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Components of Ferranti Transformer

In the Ferranti Audio Frequency Transformer
the primary inductance is made large by using
a great number of primary turns. a core of
large cross section and a short mean core path.
The mean core path is made as short as possi-
ble and is at the same time not short enough
to make the D. C. saturation appreciable. The
core loss has been made negligible by the use
of a laminated core of ample cross-section
with properly insulated laminations of high re-
sistance alloy steel. The leakage inductance
is made very small by interleaving the second-
ary coil between two sections of the primary
coil. The mutual capacity is kept low by the
use of air as the principal insulation. The

A

dielectric constant of air is | as against 3 or =+
for paper and oiled cambric insulators.

The dielectric losses in the coils are reduced
to a minimum by the use of skeleton coil forms
and the elimination of all between layer insu-
lation. The self capacity of the coils is re-
duced by winding each coil in sections and thus
making the between layer voltage low. Fur-
ther, the leakage inductance and the self capac-
ity of the secondary coil have been balanced
so as to prevent the amplification falling off at
the higher frequencies and yet at the same time
eliminate the large resonant peak that occurs
in most transformers in the neighborhood of
5.000 cycles.

Ferranti Transformers Are Specified for the

SKYSCRAPER

Principal parts for the SKYSCRAPER. including base. front and shields correctly dri'lled. | set of thres spe
cial coils. | audio transformer type AF 5. | pushpull input transformer type AF 5 C. | pushpull output teaus

trarstormer type OP 8 C
and complete instructions for building.
Send 13 ot 1

FERRANTI, Ltd.
Hollinwood, England

FERRANTI, Inc.
130 West 42d Street, N. Y. C.

for standard speakers. or | OP 4 C for Dynamic Cone speakers. with drawings
LIST PRICE: $95.00.

Instructions separate. $1.00.

spvoof the 1928 Ferranti Year Boo
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FERRANTI ELECTRIC, Lud.
26 Noble Street, Toroato, Can
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ORMICA
- that Punches (old

Phenol Fibre Sheet that punches
perfectly when cold and still has in-
sulating and moisture resisting qualities
of the first rank is difficult to make—in
fact, it has only recently been possible.

Formica punching stock is now available
that will yield perfectly smooth edges in
the punch press even when cold—in
sheets up to 3/32 of an inch thick.

This stock greatly simplifies matters for
manufacturers who do their own fabri-
cating. For those who prefer to buy
parts already fabricated, Formica has an
unusually complete array of machinery.
Quick delivery is possible in quantity.

e FORMICA INSULATION CO.
4614 Spring Grove Ave., CINCINNATI, O.

ORMICA

Made from Anhydrous Bakelite Resins
SHEETS TUBES RODS

.
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What May We Expect of
Television?

3v Frep D WiLLiams
Vice-Pres, Raytheon Manufacturing Company

HAT television has arrived, cannot be
denied. 1t is lere, even if in the form
of @ crude vet mighty interesting experi-

i= woing to be the
broadeasting story all over again.  Most of us

ment. In fact, it

can recall those days when a lone radio ama-
teur. here and there, operated a radio tele-
phane  transmitter and gave phonographic:
over the air for such radio en-
thusiasts as were willing 1o build a receiv-
ing set and tune in. And just as broadeast-
ing was fostered, developed and popnlarized
by the efforts of a handful of radio ama-
teurs, o may we expeet radio television to
develop until it attains that ultimate perfeec-
tion we have every reason to expect,

coneerts

Tt is well, however. to issue a note of
warning at this time. In the first place, let
s e reasonable with  television technique.

Those who hope to see large sereen images,
with detail with the excellent
mation pictures of taday. and with the entire
world before them, are doomed to keen dis-
appointment.

comparithle

We might as well disiHusion
theme from the very start.  Television tech-
nique, at this time. cannot handle more than
a very =mall sereen size, say 1% by 1Y, inches,
while the detail is only of the modest variety.
A face. hand. large type. a simple mechan-
ism-these can be produced fairly well, so
that  the
strained,

imagination is not too severely
In a face. for instance, it is pos=-
sible to see the exebrows and the teeth in
the ease of good transmission and reception,
However. it is useless to expeet to identify
individual hairs or gold teeth,

Bryan Davis Publishing Co., Inc.

Bryan S. Davis,

President. Seceretary.

James A, Walker,

E. M. Bacon,
Advertising Manager.

Publication Office—Lyon Bilock -Albany. N. Y.
A. G. Rudolph, Manager

Chicago Office—38 E. Washington St.

Entered as second class matter at the post
office at Albany. N. Y., January 9, 1925, under
the act of March 3, 1879.

Al { i { e it il L]

52 Vanderbilt Ave.
New York City

\_'cnrl\- subseription rate $2.00 in U. S. and
Canada; $3.00 in foreign countries.

www americanradiohistorv.com


www.americanradiohistory.com

Radio Engincering, September, 1928 Page 3

P A R T S

WA

R A DI O -

concerns who con-

manufacture of radio parts
enjov distinct advantages.

Not only do thev receive
parts of superb quality and carefui
workmanship, but they have recourse
to the valuable development work con-

stantly being undertaken by the Sco-
vill research department.

All Scovill condensers are made under
the Scovill-owned Lowenstein Patent
No. 1,258,423, dated March 5, 1918.
The following concerns have been
licensed to manufacture under this
patent:

Hammarlund Manufacturing Company, New York City
General Radio Company, Cambridge, Mass.
Thompson-Levering Company, Philadelphia, Pa.

Pilot Electric Mfg. Company, Inc., Brooklyn, N. Y.
American Specialty Company, Bridgeport, Conn.

Scovill means SERVICE to all who require parts or finished prod-

ucts of metal. Great factories equipped with the last word in lab-

oratories, and modern machinery manned by skilled workmen, are
at your disposal. 'Phone the nearest Scovill office.

SCOVILL

MANUFACTURING COMPANY - . Waterbury, Connecticut

NEW YORK — CHICAGO — BOSTON — SAN FRANCISCO
DETROIT — PHILADELPHIA — LOS ANGELES — ATLANTA
PROVIDENCE — CLEVELAND — CINCINNATI
IN EUROPE — THE HAGUE, HOLLAND

Member, Copper and Brass Research Association

www americanradiohistorv.com
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EDITORIAL

September 1928

~

ON THE VALUE OF RESEARCH

O rapid is the progress of radio in its

general aspects that each month pro-

duces at least one new commercial

application. The full significance of
these new developments is not always appre-
ciated until business is involved.

The injection of money into a vague
scientific proposition invariably inspires crea-
tiveness and activity to an astounding degree
and results in a commercially practicable
device.

Talking motion pictures have a long his-
tory. The basic system remained idle until
the recent institution of a commercial venture
when, nearly over night, it became an
extremely valuable business enterprise. What
has been a mere laboratory development is
now the medium for a strong competitive
force in the motion-picture industry.

Who imagined that the talking motion
picture would become such a powerful cle-
ment in such a short space of time?

T'he finances involved in talking motion
pictures are almost beyond the imagination.
Nillions of dollars are being expended in
studio equipment, let alone the amounts being
invested in reproducing installations for
theatres.

At this most interesting moment in the
evolution of the motion picture industry a
leading electrical manufacturer announces
the successful development of “radio movies.”

Whatever the outcome of the radio movie,
the fact remains that commercial radio devel-
opments snap into line so rapidly that it
leaves one dizzy. Strides in other industries
of science open up new applications for radio
devices.  The scope of the radio field con-
tinues to grow and there is every rcason to
believe that eventually the fundamentals of
radio will be emploved in connection with

every automatic contrivance in this
automatic age. If things work out in this
manner the radio industry will undoubtedly
become one of the five greatest industries in
the world.

Much depends on whether the radio indus-
try watches after its own business or lets
others watch after it.  Individual companies
that are quick on the trigger will be the ones
that will expand their business into the true
commercial field.

The answer to the problem of expansion,
if it 1s a problem at all, is through research.
Research is one of the most important phases
in business today and is highly developed. It
is highly essential to the proper development
of the radio industry.

Rescarch problems differ.  One company
may be sceking new merchandising outlets,
another is confronted with the problem of
making use of waste material, another striv-
ing to strike the happy medium in advertising
psychology and so on. In every case, how-
ever, the modus operandi is practically the
same. It amounts to a study of conditions,
asually foreign to the organization.

It is very good practice to develop the
existing and no radio manufacturer can be
criticized for employing engincers to improve
on his product.  But there is more to the radio
business than mere improvement. It is worth
the time and money of anv radio manu-
facturer to study every phase of today’s indus-
tries and all developments in other fields.

If anyone is particularly interested in what
rescarch has done to aid numerous industries
we would suggest that they request a copy of
the booklet covering this subject, compiled
by the Policvholder’s Service Bureau of the
Metropolitan Life Insurance Company.

M. L. MUHLEMAN), Editor.

very
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ow Radio Tubes are
By R. W. Ackerman

Chief Engineer, Radio Tube Division, Gold Seal Electrical Co., Inc.

I

Radio tubes  as
consist of two or
closed in an evacuated vessel
generally made of glass.

In the original so-called Fleming
Valve or Tube there were two clements,
namely the filament or emissive element,
and the plate or collective clement. In
this Valve there was no control of the
clectron How of current from the fila-
ment to the plate by the incoming radio
signal. The Tube merely acted as a
rectifier or detector (a one-way street)
for the small radio currents hy allowing
the current to flow in one direction and
practically no current in the reverse or
opposite direction. Today the Fleming
Valve is commonly emploved to rectify
relatively large currents to operate in
conjunction with 137 eliminators for
plate supply.

The addition of a third clement be-
tween the filament and plate revolution-
ized the two element valve making it
one in which the electron stream is di-
rectly controlled by the mcoming signal.
This immediately made possible multi-
stage amplifiers and oscillators, which is
the fundamental basis of radio hroad-
casting.

The structure of Radin Tubes calls for vari-
ons metals, snch as nickel and its allovs, meo-
Iybdenum, tungsten. magnesiunt. thorium, cop-
per. iron, brass, and some of the rare earth
metals, comprising barium aud strontium com-

unds.  The manufacture of the highest qual
ity Radio Tubes involves great care in all de-
tails throughout the process. First of impor-
tance is the selection of material. Nickel is
erhaps the most common metal employed in
Radio Tuhes. This metal is used because of
easy wq:l_(mg.. welding of parts. and the anility
of ohtaining it in a purified state at a reason-

able cost. The plates of small Radio Tubes

are made of nickel. Plate supports. grid sup-
ports. and filament supports are made of nickel

wire of various weights and dimensions.

mamifactured today
more clements en-
or bulb

Molyhdenum is used to wind grils. Tt has
the advantage of being relatively non-ahsorbent
to gases as compared with nickel. therefore.
parts subject to severe heat conditions are made
of molybdenum. such as grids mentioned above,
and plates of high power tubes.

Tungsten finds its application to Radio
Tuhes Dhecause of its relatively high melting
point,  Filaments are therefore made of tung-
sten.  Magnesium has the property of uniting
with various gases, therefore. a small amount
is placed in the tube and is heated for the
purpose of completing the job after the vacuum
umps have taken out most of the gases. This
heating hastens the chemical reaction. forming
magnesium compounds and vapors that collect
practically all the gases left, The magnesium

vapor with its residue then condenses on the
glass walls of the tube coating them with a
silvery deposit commonly seen on Radie Tubes.
Thorium is another metal that is very essential
in tuhe nlaments. Tt is impregnated into the
tungsten in the process of drawing the fila-
ment many times through successively smaller
diamond dies until the proper size is reached.
This metal renders the filament more emissive
aud lence more ethcient at lower burning
temperatures.

Copper and Tron find their wav into the
manufacture of tuhes in the form of stem
leads. A special heavy iron wire is wrapped
with copner and  drawn down tiirough lies
until their comhined diameter is the proper
size desired. Thus a small iron wire with a
thin shell of conner is formed, known as
“copper clad.”” Copper clad possesses prac-
ti~ally the same expansion and contraction as
glass” and can bhe fused into glass without
fear of cracks dne to unequal expansion. hence
the tube will not lose its vacunm hecause of
eracks thus formed. Brass is not employed
within the evacnated space hut admirably lends
iteelf te the mannfacture of hase nhins and cou-
tact prongs in the base.

Rarinum and strontinm in the form of special
chemical compounds are used ta coat the fila
mrms of the popular so-calledl A. C. tubes of
the present day. The filament is made of
nickel rihhon or one of the several allovs of
nickel. and is coated with the aheve chemical
compounds to render it highly emissive at a
very low burning temperature.

I.ead. with a large nercentage of tin. ic em
ploved in the farm of solder to join the stem
leads with the bhase prongs, to insure perfect
contact. and hener to lessen tiuhe noices due to
nonr ccntact.  All of these various materials
hefore being placed in a tnhe are given most
rigtd inspection.

The plates are stamped and formed in die
presses. Two symmetrical pieces are pressed
togcther on forms to make the finished plate.
The plate with other nickel narts are cleaned
and passed through a hvdrowren furnace to
I'herate. as far as nossible, inocnlated gases.
The grids are wound with snecial molybdenum
wire on special grid windine machines and
pressed on the proper mandrel. or form.

The first step in the manufacture of Raidio
Tubes is the flare. This is made by first
cutting special glass tubing to a definite length
and passing the pieces thus cut through a flare
machine, which merely forms a tlanv~ ahout
a auarter of an inch on one end. The flare
is now ready tn make the stetn., It is placed
in the stem machine on the stem block through
which the various si~m leads and element sup-
norts are placed. The straight nortion of the
flare now passes through successive gas flames
of various temperatures until it is soft and
flattens around the stem leads. A clamn
tlattens the st~m at the proper moment. and an
air hlast blowinz through the exhaust tubing
tlows a hole throuch the press for the exhanst.
Then the stem passes through cooling flames.
and comes cut ready for the annealer where
it ie graduallv cooled to aveid temperature
strain.  The stem 15 now placed in the hending
machine which cnts off the nickel supports
to the required length and Dbends them in
proper shape for the mount. The mount is

now ready 1o assemble the various elements.
First the flament is cnt te proper size and
scraped. tabhed. and welded 1o the  filament
supports of the mount.

The next operation is the grid mounting.
The grid is slipped over the filament and
welded to its stem supports. The plate is
now slid over the two steni supports provided
and welded in place. The gril and plate is
now anchored at the top with either a mica
support or a glass cylindrical bead with nickel
wire sup‘uorts. The filament hook. made of
either molybdenum or tuugsten. is now placed.
After the mount is completed it is turned
over to the mount inspector, and after it is
passed it is ready to be sealed in.

Sealing in is accomplished by a machine
with successive positions and tlames of various
temperatures. The exhaust tubing of 1the
mount is slipped in place to hold the mount
in a vertical upright position. Then a cleaned
bulh is placed over the mount. The hulb is
rotated wmechanically in successive positions
with gas tlames playing on the bulh just op-
posite the flare tlange until the neck of the
hnlh softens aud contracts to strike the flange
for scaling. The excess glass neck helow the
seal drops down. Then succe-sive positions of
cooling take place until the bulb is ready to
remove. After the tube is sealed in it is
ready for the exhaust. This consists of mani-
folds that hold mp to ten tuhes conpled to
vatious stages of pumps starting with high
vacuum mercury pumps or aspirators, followed
by a series of oil pump backers until at-
mospheric pressure is reached.  Special pre-
cantions are taken to trap ont water vapor
and condensible gases by means of very low
temperatures.

Several tnbes up to ten in number are
placed on the mamfold for exhaust. and are
heated in an oven that drops over them while
the exhanst pumps are in operation. This
clears the gas from the pores of the glass.
The clements are now heated by means of an
external radio frequency induction ccil to drive
ont remaining gases. fter several such cycles
the magnesium is heated externally uatil it
vaporizes on the walls of the tube, Then the
tnbe is scaled off and passes to the haser where
the leads are properly inserted. the glass bulb
cenmented to the hase, and placed in the basing
machine to harden the cement. After the
basing operation the tube is passed through
the testing department where it is either sent
on to he cleaned. branded and labeled. or re-
jected for poor readings. The last step is the
final inspection amd packing where the tube is
carefully inspected for boxing and shipping.

Aill the above processes require the utmost
care and supervision to guard against defects
and poor quality. Resides the general super-
vision a most important department in the
manufactnre of radio tubes is the engineerin
staff that are conmstantly on guard te chec
up on the factory to maiutain the standards
laid down Ly the ‘engineers. Tt is here where
all the design and development work is carried
out hefore the tube is ready to be manu-
factuied for the public.

has been ac-

The gratifving success that

corded Gold Seal Radio Tuhes—their Golden
Tone —their long life—rest squarely on the
care,  with which the above Drocesses are

carried out.

- Gold Seal

Radio
Tubes

Made Right—Packed Right—Sold Righ

Gold Seal Electrical Co., Inc. - - -

www americanradiohistorv com
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Of vourse the Wheatstone’s Bridge plays N
its part in the Res:areh  Laboratory. NG
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EVERY FACILITY
FOR EXPERT RESEARCH

HE Research and Development Laboratory of Automatic Electric

I Inc., manufacturers of Strowger Automatic condensers, is one of

the most completely equipped of its kind in the world. The use

of its many sensitive and complex instruments enables the development

engineers to knmow exactly rather than to guess what occurs in any
electrical circuit at any time.

The design and manufacture of satisfactory condensers for radio purposes
is dependent upon such exact scientific knowledge. The reliability and
efficiency which have become synonymous with the name Strowger in
automatic telephony, are incorporated to a like extent in the line of filter,
by pass and high voltage condensers now available to the radio trade.
The company’s research facilities are always at the disposal of any inter-
ested parties requiring condensers of special design for special purposes.

[See that your radio set is equipped]

with Strowger Automatic condensers

Ve - - T

CHICAGO, U. S. A.
REPRESENTING

]

— 'TR(')WG“ET\/’-\UTOMAn(

CONDENSERS

-~

"

|/ T Ao ne TEATTTT

| I A A A A A
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“The Technical Journal of the Aeronautical Industry™

AVIATION ENGINEERING

(4 companion publication to “Radio Engineering”)

N )/

(o)

X

VIATION ENGINEERING will be published mounthly and mailed on the first of each P

i z J < v,
month. The first issue will be that of October, 1928, 2%
. . . . . . . :I
Advertigsing will be carried for companies manufacturing machinery, tools, materials, o
engines, and any cquipment essential for the construetion and operation of aireraft and Xe
atrports. &
S 6
The Editorial Policy of Aviation Engineering will be to present non-biased technical. engi- :}
neering and industrial material for the benefit of engineers, executives and technicians e
interested in the aviation industry. A,”',
L
Departments covering airports and airways, news of the indusiry, new developments, new ,‘2
aireralt, and radio communication will be included in the texi. e
3
EDITORIAL STAFF: NI
©
A. A. BEARD, Editor 22
Major, R.ALF, Cammercial ¥lyving Consulting Engineer \,' S
G. C. B. Rowe, Managing Editor Wm. Pureell, Associnte Editor wls
Formerly Managing Editor of Radio News Formerly Chicl Metallurgist, Curtiss Airplane Co. ?9};;‘
%?
“AVIATION ENGINEERING” IS NOT SOLD ON NEWSSTANDS o
¥
b \:4 1 W Y, WoN 5’“
RARGRARARARE
‘,u S RIDADINTAL 3L
- i . o o
BRYAN DAVIS PUBLISHING CO.. Enclosed find '%gg for % Year S subscription to “Aviation 3!“2
532 Vanderbilt Ave., New York City. . . , U$3 vears ("t’,
Enginecring. J,, X
Please check your classification. N 2 4
ame. ... “»
O Engineer 3 Manufacturer Distributor AT TSN e e e o e e i e N — L)
O Technician Anything else .................. . Town and State..... R vt T @b B | et (;5 J
2

g 3 4 > O, 5“.,,\ 25 YO v HOSME, e
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The Guiding
Hand |

Hour after hour a graceful
monoplane throbs across a
vast ocean, searching a path
from continent to continent
through fog and storm. Like
a mighty helping hand rising
from the depths, radio points
the way and keeps a won-
dering world informed.

’][;18 tiny wires which constitute the
radio apparatus are the unseen nerves which are
sustaining the navigator of the air on his trackless route.
They must respond instantly to every command. With-
out the radio apparatus, which is an essential part of
every long distance plane, the conquest of the air would
be impossible.

Dependable magnet wire and coils are indispensable—
for one failure—one short circuit —might mean disaster.

Dudlo takes pride in its belief that in making copper
wire products which stand the severest tests. it is con-
tributing to man’s triumph over the elements.

DL

DUDLO MANUFACTURING COMPANY, FORT WAYNE, INDIANA

56 arl St. 105 W. Adams St. Division of 274 Brannan St. $143 Bingham Ave,
Newark, N. I. Chicag:. 11l THE GENERAL CABLE CORPORATION San Frincisco, Cal St. Louts, M
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www.americanradiohistory.com

Page 11 Radio Engincering, September, 1928

N\ %e New

ILEE DYNAMIC

" SPEAKER

i _=____F_==TF""-'¥

HE New Temple Model 50 Dynamic

sets another standard of tone value.

It is a table model for A. C,, D. C.
or Battery Operation.

In quality it is amazing. The low notes
clear down to the lowest register -
are reproduced in their true values, round
and mellow, absolutely lifelike in their
realism. The treble notes and overtones

all important for faithful reproduction

display a tonal splendor that sets the
actual broadcast right before you. Volume
aplenty for a small auditorium—yet it may
be operated at a whisper without loss
of quality.

Model 50 Temple Dynamic isa worthy
addition to the famous Temple $
line of reproducers —every 49

comparison means a sale . . . . .

Model 15 Model 20
Air Column Speaker Air Chrome Speaker

Model 15 is the refined and Mouel 20 Temple Air Chrome
improved air column speaker Speaker represents a sensational
the same type of speaker upon new development inloudspeakers,
which Temple success was  The open radiator consists of
founded—but now better than  twosect:ons instead of one, driven
cver. It is a true exponential by the powertul Temple Double
design, mathematically correct  Action Unit, thus substantially
and perfect in its quality S29 increasing the volume 529

—price . .o, L, and tonal rang:—price

Write for Full Particulars

TEMPLE, INC.

1933 S. Western Ave. Chicago, U. S. A.

Leaders in Speaker Design
“ I B i B T %
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ODAY— tomorrow—-next ycar—foi

years torconme, conncec tions can’t loosen
when loéked writh Shakeproof Washers.
Vibration tightens the grip of the twisted
teeth that hite into the steel—only applied
pressure can loosen this grip,

Wherever lock washers are used, there is a
place for Shakeproof. The spring of the
teeth exerts an cven. tension on all sides.
And their parfect construction permits a
closer, neater job with a con equent saving
in bolt lengths. Shakeproof washers can’t
tangle. They speed up production and do \

away with expensive starting delays.

There is onc way to prove what Shake-
proof Washers can do for your production.
Have your secretary mail us the coupon at
the right and make the test for yourself.

SHAKEPROOF ..
Lock Washer Company /// Samples

SHAKEPROOF LOCK

t1 WASHIR CO
2509 N. Keeler Avenue Chicago, Illinois 7" 237 North Kevler Ave
/ Chacaga, 11
- " __ - // Nease send me samples of
a Ay e ‘qﬁ"l-f_-l‘- ‘ ‘ 7 Shakeproof Lock Wasners
= S i “x . /7 to fit balt size
o = i ® / Shakeproof Locking Termmal
. e = J‘ﬁ' X 4 i
2 o Vs
e Ttpte s ,
V Firm Name
Type 11 = Lxternal Tepe 12— Internal Twpe 15— Conmtersnk
i /7 Address
> D X
O ¥ T ¥ == ., )

7
Tepe 20 = Lig Tervmonals By _ -
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Tried anda Proved

B-L Rectifiers furnish smooth, unfailing, uniform
power to all electrical equipment and apparatus
—dynamic speakers, power devices, chargers etc.
—requiring low voltage rectification. Thev are
highly efficient and have been adopted as stand-
ard by many of the largest manufacturers.

B-L Rectifiers are Bone Dry. .. Noiseless . . .
Durable and Compact. Built of Metal and Com-
position discs —They are long lived . . . nothing
to get out of order. Install them and forget them.

Furnished in standard capacities —single or full-
wave—or built to your specific needs. Outline
your requirements and we will send vou samples
and full information.

An interesting booklet, describing the character-
istics and some applications of B-L Rectifiers, is
yours for the asking . .. A post card brings it.

Manufacturers—Send for information
on B-L Rectifving Elements for vour
power equipment . .. Jobbers —Some
desirable territories open ... Dealers
—Order from vour jobber, or write
us for name of nearest distributor.

Manufactured by

The BENWOOD-LINZE CO.
St. Louis, Mo., U. S. A.

Bone Dry . . . Compact

Durable . . . . Noiseless
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A PRO

FULKFILLED

'l‘n : New Aero Kits are complete
to the last detail with panels
drilled and all parts Included.
Large blueprints ave furnished
s0 that no skill is reguired to
build a receliver that is superior
to any manufactured set.

The New 1929 Aero Green Book
deseribes 23 Recelvers and Teans-
mitters—everything from a one-
tube Short Wave Adapter to the
Acrvo Seven—for A, C.,, D. €., and
sShicld Grid Tubes. Send for your
copy today.

AERDR TEDRUCTS

Pept. 765, 16 L L E. Ravenswood Ave., Chicago, Bl

AE

SHODRT WAVF AND BROADCAS

Page 13

MISE

RO K]

FOR BUILDING

T RECEIVERS AND SHORT WAVE TRANSMITIEDRS
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(The Jﬁ:lmowledfea’ Standard

zZo
>
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o{' Qua/fly since /88&
THE ZAPON COMPANY

STAMFORD ,CONN.

CHICAGO - CLEVELAND- DETROI!T - LOS ANGELES

NEW HAVEN - NEW YORK - OAKLAND

PORTLAND - SAN FRANCISCO
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R. M. A. Board of Directors Plans

Plans to Provide Facts on Television Under 1 ay.

Wider Services

. .
Cooperative

Advertising, Interchange of Radio Patents and Statisties Rogard-

ing the Industry Included in Service Plans

IDER and new serviees for
the radio public amd  indus-
try by the Radio Manufac-

turers: Association are under
The R. M. A, Board of Di-
rectors, at their first meeting of the
TO2R-1920 year at Buffalo on August
10th. prepared for expansion of  ac-
tivitiex.  The  DBuffale  meeting  was
the first of the new administration
headed by BLO1L Frost of New York,
since hix clection ax President at the
Chicago Convention and Frade Show
of the RO M. AL in Jane,

way.

Facts on Television

A new  and immedinte enterprise
of the Ro M. AL ix to give the radio
industry and the public exaet faets
1 rding  the development  of  tele
sjion.  The R. M. A Board, deplor
ing presentation of television to the
public until it ix “ripe,” and  con-
vineed  that  premature  exploitation
of half-baked television apparatus is
and would be injurions fo the inter
extx of the radio industry ax well as

the  public.  directed  that the exaet
trath and real faets regarding tele-

vision experiments and what may be
expected. by the  imdustry and  the
public, be given in anthoritative an-
nouneements, A special committee
was directed to make a thorough snr-
vey of  television aund  formulate a
earefully  digested  statement  for the
public and the industry.  President
Frost appointed on  this  committee
ax chairman. Mr, H. I Richmond of
Cambridge, Maxs, Director of Engi-
neering of the Ro M. AL together with
Mr. B. G, Erskine of Emporium. Pa..
Mr. AT Carter of Chicago, 111 and
Mr. M. . Burns of New York. all of
whom are identified  with  television
development,

Cooperative Advertising

Support and development of hroad-

caxting,  cooperative  radio  advertis-

ing, and other iuter-indastry  activi-
tiex were planned Ly the R, M. AL

Board. together with the extension of
R, M. AL service for individual mem-
bers.  The plan for interchange of
radio patents, recently  approved by
the R. M. A, membership at their
annual meeting in Chiecago, ix to be

developed,  with continned  up-to-the
minnte information for memhbers,

Radio W orld's Fair

ol in-
were

Many
dustry
made  at
of the
ports on

proposals  for iner
and  member  serviee
the ronnd-table
Directors,  who  received  re-
the highly suceesstunl  <how
season of last year. awd of the pros-
pects for the coming radio events,
including the fall shows at Now York
and Chicago and the Fifth Annual
Radio Industries DBanquet  September
1S8th. at the Hotel Astor in New
York.,  With the =pace a1 the Madi-
son  Nquare  Garden  World's  Fair.
opening September 17th, reported over
92 per cent sold by Mr. G, Clayton
Irwin of the Radio Manufacturers
Show Association, the R. M. A\, Board
decided to open up the fall public

dixeussion

<hows in New York and Chicago to
the exhibition of phonographs.

HERBERT [L FROS
President K. M. AL for 192

Planning the Third Aunual Trade
Show for next spring. the R, M. A\,
Show Committee, now headed by Mr.
Morris Metealf of Springtield, Mass.,

wits directed to  seecure  information
regarding  facilities and  accommaoda-

tions in a larger number of eastern
and  middle  western  cities, There
wax a strong demand for transfer of

www americanradiohistorv com

the 1929 Trade Show to some eastern
city, the past 1wo Trade Shows hav
ing been held in Chieago,

Iudustry Straristics

Ntepx also
M. AL Board
statisties regarding
try  than now
fragmentary  and  inadequate  figures
which are now being circulated fall
far short of meeting the needs of the
radio industry. in the opinion of the
R. M. A, Board of Directors. and
measures to secure much wider and
more complete statistical information
for all hrauches of the industry were
arderoed.

In lining up the R. M. A, for the
1928209 year, the Association’s fiseal
beginning August 1st, President

appointed  the  following  as
chairmen of the variouns Ro M. A\,

the R,
reliable

were taken by
10 secire nore
the radio

are  available,

indus-
The

committees:

R. M.

Birogdeasting

1. Comminee Chairman

Comittee, 5 (G,
Evskine: Comtact Comnittee, AL 1.
Haugh: Credit Committee. 7. Shel-
don:  Distribution  of  Publicarions
Committee, Lo Fo Parker: Engineering
bivision, H. B Richmond : Fair Trade
Practice  Conumittee, W, L. Jacoby:
Finance Committee, John ¢ Tully:
Foreign  Trades Comnmitiee, G, L
Kitey: Legislntive Comnmittee, ¢,
Colby @ Membership Committee, 110 L
Eby: Merchandising Committee, L. E.
Noble: Patent Committee, Le Roi
Willians=: Public Relations & EFduea-
tion Committee, J. B flawley: Rexa
Tutions Committee, T Ko Webster, Jr.:
Show  Committes, Morris Metealf':
Ntatisties Committee. Lo AL [Tammar-
lund : Traflic Conunittee, Wi, Sparks,

Attending  the  Batfalo meeting
were  four new Ro M. AL Direetors,

George I Kiley of
Irskine  of  Lmporium,
Bloom of Louisville, Ky,
1ammarlund of New York,

The DBoard reappointed  the
following executive oflicers:  LBond I
Goddes,  Executive  Viee  President :
M. D Flanigan, Exeentive Seeretary,
John W, Van Allen of Duffalo. Legal
Covnsel, Frank D Seott of Washing-
ton. Legislative Counsel, and . Clay-
ton Irwin, Jr.. Show Manager,

Brooklyn, B, .
Pa. N. I
and L. AL

also


www.americanradiohistory.com

Paye o

Rudiv Fogincering.

Septenher,

1928

CARDWELL CONDENSERS

3

5 4 AE
A DA AN A

z)er the top~~-

With Commander Byvrd in 1926
Into the Antarctic in 192S '

=

Te="E

Dl-:l‘l‘“..\'l).»\llll.lT\' in materials and equip-
ment is of paramount importanee
in such ventures as Polar Expeditions.

VAST and silent gpaces, the Polar Reg-
jons! Vast, but to the listening ecar not
silent when vibrant with the all pervad-
ing voice of Radio,

BYRD, DYOTT, MACMILLAN, STOLI.-
McCRACKEN, are some of the names
identified with Expeditions placing
their confidence in Cardwell Conden-
sers for the equipiment needed to keep
them in toueh with eivilization and pos-
siblesuccor when in desperate need of it.
WHO will say
that the cquip-
ment seleeted for
ventures like
these is not deli-
herately and
wisely ehosen?
Intheair,onland
and sea CARD-
WELL CONDENSERS reain their pre-
eminence in reputation, dependability

and performance. because they are fun-
damentally right in principle, sound in
construetion and time tested for depen-
dability.

RECEIVING condengers in many capa-
cities, notably the recently de veloped
taper plate” (best for short wave
reccivers) are available.

CARDWELL transmitting condensers
for medinm andt low power are the choice
of a hast of enginecrs and amateurs who
demand the best.

HIGII voltage transmitting candensers,
engineered and
built by CARD-
"WELL, are heing
supplicd in ever
increasing nume-
bers to discrimi-
nating engineers
and manufactur-
ers.

Yau’re not gambling when you choose
a Cardwell. The test ot years has proven
them supreme.

Literature upon request

=
= , s
— i _*
—\ T et

o —3
i o
=

The Allen D. Cardwell Manufacturing Corp.
81 Prospect Street, Brooklyn, N. Y.

%

“The Standard of Comparison”

5
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Beat-Note Method and Apparatus for
Measuring Small Capacities

The Use of Coupled Oscillators for Determining Small Capacity
Values at Various Radio Frequencies

1" ix extremely hard to measure

small capacities of a few micro-

microfarads acceurately and con-

sistently  at  radio freguencies,
For this reason a beat-note method has
been developed whereby measurements
can be checked consistently to within
703 micro-microfarads with an ac-
curiey of 0.2 to 0.4%. This applies to
capieitivs of the order of § to 14 micro-
microfarads such as are enconntered in
the inter-electrode eapacities of radio
roceiving tubes,  The range of radio
frequencies at which this method may
be used is limited only by the induet-
ance and eapacity used in the oseil-
lator. ‘The set is not interfered with
by outside oscillations and is very
sharp in tuning,

The principle of the heat-note meth-
od of oscillators is not new in operation
or circuit but it is believed that the
use of thix method for the measure-
ment of small capacities is new to a
certain - extent, Into an  aluminnm
cabinet two Hartley oscillators were
built: one of which was made to
oseillate at o tixed frequeney  white
the other could he varied over a smatl
range of frequencies, fiowever., for
speed  of  operation  and  couvenienee
both oscillators may be made variable,
Between the two oseillntor coils was
pliced another coil whiclt is in series
with a crystal deteetor and a head set.
This eoil is ealled a “pick-up” coil,
By setting the fixed oscillator at some
convenient  or  pre-determined  tre-
queney and varyiug the frequeney of
the other oscillator hy means of the
cariable condenser. o beat note will
be obtained between the two oseillators
as their fregquencies near the same
value,  This beat note will be picked
up by the “pick-up” coil and heard in
the head set, 3y tuning the second
oscittator to the exact frequeney  of
the first oscillator a1 “dead spot™ will
be obtained or silence will be registered
in the head set.

Construction of Oscillators

The econstruction of the two oseil-

* Rescarch Engineer, Westinghouse Elee
tric & Manufacturing Compuny,

By G. B. Gelder*

lutors is identical exeept for the ca-
pueity across the inductance coits, The
condenser in oscillator No. 1 is fixed
while that of No. 2 is variable in this
case, however, both may be made
variable for convenience.  The com-
plete wiring diagram is given in Fig.
1. Al of the inductanees are of the
plug-in type and the number of turns
per coil depends upon the desived fre-

quency.  The wavelengths covered by
the coils are:
No.
Type M. H. Turns Wavelength
RN 1L ) 15 30—150 meters
B.... 050 27 100—300 meters
[t 55 200—G600 meters
E.... 470 84 300—900 meters

The inductances L. are radio fre-
ueney choke eoils consisting of 300
turns of No, 36 double cotton covered
copper  wire wound on a Y5 inch
dinmeter form: R, is a 2 megolin grid
leak; IR is a 30 ohm rheostat; . is a
500 micro-microfared fixed condenser
" is o 2000 miero-mierofarad  tixed
condenser ; ¢ depends upon the fre-
quency desired and Co is o special
vernier-type  precision  variable  con-
denser having a range of 50 micro-
microfarads. A fixed condenser  of
about 475 micro-microfarads should bhe

placed permanently in paraliel with
this eondenser when a large condenser
ix used in oscillator No, 1, La is a coil
of the same type as Ly, but of fewer
turns; and O is a erystal (fixed). Ri.
R:, Ao s and B depend upon the type
of tube nsed, which was a type 201-\
in this case.

Fach oscillator should have sepa-
rate battery supplies for both filiments
and  plates, Al of the apparatus
should be placed in a well grounded
metal  (aluminun)  eabinet with the
exception of (¢ the vernier condenser
and (', the capacity to he measured.
For convenience a millinmmeter was
placed in the C: lead of oscillator
No. 1.

The aluntinum cabinet used was 24

inches long by 9 inches high by 12
inches deep with a Y-inch wicarta

panet in the front for mounting rheo-
stats, millinmmeter and phone jiack.
Al battery leads were brought out
of the back of the cabinet by means of
binding posts  which were well in-
sulated from the cabinet with the ex-
coption of the —A leads which were
grounded. Two well insulated bind-
ing posts were loeated on the left end
of the eabinet for conneeting ¢ and
(', to the oscillatov. A apparatus

et

PICK-UP

FIGA

The plck-up coil with detector and head set in serles is placed between
the coils of the two Hartley oscillators, the whole system being installed
in"an aluminum cabinet
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and fnstruments mounted on the panel
were well insulated from the cabinet,

The condenser C, is a special con-
denser with a 50 to 1 ratio motion
made expeecially for this application.
It has a total variation of about 40
micro-microfarads with a minimum of
about 10 micro-microfarads. The con-
denser is of the parallel stiding eylin-
der type  with  the outer eylinder
grounded and the inner eylinder sup-
ported inside by means of a brass rod.

Application of Device

The method used in measnring smalt
capaeitios ix as follows:  Net oscil-
Intor No. 1 at some predetermined fre-
queney and by means of the variable
condenser in oxcillator No. 2 tune it
to a frequeney near that of oscillator
No. 1. When the frequency of oseil-
lator No. 2 approaches that of No. 1 a
note will become audible in the head
set similar to that heard in a radio
receiving set when tuning in a station.
If the variable condenser is  now
moved slowly a place will soon be
found where there is no <onnd heard in
the head xet.  Note the variable con-
denser reading at this point, This is
the “dead spot™ and the zero reading.

Sinee this dead spot is of some width,
about one or two millimeters o the
condenser seale, it is desirable for ae-
curacy to tune to either the right or
left side of this spot, By right or left
side ix meant the right or left turn-
ing direction of the condenser shaft.
The capacity to be measured (C, Fig.
) is now placed in parallel with the
tining condenser G, and, with oseil-
lator No. 2 untouched from the previ-
ous xetting. €y is now tuned to the
dead spot ax before, being sure the
same side of the dead spot ix used
cach time.  Note the condenser read-
ing at this time. It must be remem-
bered if leads are used to connect C,
in paraltel with C. they should be at-
tached to €y at the time of the first

tuning  or  zero reading: s<ince in
measuring  <mall  capacities the en-

pacity between leads may be ax great
as the cupacity to he moeasured,
The  difference  between  the
variable  condenser  readings
tuned to the same side of the dead
spot. first without and second with
the capacity (', to be measured. is the
capaeity  wanted, Greater aceuracy
may be obtained when the tnning ca-
pacity wsed ix sneh that the capaeity
to be measured is a great part of the

two
whei

Radio Eagincering, Sepleaber, 192y

total tuning capacity, In this way
the variation in taning due to the in-
sertion of the unknown capacity will
he comsiderable,

Alternate Method

Another method of measuring the
capacity is by substitution. That is,
set oscillator No, 1 at some frequency
when C; only is connected across the
inductance of this oscillator, then start
oscillator No. 2 and tune it to the fre-
quency or “dead spot” of the first oscil-
lator, similar to the previous method.
Then, if oscillator No. 2 is allowed to
remain untouched and C; in oscillator
No. 1 is replaced by the precizion con-
denser and tuned by this condenser to
the frequeney of oscillator No. 2, the
capieity  of the precision  condenser
will be equal to that of (.

The above methods have hoth proved
very satisfactory as to consistency and
eiase  of operation when mensuring
small capacities at various radio fre-
quencies,  The only special apparatus
necessary is the precicion condenser
€', which may be replaced by any re-
linble precizion condenser of small ca-
pacity and low loss for ordinary com-
mereinl measurements,

The Control-Grid Glow Tube

A New Non-Mechanical Relay I hich Is Highly Sensitive.

N enterprixing motor car sales
company recently attracted a
great deal of attention to their
show windows on upper Broad-
way. New York City, by having a car

on display  which wonld he set in
motion  whenever anyone touched a
certain indicated spot on  the phiate
glass window, While  somewhat
similar  demonstrations  have  been
—_—

* Cynsulting Engincer, 61 Sherman st
Matden, Mass.

-

The arrangement of the elements

in the controt-grid glow tube. The

size is approximately that of a
201-A

Rugged and Inexpensive

By James Millen*

given in the past by means of costly
photoelectric  cells,  amplitiers,  and
highly  sensitive  mechanieal  relays,
this demonstration isx of particutar
interest in that  the entire control
apparatus was contained in a enbinet,
ot much different in size from a cigor
box and retailing for less than $100.

The whole seeret is in the control.
grid glow tube relay employed,  This

inexpensive and rugged ldittle deviee
serves  too control  directly,  without

resorting to the use of amplifiers or
instrument relays, an  ordi-
power relay switel, which latter
deviee controls the power to the ope-
rating motor,

Ax the possibilities for the applica-
tion of the glow tube relay to othoer
ficlds xeems =0 promising. it is felt
that the following data should prove
of considerable interest at this time.

Theory of Operation

The tube itself greatly resembles in
neny respects, the well-known voltage
regulator or “glow” tubes used in <o
types of radio BT eliminators. In
fuet the ouly fmudamental difference is
the inctusion of a third electrode or
control grid.  The eommereial torm of
tube ilustrated in Fig, 1. has a eylin-
drical  aluminum  cathode, a  nickel

www americanradiohistorv. com

wire anode and a nickel wire countrolb
wrid, all mounted within a glass bulb
of about the same size and shape as
that of an UX-201.\ receiving tube and
containing neon gas at low pressure.

With the control grid connected to
the anode, the tube operates in the
same general manner as the two ele-
ment  voltige regulator tube. having
almost infinite impedance to the flow
of current from the ceathode to the
anode and relatively low impedance to
the flow of current in the reverse

LEAKAGE
RESISTANCE
T
ANODE *
|
CATHODE
LOCATION FIG.2
OF RELAY

The connections for control method
by varying the leakage resistance
between the grid and anode
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FIG.4

Diagram showing control method
by varylng capacity between the
grid and the grounded anode

direction,  (In other words. a recti-
fier.) The impedance for current flow
from anode to eathode is only about
20,000 ohms at S milliamperes,  This
impedance is not constant but varies
inversely with the current in such a

manner as to maintain a  substan-
tially constant voltage drop of 180

volts across the tube,

The unique feature of the grid glow
tube, however, is that the voltage re-
quired to start the glow, and thus
reduce the internal impedance from
an infinite to a relatively low finite
value is subject to control within very
wide limits by means of the grid or
third eleetrode.

If the grid terminal ix not connected
to anything, and thoroughly protected
from low-resistance leakage paths in

the socket, somewlhere between 600
and 900 volts, depending wpon the

particular tube, will be required across
the anode and cathode in order to
“start” the tube. Thix ix due to the
grid. when “Hoating.” accumulating a
high negative charge, which will rise
sufficiently to block the tube.

If, under =uch conditions, only 300
or =0 volts are applied, through a suit-
able protective resistor. across the
anode amnd cathode, the tube will not
“glow™ and no current will flow. as
long as the grid retains its negative
charge.  Should, however, any  con-
ducting path bhe placed in the grid to
anode cireuit, the grid charge will leak
off and permit the tube to glow and
current to flow,

BREDkao
A WN
- VOLTAGE

300

9 250 +

£ 200 4

2 150 -+

>
100 +
50 -

- o] +
GRID BIAS VOLTAGE

FiG.6

Curve illustrating the relation of
grid bias voltage to break-down
vultage

Applications

A rugged meclinical power control
relay may be operated by this current,
which increases from O to any desired
maxinmm value that the tube has been
designed  to handle safely.  (In the
caxe of the particular tube herein de-
scribed, this maximum current could
not exceed S Ma,)

Fig. 2. <hows the cireuit arrange-
ment for such a method of operation,
The mechanical relay may be inserted
in the battery line at the point indi-
eated.  The condueting path between
the control grid and the anode may be
in the form of a flame. a photoeleetric
coll, or any other varinble high resis-
tance having a magnitude of from 50
to 500 megolins, A typieal curve show-
ing relation between the breakdown
voltage and the leakage resistance is
given in Fig. 3.

If the clectrostatic eapaeity between
the anode and control grid is increased,
ax in Fig. 4, vather than the ohmic
resistance decreased, as just deseribed
in conection with Fig. 2. a charging

w
Q
f:l 500
fe]
?|‘24OO
£75300f  — 1
g’ |
&> 200} - — —
£ ool
g 100 |- 'l + !
0 ]
© 2% 50 75 100
LEAKAGE RESISTANCE -
IN MEGOHMS
FIG.3
Curve showing relation between

the leakage resistance of Fig. 2
and break-down voitage

current will flow to charge the new
formed condenser.  The acenmulated
grid charge will thns pass into the
condenser, until the total grid charge
ix sufliciently reduced to permit the
tube to glow. Thisx method of control,
which ix the one employed in the auto-
mohile window display demonstration,
may readily be tried out experiment-
ally by grounding the anode, and con-
neeting the grid to a well insulated
plate.  DBringing the hand near this
plate will then eanse the tube to glow,

In the case of the window display.
the grid was connected to a piece of
metal foil fastened on the inside of
the  plate  glass  window, Anyone
stuanding on the grounded metal grating
outside, and holding n hand near the
metal foil would thus cause the tube
to glow and operate the mechanical
relay, which controlled the clectrie
notors,

If a voltage be impressed hetween
the grid and the anede ax ix shown in
Fig. 5, the anode to cathode voltage

www americanradiohistorv com

Page 19

+

1

B2 =

Another control method using a
variable grid bias voltage, E2
required to start the glow will be as
This
curve ix a straight line. whose <lope is

ix xhown by the curve in Fig. 6.

unity and downward in the direction
of positive binx,

The amonut of energy which must
be  handled by a pair  of  con-
trol contacts placed in seriex with the
leakage rvesistor in Fig. 2 ix a very
minute quantity.  Accordingly it is
important that dirt and dnst and mois-
ture be kept out of the tube socket.
A wood guality socket should be used
to avoid leakage in the socket itself,
If the sensitivity of such a circuit be
thought too great a means of varying
the sensitivity ean be used nx shown in
Fig. 7. For a given value of voltage
between anode and cathode the ratio
and  Z. will determine
whether or not the tube ix to break
down. The sum of Z, plus Z; governs
that  is—the

hetween 7,

the sensitivity, cnergy

which is lost in the control eircuit.
By reducing the sensitivity in this
manuer the effects of extraneous leak-
insulation

age paths, such as socket

resistance, will he lessened.

Due to the rectifying action of the
erid glow tube, the voltage, 1, in Figs.
2. 4. 5, and 7. may be cither A, C. or
D, C. as ix The

curves, llowever. give virlues obtained

most  convenient,
with I, (. and which vary somewhat
from the values obtained when operat-
In the case of Fig. 5,
also be

ing on A, (.

)

the biaxing voltage . may

A. C. by using the drop in a resistor,

=AW

W

VWY

8

FiG.7

This method of control is less
sensitive than that shown in Fig. 2
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The Engineering Rise in Radio

PART IV

A new term which eame into nse in
the early days of “wircless™ engineer-
ing. is, eoupling, of which there are
several degrees,  Also, the term, damnp-
ing. which had to he reckoned with,

Brietly. damping vefors to the rate
at  which an oseillation  dies away,
Damped  oseillations,  therefore, are
those  which  deerease  rapidly  in
amplitude.  The oscillations produced
by the early transmitters of the spark
type were rather highly damped. each
spark producing a train of oscillations
which quickly died out.

A ecoupler ixoan apparatus used to
transfer radio-frequency power from
one cireuit to another hy associating
together portions of these circuits, 1n
the more modern radio hookups con-
pling may be inductive, capacitive or
resistive,

In induetive eoupling where two as-
sociated coils ave employed, rery loose
coupling ix that in which the second-
ary current exerts no appreciable reac-
tion on the primary coil. Looxe conpl-
ing i= that in which there is an appre-
cinble, but slight, renction effect from
secomdary to primary. eausing changes
in the damping of the oscillations both
in the primary and the secoudary
coils.  Clase econpling  permits  inter-
aetions between the two eoils whieh
changes  the  decrements  and  fre-
quencies of the oscillations,

By mmplitude, is meant the maxi-
mum value reached by an alternating
quantity. either positive or negative.
Deerement, ov logarithmie decrement
may be regarded ax n constant of a
simple radio cirenit, being 3,1416 times
the product of the resistance by the
synnre root of the ratio of the capaeity
to the induetance of tlhie circunit,

These various terms came into use
gradually as the phenomena they rep-
resent came to he better understood,
In the year 1900, the mathematics of
the =nbject was in the lead of experi-
mental demonstration.  One reason for
thix heing that it is not always a <im
ple matter to design an apparatus or
devise a cireutt arrangement  which
will nccomplish tully a predicted pur-
pose

The elements of the transmitter as-
sembled by Mavconi consisted ot an
induction  coil enpable of prodncing
sparks trom six to twelve inches in
length between the terminals of the
secondary winding, oseillator spheres,
Leyden jar condensers, Morse sending
key and antenna,

No ling as the induction coil type of
transmitter. with open gap discharger,
wax cmployed there was little hope of
being able to send out cleetric waves
which eould be confined to close limi
tations of frequency (wave length),

By Donald MeNicol
Fellow ALE.E., Fellow LR.E.

Past-President, Institute of Radio Engineers

While thix =ituation continned there
was little to he gained by making re-
ceivers selective, although it was per-
haps well that while widespread of.
forts were being made to  improve
transmission, continuous attention was
directed toward improving receiving
cirenits and devices,

CHAPTER +
Production and Transmission of
Electromagnetic Waves

The induction coil, condenser form
of transmitter used by Marconi in

VERTICAL
WIRE .

TO
GND

The wiring of induction-coil type
of wireless telegraph transmitter.
On the iron core is wound the pri-
mary (in heavy line) and on top
of that the secondary (in light
line). The terminals of the second-
ary, or high tension winding, ex-
tend to the spark-gap, while the
primary winding is in series with
a battery, sending key and circult-
breaker. A condenser is inserted
across the terminals of the circuit-
breaker. In practice a condenser
was connected across the spark-
gap or in series with the secondary
circuit

1896, continned for many years as the
onty practienl means of semding out
signals. (Nee Fig. 5) It was several
years before any otber method was
discovered of producing eleetrie waves
of the Hertz type. and although in the
course of” events the machine alterna-
tor method, the are method and the
tube oscillator came into use, the in-
duction coil was in many installations
stith emploved as late as the year 1923,

Depending upon the oscillatory dis-
charge of a condenser the process of
cuergy  transmission is intermittent,
The condenser had to be first charged
and then discharged. resnlting in the
production of sneeessive groups of de-
cadent oscillations, A group might
consist of from twenty to one hundred
osctllatfons, and in general the fre-
queney of oscillation employed was of
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the order of a million. Because of the
intermittent nature of the process of
charge and discharge, actual radiation
of energy took place about one one-
hundredth part of the time the trans-
mitter was operated.

It was not long after the first at-
tempts were made to employ wireless
signaling for practical purposes that
the need was sensed for a type of
transmitter which would =xend out a
continnoux train of waves of sustained
amplitude, It was anticipated that
waves transmitted by an apparatus ot
thix type would resemble thoxe emitted
by an organ pipe, rather than the sue-
cession of  explosion-like  discharges
sont out by the induction coil. con-
denser, spark-gap arrangement.

The Arc Transmitter

A search through the records of the
prior art with the thought of uneov-
ering inventions, or proposals, which
might be utilized in devising improved
methods of wave transmission, dis-
closed that Professor Klihu Thomson,
in America, in 1892, in a patent appli-
cation® proposed 2 method of producing
high-frequeney currents from a direet-
current source, by conneeting a conden-
ser amd an inductance to an opemn.
metallic spark-gap, which also war con-
nected through two additional indue-
tanees to a source of direct current.
The are formed was constantly extin-
guishied by meanx of an air-blast or a
magnetic blowout, The prineciple of op-
eration was that before the are was
formed. and just after it was extin-
guished, the condenser was given a
charge from the direct current source.
Re-establishment of the are permitted
an oscillatory discharge to take place,
The inventor stated that oscillations
up to H0.000 per second could be pro-
dueed by these means. (See Fig. 6)

Willinm Dn Bois Dudell, who had
airried on research work in the Cen-
tral Technical College, London, 1803-
1000, in the latter year read a paper
on the subject “Rapid Variations of
Current Through the Direct-Current
Are”

Dudell showed® that if a suitable ar-
rangement of condenser and inductance
were connected across the terminals
of a continnous current are. the gap
between rods of carhon, a ligh-fre-
quency current was set up in the con-
denser cirenit and a musical sound
produced by the are, Dudell proposed
the use of his oseillator as a trans-
mitter for wireless telegraply. observ-
ing that the arrangement should have
particutar applicability where it was
desired to transmit eleetromagnetic
waves tuned to a definite frequeney.

- 1. 77, N, Pat, 500,630,
2. British Pat. 21,629. (1900},
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Three years after Dudell's device
was deseribed, Valdemar Poulsen. of
Copenhagen, Denmark, contributed a
very importaut improvement by in-
closing the are in a vessel containing
hydrogen or coal gas, and forming the
are between a wetal terminal, the posi-
tive: aud a large carbon terminal, the
negative, By subjecting the are area
to the influence of a strong magnetic
field, much higher fregqnencies could be
obtained than by means of the doubie
carbon gap in air.

Poulsen’s appuratns was a logieal
experimental  development  of  the
Thomson arc method, and the singing
are of bhrdell. When the are in gas
is slhamted by a suitable comdenser in
ries with an inductanee, oscillations
produced in the condenser cireuit
having a trequency of a million or
more, depending, of course. upon the
capacity and inductance  values. By
coupling the condenser cireuit to an
clevated and grounded antenna trains
of undamped clectric waves may be
transnitted,

Poulsen brought the are oxcillator
into the field of practicability as a
transmitter. In the original Dudell
are it was not possible to obtain fre-
quencies high enough for the purposes
of practical wiretess telegraphy.  The
highest values reached rvequired very
large units of capacity and inductance.
For a wave length range of from 300
to K000 meters, the frequency must,
of eourse, range from 40,000 to 1,000,-
00 per second, and this was accom-
plishied  with the early Ponlsen ap-
paratus,

The introduction of the are method
of producing oscillations set up the
world over an entirely new erop of
investigations which, in the main, re-
sulted only in minor, detail improve-
ments: in some instances variations
in the elements employed in assembling
the transmitter permitted of similar
results being obtained by somewhat
different means,

Arguments were advanced purport-
ing to show that the Poulsen are was
not a true singing are, but this was of
little consequence as for the purpose
of producing oseillations at high fre-
gueneies this was not essential.

Mr. & G. Brown, in Englund. in
1906, described a device employing a
revolving  aluminnm  wheel  against
which a copper spring pressed lightly.
The spring and wheel were connected
thirongh an inductance and a resistance
with a source of direct eurrent, and
also by a cireuit made up of a con-

se

denser in series with a coil of wire.
When the wheel was rotated an are
formed at the loose contaet, cansing

high-frequeney oscillations to be set
up in the econdenser circuit,

About this same date, Frederick K.
Vreeland, in  Ameriea. proposed the
nse of a mercury vapor tithe are which
Dhad the merit that difienlties with the
are electrodes wasx considerably mini-
mized. and the terminal voltage could
be made much higher, Voltages up
to 6,000 were applied per tube, and

although there did not secm to he any
need for siel high primary potentials,
the possibilities  in that  direetion
scemed preferable to the alternative of
using a number of ares in parallel, as

was at the time proposed for increas-
ing the cnergy available with the car-
are method,
partieular

with
may

In connection
development it

bon
thix

DR. E. F. W. ALEXANDERSON

here  be  stated that  Peter Cooper
Iewitt, in Amerien had demonstrated
the sensitiveness of the conduetivity
of mercury vapor to the varying in-
tfluence of a magnetic tield.

Before leaving the subject of the are
oscillator antil it may again be taken
up  in connection  with  the  develop-
ment of radio telephony. it may be
stated here, as an indieation of how
the method was extended to meet the
growing needs of wave telegraphy in
following years, that the Poulsen are
generator was developed up to units
of 400 K. W, ranging down to units
of 2 K, W.. in thirteen sizes, the most
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Up to the year 1920, eight hundred
stations, ranging up to 25 K. W. had

beeu equipped. and  eleven  units  of
200 to 400 KW, were  built and
instatled.

Sustained Oscillation Frequencies

It was =everal years after the in-
vention of the are oscillator that the
apparatus found its way into practieal
u=e on a commereial scale.  Through-
out the years 1900-1907, there was no
end of dizcussion anent the new sub-
Ject of continnons waves for wireless
signalling, but the number of stations
cmploying “spark™ systems had greatly
multiplied the world over, and there
was continuous striving in efforts to
eliminate defiviencies of spark s
tems,  Immediately following the early
trinls in England, when the needs of
distance and of tuning were upper-
most in the minds of the engincers, it
was evident that one serious deficicuey
of the spark method was the long
inactive interval between  the first
spark of one wave train and the last
oscillation (of effective amplitude) in
the preceding train,

Reference  has  been made to a
method  of producing  high-frequeney
currents, invented by Fliha Thomson,
in 1802, Following this, in 1806, Tesla,
in Ameriea, invented' a system for the
production of high-frequency currents,
an important element of which was a
synchronous rotary discharger, The
method ten years later was employed
as standard in the majority of the
radio telegraph stations in operation, It
consisted of an iron-core step-up trans-
former, the primary sopplied from
available alternating-current  mains,
The secondary of the transformer had
connected aeross its terminals a rotary
discharger and the primary of an air-
core transformer, with a condenser in
each leg.  In the patent application
Mr. Tesln made no refercnee to the
possible use of the system for wireless

3. Mt 20981, 1806, Neo L
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telegraph  purposes, and it was not
until later years when the secondary
terminals  of the oscillation trans-
former were connected to antenna and
earth respectively that the transformer
largely replaced thie original induction
coil for the production of electrie
Waves,

The Subject of “Wireless” in
America

From xome of the records submitted
and discussed in this work =o far it
may he understood that in America,
during the years immediately follow-
ing Hertz's announcements  in 1888,
ontstanding  scientists  possessing the
requixite engineering Knowledge to fol-
Iow closely events transpiring abroad,
and to earry on original research, were
Elihu  Thomson, I'rof. Trowbridge.
Prof. Dolbear, br. M. L Pupin, H. J.
Honston, F. B. Crocker and Nikela
Tesly, all previously mentioned herein
in  conneetion  with  stated  develop-
ments,

To the hundreds of electrical en-
gineers, electricians and amateur ex-

perimenters  in - America. the  dis-
coveries of Hertz held little beyond
academie interest. B was uot until

Mr. Marconi appeared on the scene in
180G, that the practicing engineers aud
experintenters directed their attention
to studies of the principles of spuee

signaling. tt was not until 1807 that
informative literature reached  this
country, appearing in the techuical

journals.

One of the carliest illustrated de-
scriptions  of  Marconi’ apparatus
which appeared in Ameriea was pub-
lished in the magazine Telegraph Age,
ixsue of November 1, 1807, The article
wits reprinted from the London Elece-
trician of au carlier date. The artiele
presented an understandable story of
the cequipment used in the 1896 and
1807 trials in Eungland, ineluding the
elevated antenna and the earth con-
nection. In the Journal of the Franklin
Institnte, issue of December, 1897, ap-
peared a review of Mareoni's first
demonstrations, These  descriptions
were followed at occasional intervals
by additicnal references to what was
being done in England and  other
Enropean countries.

One of the earliest of the experi-
menters here was Reginald A, Fessen-
den. born in Camuda and cducated at
Trinity College, Tort Hope, Ontario.
From 1887 until 1800 he was chemist-
in-chief, in the laboratory of Thomas
A. Edison. and during the following
two yes was an electrical expert in
the service of the Westinghouse Elee-
tric and Manufacturing Company. at
Newark, New Jersey,  Later, he was
professor of clectrieal engineering at
Purdue University and at Western
University of Pennsylvania,

In IROG. 1897, he earried on some
experiments  with  eleetric wave  de-
tectors, the results of which were in-
corporated in a thesis,

Irollowing a seriex of investigations
into the variation of radiation with

frequency  Professor Possenden con-
cluded that it shonld he possible to
construct an  alterating-current  gen-
crator of sufliciently high  frequency
awd ontput to provide ample radiation
for wireless signaling  purposes In
100, an order was placed with an
clectrical manufacturing company for
such an alternator, bt owing to dif-
fienlties which developed in design and
manufacture the machine was not de-
livered wmuil 1905, The first machine
wax of one KW, output at 10,000
excles, A second machine wns turned
ount in 1906, which, with a one-half
KW, output, was operated at 75,000
cycles., In the ftollowing year ma-
chines were constructed  whiceli  had
frequencies of 100,000 ¢xyeles atud out-
pits of one to two KW,

i n

PROF. REGINALD A. FESSENDEN

These  alternators  cmbodied many
ingenious  mechanical  arrangements,
The armature (having a resistance of
about =ix ohms) was driven up to a
specd of 10,000 r.pan., the frequency
obtained heing 60,000 ¢yeles per second.
Driven by a steam turbine a fre-
quency  of 100,000 ¢yeles per second
was ohtained.,

These machines were new to the
electrical art and in their design and
construction were employed cugineers
whoxe names in the course of time
became known the world over in eon-
neetion with space telegraphy. These
were:  Steinmetz, Alexanderson, Has-
kins, Dempster,  Geisenhomer,  Stein
and Manshendel.

The first important ise made of the
new  alternator by IProfessor Fessen-
den, was at his Drant Rock, Massa-
chusetts, experimental radio station,
in the year 1906, Machines of this
type, further improved by Alexander-
son, were destined in the years follow-
ing 1918 to play a hirge part in the
establishment of permanent commer-
cial radio telegraph service bhetween
America and  Fugland, France. Ger-
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many, Ltaly, Poland, Norway, Sweden,

Flawaii, Japan  and  the  Argentine
Republie.
Professor  Fessenden's use  of  the

alternator at Brant Rock shall be
referred to in n subsequent chapter
dealing with radio telephone work,

High Frequeney Electric Currents

At the outset it was clear that one

very impovtant  difference  between
land  line  telegraph  equipment and
radio telegraph  equipment was  that
cach radio station required its own
power plant,  The eapacity and range
of the station were dependent upon
the power employed and wpon  the

anmount of energy controlled for radia-
tion pirrposes.  1n land line telegraphy
and in submarine cabling the voltages
required were very smiall compired to
cadio voltages and in the case of land
line telegraphy from two to thirty or

more individual  stations could  be
conneeted in a0 single line conductor,
power  being  required  at o the two

terminal stations only,

Obviously  high-fregueney  alterna-
tors, being  of  special  design and
special construction, were sure to he
costly amd their use justitied only at
stations where a considerable amount
of tratfic was to be handled or at sta-
tions intended for working very long
distances.,

The  Thoms=on-Dudell-Poulsen are
apparatus had certain advantages in
this respect which made the system
more adaptable for <small and medium
sized stations and for isolated stations
where there wias not at hand sources
of commercial primary power.,

The alternator idea  did not  find
particular tavor in England and it
wias a decidde or more betore machines
of this type were installed there to
furnish  power for overseas service.
I'rofessor J. A, Fleming, who had
been  associgted  in wn engineering
eapacity with Mr. Marconi since 1808,
was in doubt as late as 1904 about the
practicability and efliciency of high-
frequency  alternators tfor radio tele-
graph =ignaling.  His views evidently
were based  on previous  experience
which iudicated that in order that
pire, tree waves might be radiated in
detached  form from a transmitting
systenn, it was necessary to have very
high  frequencies and  very sudden
reversils of electric foree,

Nor was Fleming alone in this view,
Professor ¢, R, Cross, in America, on
one  oceasion,  stated: cAlternating
currents in the sending antenna will
not produce Hertz waves in the ether.
Motions of some Kind would bhe pro-
duced, but they would be of a quite
different character.  Hertzian waves
are produced ounly by the disruptive
discharge.”  In the early legal con-
tests between  Marconi and  the e
Forest interests in the =outhern is-
trict court of New  York, Marconi
stated: “The  difference  between
Hertzian oscillations and  ordinary
alternating current is most eertainly

(Continued on page 301
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Audio-Frequency Oscillation’

A Practical Method of Eliminating A.F. Oscillation in Coupled Circuits

HIE mest prevalent cause  of
A oseillation  is the back-
conpling  that ix produced  hy

the source of 137 sapply. hav
ing a resistunce which ix common to
the plates of all the tubes: dry-cell

batteries and D, C, eliminators with

FIG.1

The A.,F., choke, Z, together with
the 2 mf. condenser, that is ground-

ed effectively block any back
couplings
potentinl-dividers, probably show the
greatest  tendency  in o this  direction.

The effect of <hunting the 13" source
with large cendensers is to ameliorate
the conditions, but only such a minute
anount of cnergy is requirved to he fed
back to the detector tube to eanse A,
oxcillation caudible or ineipient) tha
even d o comparatively low resistance,
such ax ix produced by the length of
foil in a reservoir condenser, may he
sufticient, In this connection it <hould
he  mentioned  that  =ome  makers of
large condensers  tap

paper-dielectrie

Fed from « Common "B Supply

By A. Hall, {.R.C.S.

instance. three stages of  resistance
conpling are enmployed, by snbstituting
other forms of coupling <o that no two
conseeutive methods are alike,  This
expedient at its best is only a patlia
tive, and in the caxe of reversing the
conncctions  to the transtformer may
modify its  anmplitication  character
isties: furthermore, it may transtorm
an mrndible whistle or howl into an
oscitlation above audibility which will

canse general  distortion.
I}y preventing the A.C) components
vy
—HH 1
L &Llg

frouble are cortainly minimized, hut
there ix still a poss<ihility of feed-back
from an carlier A}, tube,

Circuit Isolation

It had been shown that as o resalt
of feed-back, when using two stages
of transformoer conpling with a com
mon BT osupply the overall amplifica-
tion wax hy no means the product of
the two stages ax measured separitely
in fact, thisx ideal condition could only
he obtained by feeding cach plate with

Py

C3==
LL_J

=g

—

I?\,jl-‘-wm&)

An ampntier connected with piate teed resistances giving an overall amph-
fication which equals the theoretical product of the two separate A.F. stages

in the plate circuit of the last tube
from passing through the 137 battery
or climinator by the choke-feed method.
the lond-speaker  ix
rrom the plate through a condenser (o
the oscillation

where connected

sronnd, chances  of

thronghont  its length and
thix effect. It ix pos

that immunity from
action cianntot necessarily be

Toi
minimize

therctore,

inte

the
thirs
<ible,
AP
wabtained by <himnting condensers across
The I3 supply.

Reverse Reaction

I'he uext step is to arrange that any
oscillations ted back are out of phase
with the normal oscillations thus pro-
dueing a form of  reverse reaction.
Thix ix achieved by reversing the con
nections to the primary or sccondary
of one AF. transformer, or where, for

Y aurtesy of Wirelcas World (England)
Chicf Pugineor, Ferranti, Ltd

Fig. 3. The input and output waves
of the amplifier shown in Fig. 2,
showing no distortion. Fig. 4,
below, shows the same waves, but
a common battery of 200 ohms 1§
used without the plate feed resist-
ors. The output has a high-fre-
quency ripple superimposed

i separate supply, or
tained  with a
for the

nearly be ob-
separate I battery
detector, Andio-frequency
chokes of high inductance interposed
in the "I} cireuit of ench tube weve
shown to prevent effectively any back-
coupling,  provided o shunting  con-
denser was connected  to ground as
<hown in Fig. 1. It was next snggested
that, instead of chokes. wire-wound
resistances capable of carrying the
necessary  current  wonld  bhe much
cheaper and would fulfil not only the
e tnnetion of  preventing  back
conpling and giving vesnlts equivalent
to 1 separate battery for eaech tube, but
would also by avoiding thr necessity
of tappings provide a nw'nm of evenly
exhausting the whole B battery. Tt
is sebldom that the full \nlln;:u of "B
battery ix required for any but the tast
tube, and by using resistances as al-
ready described any required reduction
for the other tubes can be arranged,
2

VCOutinncd oy puge
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The Mathematics of Radio

Regarding Vacwrmn Tube Characteristics and Their Relation 1o the
Voltage Amplification of Audio Frequencies

PART X

HEE  associnfion  between  the
vaeunm tube and the coupling
unit leeared in the plate cirenit
is very ciose. In the radio-fre-
quency amplitier it governs total am-
ptiticaittion and in the audio fregquency
amplifier it governs ione quality
by viriue of its effect upon the trans-
fer of energy herween the output
cirenit of rhe vacunm tube and the

FIG.52

A conventional vacuum tube circuit

with the three batteries, "*A, B and

C*, supplying the correct voltages
for filament, plate and grid

coupling unit. 1f all the aundio fre-
quencies present in rhe vaeuum tube
are transferred to the eoupling unit,
in rhe amplitude relations present in
the vacnum tube. they will he present

in, and made audible by the loud
speaker. That rhe present loud
speaker cannot  faithtnlly  reproduce
the complete audio-frequeney  spee-

trum is beyond the discussion at this
rime. We are interested in energy
transfer from the tube to the conpling
unit. Let us first consider the aundio
system. It isx rrie that thix is con-
trary to the arrangement employed in
the regular receiver, the audio system
following the radio, but we will as-
sume that license.

Defore we cian discuss energy rrans-
for between the tube and the audio
coupling unit. and the importance of
certain  impedance relations belween
the two. we must consider the source
of the energy. the vacuwum tube. Fig.
32 shows n conventional tube cireuit,
utilizing a three-clement vacuum tube,
tilnment. plate and grid hias batteries.
According to the illustration. a battery
source of tilament porenrial is em-
ployed. The tube discussion which
will ensue, is however not limited to
the D.C. filument type of tube, hut is
applieable in every wayr, to the A.C.
tfube and the sereen-grid tube. The
faet that the filament potential is

“raw’” A.C. does not influence the elec-
trical constants of interest ro ns. The
factors governing “amplitication con-
stant” or i ‘muarual conduetance”
and  “plate  resistanee” are  likewise
applicable to D.C. and AC. filament
type tubes.

We tind a definite velarion between
rhe amplitication constant or mu of a
tube, its mutual econductance valne
and the plate resistanee. This is true
of all typesx of tubex, To summarize
we find that the amplification eonsiant
eannot he appreciably inereased with-
out increasing rhe plate resistance.
The muarual conduetance expressed as
Gm is equal ro the amplitieation con-
stant divided by the plate resixtance.
Expressed in a formula it is

K (amplifieation constant or mu)

Gm = —

R (plate resistance)

We further find that the plate resist-
ance ¢an he decreased by decreaxing
the distance hetween the tilament and
plate. but under these condirions, the
distanee hetween the grid and plate
would be likewise decreased, with a
consequent decreaxe in amplitication
constant. 1t is true however that the
amplitieation constant of the tube ix
alko governed by the mesh of the grid
and the diameter of the grid wire.
But the distance hetween the tilament
and grid does not intluence the ampli-
fication constant, hence a small fila-
ment. close to rhe grid may provide a
large value of mu with a fairly low
value of amplification eonstant. Such
conditions are somewhat realized in
the present crop of A.C. tubes.
P'rogressing further we are advised
(Thermionic Vacunm Tubes, Van der
Bijl. page 236) that the larger the
vialue of mu or amplification constant,
the smaller is the permissible input
volraze for s constant value of plate
poteutial. In  other words. an  in-
crease in amplitieation econstant value
of tube. reduces the permissible A.C.
inpnt grid voltage. Ilercin lies the
reason for not using high mu tubes ax
output, tubes in an amplitier, and on
the orher hand. for the comparatively
low value of amplitication constant for
all of the power tubes in use today.
Ry redueing the amplificarion con-
stant. rhe permissible input grid volt-
age is inereased in value.
Characteristics

Measuring  Tube

At this juneture. one wonders why this

ewrsory  discussion of vacuum tubes.
The answer is simple. The above eon-
siderations tind definite application

discussion. A
vacuum

during the subsequent

more detniled dixcussion of
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By John F. Rider, Associate Editor

tubex will be made Liater, but the above
faets uare essentinl at this time. In
fact a simple merhod of determining
mir plate resistanee and then calculat-
ing mutual conduetance, is shown in
Fig. 53 This  avrangement permits
the determiuation of the dynamie
plate impedance, rather than the D.C.
resistanee, whieh is equal to the plate
voltage divided by the plate current.
The plate resistance values mentioned
in tube tables are uxually the dynamie
vitlnes and the word resistance is used
in place of impedance, since impedance
too, ix expressed in ohms.

With respect to Fig. 33, Rl is a 10
ohm  resistance. R2 is a calibrated
4000 ohm  resistance. variable in
narure.  R3 isx a 30.000 ohm variable
calibrated resistance and SW is a sin-
gle pole. single rhrow switeh. A
source of A.C. voltage. such as a 1000
cyvele oscillator, is eonneeted neross the
exrremities of RI1 and R2, one lead
connecting to the end of R1 connected
to the plux side of the “C” battery and
rhe arher lead connects to the end of
R2 connected ro the "B minus. A pair
of phones are conneeted to rthe ter-
minals  designated as Phones. The
value of L™ potential and **C™ bias

i

PHONES
SwW

R2

]
A.C. SOURCE

FiG.53

By means of this circuit the ampll-
fication constant and plate resist-
ance can be determined, the mutual
conductance then being calculated

potential applied to the tube is gov-
erned by the desired resting voltage.
The merhod of resting is as follows:
Iirst the amplitieation constant is de-
termined hy applying the A.C. voltage
as anentioned. opening SW, varying
R2 until the xignal in the phones is
balimeed our. The value of mu is then
equil to

R2
Mu
R1
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The plare impedance is determined
by closing 8W. varying R2 and R3
until the phones are silent, when the
plate hmpedance is equal to the xetring
of R3. The mutual conductanee value
is then equal to mu/Rp (plare imped-
ance; previously designated as R)

Energy Transfer

When considering energy transter
bhetween a vaeuum tube and a coupling
unit, it is customary to designate the
tube civeuit as shown in Fig. 5. E is
the voltage availuble from the tube
and the plate resistance is shown as
Rp. The coupling unit usually spoken
of as the “lond” upon the tube ix con-
nected us shown. to the points desig-
nated as X. 'This coupling unit load
may be the primary of the audio fre-
quency transformer, the plate coup-
ling resistance of a resistance coupling
unit, or the plate coil of the tuned
double impedance unit, illustrations of
which will be shown as we progress.

One of the properties of the vacuum
tube is that the full amplifying power,
as expressed by the amplification con-
stant, is obtained only when the load
upon the tube is infinite. Not that
the amplification constant of the tube
varies with the impedance vihie of
the load, bnt that the amount of sig-
nal voltage present in the tube, the
result of the input grid voltage mul-
tiplied by the amplification constant
of the tube is not available across the
load unless the impedance of the toad
is infinite with respect to the plate re-
sistance of the tube. Infinite imped-
ance is of course an impossible value,

W
e i
- COUPLING
- UNIT
’ ]
v

FIG.54

E is the voltage available from the

tube and Rp the plate resistance.

This is the customary manner of

designating these quantitles in a
tube circuit

since it is not of a definite figure, Bur
the impedance ratio between the load
and the tube must be of a definite
value in order that the major portion
of the available tuhe voltage be trans-
ferred to the load. Fortunately the
difference between infinite load im-
pedanee and a certain value of im-
pedance with respect to the tube plate
resistance does not make an appre-
ciable difference in energy transfer,
That is, if the load impedance is of a
certain definite value, the amouut of
A.C. signal voltage transferved to the
lond is a major portion of that avail-
able from the tube, and if the load
impedance is increased to what we
eall infinite value, rhe additional vyol-
tage obtained from the tube is very
gmall in magnitude. Ilence we see

that the ratio between the tube output
resistance, expressed as the plate re-
sistance. and the load impedance has
a detinite bearing upen the results ob-
tained with a ecertain tube-load com-
hination.

During the progress of audio ampli
fication we are interested in the trans-
for of all signals in the tube to the
loidd. In other words all of the signal
frequencies present in the tube should
be transterred to rhe load. Unfortu-
nately however, the impedance value
of rhe average load comprised of a
winding on a core of iron, xilicon
steel or some alloy, is not consiant
with frequency, whereas the tube out-
put resistance is constant. Therefore
we are confronted with the problem of
a econstant impedance feeding a vary-
ing impedance, since the audio  fre-
quencics present in an audio ampli-
fying tube during the progress of
musical or speech reception may ex-
tend from 30 to 8000 cycles, or at least
to 5000 cycles as the maximum. It is
therefore evident that the magnitude
of the energy transfer between the
tube and the load will vary according
to the frequency of the voltage within
the tube.

Take for example the
quency trans{former arrungement
<hown in Fig. 55-A. Here the pri-
mary P, is the load upon the tube VT
whose plate resistanece is represented
as Rp in Fig. 55-B and the primary
of the transformer is represented s
a resistauce since its equivalent im-
pedance is expressed in ohms. The
voltage fransfer berween the vacuum

tube and the toad ix governed by the
resistance,

audio fre-

A.C. voltuge across the
which represents the primary wind-
ing. The designation K represcnts the

voltage available in the tube and the
valne El1 is the AL voltaue trans-
ferred to the transformer primary. 1f
we call the impedance of thix primary
I when expressed in ohms, instead of
applying the usual impedance desig-
nation 7. the voltage transferred to
the primary or developed neross the
toad, ix equal to

R
R plus Rp

In other words if the voltage avail-
able in the tube is 10 volts. the vilne
of tube plite resistance (Rp) is 15,000
ohms and the impedanee of rhe trans-
former primary at a cerrain frequency
is 150.000 ohms. rhe voltage across the
transformer primary as shown in Fig.
55-A and 53-8 is

150,000
E1=10 x ——— —
150,000 plus 135, MY
10 x 93
0.3 volts
We made mention in the previous
chapter, that the reactance of a wind-

ing decreases with a decrciase in fre-
quency and increases with an increuse
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in frequency. With the resistance at
a constant valie, it ix self evident that
the impedance varies in proportion.
In the discussion of the reactance and
the impedance of transformer pri-
maries it is safe to consider the re-
actanee ax being eqnal to the imped-
ance, sinee the ratio between the re-
nctance and the resistanee of the pri
mary winding is sufliciently high to
make the resistance value neglible in
the impedance ecalculation. Hence
future reference to the impedance of
audio frequency coupling unit wind-

ings will be the reactance value.
-A-
T VWAMAM-~
Rp Iy
E. R Et
v
-B-
FIG.55

B of the above figure is a general-

ized diagram of A and represents

the true electrical characteristics
of the vacuum tube circuits.

Comprehension is facilitated by using
but one terni.

Variation of Impedance With
Change of Frequency

We observed in the above illustra-
tion of voltage transter that 93% of
the maximnm voltage was delivered to
the transformer primary when the
impedance of the load was equal to
approximately 10 times the tube plate
resistance. Iut this load impedance is
not constant. it varies with frequeney.
If the value quoted is thar of the
transformer primary at 1000 eycles,
what about rhe voltage transfer at
frequencies hetween 30 and 1000
eyeles?  If we obtain 93% voltage
trausfer at 1000 eyeles, satisfactory
energy transfer will be obtained at all
frequencies above this vatue, since the
voltage transfer inereases as the load
impedance is inereased und the imped-
ance of the load mentioned increnses
with frequency. llence we mniust de-
terminate the voltage transfer at the
lowest frequency (o he encouniered.
Since the plate resistance of the tube
is constant at all frequencies in the
audio bhand, the same amount of vol-
taze is available at 30 or 5000 cyeles.
The first step is rhe determination of
the impedance of the load at the tow-
est frequency. say 30 eycles. This
value is governed Ly fhe inductance of
the primatry winding, It is logieal
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.A-

FIG.57

L

A. Vacuum tube working

into a doubte

impedance load. B is the

generalized circuit.

that if we eobtain satistactory voltage
transfer at 30 cyeles, we will obtain
satisfactory  voltage transfer at all
higher  frequencies, 1If the above
mentioned load impedance of 150,000
ohms were that of the primary wind-
ing at 30 eyeles, further caleulation
wouhll be unnecessary, sinee only 7%
additional voltage transfer would be
possible between load impedance val-
tes from 150,000 ohms and infinite
impedance,

At thix time we eaunot help but ob-
~erve the advantages accruing when
the tube has a low plate resistance,
The lower the plate resistance, the bet-
ter the voltage transfer between the
tube and the load of a certain imped-
ance Furthermore, it is easy
to observe the need for high load im-
pedances when the tube has a high
plate resistance,  To obtain faithful
reproduction in the audio system we
must of necessity amplify with fidelity
all the audio frequencies passed into
the audio amplifier from the detector,
As sneh we must obtain the maximum
voltiage transfer between the audio
tube and the load on all frequencies,
To determine the extent of voltage
transfer over the audio band in ques-
tion we consider the lowest audio fre-
quency. The inductance vatue of the
transformer primary isx usually men-
tioned in the manufacturers’ specitica-
tions. Nuppose that the inductance
value is quoted as being 100 hearys,
According 1o the reactance formula
(we ignore the impedance  formula
sinee the ratio hetween reactance and
resistance isx oftimes 4000 to 1) men-
tioned in the previous chapler

XL =628 x 30 x 100
— 18,840 olius at 30 cyeles

This transformer primary has a re-
actance vialne of 18840 ohms at 30
cycles and if we consider this value
as the impedance., and if used with
the tube mentioned. the voltage trans-
fer at 30 cycles is egnal to

IN.8 10
18540 plus 15000

10 x 956 (approx. slide rule
enlenlation)

S04 volts

At 1000 exeles

the voltage transfer is

the reactance of
this transtormer is G25.000 ohms and

AAAAAAAA
VWWWWW

AR .]-

>
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FIG.56

A. Vacuum tube working into a

resistance load. The electrical

characteristics are indicated in dia-
gram

625,000
LE1=10 x - -
628,000 plus 15.000
=10 x .076

=076 volts

It is very evident that the voltage
trausfer between the tube and the load
ax shown varies to an appreciable de-

Radio Engineering. September, 1928

gree.  llence we sce the need tor a

low tube plate resistance and a high
lond impedance,  The above data is
suflicient to show the method used to
voltage

determine the trausfer he-
tween an audio amplifying tube, and
the primary winding of an audio fre-
queney transtormer utitized to couple
this tube to a subsequent amplitior
tube,  The low notes. that is the pres-
ence of low notes in the audio system
is an  oft discussed  problem. The
above data shows the method of eal-
cutlating the possible voltage transfor
at low audio frequencies, bhetween the
tube and the load,  Mind you that at
this  time we are not considering
power amplification or power transfer
between the tube and the load. That
will come Iater. Neither are we con-
sidering transformers wherein the pri-
mary circuit is tuned.  We are consid-
ering the average type of awdio-fre-
queney transformer and have observed
the importance of the impedance rela-
tion between the tube and the load
for voltage transfer,

Pure Resistance Load

The same method of ealeulation is
applicable when the load is a pure re-
sistanee, as in the ecase of resistance
coupled  aundio-frequency  amplifica-
tion, ax shiown in Figs, 56-A and 56-13,
llere we find a constant resistance
which does not vary with frequency,
hence the voltage transfer between
the tube and its load is constant or
uniform over the entire audio band,
thitt ix when the resistance alone is
used without any additional units,
Thix, however, is not the case in ac-
tual practice, since we must consider
the coupling eapacity and the grid leak
resistance.  Ax the applied frequency
ix increased. the reactance of the con-
denser decreases, with the result that
the effect of the grid leak is that of
a shunt resistance aeross the plate
coupling resistance,  While this phase
of the problem isx not involved in our
present discussion it is mentioned in
order to remove the idea that the ac-
tion of the tube and the plate resist-
ance results in a combination with
uniform voltage transfer characteris-
ties over the entire audio spectrum,
It is true that the use of a resistance

Circuit arrange-
ment for making
A.C. voltage

measurements in
a transformer
coupled A.F.
circuit. The
tube VTV func-
tions as a
vacuum tube
voltmeter.
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ax the plate load does produce uniform
voltage transfer between the tube and
the load. but only when the load re-
sistance ix alone and not associnted
withh other struetures,

This data is not iutended as dis-
paraging information. but purely as
an explanation of the phenomenon in-
volved.  Mention must he made at
this time, that while the resistance
coupled audio amplitier does possess
a fairly flat characteristic. the com-
plete it does not possess an abxo-
Intely flat characteristic but falls off
at the low and at the high ends of the
audio scale. This is due to the pres-
ence of the equipment utilized in con-
junetion with the plate coupling re-
sistance.

With respect to the voltage transfer
hotween the tube and the load when
the load is a resistunce of say 100.000
ohmx the value of voltage across the
load resistance is the xawe at all the
audio frequencies involved. since the
value of the plate load rexistance does
not change with frequeney. With a
definite value of resistanee, such as
the figure quoted, the voltage transfer
between the tube and the load is the

A.C.
FI1G.59
—ot
R
Rp
2
P G
R1
B+ F
—oF
Circuit for making A.C. voltage

measurements on a tuned doubie
impedance coupling unit

sime as that obtained when the im-
pedance of an inductance constituting
the load is equal to 100,000 olins, In
other words., it the impedance of a
transformer primary at 130 eyeles is
100,000 ohms, the voltage transfer will
bhe the same as that if the transformer
primary were replaced with a  plate
coupling rexistor of 100,000 ohms. In

order to obtain the 97.6% voltage
transfer available with the trans-
former primary at 1000 cyeles, it

wounld be necessary to employ a plate
resistance of 628,000 ohms,

Double Impedance Amplifier

The caleulation of voltage transfer
wlhen the plate load ix the plate eoil
of a tuned double impedance unit, is
the =ame as that employed for the
transformer primary and the resist-
anee.  Again we desire to mention
that the voltage transfer values ob-
tanined in these calenlations are not
the operating characteristies of the
complete audio  frequency coupling
unit. 1t is. however, an indication of

the faet that the awdio frequencies
present in the tube are being trans-
ferred to the coupling unit, which in
itself ix an important item. The coup-
ling unit may be resonant at some high
frequency or at some low frequency,
but the presence of these frequencies
in the output circuit of the audio
coupling unit isx dependeut solely npon
transfer of these signal voltages from
the tube to the load.

One of the characteristies of the
tuncd  double  fmpedance  system of
audio-frequency  amplification: as a
matter  of  faet of all impedance
coupled systemnx, is that large valnes
of inductance are usually nsed, amd
the impedance of the plate load is
quite high at e¢ven the lowest fre-
quency, with the result that very sat-
istactory low freguency voltage trans-
fer is obtained. It isx not uncommon
to employ 225 henrys of inductance
for the plate coil of a tuned double
impedance unit. aund the impedanee of

sneh a winding at 30 exveles is ap-
proximately 42230 ohms.  Witlt the
tube mentioned. the voltage transfer

at 30 eyeles,

42,250
1B1=10 x .
12,250 plus 15.000

— 10 x .739
= T7.39 volts

It is understomd of course that the
voltage transfer increnses as the ap-
ptied  frequency is inereased. The
tuned double impedance arrangement
is shown in Figs. 37-\ and 57-IL

A4.C. Voltage Measurements

The method of making AC. voltage
neasurements  upon  mudio-frequency
coupling units to determine the oper-
ating  characteristies, ave <hown in
Figs, 38, 59 and 60 Fig. o8 illuxtrates
the transformer measurement. Fig, 59
that of the tuned double impedance
it and Fig, 60 that of the resistance
coupler.

The operation of these units has
heen deseribed in Rano ENGINEERING
by several able writers. and conerete
operating  instructions have heen  de-
seribed by Mr., D'Arey in several
previous issves,  Ninee the determinn-
tion of operating characteristies is De-
yond the scope of the “Mathematics of
Radio.” we will not dwell in detait
upon these measuring systems.  The
coupling wunit ix loeated across oue
arm of a bridge system. fed with a
signal voltage from a variable fre-
queney audio oseillator.  The ontput
of the eoupling unit isx then measured
with a vacnum tuhe voltmeter. volt-
meter readings being taken at the
varions test frequencies. The vacuum
tube voltmeter ix alternately switehed
to the output of the oscillator and by
adjnstment of the voltage divider re-
sistance R to prodnce a certain read-
ing on the vacuum tube voltmeter, a
certain voltage input ratio is obtained.
The value necessary to produce iden-
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voltmeter
ratio of

tienl readings on the tuhe
i the voltaze amplitication

the coupling unit under test. These
meastirements  are nuude at o various
andio  frequencies and  the response

characteristics of the nnit under test
i determined.  Rp in the ilustration
ix 0 variable resistance set to simulate
the plate resistance of a tube. This iy
neeessary in ovder to test the conpling
under conditions =imilar to that en-
tailed if the voltage scource were a
vacuum tihe instend of the oxcillator.

The formula for bupedianee on payge
36 of the Aungosl issue aras misstated,
11 <hould read 2=\ R°*-1X1L)°. The
calewlations,  howerer, were nol in
orrop”,

(1o be continued)

—0
Rp
P G 0
Rt
B+ F ~F
R
l FIG.60
A.C.

Circuit for making A.C. voltage
measurements on a resistance
coupled audio frequency stage.

DR. ALEXANDERSON TO DEMON-
STRATE NEW TELEVISION
EQUIPMENT

TELEVISION projector large

enough to show a life-size image

of a person’s head or two entire

moving figures in redueed form

hias been developed by Dr, B0 F.OW,

Alexanderson.  consulting  engineer of
the General Blectrie Company.

The new projector will be demon-

strated at the Radio World's Fair at

Madizon Square Garden, September
17-28,
Production  of  an  image  twelve

inches square. as compared to the
three-ineh image obtained by earlier
television receiving systems and the
projection of the image. whether mov-
ing or motionless, upon  a  sereen
formed by gronnd glass plate are the
two notable developiments incovporated
in Dr. Alexanderson’s new projector.
The problem of prajecting the image
was solved prineipally through the use
at the receiving station of a speeial
neon tube, known as the Moore crater
amp. which gives o highly concen-
trated light. The tube, responding to
electrical impulses from  the photo-
clectric cells operating at the trans-
mitter. casts its light through a forty-
eight-hole dise. each hole containing
a lens.  The imnge is projeeted from
the dise to the ground glass plate,
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Applications of the Photoelectric Cell

in Industry

Covering the Various Uses of the Alkali Metal Photoelectric Cell and the

PART 11

HE circuit of Fig. 7 was de-

signed primarily for sutomatie

titration (i. e. in quantitative

chemieal  analysis) bt the
applications  may be extended to
inctude antomatic control of many
chemical processes.  This particular
method of application of the photo-
electric cell was devised by Miiller &
Puartridge.?

The device works directly from a
110 volt line. Either A.C. or D.C.
can be used. but if A.C. ix used the
condenser F should be inserted where
indicated. R. and R, are resistances
adjusted to give the proper drop across
the filament and 90 volts on the plate.
199 and 120-type tubes were, according
to the inventors, found most satis-
factory and they recommend the use
of tubes having an output of at least
four milliamperes with 90 volts on the
plate.  The relay they used was a

* Photion Instrument Corp.

Most Desirable Cireuits
By Milton Bergstein. Ph.I).*

Bunnell standard telegraphy relay re-
wired to a resistance of about 3.000
ohms capable of operating on a1 few
millinmperes.  Various A, . & T.

approximately tive megohms is con-
nected as shown,

The action of the cirenit is as fol-
lows: With the cell nuilluminated the

PHOTOELECTRIC
CELL

Circuit designed
primarily for
automatic titra.
tion but adapt.
able to the auto-
matic control of
other chemical
processes. The
arrangement
works directly
from a 110 volt
line, A.C. or
D.C.

BURET
RELEASE

standird reliys may likewise be used.

The author has found them rather
filler & P i . & Eng. €l o H N
y,,',.‘"-_,'{,"l';,,;;, RS C A S satisfactory.  The grid leak R, of
! L
PHOTOELECTRIC
LIGHT DUTY
' CELL RELAY
2
N
CONTROLLED
CIRCUIT
110 V.
AC.OR DC
S 0V '8 FIG.8

A circult similar to that of Fig. 7
arrangement the accuracy of control

but battery operated. With this
of the relays Is enhanced
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normal output of the muplifying tubes
is suflicient to hold down the armature
of the relay. The resistance R, is
adjusted to soch a magnitude that,
when the photoclectrie cell is iHumin.
ated. the photoelectric current is suf-
ficient to make the grid negative by
several volts with respect to the fila-
nment. thereby decreasing the output.
The relay now opens and throws a
line voltage on the buret relay through
the protective resistance I, Instead
of the buret relay various power
control heavy-duty relays may be in-
serted at R. for the control of me-
chanical processes. It is possible to
insert a casende of relays as deseribed
above instead of the telegraphy relay,
so that a range of power control oper-
ations may be  condueted absolutely
mechanically,

Automatic Titration

When the device is used for making
a titration, lght from a lamp passes
horizontally throngh the beaker of the
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_ PHOTOELECTRIC
i CELL

&~

G
GROUND

1
2
Another photo-
electric  clrcuit
S with numerous
| N applications. |If
the relay is re-
placed by a mil-
liammeter the
R circuit may be
L used for color
LIGHT matching
ouTY
RELAY.

solution heing tirrated {(to avoid the
variation in intensiry of light due to
change in the length of rhe optical
path throngh rthe solntion) and im-
pinges on the photoelectric eell, which
is located in o light-tight bux exeept

for the opening in eonraer with the
beaker.  The change in color during
the t cion varies the intensity of the

tight sufliciently to actuate rhe phoro-
eleerrie eell and through the amplify-
ing tube to operate the relay and
buret relay.

In earrying out a titration @ beaker
of water of the color of the tinal soln-
tion ix placed iu contaet wirh the
opening on the lighr-tight box and the
intensity ot the light is adjusted by a

resistanee in  seriexs  with the lamp
until the relay just opens. T'he beaker
can now be removed awd dilled wich
the solution to be titrared.  Assiming
that this original =olutien is darker
than the tinal solution the velay will

be closed, becanse sntlicient light does
not reach the photoclecrrie cell. The
solution s stirred automatically and
the hnret stop-eock is conneeted to the
buret relay. whiel the llow of
fitraring =olution immediately when
the solution arrives at rhe tinal color
desived,  The mechanieal  derails of
this device are deseribed emupletely in
the original article (see foornote) and

stops

should be referred o to gain an
idea of Low rhese auromatic devicex
operate,

Other Applications

It may be seen thar i a eascade of
relays ix used instead of rhe  indi-
vidital relay o variery of control opera-
tions may be obrained depending upon
the color of the solution at the time.
The prineiple, of conrse. may he ex-
tended to solutions in motion rhrongh

pipe linex. ©Oils flowing throngh =a
pipe may he separated accovding to
color with thix deviee. The range of

applieability of such a deviee in me-
chanieal processes is quire evident aml
the applicarion of this slmple and in-
expensive arrangement of the photo-
clectrie cell in mechanical operations
should prove eeonomiecally valuable in
chemienl plants,

The application is not limited ro
liquids. Instead of having a light
pass throngh the cell it may be re-

flected rom au opague body =neh as
cloth or paper thorough the hole in the
light-tight Lox to the cell.

Dy o ecuzeade of relays materials
may be graded mrtomatically accord-

CONSTANT LIGHT
SOURCE -, LENS

(b’
s )

PHOTOQELECTRIC
CELL

-COLOR COMPARISON BOX-
FIG.10

Constructionat details of a color
comparison box
ing 10 eolor or materinls may be com-

pared as to color, if a meter s
ingerted instead of rthe relay.
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Fig. 8 is partially hattery operated
and becanse of the possibility of exact
adjustments with the barteries rthe
degree of aeccuraey of control of the
relays is considerably enhanced. This
cireuir may be nsed to give a nicer
degiee of disrinerion than Fig. 5.

Color Matching

Tn the eirenit of Fig. 9 increase of
light gives a deerease of current flow-
ing rhrouzh the ampliticr mbe,  This
cirenit is preferable 1o Fig. 2 in some
respeets  bhecause  the  necessity  for
adinsrment of a “C7 hactery is elimi-
nated.  In all other respects the sug-
westions given for operation of this
¢ireuit correspond  with  those  given
for Yig. 2. This cirenit may be used
for any application for which any ot
the preeeding cirenits are suggested.
Outside of the fact that it is battery
operated  rhere  ave  praetically  no
tanles o tind with it. It the relay is
repliced by a millinmmeter this eir-
cnir may be used for eolor matehing
work. A snggested arrangement for
color matehing ix indicated in Fig. 10.
The photoelectric  cell  is  in one
compartment  of a  light-right mefal
hox and the constant lizht source is
in auather compartinent.  The  Dhox
should be gronnded. The light may
he focnsed on a piece of material by
a lens as indicated and the retleeted
light shines ou the eell. veril pieces
of material are inserted alteruatively
for comparison at the poiut T. In
order to enhiance the degree of aecu-
racy of comparison. color sereeus (a
book of abour 50 Wrattan tilters is
obriinable from Bastman Kodak Ce.)
may be inserted at 8. The accuraey
of eomparison may be further en-
hanced by making comparisans, with
soveral different color serecus, of the
electrical outpurs cansed by the two
materials, It the merer readings
correspond  for  each  different eolor
wereen then the rwo colors being com-
parved are identical.

The eivenit of Fiz, 11 may he used

Por extremely aceurate comparizon of

PHOTOELECTRIC HOT- WIRE
e et GALVANOMETER
A . - . 25
- MEG.  MEG MEG. MEG.  MEG. MEG.
201 A 201A 171
i ol 4
= y g 4 A 4
< 3 (} F
14 3 1 ok T I
) IS
) I
[T A 1]
N St o=
A+ A-B- Y
= ct  FIG.1 a-

A circuit designed for

r extremely accurate comparison of colors or for
measurement of Intensity of a very weak light source,

A revolving shutter

is inserted between the llght source and the photoelectric cell
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eolors or for measurement of intensity
of a very weak light source. A revolv-
ing shutter inerted between  the
light source and the photoclectrie cell,
The adjustments required for this
cirenit are best determined by experi-
ment,

It must be remembered that if aceu-
rate comparizons are at all times to be
made, meters should be inxerted in the
circuits that the voltages of the
batteries and the voltage across the
filament may at all times be kept
constant,

is

SO0

Conclusion
The information given in this article
i necessarily of the briefest nature,
TIHE ENGINEERING
RADIO

(Continued from page 22)

RISE IN

not one ot degree, It is clear to me
that there is no Iertzian wave teleg-
raphy  without the essentinl feature
for produeing IHertzian waves, which
ix the Ilertzian spark.” This was the
“whip crack™ doetrine. which in time
wias <hown to be in error.

Even with the Poulsen are oscil-
lator, a system in existence in 1903,
four or five years elapsed before this
apparatus was placed in service on a
scate which might demonstrate its use-

fuluess,  The delay was in large part
due to a misanderstanding of the
possibilitiex of the method.  Dudell,

himself.! three years after his work on
the Thoms=on are idea held the opinion
that frequencies mmeh above 10.000
eonld not he obtained by these meuns.
Thix, with Professor Fleming's state-
ment® to the effect that an abrupt
impulse was essential, and that high-
frequency currents could not, without
a8  requisite  suddenness  of reversal,
produce radiation,

Proposals for Improvement of
Spark Transmitters

While the alternator of Fessenden
and Alexauderson. and the are oscil-
lator ax improved by Poulsen were
bidding for cousideration as producers
of sustained oxcillations, innumerable
attempts were made to improve trans-
nmitters of the spark type so that these
might be expected to keep up with the
rapidly expanding needs of wireless
signaling.

As a record of the trend of thonght
on this subject veference may he made
to the work of 8. M. Eisenstein and J.
Sahulka.  Eisenstein, employing three-
phase current supply for energizing
the primaries of three transformers or
induction coils, in which the current
from cach phase passed through the
primaries in turn, caused the produe-
tion of oscillations at three spark-
gups. one after the other.

By thix means the transmitter conld

be kept excited even when using a
current  of  comparatively  low  fre-

4 The Elcctrician, 1903, Vol. LI, page 902,
B Proccedinge, International Eleetrical

Conareas, St. Louis. Mo., Vol 3, page 603.
SGerman patent, 176,011, 1906,

IMowever, it is obvious how tremendous
the applications of the photoelectrie
cell in industry really ave. The engi-
neer working with a cell for the first
time will doubtlessly he confronted
with considerable difficulty but  the
effort he devotes to experimental work
will not be in vain, for every eye added
to the blind machine is another man
srved,

In the entire article we have alluded
only to process eontrol, The cell, of
course, may also be used as a safety
device to stop operation when the
danger point, becnuse of interruption
of certain movements, of breakage of
certain parts, or of overheating of cer-

quene The purpose was to avoid the
inactive intervals between the sparks
of a train., previously referred to as

objectionable.  and  thus  make the
cnergy  supplied to the antenna ap-
proach in uniformity that of a sus-

tained frequeney.
This scheme was a step in the right

direction as. clearly, the inactive
intervals  were in  large measure
DETECTION WITH THE

SCREEN-GRID TUBE

Radio Engineering has pub-
lished quite an amount of data
on the screen-grid tube relative
to its use as a radio-frequency
amplifier, an audio-frequency
amplifier and as a space-charge-
grid tube.

It has been recognized by
engincers that the sereen-grid
tube also offers advantages

when employed as a detector,
if the tube is properly applied.
Data on this particular applica-
tion of the screen-grid tube has
been conspicuous by its absence
mainly because progress has
been slow.

Radio Engineering is pleased
to inform its readers that first
hand data on this application
will appear in the October
issue. The article will cover
the results of the research con-
ducted by Mr. J. R. Nelson of
the Engineering Department of
E. T. Cunningham, Ine.

You will find this material
decidedly valuable. Do net
miss it.—Editor,

bridged over. but there remained a
Lick of constaney between sucecessive
discharges, mud although it was not
recognized fully at the time the ele-
ment that was wanting was an im-
proved  form  of  spark-gap. which
subject will be dealt with in Chapter
6 of this treatise.

The =olution proposed by Professor
Joo Sahulka” in Austria. sought  to
acecomplish the smme purpose by me-
chanical instead of cleetrieal means,
He pointed out that the main cause of
the inactive intervals between wave
trains in spark transmitters was that
during the whole time the spark con-
tinued the current source was practic-
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tain points ix reached.  The possibility
of application of the cell in long
distance high-temperature pyrometry
should also not be neglected.
1t ix impossible to suggest all the
applications ot the photoelectrie eell,
No doubt countless ones of great value
remain to be diseovered.
(The End)

(In Part I of the articl¢ by Dr,
Bergstein, awchich  appeared  in the
August issue, crrors were made in the
divgrams of Fig. 5 and Fig. 6. In
cach instance the grid and plate ele-
nments of the photocleetrie cell were
shawn reversed.)

ally  short-eirenited. its terminatl
potential-difference being reduced to
zero.  The voltage could increase only
gradually upon the cessation of a
spark, due to the inductance of the
circuit and the necessity for again
charging the condenser,

‘To remedy thix condition Sahulka
cmployed a rotating commutator of
special design.,  The deviee  differed
from the rotary discharger of ‘Testa in
that two condensers were cmployed,
alternately =witched from a charging
circuit to  the oscillatory cirenit.
Automatieally one bank of condensers

was being given a charge while a
compuanion bank discharged into the
oscillatory circuit.  The surfaee areas

of the commutator segments were such
that the contacts for charging were of
shorter duration than those for dis-
eharging.  Thix  provided that the
discharge counection was maintained
long enough to reduce to a minimum
the breaks between successive wave
trains.
(1o be continued)

AUDIO-FREQUENCY
OSCILLATION

(Coutinued from page 23)

Plate Feed Resistances

Fig. 2 shows an amplifier connected
up with plate-feed resistunces giving,
in fact, an overall amplification which
equals the theoretical product of the
two separate \IN stages,

Fig. 3 wives the reproduction of an
oscillograph photograph of the input
and output  waves of this amplifier
<howing that there ix no wave-form
distortion. Fig. 4 <shows an oscillogram
of the inpnt and output waves of the
same amplitier. using a comumon bat-
tery of 200 ohms D.C. resixtance, but
withont the plate-feed resistances. The
output i= a wave of the =ame frequency
ax the input. it of mueh reduced am-
plitide, having a high-frequency ripple
superimposed. causing a <hrill whistle
in the lond-speaker.

Every receiver with AT, stages em-
ploying a common “IR" source is prone
to produee a change in wave-form and
amplification characteristic due to in-
teraction of which Fig. 4 is an ex-
aggerated case.
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Hammarlund-Roberts “Hi-Q 29”

By H. M. Kelley

ation dloes not teansmit on tentiometer connee lod
sirey, but rather on a band “RY sapply.
The widlh of the =side tentiomeler

ries somewhat depending on the which i

‘ross the 45 volt
O
tage

HIEE Master InC. Mwdel  “ITI-Q 297 a brondeast st
enmploys sereen-gr tubes in a eir- <ingle
cuit especially sleveloped for these
tubes by the Hammarlund-Roberts Dinds

i i
1 an 1he sereen grids of

Roard of Engineers, consisting of the en- transmilter adjnstments amd .|l~o on the the twa wmplifier tnhes, am-
gineering departments of ten parts man- !, wo of program being hroadens They plification “olaainalile from  these  tubes
ufacturers. however, generally  conceded  to he varicd within wite Timits ns the voltage
The cireuit cmployed ORI ul.om five l\l|(l<\<l\'\ witle e high-quality o l|l< NeTeEN L:ruls_|> clanged, heing at
grid tubes working at maxi icney, trunsmiss nt aronmd 4 s aud dropping
followeldl by o standard detector amtd two that the receiv X I n- |<I potential is re-
stage  trnlsformer- (‘ull|||<'ll amdio  ampli- |v||l\|l|g N bond .01' frequencies snbstan g his provi 1 1V : .n|l| OOME
fier. The special  “tuned-grid,  tuned- tially uniformly it the program is to e trol of volnnne \\Illllll wide limits with-
plate”  cireunits employed in the  radio- received  faithfnlly. enee  the ddesirn ont alee quality  or 1uning in  the
reqliency  stages are primarily  responsi- hility of the wide flat top on the ou-r.:ll slight
ble for the receivers ellent “pick up™ response eurve ot a high-grade © - While the il tnbes have a very

and selectivity. The stages are really When the tope of the pespo curve l~ Toww value
band-pass  filters, Loth  plate and  grid shirp Instead of tat all the trequencies in ornl, thus

between plate and
entirely  obviating the

cuils of each stage being tuned to exact the band not amplificd coqnally. Pon tendeney  of back throngh the tnbes
resonance by separate varinble  conden- sequently  eertain  of  these frequnencies thems Ansing  selfa 1lat this
BTN, [ cirenit makes it pos- reach  the  detectar mueh  stronger than advanty unllitied ir GUCUrs

sible to utilize u mueh higher proportion others with llu- resilt thut even the most in other parts of the
of the theoretienl amplifying properties perfect A, F. amplitier and lond speaker this into consideration
of the screeti-gridd tubes than wonld be  will e s o repradiiee the program Deen wande 1o is

5 aking
v effurt las
e all cirenits in whieh

possible if same other and less etficient  with  its winnl yoo This s dhe  Coupling might result in instability. The
cirenit were used. This filter type of eir- type of distortion referved to previonsly negateve bins for the grids of the R 1.
cuit has the added ntage of provhl- s Uside band eutting,” wnd nsnally  ore- tubes i secenreild by the drop across ndl-
ing a degree of seh it,\‘ hitherto unoh- sults in the loss or  weakening of  the i 10 olin ¢ ers in serics with the
i ve “side band eat- high andio frequencies making the ontpat wtive deg ur b2 e tilliment,
ting” with its gceompanying loss of qual- from the lowd speaker dull and muttled. siogrids of both these tubes
hy. The shape of the tuning  curve I'hie two donble tnned RV transfariers 11 the 100000 ahm  potehtio-
closely approaches the Hat-tap, sharp ent- nsed in o the .”ﬂ"l""lrl'""l Roberts rooa MK gl isolating resistor Is in-
off curve long considered ideal by radio  “Hi-Q 207 ne itates the use of four  gerted in the lead to each of the scereen
engineers, varinhle condensers—one to tune oach of gridks. which are ju turn by-passed by
the  four coil Sinee all four of the < af separ one-lialf mfd, hy-pass

Opem!inx l’rincipl(’\' luln-d virenits  are  ideatieat These  four | te cirenits of these

inhle cond s are rotated by a com
The remarkable perfornmance of this n shaft actnated hy a new model dram ransisting af  separate radlo--fre-
coiver can best he understod by consid- dial having a smooth’ ||<|sil.|\'|- drive with- .lm-m\ choke coils and by -pass  conden-
eration of the principles involved in its out backlagh. The tuned input eirenit to sers.  Iu oadblition to the above mentioned

lated Ly individual

design. The interstage R transfoarm the grid of the first  screen grid tnbe.  precantions the entire R end of the re-
ers are quite unique, in that they consist often referred toas the anteuna coupler, ver is thoreughly shi I eh stage
of two exactly similar eoils. One con- i of the conventional type having a is entirely on l.m-.l ||| 1 shnye fitting ahnn-

ftitutes the primary  of the transformmer  tapped primary  waking it adaptable to inmn hox
and is connected in the plate cirenit of difterent length antennas. The variable the metal
the preceding tube, the other coil acts as condenser tuning this antenna conpler is are so loeated tll.n the leads (o the con-
the secondary an i 1 to the on a separate shatt and s separate trol g« as short as ssibde and
zrid of the following Fach ewnil is drimm dial. thus enabling this civenit to tarthe from e phite ads which
tined to resonance with the desired sig- be tuned o exaet resonanes with the re- are also <hort. By plicing these

nrely  fastened to
i<, Iln- sereen grid tubes

nal by means of a0 mel. variable  ceived  sieonal, regardless of the type of tubes botween the cans. shewn in the
condenser, Due to the rather unusual antenua used, .||..1.<.-rn||h the enan are useid also
monnting arrangement the mutual induoe e tbl . .ll'|<lﬂ effeetivel e
tance of conpling between  primg and The Volume Control e UL LA ‘;
seeondary is very small,  Ioweve this conpling  hetween |l|4<- n.|h<- ’I:IP."H‘“!.\ and
does not mean that the energy t for The valume control is quite out of the  other parts of the cirenit. This arrange-
from primary to secomdary is jnefiicient.  ordinary and is made pessible only by ment provides the minimum conpling be-
On the contrary., when two tuned eir- the  eharacter s of the screen  gr tween output and input cirenits, which is
enits are conpled to eaeh other, the max tubes. It consists of a 10000 ohm o extremely important.

ned when
satistied,

mum wwnnlur\ voltage is ol
the  relation ME %
where [ rl'(‘<||ll'll<\ to whi
are tmned, Memntual inducetm
ries, and Reand Iz are the effe
frequency t of the prima
sl-vonll.lr\ ively, In the
the coils used i (he i nnder bis-
eussion the maximum i voltage
is obtained with a i f
the order of one puer
arrangement of the coils, as
photograph of the completed af}
chogen  heeause it secmed  the |||||l<-~l
way to secnre snell loose caupling  while
still ke eping the coils close to each other,
thus couserving spaee.
Pue to the inherent  ebara Ies of
Ay enmpled  tuned qir(‘nlt weh of
doubly  tnned R tEnstoriners
r(-ull\ vonstitntes g bawd-pass tilter,
Wilile one of th double-tuned R, ¥,
|rul|~fnrnu-rs provid an unnsual degree
ectivity, the pse of two guell stag

ade resnles inoa vast uupro\ouu-nt

and

ris

Rectangular Resonance Curve

The width and flatness of a resonanee

curve has an important bearing on the The two screen-grid, band selector R.F, stages are completely shielded from
quality  of  the  peceived  speech and the other apparatus in the Master **Hi-Q 29" receiver and are gang tuned.
wmusie.  This is dne to the faet that The antenna circuit Is tuned separately,
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The schematic diagram of the Master “Hi-Q 29" battery operated set.
the screen-grid R.F. tubes are tuned. thus forming practical

The Audio

The audio-frequency amplitier is of the
conventional type consisting of two stages

Amplifier

of transformer eanpling. The AF. trans-
formers nsci have a very tlat fregueney
characteristic over the n=ual Al range.

A radio-frequency choke coil is placed be-
tween the plate of the detector (ube anid
the first A LK. transformer to prevent any
stray R.F. voltages from geiting into the
AF. amplitier. A 171-type tnbe is recon-
mended for nse in the last stage. alth
ot types may be nzed if snitable
- and C7 ovoltages are availalile.

Althiengh the above d riptien is based
on the battery operated malel. a camplete
all electrie siaticn has heen develupedl.
Arcturus A.C. tulies are nsed and some
slight ehanges in wiring  are  redguired.
Otherwise the ojwrating  charaeteristics
nnd set perfornnee are identical,

LIST
S-Hammarlund
Midline
1-1lmmtmarhimd
2 llammarlid

O PARTS REQUIRE I)
ML-17 b

lIQ -2 Coil

Nn

Soblamms :
DW  Kuob- Comrnl

.Imn

Drinm Dials  (Wa
3-Hammarlund No. I‘l‘C 85
qnency Chokes ............ ... ...

ll.nmn.lrlnnd Mfg. Co.

s
No.

j-llenjamin Cle-Ra-" S Y
Benjamin Llectrie Mryg
1—Rangamoe 000 Fixed Mica Con

donq. r
-8 n:.nnu

r

1-Carter

li-Pot” Dotentiometer
mnmn ahms,
Ladio Co.

1-300  Audio

o.

switceh.
Carter
2—~Thordarson 3
formers
Therdarson
4-1'arvolt .6 mfik
BENSETH L epdnal

with

Trans-

8+

B+ B+
45V, 90V, 13B5V. 45V

Note that both the plate and grld circuits of
band selector circuits.

T-Durham Meta esistor, 1% meg-
Ghims e c i e
Inte sistanee Co.
1-Yaxley t'able Connector ami
Cable e Y el S ABThE ® NS © N e ]
L-pr. Yaxley No. Insul.nexl I'hone Tlp

Jaeks L. b
“alfg. Co.
Dodmperites Now J-A Lieiiciiiiiisnians

L Amperite
2oy K POEUS ) s fiogid 4 a
Mfy. Co.
Foundation Unit
amd engraved Woest-
ghonse Micuria panels, three complete
fminum’~ shiel drilleil steel chassis,
ftx, bimding  post strips,  Fahnstoek
clips.  fixedl  resistance  units.  reslstor
mounts,  hr ets, clips.  wire. screws,
nuts, washe and all =pecial havdware
regn 1 to complete recviver)
Hammarinnd Mfe. Co. Tne,

The S-M 720 “Screen Grid Six”

HE radio reegiver desirvibed in the

following paragraphs has heen devel

operl in an attempr to provide etf-

feetive ten to fifteen kiloeyele selee-
tivity, a  qnite  regular  reception  range
of twa thonsand miles, clozer approach
to realism reproaduet han hax been
had with preceding v .ovet all @i oa
cost 8o 10w as 1o place the set within reach
of the zreat majority of fans,

The new e Grid
three stageg of high pain I
tion (uxing =erven-grid tnhes)
tuned cirenite, a detector, and
ol audie m
Clongh andi

Xinee the -

£E

.

employs
L plifi
with fonr
two stages
» the new
tenr.

degign wonld

seem too reg nt not onl 1 new  high
level af 1wl mn-m\'u per nince. hne a
new  low Jevel in stahmoest regardless

of |w11m|||.nn-n it ls felt Lhat a deseription

of the engineering featnres of (he design
will

tegether
not  be
readers.

with ether poluts of interes
unweleome to Ramo IENGENG

Antenna lnput Circuit
For the “Nereen irid Six” a
tenme input eireuit i
the very  hest
whirh conld he att
cireuit mslsted in fival
law resiztanee eoil eonsisting of 39 tnrns
of No. 20 ewameled wire vpan a threaded
bakellte form 4 inehes lang and inehes

funed an
d havi

priactice. Tlllb
form of a very

By McMurdo Silver

with
that
and
ohl ained upon the

in diameter.
averawe toil
the values of
115 aluns at -

ludenr familiar
. T

realize

coil, tunel by a mid. condenser
represent an uunsnally  good eirenit, he
enil itselt has a “figure of werit” practi
ecally donhle that of the many conunercial
coils found on the wpen market). This
inpnt coil, L1, s tuned by a =ingle cou-

denser, Choaetnated hy the lelft-hand dreag
DE A representative antenna of A0 monf,

The

"Screen-Grid Six”’
tuning controls,

has two

a volume controtl

(3000-ohm potentiometer) and a

selectivity control (75 mmf. vari.
able condenser).

WwWWW americanradiohistorv com

stanee aud 2 nicro-
u|||-l|-nl lu the in-

£ sinall pr
F prinar
il midget
as used to regulate
step-up providel
L|I'l.'|lll
e K.C) to
oadenst  hand
D30 meters. A T
wreatest ep-up s

4 ohme 1
inductance wa
tlhireugh, optionul
of 21 Imns or

'

|.m c:_ul

condenser, 3
selectivity, 'l'hq-
hy this tuwed antenna
frome 64 0t 200 mefers
the middle of the |
vises o WM times at
meters ix where the

1 3 needed, for the ampiitication  of
any  praceical §2 1 mplitier aiways falis
off at high waves.

Tuned R.F.

The antenna inpnt cirenit is tollowed by

Circnts

three identical tned cirenirs, each housed

in i Inal cupper shielding cang NI,

NSH2 cnunh employ small
I 13, J.4 the s

t oof ‘i8'4. trns
wire wound upon a th

20 enmineled il
inches in diame

monlded hakelite form 1%

ter amd 1y inches long.  Two of these
funed nits  feedd the two  remain
Sereen-g amplitier  tnhes. N

while third cirenit fo

tnhe The  actnal

.||n||hrn|1||ou af one individual st Age vari
from 14 per stage at ) ometers to 3
20 meters. While th mplification u

seein very low for a screen-grid RUF, awm-
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in mind

plifier stage, it must be borne
may be

that the high amplitication that
ohtained from them in practice: that th-
maximum voltage ;::lm which can be Jiad
from these tubes in the broadeast hand
with practical circuits will vary between
30 and 63 per stage, and that in order
to obtain  sueh amplifieation  <cleetivity
must be thrown utterly to the winds,
In the "Screen Grid 8Six,” this has pur
wsely not heen  done and  the effecti
mmpliieation of the three shiclded 11
amplifier stages has been purposely lLel
at a low value in order that maximum pos
sible selectivity could be obtained in these
circuits,  The overall volts npditication
of 11 ”ll"l'(.‘ SCTCCn - grid ) neglecting
the antenna coupler, v 50 l||x||-~
at 550 meters to 15, 500 times at 200 meto

It would, of course. he ideal if the enrve
conld he made fiat, but, unfortunatel
a practically stable R.1°, amplifier 1h
not he m-cmupllshud sufliciently effect
to  justity the complications the effort
wonld infroduce. (The few means which
have heen devised for tlatten ut the
curve have not been whally ful to
judge from the popular <l<-~un-tlu|<- into
which they have fallen.)

Shielding and Circuit lsolation

Lefore
amplifier,

passing  on from  the
it is well to mention 1hat
precaution has been taken to render 1he
performance of this portion of the
ceiver as stable and dependable as
hle.  This can easily he reall from an
examlnation of the design which reveals
individual copper stage shieliling for the
tuned  RF. amplifler  cirenits, individual
by-passing of all ** B supply leads by con-
densers directly in the stage shields, and

the isolation of all R.I°. currents from
any commnon paths  whiel might canse
coupling and instability. The antenna

input circuit is thoroughly shielded from
the three remaining R.F. ecirenfts, and
when the receiver cabinet is in place. it
is thoroughly shielded from extrancous
interference; it ix then praetieally im
possible to r(-cel\'o even the strongest Joeal
gignal if the antenna lead-in wire he
removed from the set.  Yet with a 1 foot
wire for an antenna added, many siations
come in with ample leud speaker veluwe,
so great is the pick-up of the set.

In order to compensite for varying
antenng characteristies, the option of two
methods of antenna conpling is provided
and one is equipped with a variable selee
tivity control in the form of a mmf.
antenna series condenser, CR, The single
tuning condenxer, €1, tunes the antenna
circunit, and the triple gang comdens
22, (3, and C4, tunes the three remain
R.I. cirenits housed in shields K111, K112,
SI1E3. The eonstruction of this condenser
is such that it8 accuracy is permanently

Page

THMMERE|
%

The layout of the ‘‘Screen-Grid Six”

receiver,

The various parts may be

identified by consulting the list of parts on page 34,

turers to within
of the Jial and
farid  over the
which  aceuraey
provide 10 K.C

1% over the upper half
to within 1 micromicro-
lower half of the dial,
is wore than ample to
selectivity (1% plus and
winus s us toleranee for the finer-
ready-made  sets). Three compensators
are provided upon sections C2, C3. and C4,
which allow contpensation, once the set is
asscmbled, for variations in tube and cir-
cnit capaclties.

Oscillation over the lower portion of the
broadeast band, and volume over the
entire band, {8 controlled by the poten-
tiometer, R1, which varies the potential
on the screen-grids of the R.F. amplifier
tuhes, 84, 85, S68. The detector, 89, pre-
sents no unusual features, being the con-
ventional  grid-condenser, 13, and leak,
R7, type with negative filament return,
since this was found to m\o hest rcsults
in the “Nereen Grid

'l‘lu- Clough transformers emptoyed, T1,
T2, will be seen to consist of auto- lrmls-

formers, resonating condensers and plate
r<-sisturs. all seated in Individual pets.
These transformers have an  effective

transformation ratio of about 4.3 for TI1,
and 3.5 for T2, and through a unique

tance of the tubes used, a rising low-fre-
quency characteristic is obtained which
provides a hump in the amplification curve
just below 100 cycles.

The desirability of this curve cannot be
over-emphasized for it is in this range
that broadeast transmission begins to
fali off sertously and where average loud
speakers are most deflclent in response.
In addition to this rising low note char-
acteristic, hysteretic distortion, due to the
direct plate current of tuhes flowing
through transformer primaries, has heen
practically completely climinated hy {iso-
Inting the direct current from the trans-
former windings and causing it to flow
through the plate resistances, 1-2 The
eoffective voltage amplification of trans-
formers T1 and T2 with a UX 112-A first
stage 1ube and UX 112-A or UX 210 out-
put tube would be approximately 1100 or
about twiee that ohtailned from an ordin-
nry transformer amplifier employing 3:1
transformers which would give a voltage
gain of only 575 times as well a8 a had
drop in low-frequency amplificatian and
bhysteretic distortion, even for the best
transformers now available.

2‘,\3";.(-&,,:'!'."\:‘;5"'),t‘l::;(-:::f"(‘.)]tv nl,,](',‘('ﬂ(‘q‘\ ':::41 phenomena  of resonance obtained from . The photozrnnhs.‘ drawings, and p:lrl!)s
permanently aligns all plate assemblies proper proportioning of the auto-trans- tist presented herewith are belleved to be
whieh are double spaced. The condenser former windings, the condenser. and the so clearly marked and keyed as to re-
accuracy is guaranteed by the manufae resistanee, together with the plate resls- quire practically no explanation.
L C2 w3 L e ca EANC
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The complete circuit diagram of the *‘Screen-Grid Six.’ It will be noticed that the wiring has been reduced to a

minimum as the negative A" and ‘B’ circuits have been grounded.
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The new Clough audlo amplifier

is employed.
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LIST OF PARTS REQUIRED
B—S8-M 701 Universal pierced chassis
E—S-M 809 dual control escutcheon
D1—S-M 808L (left) vernier drum dial
D2—8-M 806R (right) vernier drum

dial
Cdl—S-M 320R .00035 mfd. Universal con-
cnser
C2-C3-C4—S-M 323 00035 mfd. 3-gang
condenser

C5—S-M 342B 000075 mfd. midget con-

denser

SH1-SII2-SH3—S-M 638 copper stage
shields

L1—S8-M 140 antenna coil
L2-L3-L4—S8-M 132A plug-in RF trans-
formers

$1-52-83—S-M 512 5-prong tube sockets
$4-85-856-S7-8S8—5-M 511 tube sockets

R O T SO

1 T1—8-M 255 first stage A.I. trans-
former

1 T2—S-M 236 second stage A.F. trams-
former

1 W—S-M 708 10-lead, 5-foot connection
cable

1--8-M 818 hook-up wire (25 ft. to car-
ton

1 R1—Yaxley 53000-P, 3,000 ohm junior

1 rotentiometer

SW-—Yaxley 500 switch attachment

J1-J2-—Yaxley 420 insulated tipjacks

R2-R3-R4—Carter RU0, 10 ohm re-
sistors

R¢—Carter AP-G, 6 ohm sub-base rheo-
t

stat

R&—Carter H1Y%, 1% ohm
C6—Potter No. 4, 1 mfd.
denser
Ci-C¥-CY-C10-C11-C12—Sprague or
Polymet 1, mfd. midé;et condensers
C13—Polymet 00015 mfd. grid conden-
ser with eclips

Cl+—TPolymet 002 mfd. bypass condeu-
ser

R7—Polymet 2 megohm grid leak
l:S—dl)urlmm .15 megohm resistor with
eads

S9—Naald 481X8 cushioned tube socket
BP1-BP2-BP3—Moulded binding posts
consisting of 8/32 screw, nut, and
moulded top

1-—Set hardware as listed below:

4 3~ ” hollow condenser studs

8 134” x %4” hollow eoil studs

8 1%” x 6/32 R.1I. machine screws
617 x 6/32 R.II. machine screws

20 367 x 6/32 R.II. machine screws

37 6/32 nuty

46 Nhakeproof lock waslers

4 1%" x Nu, 10 R,1l. wood 8crews

L]

resistor
bypass con-

e e G e e
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lengths of spaghetti

lengths bus-bar

sets binding post insulating washers
sety instrument insulating washers
tipjack ingulating washers

metal washer

long soldering lugs

grid clips

Accessories for UX250 Power Tube

H UX250 (CX330) power output tube is
to be used in place of UX171A (CXN371.)
for finest possible tone (ua , the list of
aceessories  for light socket  operation
should be changed. An S-M 6.5 ABC
Reservoir power unit should be procured

instead of type 67013, a 4% volt (* b:

(1

(23

in ¢ of a 40.5 volt type and a )
(CX330) tube instead of a UXIiIA
(CX3714).

Output Transformers

Some form of output coupler, tone tilter
or transformer (between power tube and
iond-speaker) is desirable with a UNITIA
power tube, and vitaly essential with a
UX250 or UNZ10 power tube. 5-M type
201 output tomne filter is desirable with
UX171A output tube, and may be incor-
porated in the set as shown.

The 5-Tube Skyscraper

used it in radio-frequency ampli-

fiers. In the majority of designs,
volume has been saeriticed to
selectivity and stability.

Mr. Robert Arnold has succeeded in de-
signing a 5-tube set using two screen-grid
tubes in the radio stages which develop
unusually high gain while retaining
selectivity and stability when operating
on antenna or loop. On account of this
unusually high gain and the ability of the
set to bring in distant stations, it has
been given the name of “Skyscraper.”

Since the radio-frequency voltage ampli-
fication depends only upon the load im-
pedance of the coupling circuits and the
mutual conductance of the tube and sinece
the mutual conductance of the tube is
approximately constant over broadcast
frequencies, attention should be directed
to the coupling circuits. as this is the
limiting factor in securing the maximum
aniplification, The equation expressing
this is:

Voltage amplification=load impedence x
mutual conductance expressed in ohms,

ITH the advent of the screem-grid
\8/ tube, numerous designers have

obtain

By Clifford Denton

rect potentials for Gm, the maximum
mutual conductance. .
In using the above equation it can he

seen that if a load impedance of 100,000

ey

Panel view of the “Skyscraper”
receiver, which has two tuning
controls, volume and selectlvity

controls, and a filament switch.

ohms is obtained the voltage amplification

crease. The value of load lmpedance of a
tuned circuit I8 governed by two factors;
the capacity-induetunce ratio and the
equivalent radio-frequency resistance of
the eircuit.  Thefahigher the ratio of in-
ductance to capaéidy, the greater will be
the impedance; the lower the effective
radio-frequency resistance the higher will
he  the impedance of the circuit, Un
fortunately we are not able to use very
high inductance-capacity ratios because of
the fact that the radio Huencey increases
greatly with the increase in inductance,
r’!l[ from the standpoint of selectivity a
higher value apacity to inductance is
desired as Lhe seleetivity of a tuned clreuit
is  proportional to the square of the
capacity.

The effective radio-frequency resistance
of a tuned eirenit Is mainly localized in the
inductance of the circuit ‘and this can be
decreased by the use of space wound colls
of as large a wire size as practicable, say
approximately 22 or 24 guage. The use
of a tuned plate impedance with a grid
blocking condeuser and grid leak for sup-
plying “C" bias potential to the succeed-
ing tube is not advisable due to two

[

AW

The mutal conductance of a 222 tube is per stage will be 30, aud also if a corre- detrimental factors.  Such a system will
considered to be approxinately 300 spondingly higher load inpedance be ob- amplify lox_v-frequon(-__v disturbances, and
microhms when operating with the cor- tained the voltage amplification will in-  bartial reetification will take place in each
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Two separate ““C' batteries are employed, one for biasin%_the 171-A tubes and the other for the detector and first A.F.

stage, thus carrying out the complete isolation scheme.
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he function of the numerous resistors is explained in the text.
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stage, and for these reasoms, the use of
transformer coupling is desirable,

Radio-Frequency Transformers

Naving decided the characteristics of a
good coil it is now necessary to devise
means for utilizing this coil as a radio-
frequency transformer. The coil in its
final form is wound on a threaded hard
rubber tube: the plate coil is first wound
with a small guage wire in the bottom of
tiie groove; on toi) of this primary winding
the secondary i8 laid. The sccondary wire
size is such that the wire lays on top of
the groove, the coupling ratio is 1 to 1
and the mutual Inductance between the
primmary and the secondary is as high as
can be obtained. The load impedance of
the tuned secondary winding is directly
transferred to the primary winding where
it is effective as a plate circuit load of
maximum impedance. The total load im-
pedance of the coupllng circuit is

v

Dot = L 4 L 4 L

Zie  Zpt  Zgt

Zie = \[R=+ (2::1)’—_(;:fc ) :

Inasmuch as Z(pf) and Z(gf) are very
high, the resultant load lmpeﬁnnce will be
very close to Z(lc). On account of the
very high load impedance obtained with
the use of such a transformer, It is abso-
lutely essential to shield thoroughly the
radio-frequency stages, both electro-
magnetically and electrostaticaily, It is
also necessarﬁ that the radio-frequency
amplifying tubes be shielded as well, par-
ticularly with loop operation. The radio-
frequency energy should be prevented from
assing into the current feed lines and
rom them re-entering another stage. This
has been accomplished in this receiver by
the use of aluminum box shields with
double wails between stages and resist-
nnce-cné)acity filters in all “B,” and in
most of the “C” circuits, and by the use
of by-pass condensers across all filaments
in the radio-frequency stages and detector,

These by-passin condensers in the
radio-frequeney end of the set are non-
inductive and hence have a much lower
reactance to the radio-frequency component
than the ordinary inductive type. Audio-
frequency regeneration is also prevented
in the detector and audio-frequency chan-
nel by the use of resistance-capacity
fitters.

Detectlon 18 accomplished by the use of
anode bend rectification, which, as is well
known, is much superior to the grid leak
inethod of detection where quality, selec-
tivnt{ and volume are required. " Due to
the tremendous amount of radio-frequency
amplification  obtained, the sensltlvltﬁ
which could be obtained by the grid lea
condenser rectifier is not necessary, so
that nothing is sacrificed by the use of
anode ben rectification, To prevent
further feedback as a result of several
eurrents flowing over a common circuit, all
parts of the receiver, except the detector
are fed straight from the 180 volt supply.
To accomplish this, non-inductive resistors
of the correct value have been calculated
for each circuit so that the correct current
will flow.

As a result of the use of all of these
resistance capacity filters, feedback and
motorboating are eliminated and both the
radio and audio chanunels deliver far
greater output without distortion than the
usual radio recelver, A further result of

The components of the ‘‘Skyscraper’ receiver are so placed that there is

no crowding and yet the set is not unweildy.

the filtering and shiclding lies in the fact
that even on loop operation with fuli
volume the receiver remains absolutely
stable. Loop effects within the receiver,
resulting in extraneous coupling, are
eliminated by the use of one-half mfd.
blocking condensers between the “A"
negative filament conncction at the socket
and the common _battery connection.
Tun!ng condenser circuits are fully in-
sulated from other components and shields,

AF. Amplification

Push-pull amplification has been chosen
for two reasons; first on account of the
volume obtainable tending to overioad a
single output tube, and_ secondly, to
eliminate grid distortion. With the push-
pull system, the grid voltage swing re-
sulting from a given signal input is divided
between the two tubes by means of a
center tap on the sccondary of the second
audio transformer. The center tap is con-
nected to & common grid bias. Each tube
can, therefore, he worked at its maximum
permissible grid swing and because of
this, the signal input can be doubled with-
out eausing distortion resulting from over-
loaded grids,

Further with this system the even har-
monics due to the tube distortion are
neutralized in the primary of the output
transformer and do not appear in the
speaker circuit. The average vacuum tuhe
has to be heavily overloaded before the
odd harmonics ngpenr. Because of this
the two power tubes in push-putl can be
overloaded to the point just below that
at which distortion would be caused by
the anearnnce of the odd harmonics, This
permits of volume without (istortion
several times that of a slngle tube.

Provision is made by means of jacks
whereby a phonograph pick-up or a power
amplifier may be connected in the circuit.
The output transformer specified is for the
standard magnetic speaker, but a 25 to 1
ratio transformer may be used for the
usual type of dynamic cone speaker.

in tests conducted with this receiver.
Chicago has been received In New York

Double shielding is employed.

with ample loud speaker volume on an
antenna consisting of an 18-inch length of
bus bar. The average indocr or outdoor
antenna is more than sufficient for local
and distant reception.

LIST OF PARTS REQUIRED

1—TIerranti transformer, type AF 5.
1—Ferranti transformer, type AR 5C.
1—Irerranti transformer, type O’ 8 C, for
magnetic speakers, OP 4 C for dy-
namic cone speakers.
3—Remler Universal varlable condensers
SLW capacity .0005 mfd.
2—Remler tube shlelds, type 56.
3—Hammarlund radio-frequency
colls, RFC 85.
3—Ilammarlund shaft couplers, type I'C.
3—Na-Ald sockets 424.
3-—Na-Ald sockets 428.
3—Renjamin sockets 9040,
1—Dair Benjamin brackets 8629.
2—Nationai drum dials, type VI
type 28 illuminators. .
2—C113r3t:'r connectors for screen-grid tubes

choke

with

1—\'nxl-éy open circuit jack, lnsulated.

1—Yaxley jack T702-A, insulated.

1 »Yu_:&ey Junior rheostat, 6 ohm, No.
O

1— 1xléy midget battery switch, No. 10.
1—Yaxley aerial switeh, Ne. 11

1—Yaxle; 7-wire wmounting pinte and
cable.
2—Carter resistors, types J-5-15.

1—Carter midget potentiometer MW-6M.

2—Tiny Tobe condensers.

14—Toby by-pass condensers.

10—Toby resistors, 2-watt.

4—Lby binding posts, Insulated.

10—Lynch resistor mountings.

1—sSet of 3 special RF colls.
0. 10 guage aluminum base, drilled.

1—Bakelite pane)l 8” x 24” x 3/16” wal-
nut finish, drilled.

3—Aluminum Co. of Amerlca standard
shields, drilled.

13—Rubber insert rings for feed lines and
through base. Acme flexibie wlre in
colors to match Yaxley cable, for
wiring.

The Metropolitan Screen-Grid 5

OR a receiver to function satisfac-

torily in New York, and 1 assume

the same is true of nearly all other

large centers, consideration must be
given to the fact that most of the homes
are within easf range of from ffty to
sixty broadcasting stations. The receiver
must, therefore, be selective. The majority
of residents in large cities live in apart-
ment houses, and the difficulty of erecting
an antenna on the roof of the average
apartment house is one which most folks
find it hard to overcome. The best solution
of this problem {8 the use of a receiver
requiring for its satlsfactory operation an
antenna which does not have to go to the
roof and which may be laid around the
picture molding of the living room or in
some other way be completely hidden from
view, The receiver we consider here will

By M. Seidman

i)erform with an antenna bhaving a total
ength of between thirty and tifty feet.

Another rather important consideration
in_connection with the building of a re-
ceiver for use in urban territories 1s the
matter of having the receiver small enough
to be conveniently placed in the living
room without maklng 1t necessary to
crowd the room by the addition of an
extra plece of furniture. The receiver we
are considering is not very deep and the
front panel measures only 7 x 18 inches.

This recelver has a single stage of
sereen-grid radio-frequency amplification,
feeding a regenerative detector. The audio
amplifier has three stages and is resistance
coupled,

Because of the fact that the total fila-
ment current reguired by this receiver

www americanradiohistorv.com

is slightly less than 1% amperes it may
he used with a very small storage hat-
tery and a trickle charger, such as a
hattery llﬂ\'illti] a 40 ampere hour eapac-
ity. Whbere the recelver is operated on
dry B batteries the author recommends
the use of 135 volts in conjunction with
a type 112-A power tube. With this com-
hination the total plate current drain of
the recciver is approximately 15 milli-
amperes. This means that the average
life of a set of three heavy duty B bat-
teries would be between nine months and
about a year aml a half, depending upon
how much the receiver was used.

Where the receiver i8 to be used with
an_alternating current supply and a high
voltage etiminator employed we recom-
mend the use of a tone filter in the out-
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The wiring diagram of the ‘“Metropolitan Screen-Grid 5, in which is shown not only the
type circuit but aiso the location of the apparatus.

pnt cirenit, nf the last tube. aml recom
nmend also the substitution of a type 171-A
tfube for the type 112-A tube recommended
for usge in connection with hatteries
Since the antenna cirenit of the Na
tional screen-grid tuning unit is provided
with an induetive trimmer any variation
between the tuning in the antenna eircuit
and  the deteetor ecircuit which wonld
ordinarily take place is connteracted by
a simple movement of this trimmer.
This nnit is alse provided with a spe-
inl high impedance transformer designeml
partieularty for use with a sercen-gril

tnbe, and the radio frequeney gain of this O—-Linding posts.

receiver is therefore very high 1—Sangameo .001 mfd. mien condenser.
1--Sangamo 001 mfd. mica condenser.
LIST OF PARTS REQUIRED 2—Tobe 5 ulxl'(l. lln-|)usl.~lcomlolm-rs.
I—National type 222 tuning unit. 1—Acme cight-wire cable. ;
1—National tizlpc [} rmlio-frcquencv choke 1 I'“'”' Sl""l'e""“ﬂrs““” type 540 mountiog
coil ! : yrackels.
= o 5 I-—-"rout panel.
: {::22}: é{ch;lllc.(l;(:he( oy I-=CeCo type 1. K. 22 sereen-grid tube
3 d 3 sl10
1—I type 15 equalizer with mount, _' _“0“" I¥pe ]' ZA.
1--Lyneh type 4/5 equalizer with mount CrCo type G hi mu. tubes,
1 -I*ilament switeh. -CeCo type IM-127\ or J-T1A power tulwe
130 ohw rheostat B—Tleavy duty B batteries or one National
2 -Carter tip jacks . type 7080 13 eliminator,

Transmitter Construction Hints for 1929

11X new law as passed at the Inter

national Radie Conference held in

19 will necessitate the nse of an

entirely new language when referring
to the waveleugth of a transmitter b
ginning January 1, 1920. Ry this the
writer means that ne longer will wave
tength speeified in meters suflice. This is
especially so in the speetrum below the
broadeast band. Any point in the wave-
tength scale will be apecitied, as so nEny
kiloeyeles in frequency, the Iatter methoil
being a thousand fold more aecurate. I'he
new bhands allotted for amateur trans
misston and the numerous nnmber of eom-
mercinl stations that operate will necessi
tate this use of frennency precision.

The ahove method of talking frequency
instead. of wavelength i8 not harder to
use.  Perhaps it seems so becanse of iis
novelty. It is all for the best however
ax will be seen after the new regnlations
are in effect.

Transmitting equipment will also have
to be designed along the lines of more
precision than they have in the past.
However, hefore this can be aecomplished
an instrument must be had that will allow

tinstments in frequeney fto be made.
cannot be done with the old type
meter.  The difference is comparable
to a rule and a wlerometer. IFrom this
point on enlibrations of the emitted fre-
queney of transmitters will be very much
mor;c accurate than they have been in the
past.

* Radio Engineering Laboratories, 100
Wilbur Avenue, Long Island Ciry.

By Frank A. Gunthe

ew Frequency Meter. degrees of the coudenser dial. A cnrve
New req y Meters drawn to cover 500 Kkilocyeles on 100

In Fig. 1 are shown several tvpes of degrees of the dial will show more pre-

frequency meters to be nsed in 1929. Each cision than most any instrument pre-

frequeney unit containg. a eoil and con- viously designed for frequency calibration.
denser, which are so arranged as to cover At double 3,500 kilocycles there is another
suflicient frequeney to Include one par- amatenr  band  to  be  eovered, namely
tienlar amatenr band: for instanee the where the old 40 meter hand once was.
nnit at the right covers 3.500 to 4.000 kilo- This band is only 300 kilocycles wide

cycles (new 80 wmeter hanid). this being a (7.000-7
range of 500 kilocyeles on practis

I kilocycles). .
ally 100 It is impossible to nse the 3.500 kiloeyele

Fig. 1. New types of frequency meters which are so designed that they will
cover a particular small frequency band, thus getting greatec accuracy.
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power short-wave
transmitter.

Fig. 2. A low

frequency unit at 7,000 kilocycles and at

tain any preelsion readings. First of all

the 7,000 Kiloeyeles band is only 300 Kilo

exeles wide and bectuse it is of a higher

froquency, the nse of a smaller Inductor in

the frw}uency unit is required. This auto-
v

matical increases the capacity over in
dnetanee ratio and the condenser scale
from O to 100 degrees will cover a tre-

mendons amount of frequeney., In the
Iaboratory this_ was tried amd it actually
covered 5290 Kiloeyeles,  Therefore the
narrow 300  kilocyele hand  would  be
erowded into a very small porlion of the
100 degree scale.

In order that the frequeney meters
would not heeome too complicated, they
wape designed to have one gingle indicating
detice, which could be attached to any
-particular one that was neeided.  This
indicating unit is shown in the upper left
hand portion of the pleture. It contains
a pick-up coil, a D.C. milliammeter and
a crystal detector. The rectified com
ponent of the crystal detector operates
this millammeter and thus_furnishes one
of the sharpest indicating devices known.
Au instrument of this type is of primary
importance in the construction and ad-
Justment of a 1929 transmitter,

Operating Frequency Bands

transmission is  divided in
various branches, namely: DX Hunting.
Traffic, Telephoue. rag-chewing and ox
perimenting. Sometimes an amateur may
enter into more than one of these flelds,
In order to decide which of the new
amateur bhands Is to be used. it is first
necessary to come to a Conclusion upon
the problem of what most of the truns
mission is to be llke. By the decision of
what type of transmission is to be necom-
plished will the seleetion of the operating
band depend. Ilowever, there is one more
thing that has a bearing on the ddecision
to be reacbed: will most of the trans-
mission be attempted in daylight or dark-
ness?

The following table of the various new
amateur hands will show for what and
when each particular baund is best suited:

Amateur

Width
Meters  in.K.C.  Best use

5.00to 5.36 4000 Experimental

00 to 10.71 2000 Exp. Daylight DX

83 t021.43 400 International DX
daylight & early
evening

Kilocycles

56,000 to 60,000.
28.000 to 30,000. 10
14,000 to 14,400. 20

Fig. 3. All-metal short.wave trans-

which includes its
power supply.

mitter own

7,000 to 7,300. 41.1 t042.9 300 International DX

night
3,500 to 4.000. 75.0 t085.7 500 Domestic. night
1,715 to 2,000. 150 to 175 285 Domestic

Trafti- transmission can lest he nccom-
plished  in the 7,000 and 3500 klloeyele
wls, especially so in the latter. DX is
best found in the 7.000 and 1LO0D-kilo-
eyele bands,  H most of the trausmission
is 1o be done in the daylight hours the
14000 Kiloeyele band  will allow the Dt
eperation,

Low Power Transmitters

As the UX-210 tube Is the most widely
nsed of all tubes for amateur transmittineg
purposes the photographs and data shown
will, therefore, Dpertain to  low  power
transmitters,  The construetion cost  of
suell a transmitter 18 not prohihitive ax it
may be in a higher powered set.
eral types of low powered built up
transmitting kits are shown. Fig. 2 shows
a transmitter built in a wide open type
womdlen  frame.  This set  will transmit
cither  telegraph  or  telephoune  in any
anuiteur hand.  All that is necessary to

Fig. 4. Interlor view of the trans-
mitter shown in Fig.

operate this transmitter is a power souree
of 400 volts direct current plus the stand
ard filmment supply.  Fig. 3 and VFig. 4
deseribes a more maodern type of all metal
transmltter which includes its own power
supply. This set is adapted by means of
phug-in coils te any amatenr band and
lny be used either as a telegraph orv teie
phone transmitter.  In the lower half of
this unit is a half way rectifier. employ
ing n UX-281 whieh delivers approximately
459 volts, The schematic wiring diagram
ix shown in PFig. 5. The construetor, of
course, cannot build a set exactly simitar
to the one shown, but he ecan employ
many of the features shown in the con-
strnction of his own set.  1n order to
assist bim the writer 1s showlng several
views of new apparatus that can he em-
ployed in transnntters of the UX-210 type.

New Apparatus

Page 87

Fig. 6. Low capaclty variable con-
denser for short-wave work.

mounted direetly on it. This tank con
denser with the induetance of the clreuit
can be tuned to the lower end of the band
in which operation is desired, then by
means of the one plate varlable condenser
the transmitter's range can be run throngh
an entire band. using practically the whole
condenser secale similar to the one ex
plained previously In the new frequeney
meter. A condenser of this type is very
yvaluable in that the lnmp ecapaeity of the
(ank condenser allows a good proportion
of inductance and ecapacity to be 1aed
‘Fhis  naturally stabilizes the complete
cirenit and the emitted frequeney as well

Fig. 7 shows one of the ning-in tranx
mitting inductors that will be used. These
colls are designed so that each coll will
cover a different amateur band. The
plug-in arrangement will allow instant
change from any one band te another
These inductors may he used in any type
circuit, of which there are many. 1n
other words no matter where an Inductance

Fig. 7. Short-wave
transmitting Induct-
ance of the plug-in
type—and the socket

i needed a unit of the type shown may be
tmployed. The inductors are designed to
be built on a practically all-alr dielectric

. ‘orm making an efficient coll in_ every
I"ig. 6 shows a new type of variable eon- respeet, It is necessary that the coil plugs
denser  which has a  tank  condenser  uake absolute contact In the Lage.
[~14 ",
("
~v L
o_) T) RF
{ll [l il L
4 1 LI
Circult diagram of N
a low power, short- L2 w ! v ¥
wave transmlitter Y%,
embodying numer- LT
ous improvements. e
A single 281 half-
wave rectifier sup-
plies the power. No SHIELD LY
external power is 4 I
required. Jacks L L
are provided for h
inserting a mike or 2
a key into the e T e —
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The Elements of Television

far from perfect,
is  sufliciently ad
vanced today to provide an inter
esting and  fruitful field for the
radio amateur and experimenter, In
several localities, there are television siyg
nals *on the air,”” rcady to be received
with relatively simple and inexpensive
cquipment, while in others television
services is  promised in the not distant
future. ‘thercfore, this is an opportune
timne for a study of the elements of tele-
vislon reception and experimentation. to
which eml the writer desires to present the
following data.
To bhegin with, it is

ELEVISION is
I Nevertheless, it

well to build no

false hopes regarding the results from
present-day  television  transmission anid
reception, ~ The pictures are small, gener-

ally 1%
but fair,

inches square. and the detail is
1t is possible to recognize the

By D. E. Replogle

Rear view of the

National Screen-
Grid Short.
Wave Receiver.

Note that It is
virtually a single
control set. Re-
generation is
controllied by the
variable reslstor
mounted on the
panel., The R. F.
choke is mounted
on the sub-base,
directly in front
of the 112-.A
The induc-
tance Is of the
piug-In type.

person televised, see him turn his head,
open his mounth, and roll his eyes.  Even
the smoke may be scen to rise from his
cigarette,

While there are severial televislon sys
fems being employed at present, they have
many points in comien, and an outtit
gned to receive images from one source

readily be altered to work from other
transmitting stations. The systemn em-
ployed at WLEX, Lexington, Mass,, is
typical of that most gencrally followedl,
and therefore serves as our hasis.

Ilecause of the relatively wide channel
required for television signals, such trans

missfon .must take place on the higher
frequencies, or short waves,  Accordingly,

{he following components are required for
television reception: (1) The short-wave
receiver; (2 the audio-frequency amplifier;
3) the neon tube; (1) the scanning device.

Radio Engineering, September, 1928

Reception

The ShortW ave Receiver

While any good receiver,
being tuned to the wavelength of the
transmitting station, may be employed, it
has been found that a receiver cuploylng
a stage of nntuned R, ¥, using the screen
grid tube, is generally preferable. In the
accompanying illustration is presented an
ideal receiver for this purpe {Desceribed
in June issue of Rapro KN 5
is built around a single

capable of

1 uning
and a foundation unit design which per

mits an efficient layont of parts with a
minimum of counections to he made by the
assembler.  As a result of the screen-grid
tube, the sensitivity of the recciver ix
better than that of the plain regenerative
detector.  Furthermore, the use of this
R. I, stage ahead of the regenerative (e
teetor precitudes radiation, which must he
come an important consideration with the
inereasing use of short-wage receivers,
Still another jmportant advantage is the
elimination of tuning “holes” or “dead
spots” eommonly encountered with plain
regenerative receivers.  Shielding is nn-
necessary, because of the use of the un-
tnned antenna system,  The only precau-
tion in cmbling the receiver for tele-
vision reception is to obtain the ntmost
rigidity for the coils and monntings, as
well ax other parts and the wiring.

The Audio Amplifier

The perfection of the picture received
depends upon how good a signal is trans-
mitted in the first place, and how well it
ix reproduced at the receiving end. The
audio  amplifier, therefore, plays a vital
part. 1f the signal te be reccived contains
frequencies of from I8 to 20000 cyctes,
it I8 obvious that the audio amplifier must
he eapable of amplifying all frequencies
within these limits.

The ordinary audio mumplliier may be
employed for fair results, although as the
experiments progress it will be necessary
to build a  better amplifier than is ordin-
arily employed in broadeast reception,

‘I'he amplifier shown in the accompanying
dingram is one of considernbly higher fre
quency range than the nsual broadeast
amplitier, and when cmployed for tele
vision provides ample detail, Tt Is essen-
tinlly a resistance-coupled layout, with a
210 or 340 high Mu tube for the first stage,
a 112 for the sceond, and a 171 for the

third.  The values of the coupling re-
sistors,  grid  leaks and couplin% con-
densers are given in the diagram legend.

AUDIO AMPLIFIER

IMP. N2.10 - SHORT-WAVE L
ANTENNA IMPEDANCE C1,C2- .5 MF COND

RFC1 - 90MH. R.F. CHOKE

RFC2- 500 M.H. R.F CHOKE

L1.L2.L3 - SHORT-WAVE
PLUG-IN COILS

C3-

C4- .00025 MF CONO
C5- .000125 * "
C6- 1.0 MF. COND
C7.C8.C9- .5 MF. COND.

o
Cc-
1.5V
4- A.F GRID IMPEDANCE Ri- 15 OHMS.
R2- 6 MEGOHMS
.001 MF COND R3- 2 OHMS

R5- 50.000 OHMS
R6- 500.000 OHMS
R7- 300,000

R4- 0 TO 500,000 OHMS

KINO LAMP __ SCANNING _ ]
oUTPUT SHORT |
| CIRCUITING &
FILTER R St v B
180V | JN | S|

K | | |

|+ _i m | AN |

F10A, |

- o 3

S A |

= 1\ [

|~ 1 YL ;/ I
l .:294 | /

10 : Ri2[ |
| |
| |
| |
| o !

B+ 2
180V 1 2%\( |
________ L
R8- 500.000 OHMS
R9-  25.000
RI0- 0 TO 10,000 OHMS
R1{1- 5 T0 10 OHMS. 40 WATTS
Ri2-0TO100 " 75 *

A complete circuit diagram for the reception of television signais.

A The list
operating on short wavelengths,
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of parts shown below are for a rece,ver
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The grid leak is replaced in the case of
the 171 power tube by an audio-frequency
choke In series with a radio-frequency
choke. In the output circuit two 30-henry
chokes are connected in series. Spring-
suspended sockets should preferably be
employed in constructing the awmplifier in
order to aveid microphonic tube disturb-
ances when motor and scanning disk are
placed close by. Another important point
is to employ high-grade resistors, free
from noises. 1In tclevision, a “‘noise”™ or
current variation is reproscntul by black
spots and streaks that appear in a con-
tinually shlftlng position, unless it is
periodic *noise.”

The Neon Tube

The output circuit is so arranged that
the neon tube is always illuminated, and
when a signal i8 received, the brilli
of illumination merely varies in a
ance with the signal. A resistanee must
be connected in series with the tube he-
caunse, as with all gas conductors, it has
A negative resistance coellicient,

A good background will be obtained if
the current is limited to 10 or 20 milli
amperes. More current will eanse the tube
to glow brighter and brighter, but there
is no advantage in this so far as the
picture is concerned, and it only serves to
shorten the life of the tube. 1n fact, quite
satisfactory results can be obtained by
adjusting the D. C, voltage just below the
starting voltage for the lamp. 1In thixs
case a black background is obtained and
the jmage stands out in sharp contrast.

The

HI3 seven-tuhe A.C. or Dbattery-

operated recciver, which is shown in

the accompanying illustrations,

makes use of the patents of Loftin-
White, Jewell and Meissner. Under the
tirst is designed the tuner and the radio-
frequeney  amplifiers: under the Jewell
patents the nuék»froquency amplifier is de-
signed and the power supply unit is made
under the Meissner patents,

The outstanding advantages of the radio-
frequency amplifier are constant energy
transfer on all wavelengths and automatic
stabilization against oscillations,

The designing of the Loftin-White tuner
is four full tuned stages, three stages of
radlo-frequency ahead of the detector con-

trolled by a single dial. It is_single dial
controlled due to its mechanical design,
each stage being absolutely balanced.

Once the knob on the panel adjusts the
antenna secondary circuit to the p'u'ticular
autenna with which the receiver is to be
used, except possibly for a now and then
refinement adjustment of this knob in
extremely long distance reception, no

further adjnstment is required.

Complete double shielding is employed,
each of the three radio-frequency stages
and the detector being incased in its own
fully shielded compartment, but eiach com-
partment is

no larger than physically

scanning disc and driving

The

motor used in the television re.

ceiver shown diagramatically on

the opposite page.

There are two ways of adjusting the
enrrent through the Neon tube once it
has started: namely, by varying either the
1. . voltage or the series resistance.

The latter method is more practical. A
fixed resistance of 10,000 ohms in series
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with the lamp ean be used, however, with
satisfactory results.  1f this is done, the

. . voltage ou the lamp should vary
until it ow light with a soft, mmlim'n
wlow. If a0 variable resistance is used, it

shonubl be o
ance, in

10,00 ohm maximum resist-

es with a one-thousand ohu
fixed T uce. The resistance shoutd
e deerd « until the Neon tube plate is
covered with a soft glow.

The Scanning Disk

Several different concerns are manufae-
anning Jdixks suitable for use with

1 A suitable motor,
ype 1710 horsepower,
ol to rotate the scanning
The stingram shows the methot of
spreil eontrol tor synchronizing purposes,
R 12 is a power rheostat of watt, 4 to
o ghm rating., white R-11 is a8 7-ohm,
e watt  fined  re nee, shunted by a
10t<h bhufton ! riable resistance is so
-Ijullol that the push-button re.

=ueh
» uuhl he cmpl

as univer

with
e motor runs at slightly below

proper  synchronons
w en the push-button
disk temds to speed up,
1o not mount the television receiver in
the  same  eabinet with the motor and
seanping dis Vibhration of the motor witl
introdiee horizontal lines drawn across the
picture,
muneh for the essentials of television

Then,
the

speed.
is  depressed,

ption. It is left for the c\|.<-rlmcmnr
lo |h elop his own particular version of
the art- and that is preecisely where the

fun comes i

R-P-LL A.C. Receiver

By F. A. Jewell

needed to house the necessary parts for a
stage. A8 a result the four compartiments
form the interior of a metal box condensed
to the dimensions of 12 long by 6 wide
by 61 inches high. yet by reason of the
Loftin-White Circnit this close shielding is
accomplished  without loss of  elliciency
from absorption. Thix double shiclding is
most helpful when used with A.C. tubes
and Is one of the reasons why the A.(°
“R-P-L" receiver is one of the quietest
operated sets on the market.  Alse ddne
to the indivldual shieldiug of cach stage,
interstage coupling is climinated, prevent
ing undesirable feed-back which naturally
stabilizes the circnit.

Selectivity

This design is extremely selective, and
is ideally adapted for present broadeast
conditions. The Loftin-White principle of
control of plate reaction Introduces =
selective characteristic heretofore impes
sible, which is a mest valuable virtne in a
closclv shielded receiver, in which absorp
tion “losses would otherwise temd  to
broaden the set, This circuit has a slight
reverse feed-back through the internal
eapacity of the tube. which feed-back Is
controlled by a patented device, eliminat-
ing all oscillation difficulties and enables

ﬁfﬁ

L

the use  of extreme  high mnplitication
ratios and compact spacing per stage. In
the Loftin-White design the non-reactlve
cirenit allows balancing of the cirenits
withoeut regard to  the grid to  plate
cupacity of the vacuum tube, which allows
the use of any tube in this circnit.

The Audio Amplifier

e object of an amplitier is to deliver
nndistorted clectrie energy to a loud
speaker to be converted into mechanleal
energy, which in turn is converted into
sound waves,

Inasmuch ax it is agreed by radio
cengineers and experts that the 2530 type of
tube i8 capable ot delivering to the loud
speaker the greatest amonnt of undistorted
energy, this tube is used.  With this tube,
which has an undisterted output of ap-
proximately 500 milliwatts, one can oh-
tain any volume desired with minimum
distortion.

However, to he able to obtain the maxi-
mum resnlts from this type of tube. a
wotential amplifier will have to bhe placed
yotween the output of the ddetector and
the inpnt of the power stage that is
eapabie of amplitying this wenk potentiat
to_a point of maximum grid variation.

With this type of tube, the grid swing

PHONOGRAPH SPEAKER
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The complete schematic diagram for the A.C. operated R-P-L receiver.
through ground,
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Notice the use of a ““C'’ battery, connected
instead of the conventlonal biasing resistor.
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(voltage varintion on the grid) should he
at least 80 volts, to bhe able to utilize the
nEximuin amp e outpnt ol this tube.
Obviocusly a single stage of transformmer
coupling. whieh only has an amplitication
Tactor of approximately 20 would not he
xntlicient ta actuate the grids of the power
tnhe so that this tube would he operating
at maximum efficiency withont overloading

the deteetor. It nhas been found that
where only' one stage of transformer
coupling is uscd ahead of the power tube

reqniring an 80-volt grid swing, distortion
takes place in the detector long before the
power tube hegins to overload.

If two stages of transformer coupling
were used the amplification factor wonld
be approximately 400. This would he en
tirely too much and the distortion result-
ing from overloading would make it abso-
lIutely worthless as a quality amplifier, hut
with two stages of dual impedance feeding
inte the transformer of the power Stage
an amplitication faetor of approximately
200 is ebtained, which means that only
four-tenths of a volt is required to tow
in the output of the detector to obtain an
Ro-volt grid variation on the powoer stage
and as the undistorted ontput of the de-
tector is well above the four-teuths volts
required this amplificr is capable of de
livering the maxinumm amount of power
with a minimum  of distortion te the
spesker without overloading the detector
cr any of the audio stages.

[y placing the transformer between the
mpur of the power tnbe and the output of
the 226 the necessary 80 volts grid varia-
tion on the 2530 tube is obtained without

(NN

interior of

radio-fre-
quency and de-
tector portions of
the A.C. operated
R-P-L  receiver.
The four con-
densers are ope-
rated by the
single drum dial.
The dimensions
of the entire
shielded portion
of the set js 12 x
6 x 6V, inches.

warking past the characteristics of the 226,
ax this transformer has a 3 to 1 ratio.
which means that only
neeessary grid voltage (or 27

one-third of the
volts)

will

The A.F. ampli-
fier  which has

two stages of !
dual - impedance {
coupling and a
stage of trans- !
former coupling.
Two 226-type

tubes are used i

and a 250 power |

amplifier tube is

employed in the
last stage.

Radio Engineering, September, 1928

hive to flow in the plate circuit of the 228,
which is well within its characteristic

curve.
Use of “C” Battery

By referring to the schemﬂm‘ diagram
it will be apparent that a " hiattery is
used on all the 226 tubes instend of a
resistance drop in the power piack. to abh
tain the necessary grid bias. By using
A small "C” hattery to obtain approxi
mately 9 volts nvgllwe “C" hias on the
grid of this tube, does nol present any
objection, as this hnttcrv hag no current
drain and its life is ahout one year. ilow
ever, the advantages gained by tts use are
mun_v, for these reasons: when a r
ance drop is used 80 many comphc
set up that it makes its use imperativ
a high ampliticarion factor is desired and
still retain the quailty of reproduction.

When a grid resistance is used to oh-
tain the grid hias, it is a fundamental
fanlt of the circuit that wlen there is a
rise in plate current there Is a propor-
tionate rise in grid current which gives an
antomatic form of regeneration. 'This is
not such a serious prohlem when only one
stage of amplification is used, preceding
the power stage, as the amplitication
factor is very low (about 20) and there is
not much chance of interstage coupling,
but when two stages are used, giving an
amplitication factor of approximately 200
auwd by the second tube feeding hack to
the first tube it makes it necessary to use
a “C” baitery to prevent the loss of
volume and the destroying of the quality
of reproduction.

A 250 Power Amplifier Combination

I'TH the adveut of rhe alternating
current tube and tubes ha
low output impedance. tous

with the ability to handle aun ex-
ceptionally high amount of power at
input and output eircuits, the aeoustics
of radio are shaping themselves into new
standards.  The introduction of the 1JX-
250 and CX-350 tube brings us to the
threshold of a new era so far as broad
cast reception is concerned.

Not 8o very long ago the experimenter
was led to helieve that the ernx of
the tonal quality situation lay in the

eoupling deviee itself. While this con-
sideration holds good for amplitiers hand-
ling & small amount of power, the conp
ling device does not hy any means deter-
mine the uitimate tonal quallity where
power of the order of a few watts is con-
cerned. Tt might he safely said that 819,
of the distortion in average receivers to
fday is due to overlomding of one or more
tnhes, It with the combination of a good
power tube in the output cirenit and wood
- ling device preceding it. there is no
m wlhy the reproduction of an amplify-
ing svstem in a rudio receiver should
not he¢ as good as the amplifying K¥SLem
employed in the transmitter itself.

By William H. Fortington

Since the maximum permissible AC. in-
put voltage at the grid of a 250 tube is
ot the order of 55 to 60 volts, it is neces-
sary to raise the voltage produced at the
plate of the detector tube to this amount.
i order to warrant the use of a tube of
the 25t type.

Voltage Amplification Requirements

Should impedance coupling be ntilized
A8 a means of stepping up the voltage nro-
duced at the plate of the detector tube to
the permissible voltage at the grid of the
260 tube. more than ene stage of amplifica
tion hetween the detector tube and the
ontpnt tube would he necessary, but with
two intermediate conpling deviees and one
tuhe the necessary resnlts ean be attainesd
\\ho]u the proper A. F. transformers are
nsed

The operation of the UX-2500 or CX-350

tube necessitates the use of a special
power pack, since a transforiner and
rectifying system designed to operate a

0 thhe will not uwnll\' handle a 350 at
all  satisfactorily. 3 tube  alone
will draw unnrO\lmntulv ;. mlllnmpereﬁ
at the plate and this load nlone is usually

www americanradiohistorv com

the maximmm limit of the complete 310
power pack. Any atempt ta operate a set
as well a8 # 350 tube trom such a rectifier
ix apt to prove disastrous both to the
transformer awl the rectifier tubes tnem-
=elves.
Referring to

the schematic diagram it
X

will he seen that two tubes are
nzed in a full-wave reectifying circuit to
supply the plate potential for all the

amplifier tubes. The power pack and the
choke nnit are specially designed to fulfill
the outllned conditlons. The use of a
voltage regulator tube is optional.

A trausformer for use on a cirenit as
that shown will ddeliver considerablv more
voltage on open cireuit than it will under
normal load conditions. A good trans-
former has a small percentage of voltage
drop with current load.

Ry lnrnrpormlng a lond speaker of the
clectro-dynamie viariety an exeellent
ampllfying system for nse in dance halls
and sneh places may he obtained at a very
reasonnhle cost. Such an ampllfying svs
tem will usually handle several Ioud
speakers with their moving coil windings
conneeted in parallel ncross the secondary
of the output transformer.


www.americanradiohistory.com

Radio Engineering, September, 1928

Filter Condensers and Resistors

The matter of filter condensers for use
in the rectifier and tilter systems is one
whieh must not be regarded in a trivlal
manner. In view of the fact that the
voltuge produced across the rectifier tube
under very small load conditions is of the
order of 00 volts, it will be immediately
realized that the filter condensers must
be capable of withstanding these high
voltages, although under actual operation
the tilter condensers arve mot subject to
such an enormous strain. However, In
view of the fact that the filter condensers
themselves draw some little part of the
A.C. component of the rectilied current,
only condensers of the highest order
should he used in this circuit. lere again
condensers designed for use with 210
),»ower packs are not suited for use with
280 power amplifier combinations.

Another important point to be watched
when amplitiers of such power are to he
considered. is the tvpe of resistance to be
used in the plate and voltare divider elr-
cuits. The vitreous enamcled type of re-
sistance has gained considerable popular-
fty during the last few years and is to be
well recommended as worthy of tiie place
which it now holds in its flelds.

The 84 volts of “C” bias nccessary at the
grid of the 350 tube is obtained by insert-
ing a resistance of 1600 ohms hetween the

rid return of the sceond audio trans-
ormer and the center tap of the filament
winding of the 350 tube on the power
transformers. In a similar manner the
grid blas for the other tubes may be se-
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Two 381 recti-
fier tubes sup-
ply operating
current for an
A.C. operated
receiver's plate
current and for
that of the
power amplifier.
The ‘A" cur-
rent for A.C.
tubes Is supplied
by the trans-
former having a
1.5, 2.5 and 5-
volt output

LTI TR TIN G T

E3
EY

er with a high
voltage field, or
magnetic

OUTPUT
"HIGH
IMPEDANCE
2

ployed to keep
the B’ voitage
constant

cured. This provides regulation of grid
T-3099
72800 T3099 DYNAMIC FIELD oo
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& l 374 _llr B+ diagram of the
il i 45V.| power ampll'i‘er
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‘Ilj__ g 8- Provision is
! L 3c° 10.000 © made for the
OHMS operation of a
1600 OHMS —l 7 - — % dynamic speak-
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SPEAKER

Iias which is automatic amd concomitant

with the existing plate volltage at any
given moment. ) | X
A volume control is desirable in a cir-

cnit of this description, Lhe proper loca-
tinn of it being across the xecondary of
the first audio transformer. The total re-
sistance of thls volume contrul should be
hetween 370,000 and 500,000 okms.

The primary of the first audio trans-
forimer cuan be used to couple directly in
the plate circuit of the deteetor tube or
acrosg an electro-magnetic pick-up. When
cd under the former conditions the plate
nit of the detectar tube should be by-
by a condenser of approximately
o2 mtd,” This candenser should be con-
nected in the receiver itself rather than
in the amplifier circuit.

LIST OF PARTS REQUIRED

1-Thordarson T2000 Power Transformer.
1-Thordarson T304% Cloke Unit

2 Thordarson R300 Transformers.
1-~Thonlarsan T2445 Power Transformer.
1-—‘Thordarson T2902 Qutput Transformer.
f—Renjamin %040 Sockets.

1-—Carter M.W.1 Rheostat.

1-—Carter A.1".20 Potentiometer.

1—Carter 4ui Ohmm  Vitreous Enameled
Resistance.

1—Carter 10000 Ohm Vitreous Enameled
Resistance.

1—Carter I.\W. 10-M Varinhle Resistance.
1—Carter P.W. 4-M Variable Resistance.
1—Carter H-1600 Reslstance.

1—Carter 200-II Resistance.

1—Tobe 250 “B” Block.

1—Tobe 2, mfd. Filter Condenser.

16 X-L RBinding Posts.

C'X-381 Tubes.

326 Tube.

350 Tuhe.

CX-374 Tube.

The Aero “Metropolitan”

VER  since tuned radio-frequency
amplification has been practical the
most popular receiver and certalnly
the one which holds all the distance

records, has been four tube sets fin-
corporating a stage of tuned radio fre-
quency, usually neutrallzed., a regenera-

tive detector, ind a good two-stage andio-
frequency amplifier. This combination
made its initial debut as the “Roberts
Retlex,” was closely succecded by the
“NRrowning-Drake” and has lntng on until
the most popular sets in the whole couniry
last winter were the “Chicago Daily News
Four" and the “Everyman Iour,” both of
this type. Probably the major reason for
the success of this particular type of re-
ceiver has been its simplicity and com-
parative inexpensiveness to Dbuild, of
course comblned with its remarkable
sensitivity.

By Bert E. Smith

Neutralization and the 222

The greatest drawback te such receivers
in the past has heen the difficulty in proh-
erly neutralizing  the radio-frequency
amplifier tubes, but the development of
the shield-grid tube has opened up @
wonderful new field for this recelver. This
tube, which has been especially designed
for use as a radio-frequency amplitier,
eliminates all of the inter-electrode feed-
baek through coupling between the grid
and plate due to the capacity of these
two elements. This makes it possible to
obtain considerably higher voltace ampli-
flcatlon per stage than s possible with
an unneutralized tube of the ordinary
three element variety.

Due to the structure of the tube the
plate current «oes not change to any
great extent with varlations in the veltage

www americanradiohistorv.com

Four

applicd to the nlate. As a result the
amplitude of the plate current change.
cansed Ly variations of the grid voeltage.

is to all intents and purposes absohitely
unafected by any changes in the load
resistance. 'Phercfore 1t is possihle to use

a  tremendously high impedance in the
plate eircuit with the resulting high volt-
age amplification ohtainable he the use of
this very large load. In this tube the
voltage amplification in the final analysis
iz only dependent upon the mutual con-
ductance of the tube itsell and the loard
The voltage across the output load is
directly proportional to the lead. and
therefore when a cireuit can be employed.

which will have a large reactance, an
vinsual degree of amplification euan Dbe
obtained.

t the lower radio frequencies. such as
e orndinarily used for snperheterodyne
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The majority of the wiring
neath the sub-panel. There

in the ‘“Metropotitan 4"
is sufficient room

receiver is run be-
in the metal cabinet for

batteries or a power device.

interminediate amplilication, this high load
can be ¢ |l\ huilt up: at broadeast fre
quencies it is rather diflleult to obtain a
very high load impedance and still retain
selectivity.  or example, it is possible tu
obtain the desired high load by the use of
a tuned-plate circuit, sueh asx wonld cause
an ordinary tube to become an oseillator
of the first magnitude, without using
such disturbances. hut there are drawbaeks
to this systenr, which has been very ex
tenslvely ‘employed with the tube up to the
present.  In the first plutc the sclectivity
of this cmuhmullun is extremely poor
since the large losses incurred in both the
plate cirenit of the shield-grid tube and
the grid eircuit of the following tube are
placed  directly across the tuned circuit
and broaden if tremendously. In addition
this direct coupling allows loew-frequencey
disturbances to pass through the tubes
without a great deal of ditficulty and such
a connection very frequently causes motor-
beating and other siwmilar audio- frequeney
oseillations, due to reslstauce acting as

cuuplmg resistors, and making the radio
awdio

frequency  amplifter cffcetively an
frequency oseillator.

Use of Auwtoformer

The use of a radio-frequeney
former or autoformer of the proper )
will block out the transmission of these
low-frequeney  disturbances, This trans-
former must be deslgned with unusual
care, in order that the opthmum load im-

pedanee may  he  obtaitned withont too
great a  loss of sclectivity and at the
sume  time  resalt  in oan almost  even
transmission of e¢nergy  between primary

and secondary over (he entire broadeast
spectrum,

Aunother complication enters here. 'This
Is the matter of coupling the plate of the
regenerative detector to the gril coil ax
well as coupling from the plate of the pre-
ceding tube. In the case of an ordinary
tube, the self inductanece of the primary
coil used is comparatively small and the
mntua Iny nee of the primary  and
tickler is utilized and an entirely different
1henomena oceurs.  The inductance coup
linez hetween both the primary anl tickler

= and the secomdary must he in ph h
In this cuse,
the tickle

of conrse, coupling betw
nd primary would cause
ages i o« other in gquadrature,
ing the Joad impedanee of the detec
tuhe considerably.

In  actual  practice  very  mystify
actions take place until the regson is
covered.  Poar example, it will frequently

oecur in an improperly designed o that
when the nouplm;: between the tickler and
the secondary is inc Hl the r :

tion is actnally reduced and viee versa.
A pretracted course in experimentation
finally  resulted in the design of a eoil
which not only places the requisite Joad
in the plate ¢irenit of the cn-grid tnhe,
but at the same time had an exceellent
figure of merit in seleetivity and operates
To o great  advantare a feedback  eoil,
The use of this coil | made possible the
excellent resnlts obtained from the Aero
“Metropolitan  Fonr”
With this coil as a
shown was Jevelopuel

hase, the circuit
The antenna coupler

is of a type which allows an adjnstent
of the primag inductanee to match an-
tenna  characteristic In order to keep
the radio-frequeney  resistance at  the
lowest  possible figure, instead of intro-
dueing a separate primary, whileh, as it
i= not entirely connected at all times in the
circuit, would have a shorted turn effect,
a portion of the secondary is used in_an
andio  transformer arrangelnent. For
great selectivity with any type of antenna,
the antenna is connected to tap No. 1 while
tor gr(-nt sensitivity or short antennas, tap
No. 4 is used.

Radio Enginccring, Scptember, 1928

Regeneration and Volume Control

Regeneration is acecamplished by a con-
stant 1 through a tixed tiekler coil,
acrass the tuning conden-
ser of es to subtract sufficient
energy from the clrunt to stop oscillation
and then  becoue volume control, per-
mitting the voltage «n the 2rid of the
detector tube ta he ueed to zero if
desired. This shum ance across the
condenser has the sam ction ax a series

nee in the illating urchn The
relation s abtained from the relation
1
L "
w?C*R

where R3ix the series re
and ¢ the shunt resistanee,

.ulup(lon of this method of e
ion rather than a variable feedhack
aused by the tendeney of any variation
in coupling hetween the plate and  grid
cirenits to detnne the eirenit slightly and
when a ganged condenser is utilized, this
cannot be tolerated.  Furthermore the ab-
<orption  method used provides an ex-
tremely smoath method of control and at
the same time makes possible the redue
tion of the volume to zero by the same in-
striuent  which  controls  regenervation.
thus simplitying ope ion considerably
A new type of aundio-frequency amplify
ing transformer waus built into this re-
ceiver,  These  transformers have prac-
tically & flat amplication curve from 3b to
7000 exeles and then have a sharp cut-off,
amplifying frequencies above 7500 cyeles
not at all and ax a consequence their use
in this receiver has resulted in extremely

sistanee
1'he

quiet  operation with almost complete
silence when no music is belng hroad-
cast,

This kit is supplicd in complete form,
The metal cabinet is also supplied and
the kit itself containg every part down
to the soldering lugs and pieeces of hook-
up wire and machine serews necessary for
its assembly. Suflicient room is provided
in the ecabinet to pyse an A" eliminator
aml "B eliminator without having leads
running outslde,

YAXLEY
MULTIPLUG

[BLUE +45
[ CRAY +90

GREEN
€

e
//-6

Ao
oy

]
o

o b‘i;c’%; -
Y8 Rord e

Lo

an
T U-263

 N—

VOLUME CONTROL

@ DIAL L AMP

In this wiring- Iayout diagram the dotted connections are beneath the sub-

panel. All

necessary details are given.

It is suggested that this layout

be fotiowed ciosely.
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“Halldorson Shield Grid 56 Receiver”

11E 1lalldorson  Shicld Grid 26 Re
creiver s sereen-grid tubes in both
{he radio fregnency  and  tirst :nulin
ages, The fiest two B P tnhes ar
R 1 oerid tubes u|u-|.|ln|" in conjunetion
with specinl 12 transtnrimers. both RO
add detector s Iy =hielded
with poli pper shiclds
The sereen ;:rinl audio stage has a very
interesting effect in bringing om weak o
tant signals that are nullu.lnl\ of net
fie wnt strength

in a push-pull circuit, the outpnt of
which is suflicient for any of the present
speakers to be  operated  with  exeellent
tonal gquality,

By an ingenions jack arrangement the
set may be disconnected and the amplifiers
usedl for phonograph purposes with vo
ume and quality equal to the finest elee

trical phenographs,  While the i mude]
is announced for hattery  operation, the
manufacturers state the kit will also b

available for alternating current

eperation
using standard AL C. tobes,

LIST OI' PARTS REQUIRED
1—Halldorson escutcheon plate, single win

(LA
1—Frout panel mabogany  tinish, 7x21
inches,
3—Halldorson copper stage shiel
1—Halldorson three-gang conden
GANG CONDENSER. LS
ANT. EACH UNIT .00035 MF 00025 001 MF. =5
MF 002 OPTIONAL
oo
222 222 o 201A i 1T1A
1 [' . B
frs? s i i = |
% TT Yo end 5T rx +Slis | N
4
UAT
3MEG
1A
4 OHMS 1Y% OHm
L
3 " M -
METAL ¢ E
N $ sSw
PANEL  “6OHMS +
=
GND A-B- B+ B+22% B+ C- At B+
C+GND 45v TO 90V 135V 40%2V wrep 180V
BLACK BLUE GREEN  SLATE VELLOW BROWN

2 - Halldorson

Above: Rear view of the completed
receiver with shield cases removed
from the tuned circuits. Left:
Schematic diagram of the “Shiele
Grid 56, The first A.F. stage uses
a 222 as a space-charge-grid tube.

andio transform
and output.

Overtene
i-pull input

1 Halldorsen oOvertone sereeu-grid andio
coupler,

3 Halldorson sereen-grid R, F. coils,

1 -Halldorson steel erystalyne  sub-base

with sockets attached.

T-wire multiplug and eable,
Halldorson drum  diais.
Halldorson trimmer condenser,
Halldorson volume control and switch.
Potter 2 mfd. fixed condenser,
Potter 5 mfd. hy-pass condenser,
-Donble cirenit phonograph jack.

6 ohm rheostate with switeh,

T resistance strip, tapped at 4

7 ohm
ohims.
-Assortment
nnes, ete.

hardware, wire, screws,

The Screen-Grid Four

I late there has been a considerable

number of receiver designs incorpo-

rating the new  screen-grid  tube,

submitted for the constructors’ ap-
proval. Most of these deslgns have becn
cxtremely elaborate affairs, which were
not only difficult to construct. but also
rather expensive.

The possibilities of this tube were real
ized and also that there were nunmerous
people who waould like to construet re-
ers incorporating them, providing the
design was not too difficult and the out
lay not to expensive. Therefore, advantage
mh-n of the situation, realizing that
iible to  design a receiver to
requirements.
wis to bhe a four tube affai
usxing one stage of screen-grid ampliti
tion, a tuned detector amd a two
trunsformer-coupled audio amplifier.  ‘I'he
reason for the timitation of one stage of
sereen-grid amplitication was not only for
momy, but be e after actual test |l
was found that a single stage seree
1. B, amplificr properly designed, fo
into a non-regenerative  de tor with &
gomd two-stage audio amplifier, mnn-n'wl
well with o laboratory three stage 0B

amplitier using 201-A tubes.  1n fact the

completed  design functioned more

cfticiently than the Iahoratory three stige
i The overall amplifieation  ws

amd the quality
¥ favored the sere l;:l'hl amplifier.

The “Sereen-Grid Four,” is the resnlt of
much experimenting.  The radio-frequeney
portion of this receiver completely
~hielded  to  prevent cunplmg bet woec
ages amnd prevent outside pickup. low-los
.ulm frequency transformers heing used
l‘or the coupling  deviees. These  were

amil  select

By Robert Frank Goodwin

chosen in preferenee to tuned plate in

duetan becanse  with  them  preater
selectivi is obtainable, and also  low.
frequeney disturl res o mnot reiach the

uling tube.

viriable condensers are used
for tuning. This adds to the efficicney
and simplicity, for the unbalanced con
ditions  experienced  with  tmudem con-
densers s eliminated. The antenna eoil

grid of the su
Two single vi

One stage of
R.F. amplifica-
tion using a

screen - grid
tube, a detector
and two stages
of transformer-
coupled A.F.
amplification is
the make-up of
the *Screen-
Grid Four.”
The layout of
the apparatus is
quite simple due
to the relativelv
few parts used.

is tapped at three places and with the aid
o il three-point induectance =witch,
mounted to the front panel, the value of
the antenna coil can be corrected for the
Farion stations. thereby |n(r|-us|u the
selectivity of the receiver.  With ;fm)dd
signal the value of the antenna unl can
e decreased to sharpen the tnning, and
with & weak signat the antenna inductance
can be increased, thereby increasing the
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6+ 22 B+ 8+ c- 8+ c- B¢
TO 4SY 135 v 45v 49 0V 40.8v 160V
sLut GREEN GRAY YEUOW

L
Schematic diagram

am‘xlrilllde of the ingoming signal voltage.

For a volnme control a variable resist-
ance is connceted in  series with the
sereen-grid and the “R” positive 45 volts.
By varying this resistiance the voltage ap-
plied to the sereen-grid ean he increased
or decreased. ‘Therefure. the volume is
controlled by altering the amplitication of
the screen-grid tube,

Since the amplitication of the screen-
grid tube is extremely high. it w neces-
sary to shield it from its respective coil,
besides the complete shielding of each
stage. Also, Dy-pass condensers are used
to prevent feedback through battery
coupling. In the audio-frequency eircnit
it will be noticed that there are fonr
1-ifd. by-pass condensers connected to the
filaments and “B” positive returns of each
transformer. These are used to prevent
radio-frequency eurrents from entering the
audio ecireuit, which would effect the
quality of reproduction.

of the “Screen-Grld Four’,

These audio trausformers were carefnlly
selected for their tlat charaeteristie eurve,
whieh is vitally fimportant when quality
of reprodnction is desired.

For the detector and first audio stage,
CX-301-A tubes are nsed with 43 volts on
the plate of the detectar and 9 volts for
the first A, F. stage and a 4'% volt grid
bias, whereas in the last stage a 371-A
power tuhe is used with 180 volts on the
plate and a negative grid bias of 40%
volts. At this voltage the tube has an
amplifieation factor of 249 and an undis-
torted output of 0.710 watts. Although
it is suggested that this power tube he
operated it the ahbove specitied voltages,
it can he operated with 135 volts on Lhe
plite and a negative grid bins of 27,
without a neticeable decreage in ampli
fieation, but with a great decrease in un
distorted power output. which wonld be
0.320 watts as compared with 0.710 watts.

Radio Engineering, September, 1928

LIST OF PARTS REQUIRED

1-—Thordarson R-300 or R-200 Audio
Transformer for first stage

1—Thonrlarson R-200 for seconid stage

1—Thordarson Npeaker Coupling Trans-
former, type R-76

2—Hammarlund Variable Condensers, type

ML-17

1~ lrl)mmurlund R. F. Choke, type RIFC-
t

1- Hammarlund Screen-Grid R. F. Coil,
FGP-17

lI—Hammarlnnd Screen-Grid Antenna Coil,
type AC-17

1—tammarlund Hi—-Q Box Shielil

1—Carter Tut shield with armour lead,
‘pe No.

1—Carter rter Liing, type No. 3232

1—Carter 500,000 Olimi_ Volnne Control

Potentiometer, type No. 0J
1—-Carter 15 Qiim Tapped Resistance. type

Ta-15
1—Carter T'hiree Point Inductance Switeh,
type No. 11¢

1—Carter Power Switeh

4—Radiall Amperites, type 1-A

I—Ishy Socket

1—Eby Binding ’ost (Ant.)

J—Dubilier 00025 Micadon with Grid Leak
Monut, ty 0-G

-Dubilier -mnfd. Condensers, type 907

-Dubilier 1-mfd. Condensers, type 907

1—Yaxley  Seven Wire Cable Connector,

type 670

Yaxley

2=~ Kurz—-Kaseh Dials

1-—Roll Solid “Braidite” Wire

1—Waestinghouse Micarta
Panel, 777 x 187

J—Dhaven J-meg. Glastor Resistor

2—Cunningham CX=301-A Tubes

1—Cunningham CX-371-A Tube

1—Cunningham X Tube

1—Corbett Cabinet (777 x 187 x 12 deep)
Nerews, washers, solder, etce.

Q.

Pup Jacks, type 416

Fabricators

=

29

322

A New High Quality Resistance-Push-Pull

OR many porposes the 210-tube i
almost ideal for the last stage of u
resistanee-coupled amplitier. How-
ever. if it is desired to obtunin good

volume in even a medium sized romm, a 210

tube will overload quite pereeptibly if it

is used in the last stage of an :mmlnger
which is capable of amplifying frequencies
as low as 30 cyeles. ligpecially now that

phonegraph pick-up devices are coming
into common use it is nece v to handle
large power since many of the new pro-
cess  phonograph records include fre-

quencies as low as 30 cycles.

Ax shown in the diagram. the input may
come from any suitable detector, which, of
course, miy be preceded by i ra(lu_)-fre-
quency  amplitier. The primary of the
transforner T is connected to the plate
of the dotector tube anid the proper
positive L7 veltage far that tube. in the
usual manner. The primary of the trans-

former is shunted by a mica condenser
which should have a \‘:\Inq not exceeding
0.0001 mtd.. and a radio-frequency choke
should be placed in series with the de-
dector plate, The xeccondary should be
shunted by a resist of not Jess than
50,000 ohuis nor mar an 500,000 ohms.
The best valne may be determined hy trial.

The transformer must be of the finest
quality and capable of passing all fre-

quencies from approxXimately 30 cyeles to
5000 cyveles equally. - .
It will he noticed that the amplitier is a

double push-pull type: that is, hoth the
first amd  second  stages  are push-pull
stages. This iR necessary to Secure per-

ret balance awl Symmetry hetween };t:lges
15(11c4‘l flln'ther 10 in)sur(- the elimination of
secom! harmonic distortion in both stages.
The twy tubes of the first stage are the
240 type having an amp Wion factor of
30. The grid hiag of olts for these
tubes is fed through 2 megohm
metallized grid leaks shawn. ‘TI'he plate
voltnge of 150 volts fed throungh two
metallized plate resistors of 14 megohm
each. 1t is exceedingly important that
these resistors he noiseless and constant
in value.

Twa type 210-s
or output stage.

3
two

are used the second
The grid bias of ap
proximately 35 volts. used in this stage. i‘s
fed throneh two resistors, each having a
value of 0.5 megohm., ‘The plate current
is fed through two resistors. each 8.000
ohms. These metallized gistors must he
capable of digsipating 2.5 watts eontinu

in

Audio Amplifier

By Joseph Morgan

ously.  ‘The most advantageoux plate
voltage ftor this stage is between 500 and

TOU volts although voltage as low ux 400
may he emploved. llowever, if less than

H00 volts is used, it is best to use plate
resistors of 6000 olin rather than 8,000
ohtn units as specified.

The entire amplitier may
from a good B eliminater. The (il
ments ean be operated from raw A, C
from the “RB-eliminator transformer, but

he operiated

nator since it complicates matters and re-
duees stability.

LIST OF PARTS REQUIRED

am standard 1 meg, resistors.

> General radie 30 ohm center-tapped
vir. resistors.

R4—2 Durham standard Y meg. resistors.
115—2 Durham standard 1% meg. resistors,
1i6—:2 Durham 8,000 ohm, 2% watt power-

T

D, C. is recommended for the tilaments of olnus.
the first stage. A rheostat should he in- C'1—1 Dubilier .0001 mfd. fixed condenser.
serted in one of the filament leads of the €22 Dubilier 1, mfd. tixed condensers.
first stage to reduce the voltage across the C3—2 Dubilier 0.1 mtd. fixed condensers.
Ill:llngnts to 5 volis and the voltage across L.1—1 Samson No. 85 R. I'. choke.
the ftilaments of the secoml stage should L2 2 Samson No. 3 A. I'. ehiokes.
be 7.5 volts. The varinble center-tapped T 1 Samson symphonic A. F. transformer.
resistors across the tilament of the tirst Bl } battery, 1.5 volts.
atdd second stage should he at least 30 B2 -1 C hattery, 35 volts.
ohms. If a storage hattery is used to V1 -2 UX-240 or CX-310 tubes.
light the filament of the detector tube it VI—2 UX-210 or (X-310 tubes.
should :!Iso be used to light the filaments 4 Benjamin UX sockers,
of thp first push-pull RIEE = 9 llurham resistor monntings.
IL.I.\' not .'ul\"lsuble in this amplitier to (Note: A, F. chokes are unnecessary
ohtain the C hiases from the “B” elimi- with » good “II supply unit.)
Vi “£3 V2
RI 2 RS ) 1
p U 3 R2 3 2
s R4 * R3 =
e R3 2 R63
e 2 X z P
b3 _B‘+ 2 c2r p-g
7 &
/ g | 3 h I“ H fai':(’
: ey 3 : |35
T $|°
‘B 2
\ b3
INPUT_FROM i L)
DETECTOR 1 J i
4 < r
R2 ve R6
15V, Le
B~ AND 180 V. B-AND 510V
GROUND GROUND

The schematic diagram of the re
VI are 240-type tubes and V2
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sistance-coupled push-pull A.F. amplifier.
are 210s.

T is a low-ratio transformer,
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POLYMET PRODUCES NEW
COLORED RESISTANCES

The Polymet Manufacturing Corporation
has just placed on the market strip resist-
ances made in varions bright colors, A
request for this new feature came from
the Assembly Diepartments of several of
the largest radio nmannfacturers who are
now using the new I'elymet colored resist-
ances and report complete satisfaction
with the inereased speed in assembly made
possible through this color method of (lis-
tinguishing the different resistances that
go into a particular set,

NOVEL RECORD TO DEMON-
STRATE NEW SPEAKERS
Putting a mininture hroadeasting pro-
gram on_a Vietrola record is the unique
fdea used by United Radio Corporation of
Rochester, N. Y., to free dealers from the
limitations  of Dbroadeasting  hours in
demonstrating  Peerless Speakers, The
record gives a program that is a sample

of the NSunday I'ecrless 1lalf Hour,

NEMA FALL MEETING

The National Eleetrienl Manufacturers
Association will holid its T4 meeting
during the weck of Octoher 20, 1028, at
Briarcliff Lodge, Briarcliff, N. Y.

LEKTOPIIONE LICENSES
JENSEN CO.

Lektophone Corporation, who own anid
control basiec patents on controlled edge
radio cone speakers, have issued a license
to the Jensen Radio Manufacturing Com-
vany, Oakland, California, for the manu-

acture and distribution of their new
dynmnie and other speakers.
EBY LICENSED BY R.C.A.
License to manufacture under patents

held by the Radio Corporation of America
and its associated companies, was granted
to the II, II. Eby Mfg. Co., of Philadetphia.

This license according to Mr, F. C.
Trimble, sales manager of the by organi-
zation, covers the manufacture aud sale of
power audio amplifiers and power units,
This arrangement heralds the entry of the
manufacturer  of  the  smallest  radio
accessory, the binding pest, into the power
audio amplifier field,

Development of a combination power
audle awmplitier and_ power pack by the
Ithy engineering staff has been in progress
for the past year. The perfection of the
unit was climaxed by the patent negotia-
tions and granting of the license.

SOVIET COMBINE AND R.C.A.
FORM COOPERATIVE
AGREEMENT

Mr. M. G. Gureviteh, acting chairman of
the heard of Jdirectors of the Amtorg
Trading Cerporation, 145 Droadw made
recently the following announcen :

An agreement calling for technical co-
operation has heen conelnded hetween the
Sov Ktate  Electrotechnical  Trust  of
Weak Current Factories and the Radio
Corporation of America.  The agreement
provides  for exchange of patent  and
engineering  information  in gard  to
varions radio equipment. Teehnienl g st -
ance with reference to the manufactnre of
certain radio apparatus is alse provided
in the agreement,

DEJUR ABSORBS AMSCO

The DeJur-Amseo Corporation is the new
name of an organization resulting from
the absorption of the facilitics of the
Amsco I’roeducts Corp., by the DeJur
Troducts Co., lne.

According to  Mr. Ralph A0 Delur,
President of the new firm, the organiza-

(ion will maintain quarters in two build-
ings, occupying a total tloor space in ex-
cess of 40000 square feet. An entire floor
with an operating area of approximately
20,000 square feet will he devoted to the
manufiaeture of variable condensers of
single, double, triple and quadruple sec
tion type.  The remaining space in the
other “building  will be devoted to the
manufacture of power resistances, rheo-
stats, potentiometers, variable resistances
of all types, radio frequency chokes, tip
Jjacks mud sockets,

A new development laboratory, equipped
with the latest condenser aml resistance
measuring  devices  will he  installed  to
augment the equipment now at hand,

SCOTT TRANSFORMER €O. MOVE
TO LARGER QUARTERS

The Seott Transformer Company recently
moved to new and larger quarters at 4450
Lavenswood Ave., Chicago, 1. This com-
manufactures the well-known Scoft
isformers for the Scott World's Record
Kuperhotrodyne  Receivers  including  the
power amplifier pac

» CO.

MASTER ENGINEERIT
ORGANIZED

The Master lingineering Company, 122
Kouth Miechigan Ave. Chicago, 111, E
recently organized by Leroy Eschner, well
known in radio, to manufacture and mer-
c¢handise the Master Veltage Control.

ADDITION TO FORMICA PLANT

An addition to the plant of The Formica
Insnlation Company, Cincinnati, is mnow
well nunder way and will be completed and
ready  for oceupancy  hy  October first,
The new building will add 18,000 feet of
floor space to the facilities of the Company.

The Formica Company was one of the
first produeers of phenol fihre insnlation
and has econcentrated on this ene product
for the past 15 years. The prodnet is
well known to all makers of electrieal and
radio apparatus.  Shipments during the
past year have heen reported running
about 40 pereent ahead of 19 -making
the nNew spiace necessary,

DETROIT ELECTRIC CO. OPENS
KALAMAZOO BRANCH

The Detroit Eleetric Company, Detroit,
Michigau. distributors of prodnets of A. 1.
Grebe & Co., Ine, in the Detroit area and
surronnding territories, announced late in
Angust the reopening of its  Kalamazoo
sranch  at  No. 132 Naorth Rose Street,
Kalamazoo, Michigan. The new branch ix
under the managershlp of X Kenneth
Shudl.  Mr. Shull has associated with him
II. I'. Lockwood assisting in the territory.

Il. B. HOLMES WITHI DE FOREST
RADIO COMPANY

1. B. Ilolmes, reeently vice-president of
Henry Crowley Company, Ine. East
Orang 1. has been made general sales
manage f the DeForest Radio Company,
Jersey City, 1le was formerly secrotary
and general maunger ot the Tsolantite
Company of America, Belleville, N. J.

ROLLER-SMITII APPOINTS FE. E.
VAN CLEEF AS CHICAGO
DISTRICT SALES AGENT

The Rober-Smith Company, 233 Broad
wiay, New York, N. Y. announees the ap
pointment of Mr. Elliott 15 Van Cleef, 53
W, Jackson RBountevard, Chicago, 111, as its
Distriet Sales Agent in the Chieago terri-
tory.,

Mr. Michael R. Mathley. whe has bheen
eonnectad with the Chieago office for many
F‘ will be associated with Mr. Van

v
'k
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E. H. MeCARTHY APPOINTED TO
MAJESTIC SALES

Grigsby Grunow Co.. announces
the appointment of . II. McCarthy as
distribntor contiet man in Metropolitan,
New York, formerly with Symphonic Sales
Co., who will work out of the New York
offlee of Flerbert E. Young, 33 West 42nd
Ktreet.  Mr. MceCarthy was for five and a
half years in charge of Colmmbia Grapha-
phone Company's advertising Dealer
Kerviee Nept. at Boaton during which time
he supervised Retail Rales Campaigns for
Colmmbida Deaters employing  thirty three
sialesmen in this division,

The

RADIOVISION CORI’. APPOINT
NEW REPRESENTATIVES
The Cooley Rayfoto, which is being

merehandised by the liovision Corpe-
ration of 62 West 30th Street. New York,
will be repr ted on the Pacifie Coast by
Lombard J. Smith, whe is to take over
the Ronthern Californian territory running
north to It stield and inclmling Tog
Angeles. AL Andergon, who has just
associated  himselt with Alex Kelly, will
sponsor the Rayxfoto kir in San Francisce
aml senth to Dakersfield.

Isadere A, Margoli well-known to the
I'hiladelphia  (rade the Tohe-hentsch-
mann man, has taken on the agency for
the Cooley Rayfote in Philadelphia and
Camdden,

k

BENJAMIN ELECTRIC APPOINTS
RADIO SALES REPRESENTA-
TIVES
The Benjamin Blectrie Mfg, Co., 120 So.
Sagamon Nt., Chieago, has appointed radio
sales  representatives, to contact radie
distributors and manufacturers in their re-
spective territories, as follows: A, lrving
Witz, 611 Widener Bldg., P'hiladelphla, Pa,
asx far West ax the North amd South line
throngh and including flarrisburg: the
State of Delaware and the cities of Balti-
more amd Washington, Rrower Murphy,
214 Red Roek Building, Atlanta, Ga., the
States of Georgia, Alabama. Florida, Ten-
nessee, North (arolina, South Carolina,
and Virginia. I, J. Fltzner Company, 158
15. Elizabeth St.. Detroit, Michigan, the
State of Michigan exeepting the unorthern
peniusular, and the city of Toledo. Otto
15. Heilmann Co., 620 Chemical Ruilding,

St. Louis Mo, the State of Missourt.

E. €. CARLSON APPOINTED R.CA.
ASSISTANT ADVERTISING
MANAGER

The Radio Corporation of Awerica an-
nounces the appointment of Mr. E. C
Carlson, who until Angust 1st, was Dis-
trict Mdvertising Manager of their Chicago
Distriet, as Assistant Advertixing Mana-
ger in eharge of sales promotion with
headquarters in New York.

1 charge of all Sales
activities and will coorlinate the functions
of the histriet Advertising Divisions with
those of the General Advertising Depart-
ment.

Mr. Carlson  was formerly connected
with Pillshury Flonr Mills, Cheney Talk-
ing Machine Company, Rue Motor Com-
pany and the Chicago and Northwestern
Railway.

Promotion

ARMSTRONG ELEC. €CO. MOVE TO
NEW QUARTERS

The Armstronyg Eleetrie & Mg, Co., Ine.,
manufacturers  of  vaennnt tubes,  have
moved into aquirters ot 1R7-193
Kylvan Ave v. JJ. The new plant
provides t1 former floor <pace
and ine o faeilities, The Armstrong
Co, is going into production on all types
of vacunm tnhes,
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NEW BODINE RADIO MOTOR-

GENERATOR SET

The Bodine Eleetrie
Ohio street, Chicago, HL, announee an im-
proved model of their = ard  motor-
generiator sct. ‘I'he prineipal improvements
are the incorporation of an improved filter
system, and a change in geuneral design
permitting  the  filter  and  regulating
rheostat to he enclosed in the base of the
set. therehy proto ng them from damage,

The Bodine Radio Motor-Generator Set
canverts direet eurrent to <ingle-phase. 60
aycle alternating current. This enables

Company. 2234 W,

New Bodine Radio Motor-Generator

dealers in direet current districts to sne
cessinlly demamstrate and test N, 10
receivers and accessories.  The filter
tem prevens any  eleetrienl  disturbances
from being carried to the et and produoe-
ing neises in the lomdspeaker.  The rheo-
stat is provided to correet variations in the
Do oo supply, The set delivers 230 watts,
sufficient to operate any radio or radio-
phonograph eonbination. It is small, com-
gact and casily handled.  Suitable exten
sion cards are ‘Trnished, ready to plug in.
No \\Il‘lll" I8 necessiry,

LINCOLN 105 AND 106 “REVOLL-
TIONARY” AUDIO TRANS.
FORMERS

The new Lineoln 105 (first stagel
106G (zecond stager andio-frequency
formers use the system designed i»\
dall Clough.

The new

andd
trans-
Ken

105 first

titge transformer jx

designed  for nse between any  stndard
letector and tirs tge andio tnbes, and
provides an effective transformation ratio
of 44 11

A new high

impedance audio
frequency trans-
former employ-
ing the Clough
System of am-
plification.

The 108 second stage transforiner is used
between the first ol second stage audio
tubes, ond )llu\lllt'* an  eftective trans

formation ratio of 27 ta 1,

The Livealn Pransforvne are encased
inoa <ainceapper finished i
high

\\Idu
monptinge r
terming

Lir
ferm
Ll
foruier

OF THE MONTF

LINCOLN 101 MANUALLY TUNED
INTERMEDIATE-FREQUENCY
TRANSFORMERS

The Lincoln 101 1. 1", Transformer,

manufactured hy the Lineoln Radio Corp.,
Wood St.,

329 So. Chicago, contains in

A  new inter-
mediate fre.
quency transfor-
mer tor super-
heterodynes
which is manu-
ally tuned by a
variable con-
denser.

aldition to the primary

amd secondary. a
sumeall tnnings

condenser, which tunes the
pnnmr\- to o ¥ the desired fregqueney.
‘The knoh of this tuning condenser pro
jeets through the cise of the transtormer
el i ul\\nn avitilable for retuning. After
i set is built incorporating two, three or
mare of these transformers, it is placed
in operation it then the transformers
are tuned individually hy the baiilder to
-tly the smmne frequeney. thereby com
sating  for all differences in wiring,
characteristies, ete,

Lincoln 101 transformer is lmuwd
10 % shiclded,

1

tube
The

in a copper ghield ean,

Bakelite tuning Knoh  wit pointer
Jeeting through the top. Size is 27
wide, 3% in. long and 3% in. high. L'un
venient mounting Ings are provided on
each side, equipped with solder lugs for
convenienee  in o wiring, List price. $7
cach.

R.C.A. ANNOUNCES NEW
RECEIVERS AND
LOUDSPEAKERS

A new line of Radiolas including eupn-r
heterodyne recejvers  atilizing AL 5
radiotrons thronghont, for simplified 1-l<-<-
trie  operation  with = self-cuclosed  lond
speakers of the improved dynamic type.
and a new loudspeaker of artistic esign.
is announved by the Radio Corporation of
Aweri

The new AL UL superheterodyne reeeivers
are introditeed in three  models to be
known asx Radiela 60, a popnlar priced
table model, Rudiola 620 a consele cabinet
with  enclosed dynamice  speaker,  and
Ladiola 64, a larger console cabinet with
a 'l\n.nnu spenker of o ter power

he table type A, superheterodyne,
model 6, ineludes seven UY-227 rudicatrons

and one UX-1 A power radiotron.,  The
cirenit comprises twao ages  of  tuned
radio frequeney amplitio on, first detee
tor, oscillator. two stag C tnned inter-

medisite-frequeney  amplitication, a seeond

New R. C. A

Radiola 60
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(power) detector, and one stage of power
audio-frequency amplitication. Reetitiea
tion of the current for the "B and "C”
requirements is accomplished by a UUX-280
radiotron. A \olmgc switell is provided
to tuke eare of varintions in line potentials
of 103 to 125 volts.  Both receiver and
power supply unit are housed in i two-
toned walnut eabinet. In the center of the
panel is a bronze eseutehcon plate fram-

ing the scelector dial and conecaling the
bulb which illuminates the dial and tuning
control. Operation of this new  super-

heterodyne has been reduced to its simplest
form h\ means of a single tnning control,
In addition there is a power switeh and
volume control.

NEW ARCTURUS A-C AMPLIFYING
Tl

N new amplifying tube for use in radio
amd andio-frequeney  amplitiers has  bheen
placed on the market by the Areturus
Radlo Company. of Newark, N. J.  This
new tube, type 48, is of the 13-volt heater
dexign and is similar in many respects to
the No.o 28 amplitier.  However, the new
tube is designed to operate with a 4.5-volt
bias. at a plate potentinl of 135 volts, in-
stead of the 1.5-volt biax required by the
earlier tube.

Redesign of the tube makes it
to accommodate a mueh larger
raising the voltage input the tnbe ean
laandle without distorting and increasing
its valne as a general amplifying tube.

possible
grid swing.

BALDOR TELEVISION MOTORS

The Interstate Electric ('o., 4339 Duncan
Ave. St. Louls, Mo.. announce a series of
single phase inductien motors espectally
adapted for television transmitting and
receiving,  Induction motors are best for
this type of work as there ix no commu-
tator amd therefore no sparking to set up

v iuterference, A speed control mecha

of a

r switeh, varinble
reaetanee or g

resistance combination of

Standard type Baldor Television
Motor.

the furegoing
in Illlblllli of

can be t“l\ll\ incorporated
this type. Needless to say
factor n

this ix an huportant television
reception,
This type of motor was designed to

lln- ‘ments when  constant

woovaried at  will, is

I)Ih- to featnres of design and the
¢ of switching mechanism in con-
neetion with the rotor, the motor ean be
contratled  so that any speed from 50 to
Too ROPM. up to synehronons speed ean
e abtained when mected to a suitable
il The magnetic action is similar to a
JPrhise the usnal hum bheing

matar,

110 volts, 60 cyeles,
"M, Lecommended
ors  elplaying  a

< Kpeeds  between
andd ecasily  maintained
with @ 3 1o 45 ohm variable resistanes.

I'rFive, Terre motor, S30.00,
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If you don’t Like

“THE BRUTAL TRUTH”

—better not read this!

‘* Silver-Marshall unconditionally guarantees the s
new S-M Clough system audio transformers to give -
greater amplification, finer tone, and less distortion £
than any standard transformers marketed by any o
other American manufacturer.” !

™ Contrast this straight-from-the-shoulder guarantee with
the advertising phrases used by other manufacturers not
one dares offer the guarantee that S-M has given for two
consecutive years — ever since the first 220 transformers
were produced.

Not all radio fans have been able to attend the public
comparative tests that S-M engineers have been making
at the R.M.A. trade show and in the larger eastern cities.
These are the very surest proof that the new transformers
are far superior to any and all other types. If you find it
hard to believe that any transformers can be so far ahead
of the audio equipment which you have been using, we
can only say to you: '*Buya 225 and a 226, or a 255 and a
156; hook them up properly and test them. Then, if you're
not satisfied that they are better than anything you've
ever heard, return them to the factory for full credit.”
The fan unwilling to accept such an offer
transformers now far outclassed — is not the open-minded
and progressive type to whom S-M appeals, and who will
find infthe new S-M transformers a quality of reproduction
beyond his fondest expectations.

content with

Research engineers
know, not guess
audio transformers.
but we back it ug

facturer has offered on audio transformer equipment.
§-M Clough System audios are. in absolute fact, two years
ahead ~as truly as were the $-M 220's when. two years
ago. they introduced the high frequency cut-off only
recently adopted by other manufacturers. Remember this
when selecting audio amplifying equipment — remember
that S-M is the only manufacturer that has ever dared to
make public comparative tests in comparison_amplifiers
open and accessible t0 minute, detailed examination by
all listeners —and remember the above quoted positive
guarantee!

_In the chart above, E is the two-stage curve for the large-
size (rnnsformgrs (8-M 1215, Ist stage; and 216, Ind stage,
$2.00 each); D is that of the smalier ones (5-M 255 and 256.
2:6.00 each). Note the marked advantage over A, B and

-all standard eight and ten dollar transformers under
equal conditions.

eminent
all acknowledge the supremacy of $-M

This is a strong statement to make,
with a guirantez such as no other manu-

designers — men _who

New S-M Kits Using the Clough Audio System

730 Short Wave Kit

All the thrills of code and
voice reception from many
countries you can get night
after night with the new S-M
730 ** Round-the-World ** Four.
(See picture at lower right). It
has one screen-grid r.f. stage,
regenerative detector  (non-
radiating), and two of the S-M
Clough system audio stages.
Four olug-in coils

710 Sargent-Rayment Seven

A precision laboratory instrument for the
veteran fan with single-dial tuning feature
and separate stage verniers. There are four
screen ind t.r.f. stages — five circuits in all are
tuned by the single illuminated drum. One
knob controls volume. Each circuit is individ-
ually shielded, bypassed, and isolated from all
others by heavy plates integral with the satin-
silver-finished aluminum cabinet. Incorporates
new Clough system audios with output filter.

fit a 5-prong The kit is $130.00 complete with cabinet; wired

and tested, $175.00,

720 Screen Grid Six

Here is a set worthy in every way to stand with
fucgory products selling for several times the price.
Build one and test it — see how these three screen-
grid r.f. stages cut past a powerful local and reach
out after feeble signals a thousand or two thousand
nm.lles away on adjacent channels, and deliver them
with loud-speaker volume! Theaudio amplifier uses

two Clough system stages. The complete
kit is onlv $72.50 (two-tone metal shielding

socket accessible on top of the
aluminum cabinet. The com-
plete 730 kit, including cabinet,
is $51.00; the 731 Adapter, the
same kit without the two audio
stages. $36.00, converts any set
to long-distance short-wave
reception. The 732 Essential
Kit is only $16.50.

- FEXE L L KRN K N J cabinet $9.25 extra). or =—actory wired com-
.- mEsmmm- 1 plete with cahinet $102.00.
s Silver-Marshall, Inc. . -
. 854 W. Jackson Bivd., Chicago. U. S. A'h The S-M Authorized Service Station located
...... ....Please send me, free of charge, g nearest you will construct any S M set. If you
§ the complete 8-M Catalog. O n - yourself build sets professionally, ask about our
1 lliu\:'i eneloset s nd me the Service Station Franchise. Send the coupon for
. followle’ Next 12 issues of THE IADIOBU TR b asample copy of the “Radiobuilder.”
.. (1,000 Next 2 THE RADIORVILDE (]
1 S-M DATA SHEETS as follows, at 2c each: g
. 1. 6TOB, 6T0ABC Reservoir Pow Units
o T F SILVER-MARSHALL, Inc.
’ Waie S .
1 No. 3 225, 226, 235, 2 \udio Trans: g 854 W. Jackson Blvd., Chicago, U. S. A.
s Nn. 5. 120 Seroen € < R - 1
v " ~-t0- ' K 1 G our
] : ".A.l;(' Power  Supply 6 Iyname B
1 No. oGt Kasmen ]
g . Nam I
i Addres B

L.------------ﬁ------‘
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Type Y2V,
single phaze. 1200 R
and range with 30-ohin rheostat, 5 to
1100 R.P.DM.  Price. bare motor, $33.00.

Type M2V, 1715 11.1°., 110 volts, 60-cycles,
single yphase. 1800 R.P.M. for receiving
sets using 9 to 18-ineh scanning dise., also

% -H.I’.. 110 volts, 6 cyeles.
Variable speed

resigtance controiled; 1700 R.P.M. full
load. Vuriable specd range with 6
rhicostat, 750 o 173 R.P.M. [Drice §

KNAPP “A” POWER

The Knapp Eleetric, Inec., of I'ort Ches
ter. N. Y., announce a new A" power
unit. which is now being sold through the
established trade channels aud has several
very interesting fentures:

Thus

Four or 6 volts from same nnit.

it is possible for dealers and jobbers
but one i

three
dry.

item. On the panel uare
taps: A4 A4V A6V,
Oversize filtcr  system

stock
located
Ahs=olutely

Knapp A" Power Unit.

consisting of three dry Flkon Condensers
and two large choke coils. Total capaeity
mf.. insuriug treedom  from hum
Elkon rectifier delivers 2 amperes at 6

<. and pruapertionate eurrent at 4 volts.
105-120 volts AC. 50 to GO
Price, $37.56.

tes on
eyeles,  list

NEW ELKON METALLIC RECTI-

FIER

Elkon, Inc.. of Yort Chester. N. Y., an
nounce a new type of rectitier. whieh i¢
made of the game elements as the wore
familiar Elkon rectifiers is shaped like a
tube and has a standard tube hase.

The new Elikon
Metallic  Recti-
fier which wi.l
replace the vus.
ual form of full-
wave rectifier in

“B"  supply
unit.

Electrically it has the same character-
istics as the standard B11 type tubes. hut

with a gnaranteed life of 5000 hours. It
is designed solely a8 a replacement unit
and fitx all types of tnbe xockets. list

Price, $6.00,

PIERCE-AIRO CIIASSIS NOW
AVAILABLE IN CABINETS
Pierce-Aire, Ine., manufacturers of the

7 tube Pierce-Airo chassis which has be-
come so popular with the trade and publie

New Pierce-Airo 7-Tube Receijver

are now offering the same chassis housed
in a handsome two tone russet bronze metal
cabinet as illustrated. With these two johs
Pierce-Airo dealers will he able to meet the
demands of their customers for either a
high class chassis or a fine receiver at a
moderate  price. Dierce-Aro  chassisx  nre
manufaetured by Pieree-Airo. Ine., 117 4th
Avenue, New York City,

NEW EBY 171 POWER AUDIO
AMPLIFIER

A new combination power audio ampli-
fier and power pick, operating directly
from the A. €. louse supply circuit, with
an output of approximately 1.5 watts, and
known as the 20 PPower Audio Amplifier,
hax  bhe announced hy the I. Eby
Mtz Co.. of Philadelphia. Pa.

According to Mr. P Trimble, sales
makiger of the erganization, this, the first
of a series of combination power packs
amd audio amplifiers. is a two-stage trans
former-coupled unit. employing a 226 type
A. C. tube in the first stage and two 151
tuhes connected in push-pull fashion as
the ontpnt age. A three stage amplifier
utilizing a 26 and a pair of 2508 will
be ready shortly

The nnits are designed for complete A, C.
operation, A, B and ¢ veltages being ol-
tained from the power unit which utilizes
a 280 full wave rectifier tube in the power
amplitier equipped with 171 tubes, and
two 281 half wave rectifiers in the power
amplifier equipped with the 250 type tubes.

BRIELLE LOUD SIPEAKER MOTOR

The G. k. I'enn Manufacturing Co.. 34
W. 3rd Street, New York City. announce
their B. A. Motor, whiell can be installed

Brielle Loud Speaker Motor.

in any type of cone speaker. The unit Is
large and powerful and has laminated pole
Piey thnt provide maximum efliciency to
the A. 1% energy geuerated by the coils.
This feature also eliminates eddy currents.
I'rice of motor alone, $10.00; with com-
plete kit of 24, 30 or 36-inch cone, $15.23.

NEW ANSONIA REPRODUCER

The Nadio Foundation. Ine, 1 Park
Place. New York City, anhounce their new
cone square-type reproducer whieh is en
cased in a heautiful walnnt eabinet with
rounded coruers and gold inlay, the finish

and design monizing with many of
the new 1928-29 reeciving sets.
Using  the wuew  Ausonia  chassis, the

Ansonia square type reprodincer possesses
the same pleasing tone qunality and rugged
construction  as o found in other Aunsonia
models,  Ileight 127, width 127, depth 67
List I'rice, & ()

£20.50

NEW TRANSFORMER CON. WI
ING MACHINE

The Chicago Transformer Co. anneunced
recently that its Chief Engineer, Wilmer
J. Leidy. has invented a winding machine
which accomplishes interspaced winding in
approximately the same ttme required for
winding ordinary transformer coils. By
the use of thiz machine it is said that the
company  will he able to produce a
“straizht line” AK. trausformer at a rea-
sonable price. No licenses to other manu
facturers have yvet heen granted.
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NEW U. S. DISC SANDER

The United States Electrical Tool Com-
pany. Cincinnati, pioneers in portable
electric tool making. announce a new and
improved dise sanding tool.

New U.S. Disc Sander

Care has Dbeen given to make thie new
disc_sander fully as sturdy amil powerful
as the other tuols in this broad line. A
fan-cooled Universal motor of well known
make operates the f-inch dise at 3600 r
p. m. under load, the most widely accepted
speed for this werk. DBall bearings also
of a favered make are used throughout.
The familinr two-pole trigger switeh in
the haundle, one of today's many electrical
tool features introeduced by U. §., is in-
cluded.

Thought has also been given to the
“heft” or balance of the U. S. Disc Sander.
It handles easily, miking for maximum
eaze and specd in operating.

IFine. mediuwm and coarse sanding «ises
are furnished. Also twelve feet of flexible
rubber covered cable. two-piece attachment
plug and armored cahle guard are regular
equipmeut. Weight is only twelve pounds.
The price complete is $85.

DRESNER SHORT-WAVE
VERTER

The Dresner Radio Manufacturing Co..
of 642 Southern Doulevard. New York
City. announce a Short-Wave Converter,
which ean be plugged into any type of
hroadeast receiver, and pick up stations on
the lower bands of wave lengths.

The entire apparatus of the Converter is
housed in a cabinet 81, x 5 x Y%
inches. the weight being 3 pounds.  Tun-
ing is accomplished by the two (ials on
the Cunverter's front panel, the dials of
the recciver itself not being usil for short-
wave tuning. Five plug-in type coils make
it possible to cover a wave-hand of 15 to
530 meters with this Converter Unit. The
coils are fitted with prongs such as are
uged on vacuum tubes, and are readily
distinguished by the different colors of the
furtms on whieh they are wound,

The lead from the Converter i3 plugged
into the socket of the detector tuhe. which
is plugged in the socket on the top of the
Converter. The only other ehanges neces-
sary are the trunsterrving of the antennn
and ground leads from the peceiver to the
hinding posts of the Converter. The eir-
cuit of the Converter s regenerative. Two
knohs on the top of the ecabinet control
the sensitivity and signal strength. Price,
$22.50,

CON-

DOresner Short-Wave Converter
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THORID»A\IR'SON

AUDIO TRANSFORMER

UPREME in musical performance, the
new Thordarson R-300 Audio Trans-
former brings a greater realism to radio

reproduction. Introducing a new core mate-
rial, “DX-Metal” (a product of the Thordar-
son Laboratory), the amplification range has
been extended still further into the lower reg-
ister, so that even the deepest tones now may
be reproduced with amazing fidelity.

The amplification curve of this transformer
is practically a straight line from 30 cycles to
8,000 cycles. A high frequency cut-off is pro-
vided at 8,000 cyclcs to confine the amplifica-
tion to useful frequencies only, and to elimi-
nate undesirable scratch that may reach the
audio transformer.

When you hear the R-300 you will appre-
ciate the popularity of Thordarson trans-
formers among the leading receiving set man-
ufacturers. The R-300 retails for $8.00.

THORDARSON ELECTRIC MANUFACTURING CO.

“Transformer Specialists Since 1895
WORLD'S OLDEST AND LARGEST EXCLUSIVE TRANSFORMER MAKERS
“Huron and Kingsbhury Streets — Chicago.lll. USA.
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Power Supply Transformers

These transformers supply full
wave rectifiers using two UX-281
tubes, for power amplifiers using
either 210 or 250 types power ampli-
fying tubes as follows: T-2098 for two
210 power tubes, 820.00; T-2000 for
single 250 power tube, 820.00; T-2950
for two 250 tubes, $29.50.

Double Choke Units

Consist of two 30 henry chokes in one
case. T-2099 for use with power sup-
ply transformer T-2098, $14: T-3099
for usc with transformer T-2900, $16;
T.3100 for use with transformer
T-2950, $18.

Power Compacts

A very efficient and compact form of
power supply unit. Power transform-
er and filter chokes all in one case.
Type R-171 for Raytheon rectifier and
171 type power tube, $15.00; Type
R-210 for UX-281 rectifier and 210
power tube, $20.00; Type R-280 for
UX-280 rectifier and 171 power tube,
$17.00.

Speaker Coupling Trans-
formers

A complete line of transformers to
coupie either single or push-pull 171,
210 or 230 power tubes into either
high impedance or dynamic speakers.
Prices from $6.00 to $12.00.

Screen Grid Audio Coupler

The Thordarson Z-Coupler T-2900 is
a special impedance unit designed to
couple a screen grid tube in the andio
amplifier into a power tube. Produces
excellent base note reproduction and
amplification vastly in excess of ordi-
nary systems, Price, $12.00.

THORDARSON ELECTRIC MFG. CO.
500 W. Huron St., Chicago, Il 3883-%

Gentlemen: Please send me your constructional
booklets on your power amplifiers. I am especially
interested in amplifiers using..........._...... tubes.

Name
Street and No. e

Town = _State
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ARCTURUS

- LonG LIFE TUDBES

NEW and Different
Construction

Brings

New and Better
Results —

Y THE elimination of the ceramic
between the heater and the cathode
of A-C tubes, Arcturus engineers achieve

two important results:

First, the elimination from the internal
tube structure of an insulating material

that is extremely difficult to degasify.

Secondly, the cathode now heated by
radiation rather than by conduction
eliminates the thermal capacity of the
ceramic separating the heater from the
cathode, thus making an appreciable re-
duction in the thermal lag of the tube.
These are only two facts in the design
of Arcturus tubes. But, they are char-
acteristic of the engineering considera-
tion that make Arcturus tubes—both
standard fifteen volt and low voltage
tubes —outstanding in  performance,

quick action and long, uniform life. The

result — the finest
A-C Tubes that can . )
be rade! l'.ngl‘m-vrmg
Faets
Have a
Utiliny
ARCTURUS Significance
RADIO CcoO. to the

Ultinrate:

255 Sherman Ave.,
Newark, N. J.

Listener

Radio Enginecring, Scptember, 1928

ARMOR
Radio Tubes

Manufacturers of a full line
of radio tubes. including the

new A.C. types. 226 and 227.

Armor tubes are fully guaranteed

(]

Armstrong

Electric & Mfg. Co., Inc.

187-193 Sylvan Avenue
Newark, New Jersey

PHOTO-ELECTRIC CELLS
THE BURT CELL

Without Fntlfue—lehly Sensitive
Absolutely Reproducib Instantaneous in Response

The BURT-CELL is made by a new method and should
not be confused with any other photo-electric cell. By a
special process of electrolysis, the photo-electric metal is
introduced into a highly evacuated bulb directly lhrough
the glass wall of the bulb, giving photo-electric material
of absolute purity. The superiority of the BURT-CELL is
due to these features, making possible results never before
obtainable. Delcrlbed in Bulletin No. 271.

manufacture  the STABILIZED
OQCH IDSCOPE—lha only VISUAL OSCILLO-
GRAPII having & linear time axis and no
inertia—giving an nccunu picture of high fre-
quency wave fOrms.
erle for Bulletin 273

DR. ROBERT C. BURT
Manufacturing and Consulting Physicist
327 S. Michigan Ave., Pasadena, Calif.

ramme ==

PATENTS
TRADEMARKS — COPYRIGHTS
Special Attention to Radio Inventions
EUGENE E. STEVENS

Attorney at Law
Registered Solicitor of Patents

905 F St., N.W,,

Washington, D. C.

L .

WIRE

STRAND—AnRtennae (plain or enameled) —Dou-
ble Galvanized.

WIRE—Antennae (plain or enameled). Connect-
iriz a)nd Ground (Rubber covered, braided or
plain

BUS BAR—Litzendraht-Loop.

MAGNET (Cotton or Silk).

John A. Roebling’s Sons Co., Trenton, N. J.

b
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PHOTOTRON
KN 2

Photoelectric cells and cell units
for industrial purposes

PHOTION

’ INSTRUMENT CORPORATION

l 574 Southern Boulevard, New York City

KH PHOTO-ELECTRIC CELLS
Oldest and best obtainable

Neon Television lamps, low starting voltage, high milliampere
capacity and long life.

Special gas filled tubes made to order.

Thoriated, pure tungsten, and oxide coated wires.

High voltage electro-static voltmeters from 200-100.000 volts.

Caesium and rubidium metal and salts, barium, strontium, and
calcium azides produced in our own chemical laboratory.

Complete plants for the manufacture of radio tubes, incandescent
lamps and neon luminous tubes. high vacuum laboratories, etc.

RADIO ELECTRICAL WORKS
150 West 22nd St., New York City

TELEVISION KITS AND PARTS

Complete Kits ready to assemble: Neon Tubes. Discs, Photo
Electric Cells. Motors. ete. Write for new catalog.

RADIO PANELS, TUBING, RODS, PARTS

Drilling. Engraving and Machining to Specifications. ~ All
Popuiar Panels in Stock. Complete line of Insulating
Materials. ,

Write for ncw catalog.

INSULINE CORPORATION of AMERICA
78-80 Cortlandt St., N. Y. C.

Photoelectric Cells—Neon
Lamps— Special Relays
Write for our price list and bulletins

PHOTO ELECTRIC DEVICES, Inc.
594 Fifth Avenue Brooklyn, N. Y.

Page 51

TELEVISION is now an accomplished fact.

Experimenters will welcome the Raytheon Kino-
Lamp, the first television tube developed com-
mercially to work with any system.

Uniform glow over the entire plate, without
the use of mirrors or ground glass, gives it
perfect reproduction
qualities.

Kino-Lamp is the latest
achievement of the
Raytheon Laborator-
ies which have made
so many original
contributions to
radio science.
Write for /
information

Raythcon®

Foto-(ell

Available in both bard vacu-
wm and gas-filled extra sensi-
tive types—cach in two
sizes. Write us for special
specifications.

RAYTHEON MFG. COMPANY
Cambridge. Mass.
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-

DEPENDABILITY A

Bee Cee
2317-19-21.23 CALUMET AVENUE /
CHICAGO, U.S. A. ' FIXED CONDENSERS

] T r=
H«PRECISION» ] /

v 3

; v

v v

v NATIONAL v

\vl Velvet Vernier Dial & |

v Ty ve N, Solid German v

v Si/m-r Dial, 4" diam. Y

0y Bakelite Knob, three |V

' P d i

y ranges of Divisions with ¥

M o ol ¥

Y Vernier fur _frucluorm y

W rn-mln'ngs. Attachesto fuce y

'] ofpum-l at three potints. y}

9 Price $6.50  [y|

}" ; Nore. For bishfrequence | ¥

wor o dhelit ron to

v N— petect the fingers from burne |

v o/ 'ng[c..p he provided ata slight V]

v additional cost. i~

¥l !

;‘ I)recisit)ll llleaslll'ills ;llS'I'“"IeII'S re(lll;l'(' l)"e(‘isioll ‘x

z‘ parts. Itis for these and for more ln'cc;.\c 105’5’;”5’ ‘v' A new type condenser with a f“”

Iy Ofﬁllol"'\\';\\'c re\'e;vins .'IIICI 'Yﬂllslll;'(;lls .’ll)l)-’ll'a' gl 3"‘(”. yllm'(llllct‘.

¥ tus that NATIONAL CO. INC. has produced LA The test of a manufacturer’s faith in_his products
¥ 1 1

1] its new Velvet Vernier Dial Tvpe N. This solid v is how long will he guarantee them?

Y e Yolver ¥ erner Dial fype W s solud -yl SURGPROOF CONDENSER carries an imme-
L.‘, German Silver dial has a REAL VERNIER permit- \\: diate replacement guarantee if defective within
Y ting accurate l'eﬂllill\' to 1 10 division. The \" one -Vear'r . .

Y ? ol 0 - 1 |l led v SURGPROOF CONDENSER has a safe work-
v movement 1s the original and the nnexcellec v ing \'oltage Of 1300 \'OllS D C and IS.I‘CCOHI
Yl Velvet Vernier mechanism. ¥ mended for any high-voltage amplifier using twc
¥ i ) v 210 Power Tubes in Push Pull or the new 230 or
s We kuow of no finer dial fur use on oscillators, wave ¥ 280 Tubes. Encased in a familiar TOBE SIL
\:I meters, tube testers and other acenrate radio appiratn y VERED CASE 414" x 5”7 x 114",

‘v’ It7vite for Bulletin 128 R. E. M Type 1302—2 Mfd..$5.00

v v Type 1304—4 Mid..$9.00

G;[‘ NIA T I( O[N A L § 1Write for new catalog of TOBE products

RADIO PRODUCTS |

2] A

\ TOBE DEUTSCHMANN CO. r-

NATIONAL CO. Inc.  W. A Ready, Presiden: MALDEN, MASS. CANTON, MASSACHUSETTS
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Top view showing
built-in-guide for
tube prongs

Bottom view without
bases showing contacts

SOCKETS

Eby Sockets have —

1-—Good looks that will improve the appear-
ance of any set.

2 Grooved tops to guide tube prongs.
3—New and improved prongs providing
long tight spring contact. High current-
carrying capacity and low interelectrode
capacity. ldeal for use with A.C. tubes.
List price: UX type.............. 40¢
UY type.....covevntn 50¢

BINDING POSTS

Eby Binding Posts are all that
binding posts could be.

e Completely insulated with non-
sz removable tops engraved in popu-
4 lar markings.

TIP JACKS
Eby Tip Jacks have countersunk
tops so that the pin can’t wobble.
Equipped with red and black
-.1- Bakelite washers for insnlating

4 from mectal panels.
List price........... 25¢ per pair

The H. H. EBY MFG. CO., Inc.

4710 Stenton Ave., Philadelphia, Pa.

Page 53

- |

TRUE A. C.
CONSTANTS

of Radio Tubes can now be obtained

By Means of a

DIRECT READING
INSTRUMENT

Known as The Weston Model 526

RADIO TUBE TESTER

TS principle of operation is based upon the

fundamental definition of the tube constants
and thus it becomes an absolute tester, afford-
ing quick and accurate measurements without
the use of telephone or other complicated aux-
iliary devices. These values could be obtained
formerly only by means of complicated bridge
methods.

The Weston Model 526 will measure:

Voltage amplification factor: plate im-
pedance in ohms; mutual conductance
in micromhos; plate current—as well
as plate, grid and filament voltage.

The values indicated are the true A. C. values
of the tube constants which are obtained by
applying to the plate and grid circuits an alter-
nating current. This current may be from an
ordinary lighting circuit, and the values ob-
tained are independent of variations in voltage
of the A. C. circuit used.

For complete information write direct to

WESTON ELECTRICAL INSTRUMENT
CORPORATION

612 Frelinghuysen Ave, Newark, N. J.

WESTON

RADIO
INSTRUMENTS

www americanradiohistorv com
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ENGINEERING ABILITY q
50f1

|
|
’ micromicrofarad at minimum

capacity and 1% at maximum capacity are
the tolcrance values of the AMSCO ‘Bath-
tub” gang variable tuning condensers.
Such perfect “matching” at the low end of

the scale makes the AMSCO *'Bathtub™ the

ideal tuning condenser for good receivers. / B
AMSCO *“Metaloid™ resistances need never be /"
replaced . . . .. Their scientific design assures per- ) e
manency of resistance and physical characteristics - o
AAAAA Accurately calibrated — conservatively
rated — moisture proof and acid proof —

AMSCO ""Metaloids™™ are available for perfect
operation as grid leaks — coupling resistances —
grid bias resistances and power resistances . .
Available in all sizes . . . . . WMade undes UL S|
Patents No. 1034103, 1034104, 1635184.

Write for descriptive literature.

AMSCO PRODUCTS

418 Broome Street New York City

May we see you at the show?

Booth 2
Section Z, Mez.

THE PYROHM IS BUILT
TO CARRY THE LOAD!

Acrovox Fixed and Tapped Vitrcous
Enamelled  Pyrohm  Resistors  are
made in a wide range of resistaner
values and wattage ratings to suit
every power supply requirement.

They are built to the same high
standards a8 Aerovox Mica Con- |
densers, Socket Power Condensers
and Filter Condenser Blocks. For best results in all
power work use

P he irgue o 1 Aerovox @
S Rermcuren® Worker coniaine un iioresi- ELMENCO Resistors.
Prog anat m.u!rum'i\'c aric I'e- "fl:-r”;:.\:.w::‘; @
R e n s il Venseel £ NOTE TO MANUFACTURERS—Special tapped re-
¢ free on cequest. " sistors can be supplied on order to manufacturers
only. In ordering please specify number of taps re-
Vo sistance per section and current drain., Write us
today.

66 WASHINGTON ST., Electro-Motive Engineering Corp.

\ BROOKLYN. N. Y. j‘ l 127 W. 17th St. New York
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Quality Tells. an

the claims in the world do
not affect the judgment

RESISTORS -

)

e
i

FOR AC CIRCUITS

Center Tapped Resistors
Grid Resistors
“C" Bias Resistors
We manufacture Resistors for every
requirement

In Canada:
io Co., Ltd.
Toronto

[Carter Radio Co]

On the Byrd Antartic Ex-
peditionnochances could
be taken with faulty con-

%) %5

Lme for 1928-1929 . . .
With a background of 41 years’ successful manufac densers 1mn thelr radlo

turing experience, Amplion invites comparison of

NEW® DYNAMIC CONE UNITS, SPEAKERS and | apparatus. 1t may be a

the New Amplion Microphone.

Amplion Microphone Amplion Giant queStEon Of 1lfe and de?th.
S —ts The lines of communica- |

Largest ever made tion mllst be kept Openo

53....3}‘ | Dubilier Paper Condens-

ers will do their part to
bring the expedition to a
successful termination.

B L ® '
List $100.00 7
For those who cannot cail at our laboratory for
dem onstration——Our New Catalog is Now Ready

AMPLION CORPORATION OF AMERICA

133 W. 21t St New York City CONDENSER CORPORATION
elephone eisea
4377 Bronx Blvd. New York
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LT T T T R TR LR AR TRRARRRA LA

Includes every es-
sential feature of
the famous stand-
ard Midline model
—only simplified to
better meet the set
manufacturers’ re.
quirements.

The New
HAMMARLUND

Manufacturers’ Model
MIDLINE CONDENSER

0 MANY manufacturers have
vJ asked us why we didn’t make a
simplified Midline Condenser, de-
signed for receiver production in
large volume.

The answer now is:—*“We DO!™

And the new manufacturers’ model
illustrated here is a real achieve-
ment. For not only does it embady
every essential technical charac-
teristic of the standard Midline
model, it will give the same high de-
gree of precision aceuracy and faith-
ful service.

Die-cast frame of new design—built
for hard usage. Soldered brass
plates  with tie-bars. Smoothly
operaling bearings. Positive spring-
friction contact. Convenien! ter-
minal lugs.

Your receiver should have the extira
prestige of using Hammarlund
Condensers—famous for quality the
world over.

The price is unusually attractive.
May we quote on your needs for the

enrrent season?

Write for Hammarlund literature auad
usk for quotations on your requirements

HAMMARLUND MANUFACTURING CO.
421-138 W, 33rd S, New York. N, Y,

Fore Bettore Radio
ammariund

PRECISION

PRODUCTS

EL DR RE ERE LU R LR PR R LR AL TR A TR R L TR TR AT TIA T
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PUSH-PULL 250!

The features (reduction of hum on AC operation and
large overload capacity) of the push-pull amplifier circuit
render its use with the new type UX 250 (CX 350) power
tubes the natural solutien for installations demanding the
delivery of unusual power to the speaker.

Sufficient power is obtained to operate several repro-
ducers, and to fill a small hall or out-door space.

Output transformers are furnished either for high im-
pedance or low impedance (dynamic) speakers. The 341
transformers are supplied in two combinations each con-
taining an input and an output transformer.

Type 541-A and Type 541-B (for 2000-5000 ohm speakers)
Type 541-A and Type 541-C (for 10-15 ohm speakers)
Price (either combination of two transformers) $25.00.

GENERAL RADIO COMPANY,

30 STATE STREET, CAMBRIDGE, MASS.
274 BRANNAN STREET, SAN FRANCISCO, CAL.

L. M. C. RESISTORS

Vitreous Wire
Enameled Wound

;
L has e s

The wide acceptance and increasing use of
“L.M.C.” RESISTORS by the electrical and
radio industry is attributable directly to the
following facts--

\We are not merely assemblers.

\We are Metallurgists, making our own Alloys.

We are Ceramists, making our own Enamels.

\We are Electrical Engineers, prepared to work out
any problems pertaining to controlling devices.

We know there are other good resistors on the
market. but invite manufacturers to judge the
“LM.C”

Our engineering department is at your service.

Send in your problems.

In fairness to yourself, let us quote on your require-
ments and send you samples.

LAUTZ MANUFACTURING COMPANY, Inc.
Electrical Alloy Products—Controlling Devices
245 N. J. R. R. Ave. Newark, N. J.

Wwww americanradiohistorv com
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CARVING AN ENDURING MARK OF QUALITY

N e

7277 77 I, 77 a2 =1 polvmet Elecirie
% WAL 2, - L Z h ! ‘
2z

7 e A o 3 . 3 wet Essentials
p 277 : ;
2

?‘ /A’ aif ! ’ o Condensers
—a mark that is | 1 oy By < ? Filter
recognized by radio Block
manufacturers, MI\..I"H-I
dealers, set build- PLQIGR(
ers and consumers Resistances
alike, as standing Strips
for dependable M'"{'\"""' l
electric  radio  set ml-‘-lu.x":-'::l

essentials made by
a dependable manu-
facturer.

Filter Block Assembly

Filter €ondenser

¢ EElro

small Molded
Bikelite Condenser

POLYMET

POLYMET MANUFACTURING 2 \ ; iy

601 Broadway, New York City *‘:L. Wire-Wonnd Resistance

ODUCTS

Certain Proof
of Resistor Worth

'l‘lll RI is no better proof of the real worth of
Har-ficld Resistors than our records. which show
that. after two seasons of actual service. Har-field
Resiziors are being purchased in greater quantitics
re manuiacturers than ever before. A few of
more prominent we list below

-,

Stromberg-Carlson Tel.Mfg.
Co

Kolster Radio Corporation
American Transformer Co.
Fansteel Products Co.
Martin Copeland Co.
Zenith Radio Company
Crosley Radio Corporation

Western Union Telegraph

Co.
A. H. Grebe & Company
Splitdorf Electric Co.
Magnavox Corporation
Electrical Research Lab's.
Samson Electric Co.
Philadelphia Storage Bat.

Co.

We shall be glad to design a resistor to meet your
pecitic need, wnd forward samples ior testing with

prices. \Write to

HARDWICK, FIELD, INC.

Sales Office:

122 Green-

Factory:

215 Emmett

wich Street,
New York

HAreL]

WIRE-WOUND

ao ) RESISTORS

Street,
Newark,
N.J.

.- " /‘
VCompletel_y wired Push-Pull
Power Stage

HANDLES ample power to faithfully reproduce full frequency
range without tube overloading. Eliminates hum caused by raw
AC on filaments of Power Tubcs. Increases clarity, reality and volume.
AmerTran gives you a unit in 4 tvpes designed for practically any
combination of spcakers [including the new dynamic types], and power
tubes. For complete information sce any authorized AmerTran dealer
ot write to us direct, mentioning the speaker and tubes you intend using.

Price complerely 1wired and ready to
install in ser $36.00 without tubes.

Liccnsed under Patenrs owned or controlled by R.C. A, and may
be bought with wbes

A  AMERICAN TRANSFORMER CO.
3’ 185 Emmet St.,, Newark, N.J.

Transformer ‘Builders for over 28 yeuars
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ALkhAMBRA

CONE SPEAKER PAPER

Sensitive Tapping

L | ALHAMBER A the cune spealer is
PAPER gives AR supreme in radio re-
ls as er NOLUTELY UNI- production, 8o also
FoRM RESO- 8 ALHAMBPRA
NANCE. It has no supreme in impart-
o 5 resunance point of ing the wutmost in

The ETTCO High Speed Tapping Attach- its own. Just as tone quality.
ment Wl“ tap & gOOd ghread n BAKEL!TE The small clock and interior eahinet cone do not equal in soft, natural
as well as other materials. If you are expe- tone the scparate cone made of ALHIAMBRA which is used by high class

- . akers.

riencing trouble try one out for 10 days. Cone speaker manufacturers are invited to communicate with us concern-

ing their requirements for the coming season. ALIIAMBRA is furnished
in sheets suitable for cone speakers of 13 inches to 36 inches diameter—
epecial sizes to order. PromDt shipment guaranteed.

The SEYMOUR CO., 323 W. 16th St,, New York City

ETTCO Tappers eliminate
tap breakage, whatever the v -9
cause. A “green” operator

aped “hole. - nemg - an CONDENSER PAPERS

ETTCO and still not break
the tap—he has no friction
to adjust. . : .
Where ETTCO Tappers High Dielectric Strength

have been installed all

No. 1. ETTCO Tapper breakeg Bas beeul lelimi LINEN AND CELLULOSE

nated and production in

CaP“C‘;YTCBS":C“ creased 100 to 500%. IN ALL CALIPERS
Neo. 2. E apper
“Capacity 3%-inch fTrY an DEAT;FSCONTAEII,’ER LIBERAL STOCKS CARRIED IN NEW YORK
Ne. 2 JENTCO, Toguar] (00 L S otee ROLLS FOR TESTING ON APPLICATION
Eastern Tube & Tool Co. FRED C. STRYPE
600 Johnson Ave. Brooklyn, N. Y. 140 Lafayette St. New York City
3 b/

For More Accurate
Voltage Control!

A. C. Line
Voltage Control

For Radio Set Manufacturers

0 A remarkabiy convenient and

— Pllif_-i(-nltl (levi(-el which auto-

matically ) lles A. €. line

/I)’ t/Ie lh:ln-l.:mlinn m:\:e; a broad
makers range.

Cost surprisingly low,

For information,

All-Wire 0
Write Dept. RE. 9

Resistances
U. S. Pat. 1.676.869 l RADIALL CO.

and Pats. Pending 50 Franklin St.,
\ INDING a mueh greater New York, N. Y.

quantity of larger resist- i, i3
ance wire of comparatively low M‘
resistance into a small space e 7
assures finer rcgulation of
voltage and greater capacity.
Truvolt Variables simplify
B-Eliminator construction by B L — - — S S =
eliminating difficult caleulation
and making adjustments casy.
22 Stock Sizes $3.50 each.
Truvolt Fixed resistances are
adjustable  to  different  set
values hy the use of sliding
. clip taps—an exclusive Tru-
Write for volt feature! Made in all de-
Free Circulars [ sirable resistance values and
and Full In- [E current ratings,
: B Flectrad specializes in a full
formation. line of Coutrols for all Radio
Purposes including Television.

Dept. L-9, 175 Varick St.
New York

VoA, v
5 ,,’0‘, wlomalie
L s G
— ‘cIroducls Corp.
| 2729Vestry Steeet New York,
SerewTachine Froducts
Hetal Stampings
ESTABLISHED 1920

AQ B>

Y ©F
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GIANT POWER

|[[[Centzalab]ll]

CENTRALAB

—— MALL in diameter but
large in capacity, this
rheostat will safely carry
any power load of 70
watts. Constructed of heat-
proof materials through-
out. No fibre to warp or
burn out. Wire is wound
on a steel core insulated
with asbestos. Extra wide
core assures large area for
quick heat dissipation.
This unit is ideal for
primary control ol “‘AC”
receivers or “A” Power
Units. It will keep the
line at a constant workable average, keeping the
secondary output well within rated limits. These
units connected in series across the output of a Recti-
fier and Filter system for “B” Power will provide all
necessary voltage taps.

These units can be used in any power circuit position
without any danger of burning out—the capacity is
only limited by the capacity of the wre.
Manufactured with either two or three terminals.
Diameter 2”; Depth 114”. Write for new Booklet
on :‘Volume Controls and Voltage Controls—thsir
use.

CENTRAL RADIO LABORATORIES
25 Keefe Ave., Milwaukee, Wis.

Page 58

RHEOSTAT

ZINC-FOIL

(MIKROFOIL)

FOR CONDENSERS

A STRONGER, BETTER
FOIL AT A LOWER PRICE

Zincfoil is not only much stronger and
tougher than 83-15-2 composition foil but
its cost is substantially less.

It solders readily, has high conductivity,
and from every angle is an ideal foil for
condensers.

In coils of all thicknesses up to
.0004 inch.
Samples gladly submitted for test. Write
for them and for prices.

Reynolds Metals Company, Incorporated
Division of United Statcs Foil Company
LOUISVILLE
SAN FRANCISCO

OF FOIL

BROOKLYN

ALL GRADES

Aquadag

A concentrated colloidal solution of
Acheson Electric Furnace Graphite in
distilled water.

Manufacturers of grid leaks, other re-
sistances, “‘getters,” and those interested
in the establishment of positive contacts
are consistent users of Aquadag.

Acheson Oildag Company
Radio Division

P. O. Box D, (Hillside Station)} Elizabeth, N. J.

b
b

CORE LAMINATIONS

for Audio & Power Transformers —

Chokes

A large variety of standard shapes carried in stock.
Special designs stamped to your order.

Our BOOKLET on LAMINATIONS (sent on re-
quest) gives specifications of Stock Standard Shapes.
and contains much data of value to the designer—
and buyer.

Lamination Stamping Company
764 Windsor Street, Hartford, Conn.

-

Independent Laboratories
Newark, N. J.

Oxide Coated Filament

for

All Tubes

Special Getter

for

Detectors — A.C. Tubes — Amplifiers
Power Tubes — Gas Rectifiers

Cerium Alloys

Exclusive Sales Representative

A. U. HOWARD

50 East 42nd St. New York City
Phone: Murray Hill 0342 & 0343

B e e e e e < . e
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—STANDARD PRODUCTS AT SPECIAL PRICES —

TIMMONS Combination Power Amplifiers and “B" TIMMONS Power Ampllﬁer
Supply Units—List $70.00 each without Tubes—

OUR PRICE, $18.50 each

Ideal for List $45.00
"OTHER ITEMS FOR PROFESSIONAL SET BUILDERS" Dynamic (without tubes)
;ulrd llnl'nwer: AT Power L nit volt) with Iu 1 relay. $9 7; Speakers
T mfl Filter Condenser, 6o 1nc wkse (Dbl i
E “liter Condens ’l,ll‘ l‘ Lo \f)‘u tstrom. Carl L% A and " SPEC]AL AT
¥ cnser. 250 1 wky (RCAY b honograp
1% nilsifier i 5
ystat Type 12210 tor A Lin itage recnlator 1h Pick-Up $1 1'50 ea.
Frestman 80 Henry (Choke Coil: 50 wnills, b
Acme A 2 Audio Transtormer (wlre leads) bt

; Tlwse high auality combael units use a U.X. 2IGI} or 281 tube for rectifying
All-American Audio Transforer  (wirg 1ds) Lig . @ SR a8 an i vhiet i
Freshman  Power  Transfaruer  {for Lower  Amplifer or 216 aml a U.X. 210 suber power audlo tube as an amplitler whieh rlives distortioniess

Hi . aml trve uatursl aeception with  wonderful ne quality and volune.
Tranxmitter) . ; L N Justments recuired aml no omnput transformer or similar auxillary equip-
Precise S Lo F. Condenser 00035 3] wenl  neshal with her u
Hapunacdund Tege . Vondensce #0035 gl i with alternating current 105—120 volts, 50—60 cycles,
Jeclse & gane Codensers . 145 Every unlt is brand new, paeked in original fuctors sealed carton and  (ully
Precice 4 gank Comdensers 00035 . 1.88 gunranteed. They have been approved by lomlar ltadio and Fopular Seience
laboratories.

W. K. SKIDMORE & COMPANY, 233 Broadway, New York

You Can Build and Ozwn the
Finest Custom-Built Radio Receiver

O UR instruction pamphlets are complete in every detail,

model radio receivers. Diagrams are unusually clear an
We design, build and thoroughly test every set described,
standard, easily-obtainable parts are specified. The follo

giving step-by-step data for building the new 1929
d explanations are in concise, everyday, plain English.
so that you are absolutely assured of success. Only
wing Circuits are available:

LThe = Vind-A1" siv.
2. The Versatile Fone.
A The “Find-Al" Five,
4

The ( om-Baill. Robert's Raoekont.

D e —

Five.

1928 Standard Partg Six,

“pnic Super-leterodyne 3. The All-

ind-Al" Four, 8. The 'oor )
» ~Pull Power Amplifier aned 83" supply. 9. An A, (

s Eind-All 20

i Set.
. Nereen Grid Booster,
. The Aero Shield Grid Five,

. The Begin

The above instruction pamphlets are priced at $1.00 each, or any eight will be mailed post paid for $5.00. We
guarantee that you will be immensely satisfied with this radio constructional series.

ALLIED ENGINEERING INSTITUTE

30 CHURCH STREET Room 429 Est. 1921 NEW YORK, N. Y.

) Send for New Radio Book It’s Free

New hook-ups.  This book shows lhiow to muake short wave reveivers and
b § % short wave adapter How us¢ the new sereen grnd tube In DOoCooand
E Mg o ol 1 Ao U clremts,  Tow to builil pawer ampiifiers.  ABC eliminators, Uu-te
L - the-minute information on all new radio developnients I’ free.  Send

a

o copy today
KARAS ELECTRIC COMPANY

o - . I b 4036 J N. Rockwell Street, Chicago
2 " e N . Tl
A Auriemia Ine | |

Street and nuniber

£} Manpfacturers® Export Managers tihiylanty Syt 036
» ¥ 116 Broad StrestNew.York, N, 7
LA pays & 7
Scientifically equipped to
ef uﬁamn’c;ll,ve:n:n dependyble. "n“s Custom Work in Super Hets a Specialty
“reemiving and transmitting Y
1 " oRRaaigs -.'\ H. & F. RADIO LABORATORIES, Inc.
Lo (= \ Radio Engineers
. ( . .
o . 168 Washington St.,, New York City
¢ Consulting Experts to Manufacturers

TESTING OF RADIO APPARATUS

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.

b
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SUPERIOR CONDENSERS

The
CORTLANDT PANEL
ENGRAVING CO.

has enlarged its facilities to care for a
greatly increased business and
IS READY FOR THE
COMING SEASON

FOR THE MANUFACTURER
STAMPING — PUNCHING
ENGRAVING — MACHINING

Send Blue Prints for Quotation

FOR PROFESSIONAL SET BUILDERS

All Latest Circuit Panels in Stock
Special Panels Made to Order

You are assured of prompt service
at the height of the busy season

CORTLANDT PANEL ENG. CO.
165 Greenwich St., New York City

Aaron Sledman Co., D. H. Burcham.,
307 N. Michigan Ave 1553 l' 1Zwrett St

Clncayo. 111 Tortland, On
Frank H. Deardor! Co., Lyolu Radio Snlzl Co.-
£00 N. Spring St.,

Los Angeles, Calif I‘I Iml l|| m l m

A More Effective and De-
pendable Condenser — for _
Less Money

Type RM [4—Faor (71
List Price $13.50

By-pass 250 V

. Transmitting

Filter 450 V 1500 V

High Voltage 2000 V
650 V 3000 V

High Tension
1000 V

Midgets 500 V
Blocking 2000 V

Type FAIO—For 210
List Pice $16 50

Custom Set Builders:  Use
Flechtheim Superior Condensers
in your pawer packs, amplifiers
and radio sets—you will save
maney and get tlie best results,

send for the new fall catalog
describing functions of various
types of condensers and listing
complete line from 250 V to
3000 vV DC.

Type 0X25—For 250
List Price $20.00

DEALERS: Write for our interesting proposition

A. M. FLECHTHEIM & CO., Inc.
136 Liberty St., Dep’t XX New York, N. Y.

The Lynch Deck

Suitable for Short Wave and Tele-
vision experimental work: is a sub-
panel of Westinghouse Micarta on
which all the sockets and audio
amplifying equipment for a five
tube receiver have been assembled
ready for wiring.  An aid 10 simple.
im-xpensi.\'e and c-_fﬁrient receiver e
construction.  $12.50 complete.

1775 Broadway

Universally Accepted Where the Best is Standard

LYNCH PRODUCTS images transmitted by radioe.

Inctude Fitument Equalizors, Metal-
lizedd and Dynohmic Redistors, Sup-

Dhoubte Mountings.

ARTHUR H. LYNCH, Inc.

Amplifier Kit
Containing the e-:nnlml plrls for
a high grade 3.stage re-
sistance coupled llllpllﬁ(r, which
authorities agree is the most satis.
factory type for quality Television
reception  and  reproduction  of

0.0 complete.

single and Send for Free Booklet.

New York City

The Complete Kit for

THE

METROPOLITAN
SCREEN-GRID 5

Price $45

GRAYMORE RADIO CO.
142 Liberty St., New York City

SHORT-WAVE
CONVERTER

DRESNE

WAVE- COMPLETE

LENGTH

RANGE $ 2250

15 to 550 *

Meters (SPECIAL)

May he used w ny tape of hroadeast pecever § ennected n
Just W 1) tune No o« licated w N i e mnn
e dleteetor soch n o the AT m rang: of wave lemugths
iy it AMaxinaw saiislaction fion o to  hottow
Pran’t the evilent  progtapis now  beang broadeast en t short
way Get a Dresner ot Fre ntorchanzea) emls furnish «d
with cach w it deuler ean’t supply st call on us direet,

Wwrite for booklet

Dresner Radio Manufacturing Corp.
640 Southern Boulevard -ie New York, N. Y.
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The New c%o—o“

Radio Service Man's
Tester and Tool Case

Just what the Set Builder and
Service Man has needed at a
price he can afford to pay!
4-Meter Set and Tube analizer.
Finest quality case with handle.
Guaranteed. Easily worth dou
ble our special price of $26.46.
Orders filled promptly

Wholesale Radio Catalog
Free to Set Builders

Brimful of all that’'s new in
radio. Write for it.

SETBUILDERS SUPPLY CO.
201 Romberg Bidg.,, CHICAGO

Rudio Engineering, September, 1928

AMPLIPACK

Complete A. C. Power Supply

“A”, “B" and “C”
MAKES ANY SET AN
A.C. POWER RECEIVER

Uses twen 210 type tubes in g
Pusle-'ull: or one of the

new 230 type tubes Full
i ran Advanee:l-
Shmple—I»pendabl Can

be embled in one evening.

TRANSFORMER CORP. of AMERICA

i Send for
1428-32 Orleans St.. Chicago. 11, Free Booklet—
Manatactorers of the T A. Line of Power he Latest Word on

Power Amplification and
A U Conversion,

2 G}
Transtormers. and Audio Transformers, Chokes
Power Packs and Power Amplifier Packs.

READ THE WorLD OVER

Peoples of

Australia China Hollund Philippines
Avrgentina Cuba Jamaiea Rhodesia
Austria Denmark Japan Roumania
Bahamas (B.W.I.) Dutch East Indies 'thél""Z’;!".":"" l{ll'i:‘lll
Brazil Equador M ('Y.O’ ) 'qp"'"'l_

. lexico Jweden
Belgium England Panama Switzerland
Canada France Peru United States
Czecho-Slovakia Germany Portugal Venezuela

have ordered and are reading copies of John F. Rider’s Labora-
These laboratory Treatises have been
acclaimed by radio magazines and newpapers, and YOU TOO
will find them sourees of valnable, vital information.

Acclaimed by the New York Sun, New York Herald Tribune
New York Telegram, Washington Herald (Dist. of Col.) Radio
News, Radio Dealer, Radio Retailing, Radio Engineering and
If vou are sceking information about B
Battery Eliminators, Serviee Units and A. C. Tubes, vou will find
the required data in these treatises.

“A Treatise on 25
Testing Units for
Service Men”

28 pages 8107 x 117 30
illustrations.

Postage extra 10¢

tory Treatises.

many others.

“A Laboratorv

Treatise on B Bat-
tery Eliminator De-
sign and Construe-
tion”’
88 pages 81,7 x 117 71
tllustrations. Price $1.00
Postage extra 10¢

RADIO TREATISE CO., 270 Madison Ave.,, N.Y.C,
USE THIS COUPON—

Kindly cend me John F. Rider’s

2

“A C Tubes—How
to Use Them”

76 pages 81%” x 11”7 50

tllustrations. Price $1.00

Price .30 Postage extra 10¢

..B Eliminator Treatise N e n o d s Do Pt m bt eals
..AC Tube Treatise

. .Service Treatise Address

for which ¥ am enclosing $..... ..

(Add $.10 postage for each book) Cile s Pl FYTRTSF 7 ey
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Examine any of these

RADIO BOOKS

for ten days FREE

1. Peters— 3. Vander Bijl
Thermionic Vacuum The Thermionic
Tube Circuits Vacuum Tube
226 pages, 6x9, 110 illustra. 391 pages, 6 x 9, 232 illustra-
tions, $3.00 tio $5.00
A complete description of

the principles of operation of
thermionic vacuum tubes

A detailed discussion of
thermionic vacuum tube cir-
cuits that develops conven-
tions and methods which may with proper consideration of
be used in treating electrical the applications of these prin-
networks and systems con- ciples,
taining trielectrode devices.

4. Davis—
2. Moyer and Wostrel The Law of Radio
Practical Radio Communication

Third Edition, 378 Ppages. 5' x 8.

206 pages. 6x9, $3.00
223 ilinstrations, $2.5

An authoritative and de-

A thoroughly rewsed edi- tailed analysns of the laws
tion of this practical book governmg radio communica-
on radio fundamentals. the tion in general, and radio
book gives a clear explana- broadcasting in  particular.

tion of radio receiving prin- The book determines upon
ciples and apparatus. In this what basic legal rules de-
revision chapters have been pends the relationship of
added on Loud Speakers. broadcasters and other users
Eliminators and Chargers for of radio communication to
“A”, “B”, and C" Bat- the Government and to cach
teries and Vacuum Tubes. other.

e e e e e e e — e mmm e —m -

McGRAW-HILL FREE EXAMINATION COUPON

! McGRAW-HILL BOOK CO 3;0 Spventh Avenue. New York, N. Y. |

1 ¥ 1-ml m- onl ok ehecked below, [ aute ]
" in 3 or tu 1wt for them at that time

! Thumlomc Vacoum Tube Ir( s, $3.00, |

] Mo aml  Wostrel's $ 0 |

Vander liul' The The . $5.00,

1 Danis' Theé Law of Radio Communication, $35.00. |

| Name... |

I T*osition. B |
Name of Compan ...

b yiome Addres . ]

U ¢iny una Stare e s !

U I g o |

New Bakelite tn.
sulated  X.L
Push Post
The most per
tect binding post
made. Push down
with thumb,
inscit wire, e
miou: ipri:sslurlei
wire N el
LESSEN tirmly.  Vibratlon

i1l loo~
STATIC ul releases in-
TUNE MORE SHARPLY stantly when jou

N wish, Posudve,
Bring your set up to maximum sharpness permanent. 1\“0
with X-L Vario Densers. S I
Lndorscd by leading radio engineers, designers and 'i‘-:«:»';.mdmm'l
builders and used In all high-grade circuits or receivers b
today. Jiroad and positive capacliy range that assures
exact  oscillation control casily obtained with both
Model "N and Model "G Vario Densers.
Uenuine Bahelite casing, dust and moisture Dbroof.
1 metal pnns phosphor hronze nickel bhlated. Only
ed lndh mica usged. i

unarters, \(ode N" has variable cwacm adjustable
trom 1.8 to 20 micro-microfarads, I'rice cach $1.0U.

X-L RADIO LABORATORIES
Dept. K, 1224 Belmont Ave.,

Chicago X-L Push ost

CONDENSER SPECIALISTS
We make one unn and one thing only—wax

in
large capacmu \\e make no set hardware, :o
rs, DO set;

Our entire concentrated effort is éil one lu'o:ie ot
alone, Such specialization assures highest quallty,
economical production and dependable serv!
Millions of Fast Condensers now in use in lend-

E and eliminators. Send us your

3932 nI:rry Ava..

Chlcaqo U S A

“MORECROFT is the finest en-
gineering interpretation of
Radio’s first quarter century we
have.

»

ZEH BOUCK

Second Edition
Revised and Enlarged

THE
PRINCIPLES
OF
RADIO
COMMUNI-
CATION

By

JOHN H. MORECROFT
Assisted by A. PINTO
and W. A. CURRY

Moreeroit's famous book  has been
umnph-tel\ revised, The Seeand Edi-
tion is practically a new baok. Nota-
ble additions oceur in Chapter L
where new data ou coils and con-

1l puyges
6 by 0
Sl Hiuwstrations

Cloth densers  at  radio  frequencies are
$7.90 given.  Chapter 1V deals with the

weneral features of radio transmis-
sion: and new material on field
<trength  measurements.  reflection  and absovption,
fading. short-wave propagation, ete., has bheen intro-
dneed. In Chapter VI much has hoen audded on voice
analysis aml the periormance of lowd-speaking tele-
|-l|nm-~: irequeney eontrol of distortionless dlll]nlnu-.ltmll
s been thoroughly dealt with, some of the information
heing  published for the first time. Radio frequency
.un]»llhullu»n balaneed  eireuits,  push-pull  avrange-
ments, have also been explained.

ZEH BOUCK. Promiuent Radio Engineer. says in the
New York Snun fur November 5. 1927

o radio baok las ever been of greater utility to the
weer and ~tudent than this (-l.mﬂ(—llm only reliable
reference of its Kimd six years ago and today the most
astontding collection of answers to tee ‘linieal questions
front the analy<is of radio frequency |l|l('ll0llll'lnl in
tevm= of complex formulae to why a particular ampli-
tier howls.”

--A Wiley Book--

Special Offer for Laboratories!

(3%, in. diameter, Switchboard mount)

Radio frequency Ammeter (0-20 Amp.)
Thermo Coupled AC and DC. 'S 00
Wattmeter 0-3 Kilowatts AC and DC. each

Radio frequency Ammeter (0-10 Amp) Hot Wire
Numerous other special offers!

LEEDS RADIO COMPANY

45 Vesey St. New York City

FREE EXAMINATION COUPON H
JOHN WILEY & SONS CO.. 410 Fourth Avenue. New York City
G ntlemen Kmdly send ¢ on 10 dazs’ free evoanmatia. Marerroft's

Prineiples of Radio Com

e to remit the price (37.30) of the book within ten dads after its
Pt or retutn it postpaid.

B TS

R T P R R REEE R R R erarserenens

Pesition orl

il e

Subseriber | Yes

Itadie Enginvering § No

(To Resldents of U, S. Proper and Canada onlh.) RE. 0-28
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We Unconditionally guarantee

The
I— . LOFTIN-WHITE
| JEWELL and MIESSNER
A-C
“R-P-L”
Receiver

Manufactured Under Loftin-White to be the

World’s Greatest

RADIO BROADCAST
RECEIVER

REGARDLESS OF PRICE

Sold Only Through Authorized Representatives
Complete or in Unit Form

LOFTIN-WH‘ITE TUNER SPECIFICATIONS

THESE SPECIFICATIONS MEAN SOMETHING TO ANYONE
WHO KNOWS ANYTHING ABOUT RADIO

Three stages of Loftin-White constant coupled tuned radio frequency amplifica-
tion. giving practically a straight.line amplification factor over the entire broad.
cast wave band. Giving 10,000 eycle scparation. and due to new design of
coupling in each stage it has an unusual sensitivity factor. True single dial
operation with tuned antenna input and full volume control. Automatically
adjusted helow the point of oscillation. Non-regenerative detector feeding the
audio amplifier that has an amplification factor of over 750, which is from
three to five times greater than any commercial types that are now on the market.
Two stages of Jewell Dual Impedance audio amplification, assuring straight-line
amplification over the entire hand of audible frequencies. feeding into a 250-power
tube that has an undistorted outpnt of over 4300 milli watts. This amount of
-~ £ =P A T power is capable of overloading any of the commercial loud speakers now on
the market. In other words. nothing has heen left ont in the engineering of
JEWELL DUAL IMPEDANCE the receiver that could he desired by the most discriminating radio critic. and
POWER AMPLIFIER R N A a5

also due to the fact that the Miessner system of A.C. operation is employed the

A.CC Iim is reduced 10 an absolute minimum.

Distributors for Loftin-White Mr. Radio Fan and Professional Set Builder!

Tuner R. F. Amplifier, Jewell Audio
Amplifier, CeCo Tubes, Airchrome, Why not capitalize the prestige and distinction that goes with being our local
and Jensen Loud Speakers represeniative in your territory by selling the most remarkable radio receiver
that has ever been offered to the American public? This receiver was designed
and engineered by the most prominent radio engineers in the workl today.
Write us NOW for our EXCLUSIVE REPRESENTATIVE PLAN.

PROVISION
IS MADE

FOR
ELECTRIC

PICKUP

W

FIELD REPRESENTATIVES WANTED

e Unconditional Guarantee---You Being the Judge

1931 Broadway, New York, N. Y. We unconditionally gnarantee this receiver to bhe the hest radio broadcast receiver
that can be built under the present known theories of the science and if. for
any reason. it does not come up te your every expectation, it may he returned
to us. in good condition, any time within thirty davs and your money will be
refunded in full

Gentlemen: Kindly send me, without obliga
tion, your Field Representative Plan.

RADIO PRODUCTS LABORATORY
e ) PRODUCTS LABORA
City. o oo St % 1931 BROADWAY . & NEW YORK, N. Y.
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Advanced Construction Ideas
Feature New Halldorson Kits

Halldorson
Shield-Grid 56
. ol

HE. Halldorson Shield-Grid 56 is a marvelous six

tube kit, unusual in selectivity, sensitivity, and
volume, and an unheard-of value at the price for
which it is offered. Specifications: Handsome
bronze escutcheon plate on mahogany finished steel
panel; all parts mounted directly upon steel sub-
base: two stages shield-grid r.f. amplification with
shield-grid first audio; copper shields; push-pull
audio system: and phonograph switch. Price, $59.85
A.C. job in same style, using 226 and 227 tubes,
a knockout at $63.85. A.C. Power Supply, $37.50.

Ask  vour jobber—Catalog of Halldorson Radio
Products semt upon request—write today.

THE HALLDORSON COMPANY
Dept. E, 4745 N. Western Ave., Chicago, 111,

UNITED
SCIENTIFIC

JOBBERS and DEALERS

Can make money stocking this universal precision instrument,
which is adaptable to any circuit. It can be mounted for all
sorts of drives and ganged in any number.

Characteristics:
1. Patent leveled brass rotor and stator.
2. Precision spacing that assures accurate calibration.

3. Removable shaft can be adjusted to any desired length.
Adaptable to ganging in any number.

4. Universal mounting permits clockwise or counter clockwise
rotation. Provided with integral frame lugs for sub-panel
mounting.

5. Modified straight-line frequency curve to take care of all
present day broadcasting wavebands.

This new condenser is made in .00035 and .0005 sizes.
See Our Display at New York Radio Show, Booth 1, Sec. Z

United Scientific Laboratories, Inc.
117 Fourth Avenue New York City

BRANCH
OFFICES
Cincinnati
Los Angeles
Philadelphia
san Francisco

u
nneapolis

Canadian Offices . Loundon. Ontario

e

e

dio
red z R‘;/Vow
AP still

After long, and particularly exacting tests, a new Victoreen
Super Transformer is announced which., we believe is

e

literally years ahead of its time in its many vital im.-

provements.

The new 1929 Victoreen circuit and transformers are an
outstanding achievement in Radio Engineering. Using

them, you ean assemble a receiver uniquely alone in
quality performance. Better can neither be built or bought.

Build the Perfect Receiver for 1929 with the

Following Remarkable Features

IST. AN IMPROVED METHOD OF DETECTION
ZND. AN UNUSUAL AND SMOOTH VOLUME CON-

TROL
3RD, A SIPECIAL OSCILLATOR, ELIMINATING OB
JECTION ABLE “REPEAT” I"OINTS
ATH. A SIMPLIFIED CIRCUIT, MARKING ASSEMBLY
EV MORE EASY,
5TH. A SPECIAL FINED ADJUSTMENT 1IN OSCIL.
LATOR TO SIMPLIFY TUNING,
6TH. A REDESIGNED AND NEW TYPE R, ¥
TRANSFORMER, PROVIDING GREATER SELEC-
TIVITY AND SENSITIVITY.
- WP CIRCUIT, WITHOUT

BTH. NO IIUM, THEREFORE NO NINUM ADJUST
MENT NECESSMRY,

STH., VARIABLE ADJUSTMENTS REDUCED IN
NUMBER.

Unmatched Ease of Assembly

Every feature of the 1929 Victoreen A.C. Circuit has been
planned for the set builder’s convenience. The placing
of parts and binding posts—the careful testing of each
instrument—the sound engineering policies back of Vie-
toreen design—are as near 100% perfect as modern seience
has been able to obtain.

Blue Print FREE--together with complete assembly in-
structions.  Write for it today.

Another New Development Vietoreen ~B”
Power Supply

Supplies 45.90-180 and 130 volis. using 2 UX 210 or 250

in the last stage. Contains two voltage regulator tubes so

that the 90 and 180 volt taps are supplied with a constant

volt potential. It js the last word in “B” supply. For

the most satisfactory resuhts you must have it.

Free Blue Print. with list of parts and complete assembly
instructions will he sent upon request.

The Geo. W. Walker Company

Merchandisers of Victoreen Radio Parts

2825 Chester Ave. Cleveland, Ohio

Vicltoreen
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Buyers Directory of Equipment and Apparatus

Readers interested in products not listed in these columns are invited to tell us of
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 70.

Address Readers’

ADAITERS:
Carter Radlo Co.

ALUMINUM:
Aluminum Co. of America

ALUMINUM FOIL:
Lehmaier and Schiwartz Co.
U. 8. I'oil Co.
AMMETERS:
tieneral IRadio Co.
Jewell Elec. Inst. Co.
Westinghouse Elec. & Mfg. Co.
Weston Ilec. Instrument Corp.
ANTENNAE, LAMP SOCKET:
Dubilier Condenser Mfg, Co.
Electrad, Inc.
ARRESTERS, LIGHTNING:
Electrad, Inc.,
Jewell Klee. Inst. Co.
Westinghouse Klec. & Mfg. Co.
BASES, VACUUM TURBE:
Formica Insulation Co.

BINDING POSTS:
Arrow  Automatic
by, H. H., Co.
General Radio Co.
X-L Radio Labs.
BOXES, PACKING:

Tifft Bros.

BRACKETS, ANGLE:
Arrow Automatic Products Co.
Electrad Inc,
Scovill Mfg. Co.

BRASS:

Baltimore Brass Co.
Copper and Brass

Assn.
Scovill Mtfg. Co.
BROADCAST STATION
EQUIP'T:
Cardwell., Allen D.. Mfg. Co.
General Radio Co.
BUTTS:
Scovill Mtfg. Co.

CABINETS, METAL:

Aluminum Co. of America.
Copper and Brass Research

Assn.
Crowe Nameplate Mfg. Co.

CELLS, PHOTOELECTRIC:

Burt. Robert C.

Photion Instrument (‘orp
Photo-Eleetrie Devices €
Radio Flectrical Works.
Raytheon Mfg. Co.

CERIUM:
Independent Labs.
CHARGERS:
Acme Elec. & Mfg. Co.
Elkon Co.
CHASES:

Aluminum Co. of America,
Copper and Brass Research

Products

Research

Assn.
Ulilted Scientific Laboratorles.
ne.

CHOKES, AUDIO FREQUENCY:

American Transformer Co.
General Radlo Co.

General Transformer Co.
Samson Electric Co.
Silver-Marshall, Inc.

Thordarson Elec. Mfg. Co.

CHOKES, RADIO FREQUENCY:

Cardwell. Allen D.,
General Radlo Co.

CHOKES, B ELIMINATOR:
American Transformer Co.
Dongan Elee. Mfg. Co.
General Radio Ce.
Sitver-Marshall, Inc,

CLAMPS, GROUND:
Electrad, Inc.
Fahnstock Lilec. Co.
Scov!ll Mfg. Co.

CLIPS, SPRING:

Mfg. Co.

Arrow Automatic Products Co.

Electrad, Inc.
I'ahnstock Elec. Co.
Scovill dMfg. Co.

COIL FORMS:
ross P'npcr Products Corp.
tieneral Radio Co,

COILS, CHOKE:
Dudla Mfg. Co

Westinghouse Elec. & Mfg. Co.

COTLS., IMPEDANCE:
Dudlo Mfg. Co.

COILS. INDUCTANCE:

Aero Products Corp.
Cardwell, Allen,
Ihresner Radio Mfg.
General Radio Co.

Hammarlund Mfg. Co.

COILS, MAGNET:
Dudlo Mfg. Co.

COILS, RETARD:
Hammarlund Mfg. Co.

COUILS, SHORT WAVE:

Aero Products Corp.
Dresner Radlo Mfg, Co.
General Radio Co.
Hammarlund Mfg. Co.
Silver-Marshall, 1ne.

COILS, TRANSFORMER:
Dudlo Mfg. Co.

CONDENSER PARTS:

Arrow Automatic I'roduets Co.

Scovill Mfg. Co.

CONDENSERS, BY-PASS:

Aerovox Wireless Corpn.
Allen- Bradlev Co.

Automatic Eleetrie, Inc.
Brown & Caine. Inc,

Burt, A. Jr.

Carter R’ulm Co.

Condenser Corp. America.
Deutschmann, Iobe Co,
Dongan Electric Mfg. Co.
Dubtlier Condenser Mfg.
Electrad, Inc.,

Fast. John E. & Co.
Flechtheim Co,

Muter, Leslie Co., Inc.
Polymet Mfg. Co.

Co.

CONDENSERS, FILTER:

Aerovox Wireless Corpn.
Allen-Bradley Co.
Automatic Eleetrie, Inc.
Brown & Caine. Inc.

Carter Radio Co.
Condenser Cor America.
Deutschmann, l}‘ohe Co,
Dongan Electric Mfg. Co.
Dubilier Condenser Mfg. Co.
Faxt. John E. & Co.
Fleehtheim Co.

Muter. Leslie Co.. Ine.
Polymet Mfg. Co.

D., Mfg. Co.
Co.

CONDENSERS, FIXED:

Aerovox ereless Corpn.
Allen- Bradley

Automatic hlectrlc. Inc.
Brown & Caine, Inc.

Burt, Jr.

Carfer lem Co.

Condenser Corlr Aluerlm
Deutschmann, Tohe Co.

Dongan Electric Mfg. Co.
Dubilier condenser Mfg.
Electrad. Inc.

Electre Motive Eng. Co.
Fast, John E., & Co.

¥ lcchtln-lm Co.

Muter, Leslie Co., Inc.
Polymet Mfg. Co.

Co.

CONDENSERS, MIDGET:
Cardwell. Allen D, Mfg. Co.
General Radio Co,
Iammarlund Mfg. Co.

Scovill Mfg. Co.
United Selentific Laboratories

CONDENSERS, MULTIPLE:
Cardwell. Allen D, Mfg. Co.
Hammarlund Mfg. Co.

Scovill Mfg. Co.
United Setentific Lahboratories.

CO\I:F\SERS NEUTRALIZ-
X-L Itadio Labs.

CONDENSERS, YARIABLE
TRANSMITTING:
Cardwell. Allen D. Mfe, Co.
General Radio Co.
Hammarlund Mtfg. Co.
National Co.

CONDENSERS, VARIABLE:

Cardwell, Allen D, Mfg. Co.
DeJur Products Co.

General Radio Co.
Hammarlund Mfg. Co.
National Co.

Scovill Mfg. Co.
Silver-Marshall, Inc,

United Sclentitic Laboratorles

CONNECTORS:

Arrow Automatic Produets Co.
Carter Radio Co.

Fahnstock Elec. Co.

Scovill Mfg. Co.

CONTROLS, ILLCMINATED:
Hammarlund Mfg. Co.

CONTROLS, VOLUME:
American Mechanical
tories
Carter Radjo Co.
Central Radio Laboratories

Labora-

CONVERTERS:

Cardwell. Allen D., Co.
COPPER:

Daltimore Brass Co.

Copper & Brass Research

Assn.
Scovill Mfg. Co.
CURRENT CONTROLS, AUTO-
MATIC:
2adiall Co.

DIALS:
Hammarlund Mfg. Co.
National Co,
Scovill Mfg, Co.
Silver-Marshall, In
United Scientific Laboratoﬂes

DIALS, DRUM:
Hammarlund Mfg. Co.
National Co,
United Scientific Laboratories
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ELIMINATORS, A BATTERY:

Radlo Receptor Co.
Webster Co.

ELIMINATORS, B BATTERY:

Dongan Elec. Mfg. Co.
General Radlo Co.
Muter, Leslie Ca.,
National Co

Radio Rcceptor Co.
Nitver-Marshall, Inc,
Thordarson Electric Mfg. Co.
Webster Co.

ELIMINATORS, A-B-C:
Acme Elec. and Mfg. Co.
Dongan Elec. Mfg. Co.
General Radlo Co.
Muter, Leslie Co., Inc.
National Co.

Radio Receptor Co.

Thordarson Electriec Mfg. Co.
Webster Co.

ELIMINATORS, UNITS FOR:

American Transformer Co.
Dongan Elec. Mfg. Co.
General Radio Co.

Muter, Leslie Co., Inc.
National Co.

Radio Receptor Co.
Thordarson Electrle Mfg. Co.
Webster Co.

ESCUTCHEONS:

Crowe Nameplate and Mfg. Co.
Scovill Mfg. Co.

EXPORT:
Ad. Auriema, Inc.

FILAMENT, OXIDE COATED:
Independent Lahoratorles. Ine.

FILAMENT CONTROLS, AUTO-
MATIC:

Ine.

Radiall Co.

FOIL:
Lehmaier and Schwartz Co.
U. 8. Foil Co.
GALVANOMETERS:
General Radio Co.
Jewell Elee. fnst. Co

W(E:tlnghouse Elec. ’ & Mfg.
0.

GETTER MATERIAL:
Acheson Oildag Co., Ine.
Independent Laboratories, Inc.

GRAPHITE:
Acheson Oildag Co., Ine.

GRID LEAKS:
Aerovox Wireless Corpn.
Allen-Bradley Co,
DeJur Products Co.
Deutschmann, Tobe Co.
Electrad. lnc.
Eleetro Motive Ln;: Co.
Hardwick, Field, Inec.
International Resistance Co.
Lantz Mfg. Co.
Polymet Mfg. Co.

HARNESSES, A-C.:
Carter_Radlo Co.
Eby, H. H.,, Co.

HINGES:

Scovill Mfg. Co.

HORNS:

-\lllll]lnll Corp.
Temple, Inc,

HORNS, MOLDED:
Operadio Co.

Racon Elec. Co..
Temple, Ine.

Inc.
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When
It Comes To

Service

Pattern
No. 199
AC.-DC.
Set
Analyzer

When it comes to service it is quite likely
that you will have to look a long time before find
ing a service instrument that so thoroughly fills the
requirements for radio service equipment as does
the Jewell Pattern No. 199 A.C-D.C. Radio Set

Analyzer.

This set was designed to take care of the
service needs of the many new A.C. operated radio
sets as well as those of the battery operated type.
Features that have made it a favorite with expe
rienced radio service men are given below.

Easily portable leather covered case with re-
movable cover.

Five prong plug with four prong adapter.

Fourl reading A.C. Voltmeter 0-4-8-16 and 160
volts.

Six reading D.C. Volt-milliammeter 0-7.5-75-300-
600 volts and 0-15-150 milliamperes.

Accurate tube test.

Positive, silver contact push button switches for
taking readings.

New cathode voltage test.

All ranges brought to binding posts for con-
tinuity tests.

These features are all described in descrip-
tive circular No. 2002 which tells in detail all about
this sel analyzer. Write for a copy.

«“28 Years Making Good Instruments”

Jewell Electrical Instrument Co.

1650 Walnut St., Chicago

{
|
|

Page 67

—

ONDENSER!

ISSUES

|- —

O 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 pul out of commission.

DEXSTAR Condenser Paper is regarded
by Radio experis 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. DEXSTA
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 now using

DEXSTAR Condenser Tissues exclusively.

C. H. DEXTER & SONS, INC.

Makers of Highest Grade Thin Papers
WINDSOR LOCKS, CONN.
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Resistors

jor
Experimental Work
in Television

B ry 2B
Bradleyunit-B

F you are doing experimental work in tele-

vision, use Allen-Bradley resistors, both fixed

and variable. Bradleyunit-B is the ideal fixed

resistor for resistance-coupled amplifiers as plate-
coupling resistors and grid leaks because:
1. Resistance values are constant irrespec-

tive of voltage drop across resistors.
Distortion is thus avoided.

2. Absolutely noiseless.

3. No aging after long use.

4. Adequate current capacity.

§. Rugged, solid-molded construction.
©. Easily soldered.

Radiostat

This remarkable graphite compression rheostat,
and other types of Allen-Bradley graphite disc
rheostats provide stepless, velvet-smooth control
for scanning disc motors.

Laboratory Rheostat

Type E-2910 — for general laboratory service.
Capacntv 200 watts. Maximum current 40 am-
peres. A handy rheostat for any laboratory.

Write for Bulletins!

ALLEN-BRADLEY CO., 279 Greenfield Ave., Milwaukee, Wis.

N Allen-Bradley Resistors

N

Radio

INDUCTANCES, TRANSMIT.
TING:

Aero Products, Ine.

General Radio Co.
INSTRUMENTS, ELECTRICAL:

Jewell Elec. Inst. Co.

Westinghouse Elee. & Mfg. Co.
INSULATION, MOULDED:

Rakelite Corp.

Formica Insulation Co.

General Plastics, Inc,

Westinghouse Elec, Mfg. Co.
JACKS:

Carter Radio Co.

Electrad. Inec.

General Radio Co
JACKS, TIP:

Carter Radio_Co.

Eby, H. H., Mfg. Co.
KITS, SHORT WAVE:

Aero Produets, Ine.

Dresner Radio Mfg. Co.
RITS, TESTING:

General Radio Co,

Jewell Elec. Inst. Co.
KITS, TRANSMITTING:

Aero Produets, Ine,

LACQUER:
Zapon Co.. The

LABORATORIES:
Electrical Testing Labs.

LAMINATIONS:

Arrow Automatic Products Co.
Lamination Stamping Co.

LEAD-INS:

Electrad. Inc..
Fahnstock Elee. Co.

LOCK WASHERS:

Arrow Automatie Products Co.
Shakeproof I.ock Washer Cu

LUGS:

Arrow Automatic Products Co.
Fahnstock Elec. Co.
Scovill Mfg. Co.

Slmkeproof ‘Lock Washer Co.

MAILING TUBES:
Cross Paper Products Corp.

MAGNESIUM:

Aluminum Co. of America.
MAGNETS:

Thomas and Skinner Stcel

Products Co.

METERS:

Jewell Elec. Inst. Co.
Westinghouse Elec. & Mfg. Co.

MICROPHONES:
Amplion Co. of America

MOLDING MATERIALS

Baketite Corp.

Formica Insulation Co.
Generai Plasties Co.
Westinghouse Elee. & Mfg. Co.

MOTORS, LLI“CTRIC PHONO-
GRAY.
Gordon, L. 8., Co.

MOUNTINGS, RESISTANCE:
DeJur Products Co.
Electrad, Inc..

Fahnstock Etee. Co.

NAMEPLATES:

Crowe Nameplate & Mfg. Co.
Fahnstock Klec. Co.
Scovill Mfg. Co.

NUTS:
Arrow Automatic Products Co.
Shakeproof Lock Washer Co

OSCILLOGRAI'H:

Burt, Dr. Rob’t C.
Generat Radio Co.

OSCILLOSCOPE:
Burt, Dr. Rob't C.
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PACKING:
Tifft Bros.

PANELS, COMI'OSITION
Cortlandt Panel Eneraving Cor.
Formica Insulation Co.
General Plastics Co.
Westinghouse Elec. & Mfg. Co.

PANELS, METAL:
Crowe Nameplate and Mfg. Co,
Scovill Mfg. Co.

PAPER, CONDENSER:
Dexter, C. H. & Sons, Inc.
Schweltzer, Peter J., Co,
Strype, Fred C., Co.

PAI'ER, CONE SPEAKER:
Seymour Co.

PHONOGRAPII MOTORS:
(See Motors)

PHOSPPHOR BRONZE
Baltimore Brass Co.

PHOTOELECTRIC CELLS:
(See Cells)
PICK-UPS:
Gordon, L. 8., Co,

PLATES, OUTLET:
Carter Radio Co.

PLUGS:

Carter Radlo Co.
General Radio Co,

YOTENTIOMETERS:

Allen-Bradley Co.

Carter Radio Co.

Central Radio Laboratories
DeJur Products Co.
Electrad, Ine.

Genernl Radio Co,

United Scientific Laboratories

RECEIVERS, ELECTRIC:
United Scientific Laboratories.

RECTIFIERS, DRY:
Renwaood-Liuze, Inc.
Elkon, Inc,

REGULATORS, VOLTAGE:
DeJur Products Co.

Muter, Leslie Co., Ine.
itadiall Co.
Webster Co.
RELAYS:
Cardwell, Allen D., Mfg. Co.

KESISTANCES, FIXED:
Aerovox Wireless Corp.
Allen-Bradley Co.

Carter Radio Co.

Central Radio Laboratories.
De Jur Products
Klectrad. lnc.
Electro Motive Eng.
Hardwick, Field, Inc.
International Resistance Co.
Lautz Mfg. Co.

Polymet Mfg. Co.

RESISTANCES, VARIABLE:
Allen-Bradley Co.
Awerican Mechanical Labs.
Carter Radio Co.
Central Radio Laboratortes.
Electrad. Inc.
Hardwick, Field, Inc.
International Resistance Co.
Lautz Mfg. Co.
Polymet Mfg. Co.

RHEOSTATS:
Carter Radio Co.
Central Radio Laboratories.
De Jur Products.
Electrad, Inc.,
General Radio Co,
United Scientific Lahoratories.
Westinghouse Elec. & Mfg. Co.

SCHOOLS, RADIO:

National Radio 1anstitute.
Radlo Institute of America

SCREW MACHINE PRODUCTS:
Arrow Automatic Products Co.
Scovill Mfg. Co.

SHIELDING, METAL:
Aluminum Co. of America.
Copper and Brass Research

880.
Crowe Nameplate Co.
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SHIELDS, TUBE:
Carter Radio Co

SHORT WAVE APPARATUS:
Cardwell, Allen D., Co.
General Radio Co.
Radio Emgineering

tories.
BOCKETS, TUBE:

Benjamin Electrie Mfg. Co.
General Radio Co.
Silver-Marshall. Inc.
SOLDER:
Chicago Solder Co. (Kester).
Westinghouse Elec. & Mfg. Co.
BOUND CIIAMBERS:
Amplion Corp.

Labora-

Temple. Ine.

United Radio Corp.
SPEAKERS:

Amplion Corp,

Temple, Inc.
United Radio Corp.

STAMI'INGS, METAL:
Arrow Automatic Prod. Corp.
Fahustock ILlec. Co.
8covill Mfg. Co.

STRIPS, BINDING PPOST:
X-L Rtadio Laboratorles.

SUBPrANELS:

Formica Ins. Co.
Westinghouse Elee. & Mtg. Co.

SWITCHES:
Carter Radio Co.
Electrad, Inc.,
General Radio Co
Westinghouse Elec. & Mtg. Co.

TAPPERS
Eastern Tube and Tool Co.

TESTERS. B-ELIMINATOR:
General Radlo Co.
Jewell Electrical Inst. Co.

TESTERS. TUBE:

General Radio Co.
Jewell Elec. Inst. Co.

TESTING INSTRUMENTS:
General _Radlo Co.
Jewell Elec. Inst. Co.
Westinghouse Klec. & Mfg. Co.
Weston Elec. Instrument Corp.

TESTING KITS:
Jewell Elec. Inst. Co.

TESTING LABORATORIES:
Electrical Testing Labs.
TINFOIL:

Lelbmaier and Schwartz Co.
U. 8. Foil Co.
TOOLS:
Eastern Tube and Tool Co.
TRANSFORMERS, AUDIO:
American Transformer Co.
Dongan Elec. Mfg. Co.
Ferrant! Ltd.
General Radto Co.
General Transformer Co.
Muter. Leslie, Co. Ine.
National Co,
Samson Electric Co.
Kilver-Marshall, Inc,
Thordarson Electric Mfg. Co.
Transformer Co. of Amerlea.
United Radio Corp.
Vicetoreen Corp.
Webster Co.
TRANSFORMERS. B-ELIMIN-
ATOR:
Acme Elec, & Mfg. Co.
American Transformer Co.
Dongan Elec, Mtg. Co.
Ferranti, Ltd,
General Radio Co.
General Transformer Co.
Muter. Leslic. Co. e,
Samson Electric Co.
Silver-Marshall. Inc.
Thordarson Electric Mfg. Co.
Transformer Co. of Amerleca.
Vietoreen Carp,
Webster Co.
TRANSFORMERS,
HEATING:
Dongan Elec. Mfg. Co.
General Rudlo Cu
Thordarson Electric Mfg. Co.
Transformer Corp. of America.
TRANSFORMERS, OUTPUT:

Amerlean Transformer Co.
Drongan Elee, Mfg Co.

FILAMENT

Ferranti, Ltd.

General Radio Co.

General Transformer Co.
AMuter. Leslie, Co., Ine.
National Co.

Samson Electric Co.
Silver-Marshal), Inc,
Thordarson Electric Mfg. Co.

Transformer Corp. of America.

Victoreen Corp.

Webster Co.
TRANSFORMERS, POWER:

American_Transformer Co.

Dongan Elec. Mfz. Co.

Ferranti, Ltd.

Genera) Radio Co.

General Transformer Co.

Muter, Leslie, Co., Ine,

National Co,

Samson Electric Co.

Rilver-Marshall, Inc.

Thordarson Electric Mfg. Co.

Transformer Co. of America.

Vietureen Corp.

Westinghouse Elec. & Mfg. Co.

Webster Co.

TRA SI‘OR\IERS. R. F.,

Cnrdwell. Allen D. Mfg. Co.
TUBES, A, C.:

Arcturus Co.

Armstrong Elee, Co,

Ceco Mfg. Co.

Cunningham, E. T, Co.

TUBES, RECTIFIER:
Arcturus Co.
Arm=trong Elee, o,
Coeco Mfg. Co.
Cunnln"lmm E. T, Co.
Raytheon MrE Co

LEVISION
18ee Cells, Photaelectrie.
TUBES, VACUUM:

Arcturus Co.
Armstrong Elee. Co,
Ceco Mfg. Co.
Cunningham. E. T., Co.
Raytheon \lﬁ: Co.

UNITS. SPEAKER:

Amplion 1<n|1
Temple. Inc
United Radio Corp.

VOLTMETERS. A. C.;

General_Radlo Co.

Jewell Elec. Inst. Co.
Westinghouse Elec. & Mfg. Co.
Weston Elec. Instrument Corp,

VOLTMETERS, D. C.:

General Radio Co.
Jewell Elec. Inat. Co.

Westinghouse Elec. & Mfg. Co.

Weston Ilec. Instrument Corp.
WASHERS:

Arrow Automatlc Products Co.

Scovill Mfg.

8hakeproof Lock ‘Washer Co.
WIRE, ANTENNA:

Dudlo Mfg. Corp.

Holyoke Co.
Roebling, J. A., Sons, Co.

WIRE, BARE COPPER:

Dudlo Mfg. Corp.

Holyoke Co.

Roebling, J. A., Sons, Co.
WIRE, COTTON COVERED:

Dudlo Mfg. Corp.

Ilolyoke Co,

Itoebling. J. A.. Sons Co.
WIRE, ENAMELED COPIER:

Dudlo Mtg. Corp.

Holyoke Co,

Roebllng, J. A., Sons Co.
WIRE, LITZENDRANT:

Dudlo Mtg. Corp.

Holyoke Co,

Roebliug, J. A., Sons Co.
WIRE. PIGTAIL:

Dudlo Mfg. Corp.

Holyoke Co.

ltoebling, J. A., Sons Co.
WIRE, SILK COVERED:

Dndle Mfg. Corp.

Holyoke Co.

Roebling, J. A, Sons Co.
WIRE. TINNED COPPER:

Dudlo Mfg, Corp.

Holyoke Co.

Roebling. J. A., Sons. Co.
ZINC, FOIL:

Unite] Ntates Fail Co,

Pnoueum.‘tn
 SEE-CO
RADIO

A(n AIN CeCo blazes the trail
in radio engineering achieve-

ment by intraducing the popular

Screen Grid Tube mm an
type :—the AC22

AC

The CeCo line of A.C. tubes is
most complete, embracing practi-

cally every existing type.

CeCo Tubes are carried instock
by dealers everywhere. 1rite
ns for uwnnsual and inleresting

booklet entitled “Getting

the

Wost out of Your Radio.”

CeCo MANUFACTURING CO., Inc.

PROVIDENCE, - -

R. 1.
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SMALLER CONDENSERS occupy less space and with our special lightweight foil, vou
are now able to keep abreast of the trend towards compactness of all radio parts.  \We manufacture
foil in all thicknesses down to a minimum of .0002 inch.

_Our ample manufacturing facilities enable us to provide that super-service so
basically important to all manufacturers of condensers during the “peak of the
season.”

We also supply  HEAVY LEAD or
ALUMINUM FOILS for Dry or

_cWDENJER FOILS

ALUMINUM COMPOSITION

: ESTABLISHED IN 1878 we are proud ot

the fact that since the inception of paper condensers. we have

supplied the major portion of all the foil used in their manufacture: whether these

condensers were for RADIO, TELEPHONE IGNITION OR POWER FACTOR
CORRECTION

“Lehmaier, Schwartz & Company’s Condenser Foil Is the Standard by Which All Other
Condenser Foil Is Judged”

LENMAIER, ScuwARTZ & Co.. ING.
511 to 541 West Twenty-fifth Street, N. Y. C.
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nnouncing the

TELEVISION
CLAR()STAT

YRANTED a good signal and a satisfactory
kino-lamp or neon glow tube, the heart of
snceessful television re-
ception is the scanning
disk. This member
should have the proper
arrangement  of  holes
for the necessary
*lines™ ol 1he television
image heing  reecived,
and it should be re.
volved at the proper
speed and also in per-
feet step with the trans-
mitter seanning disk,
The TELEVISION
CLAROSTAT has heen
developed to serve
both proper speed and
perfect step functions.
It provides a perfect
speed  control for the
universal or the con-
denser motor, oper:
ing on A.C. or D.C,
up to Lgth horsepower,
together with o phase-
~hifting push-button to
bring the disk into step.
Note the neat, com-
pact, pl‘u('lll'ul appear-

stat of 80-walt rating is cont

A special power type Claro.
ned in the sturdy,

ance of this device.

ventilated  iron  casing
with  mounting  feet.

Conuections are made
to serew terminals, pro-
1eeted by removable end
plate.  Motor speed s
controlled  from dead
stop to practically full
speed, =0 that  any
small motor may be
used il its rated speed
is above that requireld
for television purposes.

Practieal televicion
is only possible with
stepless, adjustable re-
sistanece for scanning
disk motor control. In
combination  with  the
STANDARD  CLARO-
STAT for econtrolling
the voltage applied to
the kinolamp for neees-
sary contrast  between
lights and shadows, the
TELEVISION CLARO-
STAT spells television
guceess,

There’s a CLAROSTAT for Every Purpose

From the delieate grid leak function served by
the GRID LEAK CLAROSTAT, to the grid bias
and plate control functions of the —30 type
power tube, served by the POWER CLAROSTAT,

vou will find a Clarestat available for every radio

purpose. From the requirements of remote
volume control, served by the TABLE TYPE
CLAROSTAT, 10 the precise fixed resistanee

Write

for data regarding the Television Clarostat as well as other Clarostat products.
if vou are the radio engineer or production manager of a radio company, ask to be

arrived at by actual irial as provided by the
DUPLEX CLAROSTAT, vou will find a Claro-
atat available for every radio purpose.  From a

resistance range of a few ohms 1o a res nce
range of many megohms, von will find a Claro-
stat available for every radio purpose.  Think of
CLAROSTAT, and vou have the entire resistanee
field in mind.

Also,

placed on our mailing list to receive our technical data bulletin, issued every so often 1o help you

solve vour resistunce problems.

285-7 North Sixth Street

CLAROSTAT MANUFACTURING COMPANY, INC.

Specialists in Variable Resistors

Brooklyn, N, Y.

LAROSTAT
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Radio IZngineering. September, 1923
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= A complete power sup- i
plyfor A. C wbes. Will supply

The = 2 A B or "Cvolc

. H =v3 agesforsetsusingupto eighet A. C.

Muter Dynamic Type e i = tubes, including single or push:
h d p!\lel ';l>ower s:aged. ith wid

asily connecCted with wide range

speaker Ve - of intermediate voltages from 45 10

A New Muter
Dependable Product

EPENDABILITY after allis the true measurement of the value of

any radio part or accessory. Itis Dependability that keeps a unit

working at full efficiency month after month and year after year with-
out trouble or repair.

Muter products have always been dependable. Through the years that
Muter has been a foremost manufacturer of radio equipment this fact
has been definitely proven to thousands who have used Muter apparatus
with absolute assurance that Muter Dependability would not fail them.

The new products of Muter measure up to the highest standards of
engineering design, workmanship and quality of materials. They are
built in the new Muter Factory which is the most modern and largest
of its kind in the world devoted to the manufacture of radio parts.

We will be glad to send you some very interesting information on
radio. Drop us a card or letter and we will keep you constantly in
touch with the latest developments of the industry.

LESLIE F. MUTER COMPANY

8440 South Chicago Avenue - s Chicago

280 volts. Use 280 type rectifying
tube. Price — compriete
Jess tube. Seriat No. 4000 3000

Other
MUTER DEPENDABLE
Products

Dynamic Speakers
Power Condensers
Fixed Conde¢nsers
Rheostats
Tubestats
“B"” Eliminators
Resistance Amplifiers
Phone Plugs
Antenna Kits
Lead in Insulators
Panel Switches
Knife Switches
Ground Clamps
Interference Eliminators
Clarifier and Tone Filter
Cable Markers
Soldering Lugs
Neutralizing Condensers
Trimming Condensers
Sockets
Audio Transformers
Choke Coils—A.F. and R.F.
Grid Leaks
Power Resistances
(tapped and variable)
Antenna Plugs
Lightning Arresters
and many others.

The Complete Quality
Popular Priced Line

L o — —— N — g
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PRODUCTS

New and Improved Power Amplifier

TRANSFORMER

for use with

UX 250 Tubes

This newest Dongan Transformer is designed for
full wave rectification using two UNX 281 tubes to
supply B and C power to receiver and power for

two UX 250 tubes.

There are two low voltage windings. one for 226
tubes and the other for 227 tubes so that you can
build a power amplifier for either the radio re-
ceiver or for phonograph pick-up.

With No. 8529 Transformer use one No. 635!
double choke in filter circuit. Approximate D.C.
output from flter. 525 V 130 mils. Secondary
voltages 650-650V. 170 mils. 715V 213 amp.
CT. 7',V 2V amp. C.T. 215V 133 A CT. No. 8529—$16.50
115V 4.2 Al

Approved Parts for UX 250 Tubes

No. 6551 Double Choke. May be used where current does not exceed 250 mils. .$15.00

No. D-600 P’ower Amplifier Condenser Unit_has been designed for use with the
CX 281 rectifier tubes. and CX 210 or 250 power tubes. Having a
working voltage of 1000 volts. and mounted in crystal lacquered steel
cases. they will be found unsurpassed for reliability and stability.

Unit contains sections of 2-2-4 Mfd.. ..$16.50
No. D-307 contains condensers of 4-2-1-1 Mfd. sections with a working voltage of

400 volts for use in connection with D-600. . ...$10.00
No. 1177 A splendid straight power amplifier output transformer designed for

use with UX 250 PP. A, Tube . . ..$12.00
No. 1176 Similar to No. 1177 but of the Push Pull Type ...$12.00

Set Manufacturers and Custom Set Builders

You are cordially requested to take ad- in production now. Prompt attention will
vantage of Dongan's very complete engi- he given to any special design in which you
neering facilities.  All approved parts are are interested

DONGAN ELECTRIC MANUFACTURING COMPANY
2995-3001 Franklin St.,
DETROIT, MICHIGAN

% TRANSFORMERS of MERIT for FIFTEEN YEA
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Some of the Carter Radio parts in which Bakelite Molded and Bakelite Laminated are used.

have been formed of Bakelite Molded

Millions of Carter radio parts

VER a period of years, an

old established manufac-
turer such as Carter Radio Co.,
must test and retest many insula-
tion matertals. During all this
time Bakelite Molded and Bake-
lite Laminated have remained the
standard for Carter radio parts,
because of their inherent
superiority.
Like the large majority of radio
set and parts manufacturers, the
Carter Radio Co. has found that
the use of Bakelite Materials.
both laminated and molded, im-
proves the performance and the

appearance of radio products.

BAKELITE CORPORATION

247 Park Avenue, New York, N. Y.

BAKELITE CORP. OF CANADA, LTD.,

BAKELITE

Their dependable uniformity is
also a distinct manufacturing
advantage.

Bakelite Engineering Service

Intimate knowledge of thousands
of varied applications of Bakelite
Materials combined with eigh-
teen years’ experience in the de-
velopment of phenol resinoids
for radio uses provides a valu-
able background for the coopera-
tion offered by our engineers and
research laboratories. Write for
Booklet No. 38, “Bakelite
Molded.”

Chicago Office: 635 W. 22nd Street

163 Dufferin St., Toronto, Ontario, Canada

Made by Carter Radio Co., Chicago, IlL

THE

MATERIAL OFU A TI—IOUSAND USES

" wnhovtwyl4 €4 unly n products made from materuls

o
b, ity aaye

ta) B i3 the numarical sign for infinity, of unhmited

he
26 1he infinite Dumiber of pre mludhﬂu(ua ol Bube ||cc-,rwmuupvuunx
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