kach amplifier is supplied with three
feet of heavy rubber-covered cable
and a line voltage variation input plug.

The units composing the amplifier
are sealed in metal containers which
in turn are secured to a metal chassis.
There are no exposed connections
from which a person using the ampli-
fier could receive a shock.

The overall size of the amplifier is
1534”x1114"”x634"”, not including height
of tubes, and the approximate weight
is 35 1bs. The total overall lheight ot
the amplifier with the tubes in the
sockets is approximately 714”.

It is practical to adapt this amplifier
to radio receivers as well.

Marathon A_.C. Kit

The Northern Manufacturing Com-
pany, of Ogden Street, Newark, N. J,,
are now manufacturing four A.C. kits
using a new type Marathon A.C. tube.
Thexe new \A.C. kits include a special

filament lighting transformer in a
pressed metat case. with a toggle
switeh and extension zord; a milti-
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wire adapter cable, a volume control
and the special Marathon A.C. tubes.

It is claimed by the manufacturer
that the Marathon A.C. tube is a new
development and is self-biasing.

The Marathon A.C. kits are made for
5, 6. 7 and 8 tube radio sets. Each kit
is completely wired up aud ready to
install., It is an easy matter to con-
vert any hattery operated receiver over
to complete A.C. operation.

Rola Model 20 Speaker

The Rola Company have amiounced

their new Table Cabinet Model 20
Loud Speaker which is now in pro-
duction.

The Rola Model 20 Table Speaker.

The new Rola reproducer unit em-
ploys the same type of laminated
armature used in other models of the
RRola speaker.

It is claimed that this new speaker
has a respouse range on the average
set from 70 to 5.000 cyeles. Ir is also
stated that the Model 20 Speaker is
free from periodic resonances due to
an accurately adjusted frietion damp-

ening of the air-waves behind the
cone; and rhis dampening combined
with the constructional features of

the cahinet cause the instrument to
radiate sound waves as though from
a baille three or four feet in diameter.

The speaker is equipped with a filter
to suppress tube distortion and para-
sitic noises. The Model 20 Speaker is
finished in hand-rubbed wailnut, stands
1114” high, has a width of 113”7 and
is 63477 deep.

Table Type Clarostat

Providing precise varialle vresist-
ance in the form of an accessory
rather than as a radio part, together
with sufficient eurrent-handling capac-
ity for reliable and long-life operation,
the Table Type Clarostat, manufac-
tured by the American Mechanical
Laloratories. 285 N. Gth St., Brooklyn,
N. Y, has a wide range of applications
in radio and lahoratory work.

Drietly, the Table Type Clarostat
comprises a micrometric variahle re-
sistor of from zero to 500.000 ohm
range, mounted in a neat metal stand.

The New Table Type Clarostat,

together with two flexible conducting
cords provided ‘with standard cord
tips as well as a connection block to
take the usual loud-speaker cord tips.
The metul case is handsomely finished
in nickel and bronze, with a neat bake-
lite knol to complete the attractive
appearance of this accessory. The bot-
tom is provided with a soft felt pad
to protect the finest furniture,
There are various ways in which the
Table Type Clarostat mav be em-
PMoyed. First of all, it may be
emploved as a through connection,

| with oune cord to the receiver and the

other, by means of the connection
block, to rhe loud-speaker. Again, it
may be employed Lo cut in resistance
in any given circuit, by using just one

. cord, since the resistance ig shunted

across the cords.
The Table Type Clarostat provides
an ideal volume control for the usunal

] . .
loud-speaker, either alongeide or as a

remote control. It may be employed
as a volume control for electric phono-
eraphs, It may be used in connection
with A-C tube harness.

Yaxley Full Automatic Power
Control

The Yaxley Manufacturing Com-
pany, 9 South Clinton Street, Chicago,
I1l., have introduced a very clever Full
Automatic Power Control which is de-
signed to perform a donble purpose.

Yaxley Full Automatic Power Con-
trol.

First, it controls the switching of the
“I3” eliminator and charger, or either,
when the filament switch of the set is

turned on or off. When the set is
turned on. the “B” eliminator is cut
in and the charger cut ount. The re-

verse is true when the set is turned off.
Second. when the battery is fully
charged, the full automatic power con-
trol cuts out the charger.

The Full Automatic Power Control
consists of two relays-—one with a
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low resistance to control tlie switceh-
ing of the “B” eliminator and charger
and the other with a high resistance
to cut out the charger when the bat-
tery is fully charged.

It is stated that the relays are made
to have a good strong pull and az a
result they are not affected by vibra-
tions encountered in service.

By means of a special resistance,
voltage drop is held to less than two-
tenths of a volt on sets liaving a cur-
rent draw of 234 amperes or less.

This unit is primarily designed for
use with a high rate charger, though it
works equally well with chargers of
the trickle type.

General Radio 2.500 Ohm
Rheostat

The General Radio Company, of
Cambridge, Mass.,, have brouglt out a
2,500 ohm rheostat to meet the need
for a high variable resistance for ob-
taining bias voltage from a “B”
eliminator, thus doing away with the
usual “C* batteries,

General Radio 2,500 Ohm Rheostat.

This 2.5300 ohm rheostat, known as
the 214-3\, is identical with other Gen-
eral Radio type 214 resistors. The
power rating capacity is 12 watts and
the current carrying eapacity 70
millinmperes.

The New Belden Soft Rubber
Plug

The Belden Manufacturing Com-
pany, 2300 S. Wesrern Ave., Chicago.
Ill.,, have added to their cord depart-
ment a new and remarkable Soft Rub-
her Plug. This plug is a distinet ad-
vancement in electric plug dexign and
can be used to great advantage for
household appliances, oftice and store
equipment, portable shop tools and all
other devices using a plug.

The Soft Rubber Plug is ruggedly
constructed of solid soft rubber. It

Belden Soft Rubber Plug.
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THE ZAPON COMPANY

STAMFORD , CONN,
CHICACO - CLEVELAND - DETROIT - LOS ANGELES
NEW WAVEN - NEW YORK - QAKLAND
PORTLAND  SAN JRANCISCO
SEATTLE »

Do You |
Manufacture
Resistors o

Aquadag—a concentrated colloidal
solution of electric furnace graphite
in water—enjoys a wide application
as a resistance elementin the manu-
facture of crid leaks,volume controls,
and other forms of resistors.

Its purity, homogeneity and ease
of application accounts for its popu-
larity.

Would you like a sample for ex-
perimentation and trial?

Acheson Products Sales Co.,Inc
175 Vanderpool St.,Newark, N. J.

|
I
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ICONDENSER!

NO Radio set is any better than its
weakest link, and the weakest link is
very often a filter Condenser. No Con-
denser is any better than the thin strips
of Insulating Tissue which separate the
layers of metal foil. A pinhole or a speck
of metal in the Condenser Tissue means
a break down of the Condenser, with the
entire set put out of commission.

DEXSTAR Condenser Paper is regarded
by Radio experts as being the highest
grade Insulating Tissue ever made—the
freest from defects, the most uniform in
quality, the most lasting under exacting
and unusual requirements. DEXSTAR
Condenser Tissue is the specialized prod-
uct of a paper mill which has excelled
in Tissue Paper production for three
generations.

RADIO designers and builders should
have the assurance that Condensers which
they use are made with DEXSTAR Con-
denser Tissues. It is insurance against
many radio troubles, The leading Con-
denser manufacturers are mnow using

DEXSTAR Condenser Tissues exclusively.

C. H. DEXTER & SONS, INC.
Makers of Highest Grade Thin Papers
WINDSOR LOCKS, CONN.
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can be dropped. knocked about or
jumped upon without injury. It is
shaped to form a convenient grip for
the fingers when plugging-in or pull-
ing out, and is attractive in appear-
ance. The insulating qualities make it
ideal for use in damp places and the
soft rubber construction makes it
highly desirable for washing machines,
mangles, toasters, percolators, and all
other devices which require a non-
breakuble plug for uninterrupted
service. The plug is made in differ-
ent shapes for various uses.

The Belden Soft Rubber Plug is
sold only as a part of Belden Cord
service and is furnished attached to
their many varieties of cords. Cords
with plug attached are furnished in
10, 20 and 50 foot lengths.

A Hookup Wire Kit for A. C.
Receivers

The Belden Manufacturing Com-
pany, 2300 South Western Avenue,
Chicago, announces the addition of
an A.C. Wire Kit to their extensive
line of radio wire accessories.

Belden A.C. Hookup Wire Kit.

The Colorubber A.C. Wire Kit, as
it is called, smooths the path of the
custom set builder in constructing an
alternating current receiver. The Kit
consists of a black twisted pair of
Colorubber Insulated Hookup wires
for the 1% volt filament circuit. a yel-
low twisted pair for the 2% volt fila-
ment cireuit, a red twisted pair for cir-
cuits of five volts or more. and a coil
of green Colorubber Hookup Wire.

Conductors are flexible tinned cop-
per. A cotton serve inside the Colo-
rubber insulation makes stripping for
soldering easy.

Durham Grid Suppressors

A Grid Suppressor must, to accom-
plish its purpose, be as nearly free
from inherent inductance and capacity
as possible. If a measurable amount
of inductance is present it is almost
certain to affect the circuit as well as
to nullify the advantages of the use
of a grid suppressing resistance.

In this connection, the International
Resistance Company, manufacturers
of Durham resistors, have developed
low range resistance units of the

{a{cmn SUPPRESSOR [

Durham Grid Suppressor.

values of from 250 olms to 3000 ohms
which are not of the wire wound type
but of the Metallized Filaument type,
consequently, entirely free from any
inductive or capacitative aftects.

New Burl Walnut Celoron
Radio Punels

A beautifully designed DBurl Wal-
nut Grain, for Radio Panels. has been
ammounced by the Celoron Company,
of Bridgeport, Pa. This announcement
is made in conjunection with their an-
nouncement of a new grade of Celoron
known as Grade 10-R which has ex-
ceptional electrical and mechanical
qualities. This combinarion gives a
beautitul panel, practically free from
surface leakage and with great
mechanical strength, making it pos-
sible to use a thinner piece of ma-
terial than las been possible hereto-
fore,

Tobe Radio Interference Filters

The Tobe Deutschmann Company, 11
Windsor Street, Cambridge. Mass.,
have introduced two new Radio Inter-
ference Filters. These filters are de-
signed for the purpose of eliminating
elecrrical interference from electric
motors and elecirical machinery em-
ploving small electric motors or niake-
and-break contacts,

TR MR LGB U3 PAT rbCE

) 1 RADIO 3
| INTERFERENCE
.'.'.N' FILTER®1 |

’ STSCHMANN OO
R sl

Tobe Interference Filter.

The Tobe Radio Interference Filter
No. 1 is designed to take care of
motors up to !4 'H.I’. Radio Inter-
ference Filter No. 2 is designed to talke
care of motors up to 5 LL.P.
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Webster A.C. Power Pack

The Webster Company. 850 Black-
hawk Street, Chicago, Ill.. have gone
into production on their new A.C.
power pack. This unit provides all the
necessary A, B and C voltage for any
type of receiver using standard A.C.

Webster A.C. Power Pack.

tubes. Suflicient grid bias can be ob-
tained from this unit for a 171 power
tube.

Webster Bone-Dri

Eliminator

.‘.GA”

The Webster Company, 850 Black-
hawlk Street, Chicago, Ill., also manu-
facture an “A” eliminator, known a

Webster Bone-Dri “A’” Eliminator.

the Webhster Bone-Dri A-10 which will
supply current to the extent of 2%
amperes at six volts. for lighting the
filaments of the standard type battery
tubes.

The rectifier used in this
eliminator is of the dry disc type.

sAY
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ANNOUNCING

New Manufacturers’ Models

3 F CONSIDERABLE importance to
manufacturers and engineers is |
the announcement that new light |
| weight Temple Air Column Speakers
are now available in many shapes and
sizes — in models that will fit every
standard cabinet dimension. Each |
of these models has been designed by
Prof. P. G. Andres, and are correct
exponential designs for maximum
response. They cover a wider fre-
quency band than heretofore. |
The Temple patented process of |
manufacturing exponential air
columns, which is responsible for the
1 brilliancy of reproduction, has been |
employed in these new light weight
- models.

Temple Speakers

Temple Air Chrome Speakers

Announcement is also made that |
Temple, Inc., have secured a license
under the Whitmore air chrome
invention, and are ready to supply
manufacturers with Temple Air
Chrome speakers of the balanced |
tension open radiator type similar to
illustration. Any size is available to |
meet manufacturers requirements.

These speakers are particularly
applicable to high quality audio
systems, made possible by the use of
power tubes. |

Double Action Units |

A number of special manufacturers’ types
| of Temple Double Action Units are available

depending on the output tubes used and the
frequency requirements to best operate be-
tween the audio system and the air column.

| Laboratory equipment is available to make
complete tests to determine the proper unit
with your receiver together with its applica-

| tion to the correct air column.

B ! Write for engineering data and prices.

TEMPLE, INC., 1925 S. Western Ave., Chicago, Ill.

LEADERS IN SPEAKER DESIGN
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The output of the “A” eliminator is
controlled hy a smull knob on the front
of the case. Two tip jacks are pro-
vided so that a voltmeter can be
plugged in if desired. A standard re-
ceptacle is mounted on the front of
the case and is intended to accomodate
the “I13” eliminator plug. A push
switelh on the end of long cord turns
on and off both the “A” and “B’ units.

Corwico A.C. Adapter Harness

The Cornish Wire Company. 30
Chiureh Street, New York City. are now
marketing a new AC. Adaprer Iar-
ness which enables one to convert prac-
ticully any battery s=et into an eleetric
receiver without any re-wiring.

Corwico A.C. Adapter Harness
Installed in Set.

The Corwico A.C. Ilarness is made
in two types. one type for use with
R.C.A. and Cunningham type ’26 and
27 A.C. tubes and another type for
use with the Arcturus A.C. tubes which
have 15 volt filaments. “Briadite”
wire is used in these Harnesses.

3v connecting the Harness to any
standard step-down *“A.C. filament™
transformer and inserting the A.C,
tubex. the battery operated =set is
changed into an A.C. receiver. the plate
and grid connections of the original
circuit remaining unehanged. A vol-
nme control is supplied withh each
Harness.

Acme ABC Converter

The Acme Electric and Manufactur-
ing Company, of 1444 Hamilton
Avenue, Cleveland, O., are now in pro-
duction on their new ABC Converter
designed for use in connection with

Acme ABC Converter.

sels using A.C. tubes. The ALC Con-
verter is built in two models; one to
operate with the R.C..A. or Cunningham
A.C. tubes and the otler model to be
used with the Arcturus tubes. The
transformer of the “A” unit has a 114

volt winding which will aecomodate
five 226 type A.C. tubes; a 2% volt
winding which will carry one 227 type
A.C. tube and a 5-volt winding
designed to supply filament current for
one 171-A or one 112-A {ube in the
last stage of the receiver.

The “B” power unit delivers 40 mil-
liamperes at 180 volts and uses a 280
type full wave rectifier tube. A “C”
voltage tap of negative 45 volts is also
furnished to provide the necessary “C”
hias for a 171-A tube.

United Electric Pick-Up

The United Air Cleaner Company, of
9705 Cottage Grove Avenue, Chicago,
Il1l., are marketing an electro-mag-
netic phonograph pick-up which can

United Electric Phonograph Pick-up.

be used in connection with any type of
phonograph. A special tone arm is
supplied with the pick-up and can be
obtained in gold. <«ilver, or bronze
finigh.

United Tone Amplifier

The United Air Cleaner Company
are also manufacturing a special audio
amplifier to be used in connection with

United Tone Amplifier.

their electro-magnetic phonograph
pickup. This amplifier is of the 3-stage
resistaunce coupled type and employs
two A. €. Hi-mu tubes and a 210 type
power tube in the output. 'The rectifier
is of the 216-13 type.

The amplifier is entirely
tained and is desigpned for
60-cycle alternating current.

self-con-
110-volt

Arcturus Hi-Mu A. C. Tube

The Arcturus Radio Company of
Newark, New Jersey, have added a
hi-mu tube to their line of detector,
amplifier and power amplifier alter-
nating current tubes.

The addition of a hi-mu tube in the
alternating current field greatly en-
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hances the posxibilities of A.C opera-
tion. admitting to a basis of efficient
operation resisiance coupled amplifiers
and similar receivers reqguiring hi-mu
tubes for pest results.

Arcturus Hi-Mu A.C. Tube.

The Areturns hi-mu tube, type A.C
32, follows the general mechanical and
electrieal practice of this line of alter-
nating current tubes. The tube is
mounted on a standard four prong
base plugging into the usual UX
socket. The cathode is common with
one side of the leater circuit (lead-
ing to the plus post on the UX
socket) eliminating the necessity of
additional side or overhead connee-
tions. The tube is of a heater cathode
tvpe operating from a 13 volts source,
the heater consuming .35 ampere.

The amplification constant of the
A.C type 32 tube is 30, the plate im-
pedance 40,000 ohms and the mutuat
conductance 700 ohms. Theyv are
recommended for use with an applied
amplitier voltage of 180 and higher,
and a grid hias potential of minus
1.5 volts.

Dubilier Tone Clarifier and
Filter Unit

The Dubilier Tone Clarifier, made
hy the Dubilier Condenser Corp., of
4377 Bronx Boulevard. N. Y. C.. is in
the formm of a neat metal case with
four binding posts. It contains a spe-
cial choke coil and a 4 mfd. condenser
of 400-volt rating. When employed as
an output filter or loud-speaker filter
coupler, the output from the receiver
or amplifier is connected to two bhind-
ing posts, and the loud-speaker to the
other two binding posts. When em-
ployed as an external filter section,
such as for additional filtering for the
detector plate circuit in redueing hum
to an absolute minimum as well as
overcoming a most common cause of
motor-boating, only three binding posts
are used. In this manner there is in-
troduced a high-grade choke coil in
series with the plate supply. with a 4
mfd. condenser between the plus B and
the minus B, for extreme filtering.
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Let Radio Engineering Assist When You Are Adding
to Your Technical Library

See offer at foot of this advertisement

[ OO T TR HARTTTEm

FOR SERVICE MEN AND PROFESSIONAL BUILDERS

Another addition to the Rapio ExcINEERING Book Family is “Modern Radio Reception” bs
Charles R. Leutz. Although this book has been made as non-technical as possible with mathe-
matical equations confined to simple examples, it furnishes a wealth of servicing and con-
struction data of a practical nature. The book contains 383 pages, is well 1llust1ated and
sells for $3.00.

ENGINEERING WORKS
Rapto FREQUENCY MEASUREMENTS (out of print until September)....by E. B. Moullin, M.A., A.M.I.E.E. $10.00

THERMIONIC VACUUM TUBE. ... ittt it inn e eae e by H. J. Van der Bijl, M.A., Ph.D. 500
*N[ANUAL oF Rapio TELEGRAPHY AND TELEPHONY (out of print until Sept.)....by Admiral S. S. Robison 5.50
EXPERIMENTAL ELECTRICAL ENGINEERING.....c.vvviuies seneneonseonioncans § by Vladimir Karapetoff

(and Marual for Electrical Testing) | Prof. EE., Cornell Univ. .00
VECTOR ANALYSIS . oottt te et een  atnee et eses e iaes by Joscph G. Coffin, B.S., Ph.D.  2.50
T1EORY OF VIBRATING SYSTEMS AND SOUNDS .................................... by Irving B. Crandall  5.00

Bell Telephone Labs.

PrIxcIPLES OF Rapio COMMUNICATION ... . ..... U by Prof. J. H. Morecroft 7.50

GENERAL PUBLICATIONS

MopeErRN RADIO RECEPTION . ............. 5005300800000 A88063000005000000000 660 by Charles R. Leutz  3.00
PRINCIPLES OF MODERN RADIO RECEIVING . ... ... . .. ..o viin, by L. Grant Hector, Ph.D. 5.00
PracTicAL Rap1io CONSTRUCTION AND REPAIRING. .. . ... .ivuiiinninaeannannn ....by Moyer & Wostrel 2.00
ELEMENTS OF RApio TELEPHONY... ...... D by V. C. Ballard, Jr., M.E. 150
WIRELESS PICTURES AND TELEVISION . ............. e by T. Thorne Baker 2.50

Note.~——Radio Engineering will be glad to nge information concerning the above works and other
radio and engineering books, in which subscribers may be interested

Note: Your subscription, or the renewal or
extension of your subscription saves $1.00
toward the purchase price of any of the above
publications.

Just add $1.00 to the price listed opposite the
book desired. Send check or Money Order
to RADIO ENGINEERING, 52 Vanderbilt Ave..
New York City, and you will receive a full
year’s subscription to Rap1o ENGINEERING and
the book (postpaid) by return mail.
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A Simple Guide
for Selecting
Resistors

No matter how many claims are made for a resistor,
vou can always check up on its true worth by findig
out who uses that particular make, and how it stands
up under the rigid pressure of daily service.

We strongly recommend that you ask any one of
the following companies about Harfield Resistors.
They ave but a few of a great number of concerns
now purchasing Harfield Resistors in large quantities.

Stromberg-Carlson Tel. Mfg. Co. \Vestern Union Telegraph Co.
Crosley Radio Corporation Sonora Phonograph Co.
American Transformer Co. Conner-Crouse Corp.
Fansteel Products Co. Magnavox Corporation
Martin Copeland Co. Llectrical Research Lah’s.
Splitdorf Electric Co. Samson Electric Co.

Tell us about the resistor vou want, and let us
make up a sample for you with prices. Write to

HARDWICK, FIELD, INC.

AR-FIEL] |

WIRE-WOUND

RESISTORS

i
Sales Dept.
100 Fifth
Avenue,
New York
City.

Factory
215 Emmett
Street,
Newark,
N. J.

N

Vitreous ENAMEL

(FIXED)

RESISTORS
“L M C”

Constant in value. Consistent.
I'ree from flaws.
Very low temperalure co-efficient.

Capable of withstanding considerable mechanical and
electrical abuse, including short overload of 100
per cent.

Accurately calibrated.

Non-Hygroscopic. The electric element is thoroughly
sealed with special Vitreons Enamel made in our
laboratories and fused on wunder 1400 degrees
fahrenheit.

Vitreous Enamel not easily chipped.

Not affected by temperature changes, owing to fact
that the co-efficient of expansion of metals and
minerals are on a par.

Samples gladly submitted from your specifications.

LAUTZ MANUFACTURING CO., INC.

Xlectrical Alloy
245-247 N. J. R. R. Ave., Newark, New Jersey

Products—Controlling Devices

\
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For the Convenience of our
many friends in Engineering
and Production Departments,
Radio Schools, Radio Clubs,
etc., who are sending us Group
Subscriptions.

RADIO ENGINEERING,
52 Vanderbilt Ave, N. Y.
Kindly enter the following subscriptions to
RADIO ENGINEERING for one year at $1.00.

(This subscription rate applies on 4 or more subscriptions)

Name . ..o e

Name .. ............

Name .. ...

Name ..................................

Name ... ..................

Name .......

Name ... ... .. .

Name .. ... ... ..

To the attention of Chief Engineers—
Laboratory Heads—Service Managers
—Plant Executives:

Radio Engineering should be
interesting and helpful to your
personnel. Your copy is not al-
ways available to your assist-
ants.

WHY NOT START THIS CIRCULATING
AS A ROUND ROBIN?

GROUP RATE—$1.00 A YEAR

A Complete Push-pull Péwer Stage

Increases Clarity, Reality

and Volume

ERE is an AmerTran wired unit

which meets the demand for a power
stage that may be easily assembled in the
average receiver.

It contains an AmerTran type 15I
input transformer* wired to two power
tube sockets, a 50,000 ohm mounted re-
sistance connected in series with the C—
or grid bias lead, and an output trans-
former of the type required by the com-
bination of power tubes and speaker de-
sired. As in every case, AmerTran has
considered all factors before offering a
product to the public, and that is the rea-
son for the fine results obtainable with
this new power stage. It is designed for
specific tubes and speakers, and when
used as instructed, will produce a very
high standard of performance.

For best tone quality, this power
stage should be preceded in the first stage
by an AmerTran DeLuxe audio trans-
former, and the output connected to a
high-grade speaker. The parts are firmly
secured 1o a strong metal base, provided
with mounting holes and the whole unit
is compact and neatly finished. Com-
plete information together with data on
other products will be gladly sent free on
request. Write to this company or see
an authorized AmerTran dealer in your
neighborhood.

* AmerTran Input and Qutput trans-
formers have finest high permeability
alloy core laminations and cxcellent
frequency characteristics.

The AmerTran Push-Yull Power Stage list
price $43 complete with two UX-171 tubes,
%54 with two UX-210 tubes. The unit is
licensed under R C A patenis and must be
sold complete with tubes as indicated.

AMERICAN TRANSFORMER COMPANY
179 Emmet St., Newark, N. ]J.

“Transformer Builders for Over 28 Years”
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Attention ~

Custom Set
Builders

Your clientele has an investment in
battery operated sets and power
supplies. Many of them are not in
the market for a new receiver, yet
desire A. C. operation. By selling
the EBY A. C. Adaptor Harness
you protect their investment in
sets and power supplies and give
them a completely dry and efficient
A. C. receiver. It gives you a nice,
profitable unit sale of harness,
transformer and set of tubes.

No rewiring is necessary—the job
is done in 10 minutes. Designed
for use with standard tubes and
transformer.

Made in two universal models

EBY A. C. Adaptor Harness for Five Tube
Sets—$9.00 List.

EBY A. C. Adaptor Harness for Six Tube
Sets—$10.00 List.

Complete instructions with each Harness tell
just how it's done. Write for a copy of this
interesting instruction booklet.

THE H. H. EBY MFG. CO,, Inc.
4710 Stenton Avenue, Philadelphia

Makers of EBY
Binding Posts
and Sockets

Rudio Engineering, March, 1928

CARTER

ADAPTER
HARNESSES

:uurml/' g ‘

317

Types for adapting 5, 6, or 7
tube battery sets with or without
power tube to AC operation.

e

Types using batteries; or eliminat-
ing “C” batteries, providing filament and
“C” bias regulation.

Write for Catalog.

In Canada:
Carter Radio Co., Ltd,,
Toronto

o @b

(4
‘Everyman 4”
World’s Premier 4 Tube Set

(Full details sent upon request)

The simplicity, dependability, and splendid performance of the
A. C. Everyman 4 has made it one of the most popular 4-tube
sets ever achieved. Carlton E. Butler, Technical Radio Editor
of the Chicago Evening American, in his article of January
third, declares the A. C. Everyman 4 to be “One of the best,
if not the best, circuit brought out this year, for selectivity,
ease of operation, volume and distance, with low initial cost and
low operating cost.”

Spectacular Low Price

Allows worthwhile profits to Professional Radio Set Builders
and Service Stations. Advanced construction. Finest Parts,
Nationally Advertised. A Real Producer. Write for construc-
tion data and full particulars.

LESLIE F. MUTER CO., Dept. 6054-C
76th and Greenwood Ave., Chicago, Ill.

Step a Year Ahead

with the @UT Eﬁ

““Fveryman 4°’
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POWERIZER

Reg. U. S. Patent OF‘KE

The Accepted Method of
Power Supply to the Modern
Set Is A C Directly to the
Tubes

Of course, a real power (a 210) for the last
stage, is the real advantage of A. C. house
current.

When you connect to the lamp socket, get
everything that it offers. The short cut to this
is the PXY type. POWERIZER is readily ap-
plied to most sets without rewiring. Send for
bulletin R 2003.

RADIO RECEPTOR CO,, Inc.
106 7th Ave. - New York City

“Electrified”

IS SR NS VI N TN BN BN @ AN SEmw
That’s the magic word that moves radio sets to-day.
You can electrify every radio set in" your town with

Majestic

«sA’° and ““B’’ Electric Power Units

NO ACIDS OR LIQUIDS
CONCEALED BATTERIES

MAJESTIC UNITS

IMPROVE RADIO RECEPTION

Write us for name of your nearest jobber.

GRIGSBY-GRUNOW-HINDS CO.

4540 Armitage Ave. Chicago

PPage 55

‘ Electrify Your Set

WITH THE

MARATHON 4-C kIT
SIMPLE AS AB-C

Marathon AC Tubes have
the standard 4 prang UX
bases. No adaptors or cen-
ter top resistors.

- Replace your old Tubes
- with Marathon A-CTubes

The Marathon harness is
universal, and can be used
in any set. The “spades”
slip over the projections on
the tubes—no thumb )/
| screws, QL ey, -

Connect the harness

Oneend of the harness con-
nects with the Marathon
Transformer. All tubes
operate on one voltage—6
volts—so there are no taps.
Simply plug the transform-

P|Uq in '—he quhf SOC'in er into the light socket.
~thats all there is to do

YOU CAN'T MAKE IT
| COMPLICATED

Satisfaction Guaranteed

No need to wonder if the Marathon AC:
Kit will operate on vour set — we guaran-
tee it. If you have a 5, 6, 7 or 8 tube set’
using UX sock ets and are not employing
an ‘" A"’ Battery (either drycellorstorage)
you can use the Marathon AC Kit—per-
fectly. Marathon AC Tubes are guaran-
teed for a vear. If your dealer cannot
supply you use the coupon below.

The Marathon AC Kitis Complete

Nothing else to buy—everything is com-
plete. For example the six tube kit in-
cludes 6 Marathon AC Tubes —a |
universal harness—a 6 volt Transformer /
—a volume control—and an instruction

sheet. Anyone, no matter how ignorant
of radio can change his set from DCto AC.

Jobbers — Dealers

Write or wire for our sales proposition. You can abso-
lutely guarantee the operation of the Marathon ACKit.

'NORTHERN MFG. CO.

NEWARK, NEW JERSEY

Northern Manufacturing Co.,
385 Ogden St., Newark, N. J.

Send me complete information on the Marathon

ACKit.

Jobber Dealer Professional Builder User
(Please check your classification)

N0 a0 06 saoaaocaass000530aa0aTn000a6T000000c5aa0a0a0a0a500a0a

Adress - . ..o
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Permeability and Hysteresis Curves of iron samples.
Condensers tested for life, voltage breakdown, leakage, etc.
Input and output curves of socket power devices—Oscillograms.
80th St. at East End Ave. ELECTRICAL TESTING LABORATORIES New York City, N. Y.
e “
PATENTS Custom Work a Specialty
TRADEMARKS — COPYRIGHTS
Special Attention to Radio Inventions H. & F. RAll)ai?, LEAB,ORATORIES’ Inc.
io Engineers
EUGENE E. STEVENS ey
Attorney at Law 168 Washington St.
Registered Solicitor of Patents New York City
905 F St., NNW,, Washington, D. C. Consulting “SUPER-HETERODYNE” Experts
&
|
ALLIED ENGINEERING INSTITUTE °
¢
Suite 429 :
30 Church St., New York, N. Y. v
(]
RADIO ENGINEERING, RESEARCH AND PUBLICITY |
I —
EONDENSER SPECIALISTS M e 1
Imbregated Taper” ondensers l‘n't“’:;m“@ﬁ‘,i_l’ﬁé Group Subscription Rates for
Erze capacities, ake no sef hardware, no
P O ontire’ concenutated eHort 1u o e otk RADIO ENGINEERING
alone. Such specialization dnssures hdl;!gi,sr. quality, - (1
Riiihions bf Bagt Cbndensers now n nes tn°las: 1 Subscription ... $2.00  For more than 5 b
ing sets and eliminators. Send us your 2 Subscriptions ... 3.00 subscriptions add
, specifieations. 3 Subscriptions ... 4.00 $1.00 for each addi-
E% 39820 q‘a"y (X 5 Subscripti 5.00 tional subscription.
wme for @m @ Chw:go’ i s A ubscriptions . . . b [
hooklat

] LONG TERM SUBSCRIPTIONS

Group rates are available to individual subscribers
who wish to extend or renew their subscriptions
as follows:—2 years, $3.00—3 years, $4.00—
5 years, 5.00—For each additional year add

$1.00.
RADIO ENGINEERING

= WIRE

STRAND—Antennae (plain or enameled)—Dou-
ble Galvanized.

WIRE—Antennae (plain or enameled). Connect-
mg and Ground (Rubber covered, braided or

in).
BUS BAR—thJendraht Loop.
MAGNET (Cotton or Silk).

John A. Roebling’s Sons Co., Trenton, N. J.

b s ecmrccnsceneed
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DRESNER COILS

RESNER space wound and threaded coils may be used with any type

of 00035 MF maximum capacity condenser, whether it be single,

triple or single and double factors. They are matched, machine
wound and laboratory tested. The report of the testing lahor'xtory of New
York University, indicates the high electrical qualities of Dresner coils.
Their external magnetic fleld is the lowest.

We are equipped to design and wind special coils to set manufacturers’
specifications. Write for complete details and send for prices, samples, etc.
Designed for Manufacturers’ Use. Packed
in Sets' of Three for Jobbers and Retailers.

DRESNER RADIO MFG. CORP., 564 Southern Blvd., New York City

For Service Men

MODERN RADIO RECEPTION

See Page 51

RADIO PANELS

Bakelite and Hard Rubber

All latest circuit panels in stock
Special sizes to order

CORTLANDT PANEL ENGRAVING CO.
167 Greenwich St. New York, N. Y.

4

DO YOU WANT ACCURACY—DELIVERY—ON

INDUCTANCE COILS

Space Wound, on Threaded Forms Complete Tuning Units,
of All Types for Receiving and Transmitting.

Coil Winding Specialists Since 1920

AIR-KING PRODUCTS CO.
222-226 GRAND ST., BROOKLYN, N. Y.

HIGH VOLTAGE FILTER CONDENSERS

Standard Laboratory Products at Special Prices

BAKELITE SHEETK BLACK

7 mfd. 600 volts D. C. Working Voltage—Dubilier @ $2.75 each
3% mfd. 600 volts D. C. Working Voltage—sn-omberg Carlson @ 1.50 each

mid. 200 volts D. C. Working Voltage—R. C. @ 42 each
10 mfd. 200 volts D. C. Working Voltage @ 85 each
R. F. 1. Fil—Transformer; for McCullough A. C. Tubes @ 2.15 each

W. K. SKIDMORE & COMPANY,

$8.75 per sheet

Dilecto (Red- stnpe) dull finish 3/16 x 33 x 43 @

Formica, polished X 10 x @ .95 per sheet
Formica, polished x 1414 x 171,5 @ 2.25 per sheet
Timmons Power Amplifier—list $45. 00—Spe0m1 @ $(1.50 each
80 Henry-50 Mills Choke (Coils @ 1,15 each

Write for quantity prices or list of Specials

Woolworth Building, New York
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ADIO Dealers and Professional Set Builders can do away with the annoyance of

buying from a large number cf sources by keeping our catalog handy. We have

built up a national reputation on kits and accessories and special apparatus. By
purchasing your kits and parts from Wholesale Radio Service Co. you not only assure
yourself of the correct price but save many dollars through delays in obtaining the parts
from a dozen jobbers.

We give our dealers the maximum discount on all orders whether large or small.
We feel sure that you will appreciate receiving a proper discount on your purchases
without taking a larger quantity than you really need.

All the Latest Kits and Parts in Stock

We have ready for immediate delivery an array of the newest and latest circuits
as specified by the latest Citizens Radio Call Book, Radio Broadcast, Radio, Radio
News and other leading publications. We always try to be first in the field with com-
plete parts so that our dealers can supply their customers promptly.

The Ra-Pam Audio Unit

3 The RA-PAM is a completely self-contained, light-
socket operated two-stage amplifier. A heater-type
AC tube is used in the first-stage and two 210 type
A 281 type recti-
fier tube is used to supply the B current thru the

power tubes in the second-stage.

power transformer and filter system, which is self-
contained in a semi-gloss black finished metal case
approximately fifteen inches by eleven inches by

seven inches high. The RA-PAM will fit nicely
into most consoles.
For complete information write for a special

RA-PAM Bulletin.

Send for Our Catalog

Everywhere you go in radio circles, you hear of
WRS catalog as a guide to all the good things in
this field offered at the lowest wholesale prices.
Thousands of radio dealers everywhere look solely
to WRS for their merchandise. They know they

cannot beat WRS price and service.

'm;rrrrnmul T
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QUESTIONS

The circulation of Radio Engineering has grown
tremendously during the past year. Every day,
scores of questions reach us, such as:

“How would you set up a one man service depart-
ment?”

“Give the measurements of each foot for a 44 ft.
Exponential Horn.”

“Provide layout and circuit diagram of complete
Broadcast Station.”

“Supply calculations for power dissipation in an
A.B.C. eliminator.”

If they are answered a few days late we are
properly “sat upon” in a following communication

We have had to increase our technical staff to
handle this correspondence. Many of the ques-
tions require research work and laboratory an-
alysis, which devolves upon the the editorial staff.

Effective at once, the following scale of charges
will be made:

Average Questions

Standard Circuit Diagrams

Special Circuit Diagrams

Prices on diagrams and questions requiring research
work or application of special reference work will
be quoted at time of receipt of inquiry.

NOTE

We will, of course, be glad to continue to answer

requests for information on sources of supply,

technical publications, manufacturers lines, etc.,
without charge.

RADIO ENGINEERING
READERS’ SERVICE BUREAU
JOHN F. RIDER, Mgr.
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The LOGICAL
Filament
Control

AEG W s, mAaT_ SoF

The "SELF-ADJUSTING" Rheostat

AMPERITE is not a fixed. resistor or so-termed filament
ballast. It is the only self-variable tube filament control—
insuring just the proper filament current for each and every
tube autcmatically. Does away with all rheostats on panel.
Simplifies wiring and operation. Precludes tube damage from
under or excessive “A” current, increasing tube life and
always guaranteeing maximum tube performance.

It is therefore indispensable.

We co-operate with dealers and custom builders.

ARadiall Company~

50 Franklin St., New York, N. Y.

TE—

.

Build LACAULT’S Latest
“Electric All Wave”

R-E-L-9
A proven circuit electrified—

Send for free literature I
describing the set in detail

Lowest Prices on Parts

and Kits

Write for list—

R. E. L. Laboratories
‘Suite 406, 1931 Broadway, New York City

E B

93

i EVERYMAN-FOUR

We supply complete kits or individual
parts for this famous four-tube circuit.

All parts laboratory tested.

On your order, we will assemble and wire
4 this set, with or without cabinet, at a nominal
charge.

4 OFFICIAL SERVICE STATION

RADIO KIT COMPANY
72 Cortlandt St. (4th-floor) New York, N. Y.

-

Pep Up
Your Set

X-L PRODUCTS

Easier  tuning—correct  tube
oscillation-—more  volume and

Model *‘N"* clearness with an X-L VARIO
Vario DENSER in your circuit.
Denser Specified and endorsed by foremost

radio authorities in all leading circuits.
MODEL *“N—Micrometer adjustment easily
made, assures exact oscillation control in all
tuned radio frequency circuits. Neutrodyne, Rob-
erts 2-tube, Browning-Drake, Silver’s Knockout,
ete. Capacity range 1.8 to 20 Mfd. Price $1.00
MODEL “G”—Obtains the proper grid capacity
on Cockaday circuits, fliter and intermediate frequency
tuning in super-heterodyne and positive grid bias in all
sets. Capacity range, Model G-1 .00002 to
-0001 Mtd. Model G-5 .0001 to .0J05 Mfd. Model G-10
.0003 to .001 Mfd. Price each with grid clips, $1.50.
X-L PUSH POST—NEW. Bakelite Insulated. Vibrations will
not loosen, releases instantly. Price each [5¢ |
Also in_strip of 7 on black pane! marked in white.
Price $1.50
FREE—New. up-to-date book of wiring diagrams showing
use of X-L units in the new LOFTIN-WHITE constant
coupled radio frequency circuit, and in other popular hook-
ups. Write today.

X-L RADIO LABORATORIES % &isa" v

Cardtoell Condensers

Professional men are invited to communi-
cate with us regarding

SHORT WAVE APPARATUS
TRANSMITTING APPARATUS
CONVERTERS

All types of condensers from midget to broadcast
station types

ALLEN D. CARDWELL MFG. CORP.

81 Prospect St.,
Brooklyn, N. Y.

.
[
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W Iransformers
? 1 : .
> édns OIC 1 ~ Independent Laboratories
/ N
and Choke Co1ls Newark, N. J.
built to meet your requirements will give you
improved results. )
Furnish us with your specifications or put your : 4 O
problems up to our experienced engineering OXIde Coated Fllament
department. : for
We invite your inquiries T
All Tubes
The ACME ELECTRIC & MFG. CO.
Established in 1917
1653 Rockwell Avenue, Cleveland, Ohio
I - L4
Special Getter
: for
p
] Detectors — A.C. Tubes — Amplifiers
Use the KARAS Power Tubes — Gas Rectifiers
A-C-FORMER to
Battery
CONVERT :.nw AC!
.
HE KARAS A-C-FORMER off
field for profit to set—builders.o gr;er:fe‘: $8.75 Cerlum Alloys
with Carter, Eby or other harness for 4,
5, 6 or 7 tube sets. Delivers correct voltage to
226 and 227 AC tubes. Does not transmit ex- . .
?(ensstl:lffls‘.”m;llgeidgu:;uzzg)ar;sa'tel?&rilclg fé?;lsenltl: sl,p:ﬁ';e :: N Exclusive Sales Representatwe
tap. - “B" elimina-
tor and" loop of wite to panel switch, No §iitiprtigind A. U. HOWARD
re-wiring necessary.
See Your Jobber or Write to 50 EaSt 42nd St. New York Clty
KARAS ELECTRIC CO. Phone: Murray Hill 0342 & 0343
4036-C N. Rockwell St., CHICAGO, ILL.
& < <
—SCIENTIFIC—

BRI R Type UXB

\ Without Adaptors!
ARCTURUS
A-C TUBES

—amplifier, detector.
high mu and power tybes

With special and universal
A-C CABLES
ARCTURUS RADIO CO.
255 Sherman Av., Newark, N. J.
COEEEE S AR T R AL

A-C TUBES

T |ARCTURUS
[

L g 4
The new SCIENTIFIC has been designed to meet the need for
P H 0 T 0 -E L E C T R l C C E L L S a dependable, fine appearing drum control to be used in ALL
circuits.
THE BURT CELL Beautifu!l escutcheon shield will enhance the appearance of any
set. Dial is calibrated 0 to 100 with figures and markings that
Without Fatigue—Highly Sensitive stand out clearly. Friction drive drum made of finest pressed
Absolutely Reproducible—Instantaneous in Response stelel, impr%veilwi}t‘h u’;t;.l Action is smootih am:!l‘ powerful and de-
. velops no backlash. is unit is supplied with any combination
no’trhl:e B(:EEE;SEL‘IJR;’S ::x;deotl})xzr apl?:t‘::-enf:g’rci,g gerﬁl ShBo; lg of condensers, List price of drum dial with escutcheon plate
special process of electrolysis, the photo-electric metal is ﬁ?‘.srzauggrde%s;;: i?g{ogsgrihfé'g:“gfrcal;ng; s‘?;hlf;dc;ﬁiu;;es
introduced into a highly evacuated bulb directly through combinatio}l Sl ontensers P Y
the Ela:las wall of U;]ghbulb. giving p;xot}?-elﬁbtﬁi’% énEaLtiriul .
of absolute purity. e superiority of the - is . . . o
dge to l;.lheseDfeatuxi)es‘.l mﬂkBimlzl possible results never before United Scientific Laboratorles, Inc.
i 0 i i ti . 271, q
obtainable WQeS‘:‘:Oe m;:u“;u:emﬂ:o STAlBILIZED 113-115 Fourth Avenue New York City
OSCILLOSCOPE—the only VISUAL OSCILLO- BRANCH BRANCH
g?éﬁggxﬁﬁ;"‘an PLoNRe oiiare or” High e OFFICES i ; OFFICES
quency wave forms. St. Louis R Cincinnati
Write for Bulletin 273 Chicago ] ‘\”-EDSCIEN [AB Los Angeles
DR. ROBERT C. BURT \Bltl)_ston " > ; -L Philadelphia
Manufacturing and Consulting Physicist MEInuespo LS San Francisco
327 S. Michigan Ave., Pasadena, Calif. Canadian Offices: London, Ontario
9 4 b

b w
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| Buyers

yers Directory of Equipment and Apparatus

I Readers interested in products not listed in these columns are invited to tell us of
I their wants, and we will inform the proper manufacturers.

Information Bureau.
| Addresses of companies listed below, can be found in their advertisements—see
’ index on page 62.

Address Readers’

ADAYPTERS:
Carter Radio Co.

AMMETERS
Jewell Elec. Inst. Co.
Westinghouse Elec. & Mtg. Co.

ANTENNAE, LAMP SOCKET
Electrad, Ine.
ARRESTERS, LIGHTNING :
Electrad, Ine.,
Jewell Klee. Inst. Co.
BASES, VACUUM TUBE:
Formica Insulation Co.
BINDING POSTS:
Eby, H. H., Co.
X-L Radio Labs.
BOXES, PACKING:
Tifft Bros.
BRACKETS, ANGLE:
Scovill Mfg. Co.
BRASS:

Copper and Brass Research
Assn.

Scovill Mfg. Co.
CABINETS, METAL:
Aluminum Co. of America.

Copper and Drass Research
Assn.

Crowe Nameplate Mfg. Co.
CELLS, PHOTOELECTRIC:
Burt, Robert C.
CHASSIS:
Aluminum Co. of America.
Copper and DBrass Research
Assn.
United Scientific Laboratories,

CHOKES, AUDIO FREQUENCY:
American Transformer Co.
General Radio Co.

Thordarson Elec. Mfg. Co.

CHOKES, RADIO FREQUENCY:
Cardwell, Allen D., Mfg. Co.
General Radio Co.

CHOKES, B ELIMINATOR:
American Transformer Co.
Dongan Elec. Mfg. Co.
General Radio Co.

CLAMPS, GROUND:
Electrad, Ine.
Scovill Mfg. Co.

CLIPS, SPRING:
Electrad, Inc.
Scovill Mfg. Co.

COILS, CHOKE:
Dudlo Mfg. Co.

COILS, IMPEDANCE:
Dudlo Mfg. Co.

COILS, INDUCTANCE:
Dresner Radio Corp.
Hammarlund Mfg. Co.

COILS, MAGNET:
Dudlo Mfg. Co.

COILS, RETARD:
Hammarlund Mfg. Co.

COILS, SHORT WAVE:
Hammarlund AMfg, Co.

COILS, TRANSFORMER:
Dudlo Mfg. Co.

CONDENSERS, BY-PASS:
Aerovox Wireless Corpn.
Automatic Electrie, Inc.
Burt, A. G., Jr.
Electrad, Inc.,

Fast, John E. & Co.

CONDENSERS, FILTER:
Aerovox Wireless Corpn.
Automatic Eleetrie. Inc.
Electro-Chemical Co.
Fast, John E. & Co.

CONDENSERS, FIXED:
Aerovox Wireless Corpn.
Automatie Electrie, Inc.
Burt, A. G., Jr.
Eleetrad, Inc,

Fast, John E., & Co.

CONDENSERS, MIDGET:
Cardwell, Allen D. Mfg. Co.
Hammarlund Mfg. Co.
Seovill Mfg. Co.

CONDENSERS, MULTIPLE:
Cardwell, Allen D, Mtg. Co.
Hammarlund Mfg. Co.

Scovill Mfg. Co.
United Scientific Laboratories.

CONDENSERS, VARIABLE
TRANSMITTING:

Cardwell. Allen D. Mtg. Co.
Hammarlund Mfg. Co.
Karas Electric Co.

CONDENSERS, VARIABLE:
Benjamin Elee. Mfg. Co., Inc.
Cardwell, Allen D. Mfg. Co.
General Radio Co.
Hammarlund Mfg. Co.

Karas Electric Co.
Scovill Mfg. Co.
United Scientific Laboratories

CONNECTORS:
Saturn Mfg. & Sales Co.

CONTROLS, ILLUMINATED:
Hammarlund Mfg. Co.
Karas Electrie Co.

COPPER:

Copper
Assn.

Seovill Mfg, Co.

& Brass IResearch

CURRENT CONTROLS, AUTO-
MATIC:

Radiall Co.

DIALS:
Crowe Nameplate and Mfg. Co.
Karas Electric Co.
United Scientific Laboratories

DIALS, DRUM
Hammarlund Mfg. Co.
Karas Eleetric Co.
United Scientific Laboratories

ELIMINATORS, A B\TTERY:
Acme Elee. and Mfg. Co.
Electro-Clhiemical Co.

Grisby, Grunow, Hinds Co.
Kuras Electrie Co.
Radio Receptor Co.

ELIMINATORS, B BATTERY:
Acme Elec. and Mftg. Co.
Dongan Elee. Mfg. Co.
General Radio Co.

Grigsby, Grunow, Hinds (lo.
Radio Receptor Co.
Thordarson Eleetrie Mfg. Co.

ELIMINATORS, UNITS FOR:
American Transformer Co.
Dongan Elec. Mfg. Co.
Electro-Chemical Co.

General Radio Co.
Radio Receptor Co.
Thordarson Electrie Mfg. Co.

ESCUTCHEONS:

Crowe Nameplate and Mfg. Co.

EXPORT:

Ad. Auriema, Ine.

FILAMENT, OXIDE COATED:
Independent Laboratories, Inc.

FILAMENT CONTROLS, AUTO-

MATIC:
Raadiall Co.

FOIL:
U. 8. Foil Co.

GALVANOMETERS:
Jewell Elec. Inst. Co.

GETTER MATERIAL
Independent Laboratories. Inc.

GRAPHITE:
Acheson Products Sales Co.,
Inec.

GRID LEAKS:
Aerovox Wireless Corpn.
Electrad. Inc.
Hardwick, I'ield. Ine.
International Resistance Co.

HARNESSES, A-C.:
Carter Radio Co.
Cornish Wire Co.
Eby, H. H., Co.
Northern Mfg. Co.

HORNS:
Racon Electrie Co.
Temple, Inc.

HORNS, MOLDED:
Racon Elec. Co., Inc.
Temple, Ine.

INDUCTANCES, TRANSMIT-
TING:

General Radio Co.

INSTRUMENTS, ELECTRICAL:
Jewell Elee. Inst. Co.

INSULATION, MOULDED:
Dakelite Corp.
Formica Insulation Co.
General Plasties, Ine.
Westinghouse Elee. Mfg. Co.

JACKS:
Carter Radio Co.
Electrad. Inec.

JACKS, TIP:
Carter Radio Co.

KITS, SHORT WAVE:
Aero Products, Inec.

KITS, TESTING:
General Radio Co.
Jewell Elee. Inst. Co.

KITS, TRANSMITTING:
Aero Produets, Inc.

LACQUER:
Zapon Co., The

LABORATORIES:
Electrical Testing Labs.

LEAD-INS:
Electrad, Ine.,

LOCK WASHERS:
Shakeproof Lock Washer Co.

LUGS:
Neovill Mrg. Co.
Shuakeproof Loek Washer Co.

MAGNETS:
Thomas and
Produets Co.
METERS:
Jewell Elec. Inst. Co.
Westinghouse Elee. & Mfg. Co.

MOUNTINGS, RESISTANCE:
Electrad, Ine.,

NUTS:

Shakeproof Lock Washer Co.

PACKING:

Tifft Bros.

PANELS, COMPOSITION:
Cortlandt Panel Eng. Co.
IPormica Insulation Co.
Westinghouse Elee. & Mfg. Co.

Skinner Steel

PANELS, METAL:
Crowe Nameplate and Mfg. Co,
Scovill Mfg. Co.

PAPTER, CONDENSER:
Dexter, C. H. & Sons, Inec.
Strype, Fred C., Co.

PAPLER, CONE SPEAKER:;
Seymour Co.

PLUGS:
Carter Radio Co.
Saturn Mfg. Co.

PUOTENTIOMETERS:
Carter Radio Co.
Central Radio Laboratories
Electrad, Ine.
United Scientifie Laboratories

RECTIFIERS, CARTRIDGE:
Acme Elee. & Mfg. Co.
Electro-Chemical Co.

RECTIFIERS, OXIDE:
Electro-Chemical Co.

—
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RESISTANCES, FIXED: TRANSFORMERS, B-ELIMIN- |
Aerovox Wireless Corp. ATOR:
Carter Radio Co. American Transformer Co. |
Central Radio Laboratories. Dongan Elec. Mfg. Co.
Electrad, Inc. General Radio Co. |

Hardwick, Field, Inc. Thordarson Llectrie Mfg. Co. CONE SPEAKER PAPER
International Resistance Co. TRANSFORMERS, FILAMENT | —
Lautz Mfg. Co. HEATING: ALHITAMBER A £ \ the cone speaker is
Ward Leonard Electric Co. Dongan Elec. Mfg. Co. I 53557@]«1110;’”“ Uzlivl;: ;?g(’l'fl'ggot):‘, rg!‘)hou;:?et;
RESISTANCES, VARIABLE: General Radio C. FORM RESO- is ALHAMBRA
Thordarson Electric Mfg. Co. NANCE. It has no supreme in impart-

American Mechanical Labs. resonance point of ing the utmost in

Carter Radio Co. TRANSFORMERS. QUTPUT: its own. Just as tone quality.
Central Radio Laboratories. American Transformer Co. | A TIFA SIS TA
Just as 9 out of 10 Radio Speaker Manufacturers use LETAN
E]eetra.d' In(:- Dongan Elec. Mfg. Co. exclusively —so do the vast majority of skilled professional builders
Hardwick, Field, Inc. General Radio Co. insist upon ALITAMBRA only.
International Resistance b c D i@ Mf . Cone speaker manufacturers are invited to communicate with us concern-
ance Co Thordarson Electric Mfg. Co ing their x\'euuiremems for the coming season. ALHAMBRA is furnished

Lautz Mfg. Co.

TRANSFORMERS. POWER: in sheets suitable for cone speakers of 13 inches to 36 inches dlameter—
Ward Leonard Electric Co.

i gpecial sizes to order. Prompt shipment guaranteed.
American Transformer Co.

RHEOSTATS: Dongan Elec. Mfg. Co. The SEYMOUR CO., 323 W. 16th St., New York City
Carter Radio Co. General Radio Co. | &>
Central Radio Laboratories. Karas Electrie Co.
Electrad, Inc., Thordarson Electric Mfg. Co. | -~

United Scientific Laboratories. TRANSFORMERS, R. F.,
NED :

SCHOOLS, RADIO: TUNED:
National Radio Institute. Cardwell, Allen D. Mfg. Co. CONDENSER PAPERS
OF

BHIELDING, METAL: TUBES, A. C.: ’
Aluminum Co. of America. Arcturus Co.
Copper and DBrass Research C. E. Mfg. Co. | 0 .
Assn. Northern Mfg. Co. Superior Quality

Crowe Nameplate Co.
TUBES, RECTIFIER:

P Cardwell, Alien D Cor | arcturus Co. LINEN AND CELLULOSE

General Radio Co. C. E. Mfg. Co.
Y Mfg. b
I, e Northern Mfg. Co IN ALL CALIPERS
Benjamin El_e_etric Mfg. Co. TUBES, VACUUM: LIBERAL STOCKS CARRIED IN NEW YORK
General Radio Co. arcturus Co. ROLLS FOR TESTING ON APPLICATION
BOLDER: . E. g. Co.
Chicago Solder Co. (Kester). Northern Mfgz. Co.
Westinghouse Elec. & Mfg. Co. yNITS, SPEAKER: FRED C. STRYPE
SOUND CHAMBERS: Racon Electrie Co. 140 Lafayette St New York City
Racon Elec. Co., Inc. Temple, Inc. | "
Temple, Inc. VOLTMETERS, A. C.; . 4
BPEAKERS: General Radio Co. ‘
Racon Electrie Co. Jewell Elec. Inst. Co. 1
Temple, Inc. Westinghouse Elec. & Mfg. Co. |

United Radio Corp.

VOLTMETERS, D. C.:
BTAMPINGS, METAL: General Radio Co.
Scovill Mfg. Co. Jewell Elec. Inst. Co.
|

STRIPS, BINDING POST: Westinghouse Elec. & Mfg. Co.
X-L Radio Laboratories. WASHERS: FOR CONDENSERS
SUBPANELS: Shakeproof Lock Washer Co.

Cortlandt Panel Eng. Co.

A RE, ANTENNA:
Formica Ins. Co. WIRE

Cornish Wire Co.

| All grades of

Westinghouse Elec. & Mfg. Co. g1, Mfg. Corp. TIN FOIL
BWITCHES Roebling, J. A,, Sons, Co. | LEAD FOIL

g»]l;ct::a(l;a;i:: Co. WIRE, BARFE COPPER: | COMPOSITION FOIL

) X e Cornish Wire Co. ALUMINUM FOIL

Saturn Mfg. Co. Dudlo Mfg. Corp.
TAPPERS Roebling, J. A., Sons, Co. |

Eastern Tube and Tool Co. WIRE, COTTON COVERED: UNITED STATES FOIL CO.
TESTERS, B-ELIMINATOR: Cornish Wire Co. LOUISVILLE 5 5 KENTUCKY

General Radio Co. Dudlo Mfg. Corp. :

Jewell Electrical Inst. Co. Roebling, J. A., Sons Co. i S =)
TESTERS, TUBE: WIRE, ENAMELED COPPER: |

General Radio Co. Cornishi Wire Co.

Jewell Elee. Inst. Co. Dudlo Mfg. Corp. ’ PACKING PROBLEMS SOLVED

v Roebling, J. A, Sons Co.
TESTING INSTRUMENTS: We can overcome your packing difficulties, whether vou ship large

General Radio Co. WIRE, LITZENDRAHT: \ sets or small sets—heavy power equipment or fragile speakers—
Jewell Elee. Inst. Co. Cornish Wire Co. l whether the weight
Westinghouse Elec. & Mfg. Co. Dudlo Mfg. Corp. | is ten pounds or
TESTING KITS: Roebling, J. A., Sons Co. fve hundred
pounds. Our years
Jewell Elec. Inst. Co. WIRE, PIGTAIL: of experience in
TESTING LABORATORIES : Cornish Wire Co. ’;ihe?dra:rig S}tlipping
N - a your
Electrical Testing Labs. lgtl)léi;?inl\lfgi CAorDéons o command  without
TOOLS i g J. A ' obligation.
Eastern Tube and Tool Co. WIRE, SILK COVERED: =
TRANSFORMERS, AUDIO: g“(;;lShM;“r% Co.
American Transformer Co. Ru b!I)' gJ. Aorpé c TIFFT BROS.
Dongan Elec. Mfg, Co. CEIM, Qla dp U 20, 8 Broadway,
General Radio Co. WIRE, TINNED COPPER: New York City
Karas Eleetric Co. Cornislh Wire Co. Shipping Cases for
Thordarson Electric Mfg. Co. Dudlo Mfg. Corp. DifMcult Problems

United Radio Corp. Roebling, J. A.. Sons, Co.




Pagye 62 Rudio Engineering, March, 1928
—_— —_— v v
Your Set WILL Work ! C O t .
"« with ANY Eliminator! J J P eration
\ . 1
1
The Type 440-A Trans- :
former illustrated is designed &
for use on 105-125 V (50- |
I 60 cycle) A. C. and is rated ;
; at 65 watts. The following
voltages are available. f
2 volts; 3.5 volts; 5 volts;
7.5 volts. {
! The use of this trans- 1
[ former together with the r
Type 440-A Transformer new A.C. tubes and a de-
| ‘ Price $10.00 pendable plate supply unit
I F you are troubled with whistling, squealing, or motor- such as the General Radio
gfat}gﬁrw}xé‘m}\’%‘; use an eliminator, the addition of three ’ tvpe 445 Plate Supply and grid Bias unit makes the
' Condens%rsblwill = 2 T conversion of a battery operated receiver into one
’ :’fr;’nﬁr?n aadé’ifi‘;;e' ¥ eSS NREDOTOMADN O | operated from the light socket very simple. If vou do
;v:})lvecerllhaeinlifoi;ne- E # (. =——TYPEL 20C-8MFD s | not care to undertake this change vourself go to vour ’
| quality and reduce A - -——TYPE 202-4MFD E community set huilder. He is well qualified to serve \
A. Hum. Here g = g ] ou
is the circuit. R =l ,  ~—TYPE 2024MFD you.
\ !
The *‘Aerovox Research Worker” is a monthly technical =EEE v
publication with lots of useful information. Send for your |
free copy. 3
EROVOX Manufacturers of Radio and Electrical laboratory apparatus.
“Built Better™ 30 State Street Cambridge, Mass. §
70 Washineton St., Brooklyn, N. Y.
— — S—— b "'y
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A New And Improved
.~ Volume Control For |

“A C” Circuits

|

Centralab Radiohms RX-100 ‘
and RX-025 have been built

with exact taper of resist- I
ance to give effectual control |
of volume smoothly, without
jumps and sudden blasts. l
When the RX-100 is placed
across the secondary of one
of the R.F. stages it surely
and positively controls the
volume from a whisper to maximum on all signals |
—vpowerful locals notwithstanding. This Radiohm
will also control oscillation very effectively.

The RX-025 has the exact taper of resistance for
a volume control when placed in the antenna
circuit, or across the primary of an R.F. trans-
former.

One of these two Radiohms and the Centralab
Power Rheostat are essential resistances for all
“AC” circuits. They help to maintain the delicate
balance of voltages throughout the circuit and in
no way affect the balance between plate and fila-
ment current, so necessary to maximum efficiency.

| Central Radio Laboratories
25 Keefe Avenue, Milwaukee, Wis.

Write for new
folder showing
applications.

5= MIDLINE E 3¢

Licensed under Fitz Lowenheim patent No. 1258423,

The fame of the Hammarlund “Midline” Con-
denser consists not merely in one extraor-
dinary feature—but in all that denotes a rezl
engineering achievement.

It is a precision instrument that commands
respect because it embodies every refinement
of design and adaptability that modern radio
receivers require in condenser equipment.

Write for Folder

HAMMARLUND MANUFACTURING CO.
424-438 W. 33rd St., New York, N. Y.

Forv Bettwtw Radior
ammariund

PRECISION

PRODUCTS
T e e e lIIIIIIlllllllllllllll]lllllﬂ%

000 0

&)

e s

000 0 R
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Find C Set
Trouble Quickly

Pattern
No. 77
Triple Range
A.C. Voltmeter

For locating trouble in the new
A. C. operated radio sets the Jewell Pattern
No. 77 triple range voltmeter is the best addi-
tion that can be made to any service man's
kit of service eguipment.

One of the chief troubles in the
new A. C. sets, using D. C. tubes in series is
paralysis of the tubes due to improper fila-
ment voltage. Another source of trouble is
traced to line voltage which varies consider-
ably in some localities. Most sets have some
means of compensating for variations in line
voltage, but some method of knowing defi-
nitely what values are being obtained is quite
essential. In sets using the new A. C. four
and five prong tubes it is often more impor-
tant that the filament is right than in sets
employing D. C. tubes, as it is found that a
particular setting of the filament is sometimes
necessary to eliminate hum.

Primary and secondaries in charg-
ing transformers also need occasional check-
ing to determine cause of trouble.

Any of the above conditions may

be quickly located with the Jewell Pattern:

No. 77 A. C. voltmeter. The O-3, O-15 and
O-150 volt ranges are ample for all ordinary
A. C. testing. The Pattern 77 is a quality
instrument throughout and holds forth the
usual Jewell assurance of years of satisfactory
use. The size is such that it can be easily
handled and arrangement is made for either
bench or wall mounting.

Write for descriptive circular No. 1145.

“28 Years Making Good Instruments”

Jewell Electrical Instrument Co.
1650 Walnut St., Chicago
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JUNE 5 lnclusive
STEVENS HOTEL

A BIGGER SHOW A BETTER SHOW

More manufacturers have signed up for Both the Exhibition Hall and the Ball Room

exhibition space than for last year’s show. of the Stevens Hotel will be used for

There will be more to see, more to select exhibits. All that’s new for the 1928-29

from and more new products to sell and season will be so arranged that you will

profit on. not miss a thing. ‘
A MORE INTERESTING SHOW

The variety and number of exhibits and entertainment features will surpass last year’s show
—and that was a hummer! Many manufacturers are arranging to entertain you—to make
your visit both profitable and pleasurable. The R. M. A. banquet will have for its speakers
the leading men in the industry.

YOU MUST GO

Distributors, dealers and jobbers will be admitted by invitation only. Full particulars regarding
your credentials will be sent to you in April. For any other information address

' Radio Manufacturers Association Trade Show

UNDER DIRECTION OF U.J.HERRMANN AND G.CLAYTON [RWIN,JR. ‘

' Room 1800 Times Bldo;New York City

WirLriams Press, INC, NEW YORK—ALBANY



a0

A Message to

Custom Set Builders

No. 6512

A C Transformer

One of the best types.
Equipped with cord and
plug outlet for B-Elim-
inator. Also control switch
tap. Operates with 4 UX
226, 1 UY 227 and 1 UX
171 tubes.

$5.75 list

No. 5553

A BC Power Supply Unit

Supplies B-power as well
as A C power. For ovne 1o
eight UX 226, 2 UY 227,
2 UX 171 tubes and one
UX 280 Rectifier tube.

$22 list

FANS—Prompt de-

liveries assured on

this and other items.

upon receipt of
check or money
order.

Building, as you do, a receiving set for the buyer
who insists upon the best in radio, you naturally
seek the very latest in design and finest construc-
tion in parts— at a price that permits a profit.
Just as Dongan has always devoted its entire
facilities to the manufacturers of sets, now
Dongan recognizes the Custom Set Builder as
a distinct factor in the radio industry.

Establish a Direct Source
on Fine Parts

You can avail yourself of special discounts on
audio transformers, B-Eliminator transformers,
chokes and units, A C transformers and units,
power amplifier transformers, etc.—all approved
parts designed in one of the world’s finest radio
parts laboratories and manufactured in one of
the most modern and well-equipped plants.

For converting D C sets to A C— or for build-
ing new sets — write for our Custom Builders’
proposition. Your source is direct and satisfac-
tion guaranteed.

Find out about this at once. You can improve
the quality of your work and receive added
profit.

Transformer Headquarters for
SET MANUFACTURERS

In designing your new set, take advantage of the re-
search work on power transformers developed in the
Dongan laboratories. Every feature of approved design

available.

DONGAN ELECTRIC MANUFACTURING COMPANY

2995-3001 Franklin St.
DETROIT, MICHIGAN

n.'-



A Radio Speaker unit completely

housed in Bakelite Molded

HE magnet coils and dia-

phragm of a speaker are sensi-
tive parts which require complete
and lasting protection from injury,
if quality performance is to be re-
tained. Shorting of the coils and
any damage to the diaphragm must
be carefully guarded against.

In the Amplion speaker unit the
diaphragm is housed within the
Bakelite Molded two-part circular
base, shown at the right. Each of
these two parts is formed in a
single operation with finished
threads and holes, and to such close
dimensions that a snug-fit and per-

fect interchangeability are assured.
The two small Bakelite Molded
blocks have replaced metal for the
coil mounting, removing any
chance of shorting the coils. To
complete the assembly a deep Bake-
lite Molded cover encloses the
electrical parts.

Bakelite Engineering Service

Intimate knowledge of thousands of
varied applications of Bakelite Mate-
rials combined with eighteen years’
experience 1n the development of
phenol resins for industrial and radio
uses provides a valuable background
for the cooperation offered by our
engineers and research laboratories.

BAKELITE CORPORATION

247 Park Avenue, New York, N. Y.

Chicago Office: 635 W. 22nd Street

BAKELITE CORPORATION OF CAMADA, LTD., 163 Dufferin St., Toronto, Ont

e

THE MATERIAL OF \9O/) A THOUSAND USES

“The registered Trade Mark and Symbo! shown above may be used only on products made from materials
manufactured by Bakelite Corporation. Under the capital “B*" is the aumerical sign for infinity, or unlimited
quantity. It symbolizes the infinite number of present and future uses of Bakelite Corporation's products.”®



