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PRECISION
Uncoated

FILAMENT RIBBON

* AND WIRE
For Radio Vacuum Tubes
Nickel, Nickel Alloys, Platinum and All Metals
Used and endorsed by leading tube manufacturers

A —Uniform Resistance, Size and Weight
@ —Minimum Shrinkage
—Accurate (within .00005" of your specifications)

A Product of
SIGMUND COHN - 44 GOLD STREET - NEW YORK
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F OR fifteen years Formica has been

furnished in changing forms to suit
the convenience of the radio engineer
and producer. In the early days it was
sold in whole sheets and whole lengths
of tubing and fabricated largely by
hand by the radio builders. Then there
were decorated front panels printed in
gold and silver. Now there are sanded
or threaded tubes punched and cut to

Page 1

length, washers, sub-panels, shelves and
terminal strips - - most of them shipped
all ready to assemble,.

At large expense, Formica equipment
has been changed from year to year to
provide production in quantity at all
times of insulating parts that would
meet the requirements of the moment.
And the quality and uniformity of the
material has also steadily advanced.

gl

THE FORMICA INSULATION COMPANY

4638 Spring Grove Avenue Cincinnati, Ohio

ORMICA

Made from Anhydrous Bakelite Resins
SHEETS TUBES RODS

4
+
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RADIO BY-PRODUCTS

1By N, M. KINTNER
Manager. Research Dept.. Westinghouse
Electric & Mfy. Co.

HEN applied in snitable circuits,
the vacumn tube not only performs
electrical funerions betrer than any
other means but also reaches to
certain tields not otherwise attainable.

The perfection ot special  radio  “hy
producis” tubex and cirenits has placed in
rhe hands of the designers meians so sensi-
tive, so selecrive, and yet =o reliable. rhatr
it is now possible to telephoue in=truetions
ro a machine and have it perform any
nnmber of prearranged operations.

The actions of 1hix machine are so life-
like that—in rhe popnlar press—it has heen
called the mechavieal man,  Such machines
are now  reudering  etfecrive  service  in
poswer companies’ sub-stations, taking the
place of hwnnan starion attendants,

Many other applications of radio appli-
ances have been made to other arts,

One of the grear debrs owed to radio is
the new knowledge that has resulted from
studies of radio phenomena. Kaeh new art
hrings with it uew relations which either
contirm our existing thearies or cause us (o
revise them to take into account the new
phenomena. As we know nothing absolutely.
it is not surprising that onr rheovies are
nndergoing frequent revisions.

As our knowledge is increased hy con
rinued studies. onr applications will be cor-
respondingly improved and doubtless new
applications made that are now beyound the
flights of our wildest faney.

Published Monthly by

Bryan Davis Publishing Co., Inc.

Bryvan S. Davis, James A. Walker,
President. Secretary.

Publication Office—Lyon Block-—Albany, N.

E. M. Bacon,
Adwvertising Manager.

Y.

Chicago Office—38 E. Washington St.—A. G. Rudolph, Manager

San Francisco Office—318 Koh! Bldg.

Los Angcles Ofice—421 Grant Bldg. %Cupit and Birch

Seattle Wash. Office—407 Leary Bldg.

Entered as second class matter at the post 52 Vanderbilt Ave.

office at Albany, N. Y., January 9, 1925, under %
The act of March 3, 1879, New York City

e
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R A DI O

Beatd ESEARCH and  experi.

8y mentation are vital factors
A6+ . . e

i the radio business. The
individual manufacturer
must be up-to-date in every
respect-—must take advantage of each
progressive  step in  the industry.
Scovill places at your disposal a
department of research and experi-

mentation that has contributed items
of unquestioned value to the modern
radio.  In addition, when you place
orders with Scovill, you get the serv-
ices of a modern eflicient organization
where scientific control of manufac-
ture, quality of metal and careful
workmanship are of paramount im.
portance.

Scovill means SERVICE to all who require parts or

finished products of metal.

Great factories equipped

with the last word in laboratories, and modern ma-
chinery manned by skilled workmen, are at your dis-
posal. ’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
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J

S

EDITORIAL

November 1928

/

THE RADIO PARTS BUSINESS

HE radio parts business has changed
color and direction within the past few
years. This is due principally to the
fact that the radio fan has changed

color and direction. The early enthusiasm,
centered around the novelty of radio, has been
transplanted. Today, interest is focused al-
most entirely on the program clement.

The younger generation, as might be ex-
pected, shows a keen interest in the technical
phases of radio but enthusiasm is somewhat
tempered by the presence of the manufactured
radio set. A large amount of the “urge to
build” is thwarted by this presiding influence.

The radio parts business could ncver obtain
sufficient nourishment from the depleted ranks
of radio bugs, tinkerers and self-styled engi-
neers. Consequently, the majority of parts
and accessories manufacturers have directed
more of their efforts towards supplying the
set manufacturers. A large percentage of
their present outputs flow in this direction.
The rest is absorbed by kit manufacturers,
replacement demand and custom-set builders.

A larger and more diverse field of distribu-
tion is desirable in order that the future of the
business may be made impregnable. Action
has already been taken in the development of
business in custom-sets. We have witnessed
the extension of activities into the electric
phonograph and power amplifier fields which
bear a close relation to custom-set building.

Obviously, there will always be a large
amount of custom-set building. The impor-
tant consideration is to school the men who
are getting this business; form a special
organization if necessary. Parts manufac-
turers appear to operate under the assump-
tion that these professional men are first-rate
engineers. As a matter of fact, they lose valu-
able time and valuable business because they
are unable to obtain first-hand technical infor-
mation.

The set builder doesn't profess to be an en-
gineer, at least when business is involved, nor
does he profess to be a super-salesman. He
suggests that the parts manufacturers look on
him as one who is sufficiently interested in
radio to make it his business and sufficiently
sincere with himself to learn as much of the
technique as he can. Why, then, leave him
solely to his own devices, particularly in view
of the fact that it is equally as important, if
not more important, to the parts manufacturer
to have him increase his yearly business?

The present-day professional set-builder is
the future radio contractor. The rapid strides
being made in the commercial applications of
radio devices makes it a certainty that there
will be a demand for men capable of handling
contracting jobs. The professional builder is
the logical man to take over this business.

It is becoming common practice to wire
new apartments and apartment-hotels for
radio. Small theatres not capable of support-
ing a large orchestra or standing the expense
of talking motion picture equipment are find-
ing it to their advantage to have installed
an electric phonograph and power amplifier.
There is a tremendous field here alone and
the same equipment is adaptable to audito-
riums, road houses, churches, etc. The wir-
ing jobs are sufficiently profitable to make it
worth the while of the professional man to
enter this phase of the business.

There are many other commercial fields,
and many to be developed, where both the
parts and accessories manufacturers and the
present professional builders have rich oppor-
tunities.

Cooperative cffort is the prime essential in
developing the commercial field. Rapio
ENGINEERING is desirous of assisting both the
manufacturers and the future contractors in
any way it can.

M. L. MUHLEMAN, Editor.
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‘ Wthh makes 1‘0
the Success

Sweet tones—true to
the broadcasting—
just like those on the
other side of the mi-
crophone—this fact
alone makes radio
fans want Gold Seal
Radio Tubes.

This steady demand,
topped with national
newspaper advertis-
ing in yourown terri-
tory-consistent —
week after week,
makes dealers want
Gold Seal Radio
Tubesfor profits'sake.

Mape RiGHT
Packep Rigur
SoLp RiGHT

Gold Seal Electrical Co., Inc.
NEW YORK AND CHICAGO
Also Manufacturers of Gold Seal Electrical Appliances
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Full power
for 250 tube

in any set

at low cost

There is a big demand for super-power tubes
and natural tone quality. Cash in on SM
675ABC Power Supply, which enables you, at
very slight additional cost, to put a 210 or 250
power tube in the last audio stage of any re-
ceiver, with no changes in wiring, giving it
great power and much improved tone quality,
The 675ABC, using one 281 type rectifier tube,
supplies 425 volts B, 35 to 84 volts C, and 71
volts A to the power tube, and in addition 22,
variable 22 to 90, 90, and 135 volts B to the rest
of the receiver. To sets usiog A.C. tubes it also
supplies A current at 115 and 2V volts, and
bias as required. The unit is small and compact,
—only 375 x 17 x 834 in. high to top of tube.
Completely wired, $58.00; or in kit form, $54.00.
Send 2¢ for Data Sheet No. 7— use the coupon.

You Can Make

Good Money Installing

This =~

with

The remarkably low-priced S-M 678PD Phonograph
Amplifier is ideal for use in small theatres and moderate-
sized dance halls, or to bring old phonographs up-to-date.
For use with any dynamic speaker having 90 to 110 volt D.C.
field—or with two dynamic speakers (supplying field current
to one) —the 678D amplifier takes the input from any mag-
netic phonograph pick-up, or (using adapter plug) from the
detector of anv radio set, and amplifies it to the tremendous
output of a 250 tube—with the tone fidelity and freedom
from hysteretic distortion provided only by the new S-M
Clough audio system. Fully lighcsocket operated from 105
to 120 volt, 60 cycle A.C. supply. Tubes required are one
each, "81,'26, and ’50 type. Price of complete kit, $69.00; or
wired $73.00. Send 2¢ for Data Sheet No. 9 — use coupon.

True Tone Quality from New $-M Audios

Are you recei
builder™ regularly?
howe to build an ampli,
paring audic
tells all ub¢

e “The Radio-
No. 5 1old

iz
free

charge is made. Use this

If vou build {vn)fcssimm”\'.

i s ahowt the Sevvice Station
franchises. Or if yoe don't build,
yet want your radio to be custo
made, $-M awill gladly refer v
inguity to an Authorized Silt
Marshall Serviee Stution near you,

Silver-Marsball, Inc.
834 W Jackson Blvd., Chicago, U. §. A
... Please send me,

.

S§-M Clough-system audio transformers
are guaranteed unconditionally to give
better tone quality than otbers, with
higher amplification, regardless of size,
weight, or price. They sell in tremendous
quantities, by simply comparing results
with others in the comparison amplifiers
used in S-M demonstrations at recent
radio shows.

In the curves at the right E is the two-stage
curve for the large-size transformers (S-M 225,
Ist stuge; and 226, 2nd stage, $9.00 cach), 1) is
that of the smaller ones (S-M 255 and 2560, $6.00
each). Note the marked advuntage over A, B,
and C—ll standard cight and ten dollay trans-
farmers under equal conditions.

ONE of our cooperating distributors, whose

i
H
H

% 8 £8aged

»

0 e
8o acy o Creusa

A EE— SEEE CSE—— S S—

free, the complete S-M
Catalog: alse sample copv of The Radiobuilder.
I'or enclosed in stamps. send me the
following “m
(50c) Next 12 issues of The Radiobnilder
(R1.00) Next 25 issnes of The Radiobuilder
SM DATA SHEETS as follows, at 2¢ each:
No. 1. 6708, 670ABC Reservoir I'ower Units
No. 2. 685 1Public Address Unipae
No. 3. 730, 731. 732 " Round-the-\World™ Short

Wive Sets
.No. 4. 223, 225. 226. 255. 256. 251 Audio Trans
formers
No. §. 720 Screen Grid Six Receiver
No. 6. 740 ** Coast-to-Coust™ Screen Grid Four
No. 7. 67SABC High-Voltage Power Sunply and
iic Speaker Amplifier

676 Dyn
No. 8 Sargent-Rayment Scven
No. 9 6781') Plionograph Amplifier
Nawme

Address

announcement directly follows, joins us in
presenting a descriptive summary of some of the

outstanding values to be found in the new
S-M line.

SILVER-MARSHALL, Inc.

854 West Jackson Blvd., Chicago, U. S. A.

i s e e
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Build and Own

/ Societ “?““"?F‘?\;f |

e
el o s

b e
o \‘t e
(- <« <

e Sl ot ¢

16 East 22nd Street

S M KltS that Make Enthusuastlc Owners

720 Screen Grid Six

The new S-M 720 embodies in the most
perfect form the revolution that screen-
prish tubes have brought about in long-
distance reception. Three of these tubes
in the R.F. stages, with shielded 8-M coils,
bring in distant stations on the nexr 10 ke.
channel ta powerful locals! The new §-M
255 and 256 transformers set a far higher
standard of tone quality than ever known
before. Custom-built comiplete in 700
cabinet, $102.00; complete kit, with
picrced metal chassis and antique brass
escutcheon but without cabinet, $72.50.

790 Shielding Cabinet

Be il two-tone brown moire hnish,
with walnut finish wood base, $9.25,

740 Coast~to-~Coast Four
1 and f: circuit
Rr stage, regencrative detector (nnn-
radiating) and two A.F. stages—combined
with immeasurably finer coils, the high

cthiciency of the screen-grid tu all the
gain of smooth-working regeneration, and
new S-M Clough-svstem audios, make the

740 the greatest value in the fifty-dollar
class. WIRED in 700 cabiner: 740 (fur
D.C. 1ubes) $75; 740AC (A.C. tubes) S78.
Kit less cabinet: 740, $51; 740AC, $53.

680 Series Unipacs

Pertect  reproduction  and  hum-free
light-socket operation have made S-M
Unipacs famous. There are four tvpes:
two single-stape, and tw o rwo-stage mmlclc,
using 210 or 250 tubes singly
push-pull. Fach Unipac supplics
and 135 volts B to receivers, and two-st
madels supply in addition 115 and 214
volts for A.C. tube filaments. Available
as kit or wired. Prices from $81.50 0 $117.

685 Public Address Unipac

For coverape of crowds of 1,000 to
10,000 people, indoors or outdoors, with
one to twelve lowd-speakers, the 685 Pub-
fic Address Unipac furnishes unequalled
tonal clearness. It uses one UY 227, one
UX226, one UX250, and two UX281
rectificres in three stages for microphone,
radio or record pick-up amplification. 685
WIRED LUlnipac is priced at $160.00; or
685 KIT, $125.00.

710 Sargent-Rayment Seven

Designed by rwo famous engineers to
give the very extreme of results now
sible in broadcast reception, irrespective
of cost, the $M 710 Sargent-Rayment

rven  sets an entirely new  stan .
Scouring the limits of distance pas
ities, with 4-screen-grid  R.F. sl.n;.cs—
bringing in a station on everv 10-kilocvcle
channel all the way around its one dial
(with five auxiliary vernier knobs)—
cquipped with the unequalled $-M Clough
svstem audio amplifier—vet the 710 is
only $175 custom-built complete, or $130
for kit including aluminum cabinet.

730 Round-the-World Four
The famous “Thrill Band” set—for
lpnu-‘lismncc broadcast receptio

pos-

R.F. stape, rq,encrune (non-radiating)
detector, Coils in kit _tune from 17.4 to
204 mcters; SM 131X Coil ($1.25) ex-
tends range to 350 meters, and 131Y coil
($1.50) to 650 meters. Aluminum shield-
ing cahinet included with 730 KIT $51,
or fully WIRED $66. Also with 731
Adapmr (plugs into any recciver, con
verting it to short wave) KIT $lh, W IRFD
$46. 732 Essential Kit, $16.5

B and ABC Power Supplies
The 675ABC with an adapter allows a
UX210 or UX250 power tube to be used
in the last stage of anv radio receiver—to
which it supplies B power at 425, 135,90,
and 22 volts; also 22-90 va
C power are su‘ slied to the ¢
.xnd 1% and 2 ) volts for AC tubes if
ses one UX281 rectitier. Price

%58 \\’II(EI) or $54 in KIT form.

670ABC Power Supply has mux. B
voltuge of 180; otherwise similar to the
675ABC. Price, WIRED, $46: KIT $43.
6708 Power Supply for BB power only,
180 volis max., and lower voltages as in

675ABC: WIRED $43.50; KIT $40.50.

676 Dynamic Speaker Amplifier

A singlestage power amplificr, using
one 250 tvpe power tube and one 281
type rectiber. Used with any receiver. as
a third stage before a dvnamic speaker,
it will give-worrderfulls-improvedh valiine
and tone quality, WIRED, $55; KIT $49.

The new 678PD Phonograph Amplifier, as well as all other Silver-Marshall Fill Out and Muail the COI(PO"
radio products, are shipped promptly from our stock. Special attention to mail
orders; liberal discounts to Jdealers and setbuilders.

ROYAL EASTERN
ELECTRICAL SUPPLY COMPANY | s i

ROYAL EASTERN ELECTRICAL SUPPLY
CO., Dept. RELL,

16 East 22nd St., New York, N. Y,

s well as other leading lines
al I‘L‘Ct‘lvcl‘b. accessories, hits and parts.

New York, N. Y. |

Namé. Wanisunis ol aae
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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.

’][;w 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 responc% 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

$6 Parl St. 105 W. Adama St. Division of 274 Brannan St. #143 Bingham Ave
Newark, N. I. Chicaro. 111, THE GENERAL CABLE CORPORATION San Prancisco, Cal. St. Louis, Mo.

wwwW americanradiohistorvy com
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“\%}‘:”\*‘ in h o h h
b

Pat. Applied for

B 4

The B-L Rectifief®

B-24, illustrated gir t 1

wdeft, is a full-wave |

;: with an out- o

capacityoffrony

w#0-3 amperes at 8

d2 voirs, It is

wipped with spe-

10l horizontal

ginting brackets

& dynariic speak-

%,erc. List Price,
36.00,

Reliability

Because of their compact design, wide range of application and

their ability to furnish smooth unfailing power, B-L Rectifiers have
‘ been adopted as standard by many of the largest dynamie speaker
; and power equipment manufacturers.

B-L Rectifiers are long-lived. They are Dry... Noiseless. .. Durable

«+« Compact. 7 7 v Are furnished in standard capacities—single or
X! full wave with standard or special mounting brackets, or built to 4
your specific needs.

: The Benwood Linze Company
s‘:o LOIIiS, A‘l“., Uo So “‘.

Pat. Applied for

Pat. Applied for

Pat. Applied for

B-12and B-16, B-L Units, are full-

wave rectifiers with an ourput of 1 3
to 3 amperes at 6 to 8 voits. For o5
trickle churgers, dynumic speakers 3
and *"A” power devices. List price.
B-12...,84.50 B-16 .. ..35.00.

D-24, B-L Recrifying
Unit is full-wave rec-
tifier for supplying
direct current to ex-
cite magneric field
coils of dynamic
speakers,Liss price $6

Send for Booklet explaining the char-
acteristies and application of B-L Rec-
tifying Units. A post eard will bring it.

YB=-Lr™

RECTIFIERS

WWW americanradiohistorv com

C-110, B-L Recrifying
Unis is a single-wave
recrifier for replucing
charger bulbs, Pur-
nished with eirher
Edison or double-
congract screw base.
List Price, C-110 $4.
C-210 $4. C-310 34,
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f \
Radio ‘“First Aids”

T°S one thing to design a radio set or power

unit, with proper components and eireuits for
ideal results.  It's quite another to go eut and
service no end of sets in the homes of listeners-in.
And so0 it is to help the service men—ithe greatest
factors in permanent radio merchandising sue-
cess—that we dedicate the following radio “first
aids:”

any desired value, A wwist of your serew-driver, and
cach resigtance is set permanently. And it the plate
voltage is to be made v

able, the Volume Control
Clarostat can be included in the set,

fiThe most common  source
of poor raldio is a faulty
antenna. Sometimes it’s the
tocation. A Clarostat Antenna
Plug invariably improves re-
ception, whether used alone
or in combination with an
antenna, and whether used
in a “dead spot” or in a “*DX
location”. The best ground
is the screw holding the wall
plate of the electric outlet.

f'The lond-speaker volume and tone should he adjust-
able to meet desired conditions—ftrom loud, crashing
dance musie for shuffling feet, to 20f1, soothing, non-
interfering musie for the background of the conversa-
tion. The Table Type Clarostat, at the finger tlips of

the listener-in, provides any

degree of volume and mel-

lowness.

fFluctuating line voltage is a
factor in satisfactory socket-
power operation. The Power
Clarostat, together with the
lowest voltage tap on the

ffWilth the reallocation of wave lengths and the pro-
viding of many cleared channels, DX will again come
into its own this winter. The simplest step in the
direction of DX reeeption is a higher grid-leak value.
Yet a low grid-leak value is still essential for powerful
signals. The Grid Leak Clarostat, used in place of
the fixed grid leak; will provide id operating con-
ditions.  Also, plate voltages must be carefully adjusted,
or and the r.f. wbes. The
ances of

particularly for the dete
Duplex Clarostat will provide two fixed resis

ver transformer of the =e¢t or power
de a simple eompensating
e voltage fluetuations.

UAnd there are other Clarostats
and other uses for the Clarostat
line, but the story is too long to be
told here in detail.  So—

these first aids apply just well to the set being built or manufactured, as to zervicing cexist-
sets in evervday uase. I you are an engineer for a radio manulacturing company, write us on vour
firm letterhead, and we shall place your name on our technical bulletin mailing  list.

Write for technieal literature on the Clarostat line of radio “First Aid” and how to u=e them. Remember.
in

CLAROSTAT MANUFACTURING COMPANY.. INC.
Specialists in Variable Resistors

282 North Sixth Street, Brooklyn, N Y.

~CLAR(OSTAT-

www americanradiohistorv com
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+
NO linking
No tangling-No spreading

O matter what your product —there is a place where

I'

Shakeproof Lock Washers belong. In quality production
they bring the advantages of positive locking—a neater job.
For quantity production they prevent tangling, speed up the
production line and save money. The roll call of Shakeproof
users is the roll call of American business. Whatever your
product, mail the coupon below for free samples—test Shake-

proof Lock Wachers in your own shop.

SHAKEPROOF
Lock Washer Company

{ Dhvision of Hlinos Tool Works )

2509 North Keeler Avenue Chicago, Illinois

The twisted N3
teeth form N
multiple locks
—the nut will only
turn under applied

pressure.

4
>’ Shop Teft
Samples
SHAKEPROOF LOGK
2 WASHER
1509|North Keeler A .,
=54 Chicago, W
V3 Please send mc“ﬁﬂa of
Shakeproof Lock, —Wa:sl;trﬂ
to fit bolt size |
Shakeproof Locking | Terminals

il Ly R

Type 20 —
tug Terminals

Type 11 — External  Type 12 — Iaternal

1. S. Pateot June 13, 1922 Dther patents pending. Vi By

www americanradiohistory com
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“R-P-1.7

The Radio Receiver That Will Appeal to

Your Discriminating Clientele

Phono-Radio—$425.00

Console Model—=R-P-1.", A.C.
Radio Receiver consists of
Walnut Console Cabinet, 50”x
19”x20% ", Tilting Teop, Full
Length Swing Doors, Radlo
(A. C.) Receiver, mounted in
sliding  drawer, Phonograph
Turn-Table Electric Phono-
graph Motor, Carrying Arm
and _Electrical  Phonograph
Pick-Up, Electric Throw Over
Switeh. all necessary Tubes
and Dynamie Speaker,

THE ULTIMATE IN RADIO
The R PP L is a receiver designed to enable you to readily sell the
discriminating purchaser. It appeals to the lover of good music who
appreciates beauty in design plus true tone reproduction in combina.
tion with sensitivity and selectivity.
Unconditionally Guaranteed—Five mddels to choose from
Three ALL ELECTRIC. 110 volts, 60 cycle, A. C. operated.
No. 3, A. C.—$195.00 Two Bz.me.ry operated mpdela for dry Imllenes.?r ehmmalqrs.
AC. O e STt Applications for appointment as representatives now being
Réc;'lve':sm f,p“ “Tuhes "n“h' received—choice territories still available.
Speaker. Libernl merchandising plwn for representatives with limited capital.

“R.P-L'" 1931 Broadway. Dept C. New York City
I am interested as a [] Representative [J Purchaser.

RADIO PRODUCTS LABORATORY
Telephone: Endicott 4548

1931 Broadway, New York |
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Back Again!

Due to a large number of
requests from schools, col-
leges, laboratories, etc., we

are again making available

the Group Subscription
Rate.

(on Groups of 4 or more)

$1 00

yearly

Will you not cooper-
ate with us by classify-
ing subscriptions sent in
as follows:

(M) Manufacturer
(E) Engineer

(D) Dealer or Distributor
(S) Service Man

(P) Professional Builder
(T) Technician.

www americanradiohistorvy com
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Nine out of Ten Speakers
now use this perfected rectifier

HE complete list of dy-
namic speakers using the
new perfected Kuprox Reeti- Abox 0'Neil

These Dynamies are

absolute dependability. Solely
all Kuprox-equipped

upon these tests, conducted by
speaker manufacturers them-

Baritone uxford
fier reads like a roll call of fomhiee ggnochofda selves in their own labora-
the industry. Practically every iiraild gleinite tories, was the Kuprox Unit

reed-Eixemann  ‘Thorola
Howard

Maguavox
Neweombe-

big manufacturer is included.

so unanimously adopted by
Almost every speaker enjoying

tah
Vitatitone . .
Wright IeCoster the industry.
Warlitzer

popular sale is equipped with Hawiley

this perfected. more eflicient
rectifying unit.

Kuprox Dry Copper Oxide Rectifiers, vastly
improved since their introduction almost two
years ago, have proved conclusively in every
engineering test their greater eflicieney and

The performance and length
of life of any speaker depends
largely upon the efliciency of

the rectifving unit.  Can you afford to stake
your success and reputation as a manufacturer
of quality instruments on anything less than
the best vour money will buy?

75% of all orders pluced this vear for railicay rectifiers specified Kuprox.
90% of the dynamic spealers manufactured now use Kuprox. In every
large time clock and recording system installation Kuprox is used. RKuprox
is specified iwherever absolute reliability, high efficiency and permanent

operatiaon are necessary.

THE KODEL ELECTRIC & MFG. CO.

25 E. Pearl Street

CINCINNATI, OHIO

KUPROX

NEW PERFECTED

DRY COPPER OXIDE RECTIFIERS

www americanradiohistorv com
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Complete

Complete
Micar

May

Aero Kits are complete to the last detail. No expense has been spared to make them

the finest that money can buy. A beautiful two-tone metal eabinet, high-lighted in

silver, is a part of each kit. Every part needed for the construction of the receiver

is included—cven wire. soldering lugs and wood serews—so that nothing else need

be purchased. Panels are drilled, which insures proper placement of parts and full
size pictorial wiring dingrams eliminate mistakes in wiring.

The New Aero Green Book for 1929 is needed by every

set-builder. Has 64 pages, containing 22 new circuits for

broadcast and short wave receivers and transmitters. Has

a wealth of valuable data and information. Send 25
cents for your copy.

www americanradiohistorv com
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Other

MUTER DEPENDABLE

Muter Dependable Dynamic Producis

Dynamic Speakers
By-Pass Condensers

Type Speaker | Fileer Condensers

Fixed Condensers

2 o8 . a . . { Rheostats
% I YHE Dynamic Spe?ker “{th its sn{perlauve performance is [h'lS Tohestats
season’s outstanding radio sensation. It has changed the radio “B" Eliminators

Resistance Amplifiers

set from a mechanical reproducer of sounds to a musical instrument Phone Plugs
supreme. The distinctive tone of the various new manufactured Antenna Kits
A . . . Lead in Insulators
receivers can be attributed almost entirely to the Dynamic Speaker, Panel Switches |
and this same improvement can be embodicd in any set by the pie (;“C'l‘::‘;ss |
5 roun
attachment of a Muter Dependable Dynamic. Interference Eliminacors |
Claritier an}:l Tone Filter
Dependable Dynamic Speaker Unit Soldering Lugs
Power Type Price N AC] l?owecr UTHS
6 volis D. C. 4306 $29.50 T“r““r;“m‘l.’r'."gc o
90 volts D. C. 4390 33.00 Aludio T‘z—nn(:?ormers
110 volts A. C. 4310 39.50 “B” Power Unit Trans- |
Table Model in Solid Walnut Cabinet Spinet Console Model of Solid Walnut [ Choke Cog(l)siT;rIs-‘ and R.F
Power Type Price Power Type Price Grid Leaks
6 volts D. C, 4406 $49.50 6 volts D. C, 4506 $64.50 | Power Resistances
90 volts D. C. 4490  53.00 90 volts D. C.. 4590  68.00 (tapped and variable)
110 volts A. C. 4410 59.50 110 volts A. C. 4510 74.50 Aantenna Plugs |
' i Lightning Arresters |
LESLIE F. MUTER COMPANY | e othen
- M C ’I The Complete Quality
8444 South Chicago Avenue + - Chicago L i o

e e NP )~
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>~ PYROXYLIN |.>=<(
7 LACQUERS [ %
-~ For Eve ‘
Indust:
~Purpose~
The chl{ndwlea’fe'd Standard

of Quality since [884

THE ZAPON COMPANY

STAMFORD , CONN.

CHICAGO - CLEVELAND - DETROIT - LOS ANGELES
NEW HAVEN - NEW YORK - OAKLAND
PORTLAND - SAN FRANCISCO
SEATTLE
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The Grid-Current Modulator

Detailing  the Characteristics

and  Operation

of the

Grid-Current

Modulator and Its Advantages Over the Plate-Circuit Type

ARRIER current’ and radio
communication require that the
voice frequeney currents from
an ordinary relephone or mie-

rophone be changed o higher fre-
quencies for ftransmission and then

back to voice frequencies at the re-
ceiving  terminal.  Frequeney  bands
above the voice range are used in order
that the carrier frequencies may  not
overlap either the normal voice trans-
niission  range or other currior fre-
quency bauds. Tt is then possible to
transmit simnltaneously sever:il ehan-
nels withont interfering with eaeh
other, and to separate rhe (different
zroups at the receiving terminal.

To take a mmnerieal example, if
two currents of 1.000 ant 10.000 eveles
respectively are passed through a
modulating device, many new freqnen-
cies  will be produced. prominent
among which are the tirst “snm” and
“difference”  frequencies. 11,000 and
9.000. respectively. Modnlators as a

class come in the category of circuit
* Research Bell
Laburatories,
! Multiplex Trongmigrion by Carrier Cur-
rents. J. W Horton. BELL LARORATORIAS
RECORD, Vol. 1. p. 147, December, 1923,

Department, Telephone

PLATE
CURRENT
PLATE
VOLTAGE
CURRENT
VOLTAGE
FIG.{

Characteristic curves: above that

of the plate circuit of a vacuum

tube; below, that of a rectifying
crystal.

By Clvde R. Keith*

clements that do not obey Qlin's law.
In ordivary metallic conductors. rhe
cirrent is proportional to the voltage,
e i vacunm tnbes, iron-cove eoils,
certain erystals, and varions forms of
rectifiers. rhe relation does not hold.
Fig. 1 gives some exaniples of enrrent-
voltage curves which can he used for
modulation,

usual modulators
nses rhe non-linear relition between
pliate voltage and plate eurrent in a
rhiree-electrode vaeunm tnbe and is con-
sequently ealled o plate-civenit modn-
Litor.  Alrhongh l’llo'si;:n:‘ll or carrier
or both may be applied to the grid.
modnlation is made to rake place pri-
marily in the plate cirenit by operating
the tube so that the voltage induced in
the plate cirenit is substantially pro-
portional to the applicd volraze. "This
condition holds vather c¢losely nntil the
zrid becomes positive with respeet to
the filament,

However, if rhe grid is allowed to
become  positive with rvespeer to rthe
filament. it i8 algo possible to prodince
modulation hy means of the non-linear
relation between wrid current and grid
voltage.  Thix method is  therefore
cilled grid-current modnlation sinee it

Oue of rhe most

rakes place only when conductive®
arid  ceurrent Hows  during  at  least
A part of  cach  cyele  of  inpur

voltage. RKinee arid current can flow
only when the grid is pesitive, as
shown in Fig. 2. rhe rvelation between
current and voltage is evidently non-
linear for positive and negative volt-
ages, Consequently, when carrier and
sizmal volrages are applied. modulation
between the two produces currents of
sideband frequencies in the grid eir-
enit. Voltages due to these chrrents
are then maplitied by the plate cirenit
and all other frequencies e sup-
pressed by high impedances in rhe
plate  cirenit.  This allows all  the
power available in the plate eirenit to
go into sideband output, since none is
used hy the flow of earrier and signal
currents as is the ease with the plate-
cirenit modulator.

*This explunation neylects the current
through the capacity hetween arid und filas
ment since its cffect is eomparatively wnall
at voice and carrvier frequencies.

www americanradiohistorv com

laboratory  investigations
that for certain
modulators

Recent
have demonstrated
applieations, grid-enrrent
have  some important advantages.’

They are particularly snited for
nse in cireuits where high modulating
efliciency and high outpnt level are de-

sired.  When  laboratory models of
representative . modulators  are  com-
pared. it ix fonnd that (using the
same tubes and plate volrages) the

GRID
CURRENT
!
[
[ GRID
| VOLTAGE
FIG.2

Relation between grid current and
grid-filament voltage.

grid-cnrrent modulator gives o maxi-
naun power ontput eight times as high
and a maximum pinte power efliciency
five times as high as the plate modu-
lator.  Wlile this increased output re-
(quires sixty per eent higher plate cur-
rent, a proportionately high  output
level anay be obrained with a grid-
cnvrent modulator when it uses the
sime plate eurrent as the plate-cireuit
type. The earrier inpnt eurrent, al-
thongh abhout twice that required for
the plate modnlator, ean still he ob-
tained from a single oscillator tube of
the same type.

Operation

The  operation  of a  grid-cnrrent
madulator may be most ensily under-
stood by referring to the ecirenit of
Fig. % which represents the general
form. It consists of sources of signal
and earvier voltage in series with an
exrernal impedance and the grid-fila-
ment eircnit of the tuhe. In series
with the plate-filament eireuit are

3 Grid-Current Modulation, E. Peterson

and C. . Keith. BELL SYSTEM TECIHNICAL
JovrrNan, January, 1928,
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simply a current-measuring instrument
and an output impedance. Since the
new frequencies which result from
modulation are obviously not produced
in the input generator or in the ex-
ternal impedance, they must he con-
sidered as having their origin in the
variable impedance of the grid-filament
portion of the circuit. Therefore the
grid-filament path may be considered

as a generator of “side-band” fre-
quencies and of other modulation
products.

This generator has lke all gener-
ators an internal resistance. symbolized
in Fig. 3 by Rer. and. as is the case
with ordinary generators, the terminal
voltage—between grid and filament—
is equal to the generated voltage
minus the drop eaused by the current
through the internal resistance. The
voltage drop in the generator is small
when the external impedance is high
so that little current flows. Conse-
quently the grid-filament voltage at
sideband frequencies is a maximum
when the external impedance at these
frequencies is large compared to the
internal impedance. This is accom-
plished in practice by means of tuned
cirenits, retard coils, or filters. depend-
ing on the frequency of the sideband.

Since the sideband eomponents gen-
erated within the grid-filament imped-
ance of the tube result from the carrier
and signal voltages impressed on this
impedance, the sideband voltage will
also be 2 maximum when the power
inputs at these freqnencies ave a maxi-
mumn. This may be caleulated hy the
usual formulne for obtaining the
maximum power from a source of cur-
rent having a fixed impedance and
voltage. and is found to occur when
the external and jnternal impedances
are properly “matched.” Therefore
the external impedance of the signal
and earrier sources should be equal to
the grid-filament impedance at these
frequencies. These impedance rela-
tions for maximum sideband voltage
on the grid are summarized in rhe ad-
joining table.

In this connection the question may
be raised as to how one can assign a
definite value to the grid-filament im-
pedance when it varies throughout the
cvele. By definition the impedance of
a circuit element at a certain fre-
quency is the quotient of voltage by
current, hoth being at the stated fre-

quency. Consequently in the steady
state, with a fixed voltage of a par-
ticular frequency impressed, there

must be a definite current component
of this frequeney which determines the
impedance. The grid-filament imped-
ance has been measured in actual cir-
cuits by means of a special bridge
which does not affect the fiow of cur-

@) CARRIER

FIG.3

General form of

circult.

a modulator

rent components other than the one
at the frequency of the measurement.
When using 101-D tubes under the
usual operating conditions. the grid
impedance at carrier frequencies
amounts to a resistance of about 75,-
000 ohms.

Impedance Relations

Having obtained the maximum
sideband voltage on the grid. it re-
mains only to determine the imped-
ance relations in the plate circuit for
maximum power output at sideband

Optimum Relation of External to Internal Impedances

Impedances in l Impedances in

Type of Modulation Frequency Grid Circuit Plate Circuit
Grid Current | Signal Match External high com-
pared with internal
l Carrier Match External high com-
| pared with internal
[ Sideband I External high com- i Match
| pared with internal |
Plate Current l Signal Match | External low com-
pared with internal
|
l Carrier Match External low com-
pared with internal
i Sideband External low com- Match

I pared with internal

www americanradiohistorv.com
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frequencies, There are at the same
time various other voltages on the
grid which will produce currents of
corresponding frequencies in the plate
eirenit depending on the external out-
put impedances to these frequencies.
If earrier and signal currents are
allowed to flow in the plate circuit,
they will modulate each other and so
produce voltages of sideband frequen-
cies which will combine with the vol-
tages of the same frequencies produced
by grid-current modulation. But it
ean be shown that the sideband volt-
ages from these two sources are in
opposite directions, so that their sum
is less than the larger one alone.
Therefore, since the sideband voltage
induced in the plate cirenit by grid
current modulation is the larger, the
maximum sideband output power is
obtained when both earrier and signal
currents in the plate-circuit are re-
duced to a minimum. This is accom-
plished by making the external output
impedance high compared to the plate
impedance at carrier and signal fre-
quencies. However, the plate circuit
<hould aet as an amplifier to the
sideband  voltage developed on the
arid by grid-current  modulation.
Consequently the sideband power out-
put is a maximum when the external
output impedance matches the plate
impedance at  sideband frequencies.
These optimum plate impedance con-
ditions for n grid-current moduiator
are obtained by means of transformers
and filters, or. if the frequency sepa-
rntion is great enomngh, by tuned cir-
cuits.

In some cases it may be desirable to
ntilize plate-circuit modulation rather
than grid-current modulation. The
optimum impedance conditions may
then be determined by the same line of
reasoning as used ahove except that in
this ense grid modnlation is made a
minimum and plate modulation a
maxinium, These impedance con-
ditions for the maximum plate modu-
Intion are listed for comparison in the
table.

Optimum Impedance Conditions

In both plate and grid circuits the
optimum impedance conditions for
maximum sideband output can often
be met more easily with a bhalanced
cireuit than with a single tube. The
general impedance relatlons are still
the same nas listed in the table but
since part of the currents are bataneced
from both input and eutput circuits,
the impedances to these frequencies
may be provided by separate imped-
ance units. Since the grid-current
modulator was developed primarily
with a view to its pessible application
to carrier telephone circuits, experi-
mental work has been confined for
the most part to balanced circuits in
which the carrier is suppressed. Such
a circuit is capable of giving an out-
put of half a watt of single sideband
when using 101-D tubes at 120 volts
plate potentinl. Typical curves of
single-sideband output are given in
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Fig. 4 showing how the output may
be increased by using the proper fil-
ters in input and output circuits. The
maximum plate power efficiency is
then about fifteen per cent, as com-
pared to about three per cent for a
typical plate-circuit modulator. Lis-
tening tests have shown that these
modulators will give about 10 TU
greater sideband output than a typi-
cal plate-circuit modulator using the
same tubes and plate battery with
approximately the same distortion.

Effect of External Impedances

In the preceding discussion of the
effect of external impedances on the
output of a grid current modulator,
no consideration was given to any
frequencies other than signal, carrier,
and sideband. However, the imped-
ance to direct current has a consid-
erable effect in the grid circuit. Since
current can flow in only one direction
through the grid-filament path. the
voltage produced when it flows through
an external resistance is unidirectional.
This voltage creates a negative hias on
the grid, which may hecome so high
that the grid is positive with respect
to the filament during only a very
small portion of a cycle. It is during
this portion of the cyele that modula-
tion occurs, and so there results a con-
siderable decrease in the output power
available for large input voltages.
Thus the external grid impedance
should always be as low us possible
to direct current.

The familiar grid-lenk-and-condenser
detector so universally used in radio
receiving sets operites so far as the
grid circuit is eoncerned very nearly in
acecordance with the above pwinciples.
In this ease the external grid imped-
ance consists of . resistanee shunted
by a condenser, giving a high imped-
ance to voice frequencies but allowing
the carrier and sideband input cirenits
to approximately mateh the grid in
impedance. The grid leak also has a
high resistance to direct current, which
limits the maximuni signal output just

Page 21
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45 has been explained in the previous

paragraph. However, the external
plate impedance is usually low com-
pared to the plate resistance. instead
of high compared to it. as shown in
the table for optimum impedance con-
ditions. This is due to other effects
at the high freqnencies and low ampli-
tudes for which it is ordinarily used.

Tests made with ecarrier-frequency
input to a detector tube have shown
that a considerable increase in maxi-
mum output has been secured by re-
placing the grid leak with an induect-
ance coil having a comparatively low
resistanece to direct current. Under
these conditions the fixed grid poten-
tial should be adjusted by a poten-
tiometer to ahout that of the center
point of the filament. Although this
adjustment may vary to some extent
with different tubes, it is not eritical
for large input voltages. The in-
creased load-carrying eapaeity mayv be

. | INPUT FILTER
28 | QUTPUT FILTER
INPUT RESISTANCE
a OUTPUT FILTER
o4 -
w
a
;E 20 ——+ = R
=]
= 6 Sideband output
> I of a balanced
' | INPUT |FILTER groidd I'tClr‘-rre'nt
modulator usin
S e ouTPyT RES,ISTANCE Western lElecg-
a tric 101-D tubes.
-
2
© g ! | {0 ARG
o NO PLATE | CIRCUIT TYPE
% FILTERS | WITH OQUTPUT
= & —~ FILTERS
m}
o 1
7] - | |
0 i 2 3 4 S T 8 9 o

SIGNAL INPUT CURRENT- MILLIAMPERES

FIG.4
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judged from the fact that with suf-
ficient ecarrier frequency input an
ordinary cone-type loud speaker may
be operated from a balanced grid-cur-
rent etector using two 101-D tubes.

Explanation of Fig. 5

A graphic portrayal of how grid-
current  modulation takes place is
shown in Fig. 5. A and B are carrier
and signal currents, rvespectively, and
C Is the current which results from
their flow through the ordinary “lin-
ear” conduction of the input eircuit.
DEF is the characteristic “non-linear”
curve of a grid-ecurrent modulator.
When the wave C is applied to this
conducetor its form is changed to that
of G by the planing off of half of
each wave. Since the mid-point of
the new wave is itself a sine-wave.
as shown by the dotted line in G.
there remains in the new wave a
component of the same frequency as
the signal. Removing this companent
by means of a filter leaves the wive
H. Sharp corners in this wave indi-
cate that it contains components of
still  higher frequeneies rthan the
carrier  (A). When rhese are re-
moved, we have 1, a modulared wave.

AN AUTOMATIC DEVICE FOR THE
TRANSMISSION OF STATISTICAL
REPORTS

In the January issue of I'Organizzazione
acientifica del Lavoro, M. Ugo Rosso de-
seribes an automatic device employed in his
factory for the transmission of statistical
returns from the various departments to the
management. The fixrures transmitted are
shown by means of vertical lines on bhoards
fixed to the walls of the manager's office.
The height of the vertical lines is regulated
by means of a dial-shaped rotating trans-
mitter, similar to that used for automatic
telephones. This permits of auntomatic
transmission by each department of statie-
tical returns for produetion, stocks in ware-
house, goods invoiced and orders received.
as well as of financial data supplied by the
accounting department. Time spent in mak-
ing out written reports is saved.
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Substituting Argon for Helium in Low-
Voltage Rectifiers

A Resumé of the Results of Laboratory Research in the Manufacture

HIEE attempted substitution  of

argon for helimn in low-volt-

age rectitiers has been urged

by several important faectors,
i. e. (1.) Lower starting voltage,
(2.) Lower voltage drop. (2.) Smoother
operation. (1) Less gas pressure re-
qnired. (5.) Cost.

The tests that have been eondueted
up to the present time. however. do
not warrant its use because of lack of
uniformity of results ohtained. Three
factors seem to he responsible for
these results: (1.) Tmpure gas. (2))
Dixintegration of anodes, (3.) Impure
anodes.

It is diflienlt to separvite the effect
of any one factor when explaining the
ultimate short life of the tube. The
disintegration of the anodes is a good
example and might be caused by
sputtering of anodes in pure nrgon
discharge: eatalvtic effecr of getter:
impurities in argon: or impurities in
anode material.

The first of these seems most im-
portant.  Through proper proeedure
the catalytie effect of the getter ean be
eliminated. Ture sheet niekel has been
used eonstantly for cathode material
during the tests of determining the
relative merits of varions anode ma-
terinls. However, this does not point
to its satisfactory employment, sinee
in all test tubes that have operated
for more than one thousand hours, the
coating of active material has been
wholly or partly eradieated. and the
eathode often so severely eaten as to
e sputtered over the anodes. There-
fore, in eases where both electrodes
have heen attacked, it seems fair to
charge both elements with the clean-up
of gas and short life.

All nrgop used in the test was ob-
tained from the Air Reduction Com-
pany and was supposed to he 100%
purity ; however. when n sample was

examined spectroseopically counsider-
able impurities were found to bhe
present. These impurities ean be
eliminated.

Disintegration of Anodes

Much has been learned regarding the
disintegration of the anedes in spite
of the fact that the cathode finally
becomes attacked.

With all material so far fried for
anode purpose. their disintegration has
been so rapid as to give insufficient
time for the cathode to hecome
attacked to any visihle extent. The
following metals have heen tried for

* Regearch Lahoratory, CeCo Manufactuy-
{ing Co.

of Low-Voltage Rectifiers

By E. Kauer and Dr. S. Marie*

anodes, and all found to be less saris-
factory than ¢cirbon: nickel. rungsten.
tantalum, magnesinm, molybhdenum,
aluminnm and silver,

The itta on carbon divides itself
into two main portions, 1he first heing
principally  of the projector carbon
from the National (arbon Co.. and the
other entirely of Austrinn earbon. To
date extrensive rests have been carried
ont only on these two makes of enarvbon.
they hbeing satisfuetory as regards
hardness and bhinder. From experi
mental tubes mude in the laborarory.
the following has been obtained wirh
1/10-inch diameter earbon anode and
nsing DG oconstruetion,

E ti
RADIO SERVICING

Starting  with  the December
issue, RADIO ENGINEERING
will run specially selected articles
for radio technicians, covering the

construction and use of testing
= equipment, radio trouble shoot-
ing, etc.

We have two excellent articles
scheduled for the Deceniber issue.
The titles are: “Radio Inspection”
and “Constructing « Modulated
Oscillator.”  Yon will find them
valuable—Editor.

SR (Il lil

Pressure
A pressure of four to seven M/M
cold gives the longest life. Following
is a summary of experimental tubes
miade with various pressures.
Hours of
life to 150

M/M volts,
5 . 24
20 . T2
3.0 . 120-240
35, 336
4.0 . 525720

Pin Length

A positive extension of pins above
the plare is better than a negative
length, since with the Iatier condition
the ddischarge is encouraged down too
near to the top of the lava insulators,
resulting in rapid increase of creepage
and early failure to short circuit. As
far ans the ping are concerned, it is
unnecessary to attempt to reduce the
hack enrrent to a minimum, for as will
be noted in the data, tubes with pres-
sure of 5 M/M and 3/32” extension of
pins have more than 5 MA back cur-
rent and are still operating satisfac-
torily after 2.000 hours.
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[t is recommended that the pin
length he above 1/16” for the present
shore pin amd lava arrangement,

Potassium, Caesium and Lithium
Getters

LParviry has marked influence. for
when ecaesinm and potassium are re-
leased in a tube by the hombarder,
wirh the ageney of metalic caleium
rhe initial outpnt may be no higher
hut  longer life is insured. Life
measurements for the period when the
output stands above 150 volts are 0-220
hours withont getter and 170-2100
hours with getter.

When flushed in the tube. caleinm
also has a beneficial influence on the
exrent of life. Two methods have

been emploved to utilize it—the tirst
being to attach a small lump to the
lower side of the eathode plate, with
a spacing of 1.32” hetween the two. so
that the ealeinm will not be flashed
until the final stages of hombardment.
The seeond method is to form an
auxiliary eal¢ium electrode outside the
cathode, This is treated with current
on the pump. to rid it of acclouded
& The tnbe is then filted, scaled
off. and the ealeinm flashed completely.
The first method has given the most
uniform results. Life measurements
indicate 0-220 hours without caleium,
120-1000 hours when ealeium is flashed
after sealing off and 25-1000 hours
when caleium is flashed before sealing
off,

Lises,

Heating of Anodes

The effectiveness of heat treatment
of the anodes at 600 degrees in a
vacuwn hefore stemming is indicated
in the following: 0-216 hours with
unheated anodes and 48-1000 hours
with heated anodes.

Coating

The eathode was sprayed and heated
in hydrogen, with active materials,

consisting of  barium, strontium,
sodium, potassinm and lithium
nirrites.

Carbon

As far as tests have indicated, there
seem to be little difference between
“National” and Austrian carbon, Tow-
ever, the variety from abroad is uni-
form in diameter within .001” and
costs about two cents per tube.

(A series of tests are being made.
using a mizture of helium and argon.
Results of these tests will be presented
in another paper. Editor))
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Impedance of Iron-Cored Chokes

Characteristics of Iron-Cored Chokes and Methods of Measurement

HE true tigure of merit of an
iron-cored choke is its imped-
ance to alternaring  currents.
When, as is usnally the case.

the choke carries hoth alternating and
direct  components  of  currvent.  the
former valies alone mnst be mensured
a8 1 srep o in obtaining the choke emn-
pedanece. When the aliernating con-
ponent of voltage aeross the choke is
Enowwn, the impedance is then deter-
mined ax /1. Specitieation of the
impedance of a clhoke is more direct
and Iabor-saving than specitication of
induetanee, for rhie larrer mnst be ob-
tained hy roundabonr ealeutation from
rhe former.

It cannot be assioed with any de-
gree of aeenracey rhar the choke is a
pure reacranee. and rhat rhe inductance
therefore may be obrained by equating
the indnetive reacrance 2mfl. 1o the
quotient /1. The resixtance of rthe
choke winding is negligible, being of
the order of three or four hundred
ohms,  Ilowever, rhe hysrerisis and
eddy-cnrrent losses are not negligible :
their effeet is to make the phase angle
of the i1ypical chokes ax low as 657,
This departure of the choke from a
pure reactance must be recognized and
the proper relations ser up if rhe true
inductance of the choke is to he ealeu-
Inted. Such cannot he done unless the
measurements arve further compliciated
to inclhide the derermination of the
phase angle of rhe choke.

Direct Current Effect

In any measurement, whether made
S0 &s to determine the induerance or
merely to find the impedance. the value
of D.C. in the choke must be known.
In general, the higher the D.C. satura-
tion the lower is the choke impedance.

* 3612 Woodbridye Place, Cincinnati, 0.

100 MA. SCALE
MEASURE l l 2E
g

201-A

CALIBRATE

FIG.1

Circuit for measuring the phase
angle of iron-cored chokes.

By G. F. Lampkin*

The range of impedance with D.C.
variation is less in a choke with an air-
gap core than in one wirh a continuons
ivon core. Tn either case. however, the
vitriation is wide enongh that speciti-
cation of  choke  Dhnpedance  without
mention of NLC, satwration is meaning-
less.  Not only does (he ampedanee
vary with the valite of D.C. in the coil
but it varies just as widely with the
amount of  A.C. For echokes
dimensions are typical of rthose used
i “B7 eliminaturs the impedance in
zeneral inereases wirh inerease of AC.
component in the eoil. Thux it is
necessiary to determine both D.C. and
A.C. in the eoil when measuring the
choke. To determine the impidanee an
addirional weasnrement of alternating
voltige on the choke must bhe made;
while if an aceurate valie of indner
anee is desired, both phase angle and
voltage must be obtained.

whose

110 v
AC

FiG.2 E2 Ey
4—-—-E3——~ -

Simple circuit arrangement for

testing a choke,

Phase Angle Measurement

The phase angle cannot be conven-
iently measured by the wattmeter
method.  One reason is beciuse the
usuial A.C. eomponents are bhetow the
wattimeter range.  Another reason is
the diflienlty of isolating the A.C.
quantities so rhat they :alone will
register on the merer. The three-volt-
meter method of measuring phase angle
ciatmot be applied with the ordinary
elecrrodynamometer voltmeter because
its impeadance is low eompared with the
impedances to be measured. A
vacuum-tinbe voltmeter ean be used in
the method, however. In its simplest
form rhe vacuum-tube voltmeter may
he built with n 201-A type tube, a 22%-
volt “B" hattery, a 4%-volt “C” bat-
tery and 400-ohm potentiometer, and a
100-ma., D.C. meter. Fig. 1 gives the
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FIG.3

! o E12+E22-E3?
cos (180°-8) = ———=
( ) 2E1E2
E3%-E,2-E7°
s s —
cos © 2E E2
L
Vector diagram of the phase angle
of an iron-cored choke.
cirenit, Starting with a datnn reading

of 20 ma., an inpar-veltage range of
.25 to 1.3 volts ran.s, will corresponsl
to a plare-cnrrent range of approxi-
narely 22 to 100 ma,  The eireuit also
shows the method of ealibration
wherein  the t0-evele current in 2
srandard resistanee is measured. and
the calenlable drop impressed on the
meter.
Test Circuit

To test a choke rhe eirenir may he
laid our as in Fig. 2. The total resist-
ance across the choke is made some
hundred times the choke impedance.
The resistors may bhe the metalized
grid leak type, with R, around 3
megohms  and R. so  proportioned
thar rhe voltage across it comes within
the range of the vacuum-tube meter,
Valnes of R. will asx a rnle range from
0.05 to 0.5 megohms. The ratio for
each eombination of R, and R, should
Lbe mensured rather than ealeulated
from the stated resistance values, The
1. mtd. condensers are nsed to isolate
the D.C. potentinls so that they are
not impressed on the tube grid. The
insulation resistance of each eondenser
should be checked to see that it is of
the order of several hundred megohms,
If the insulation resistince were low,
sutlicienr D.C. potentinl would exist
across the resistors to intlnence the
viiennm-tube voltmeter readings.

The resistance R is used in series
with the choke to obtain n potential in
phase with the alternating current. It
is also used to measure the magnitude
of the A.C. component. Knowing the
value of R and from the vacuum-tube
meter rewading the voltage across it
the eurrent is obtained as E,/R. If R
is made 1,000 ohms, 0.25 milliamperes
A.C. ean be measured using the above
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R’

Z = |® = MEASURED CHOKE

iz x’ R = R'(1+tan?@) = SHUNT RESISTANCE.
1
= 1 e =
X= X'(1+5-"5e) = SHUNT REACTANCE.
L= 2;‘f. = TRUE INDUCTANCE OF CHOKE.

IMPEDANCE.
R'=Z cos & = APPARENT CHOKE RESISTANCE.
X'=2 sin 8 = APPARENT CHOKE REACTANCE.

FIG.4

Equivalent electrical circuit of a transformer.

The quantities X, and R; rep-

resent the primary leakage reactance.

described tube voltineter. Different
appropriate values of R may be used
to measure other alternating current
ranges. The voltage E, measured
across R, multiplied by the factor

R,+ R,
, gives the alternating voltage
R,

across the choke. The final expression
for the choke impedance in terms of
the various resistances and voltmeter

E: (Ri+R:) R
readings is: Z=———.
E: R.

Choke Measurement

To obtain the phase angle of the
choke it is necessary to read the
voltage E, the resultant of E, and E..
Then from trigonometry the cosine of
the phase angle may be computed as

(E)*—(E))'—(E.)*
cos 0= — v — v
2 FE E:

from

whence the angle © can be fonnd in
trigonometrie tables. Or more simply,
the value of voltage B, may be laid
out to scale on paper. See Fig. 3.
With E: as a radius an arc is drawn
from one end of E.. From the other
end of B, an arc with radius E. is
struck to intersect E;. The external
angle © between E. and . as
measured with a protractor, is the
phase angle of the choke. The voltage
E. is a certain fraction of the total
voltage ncross the choke, and is in
phase with the total voltage, since a
pure resistance is used for a ratio arm.
Suppose a different portion of the total
voltage were tapped off for measure-
ment, say E' as shown by the dotted
line. The new resultant would be E',
but the angle between L, and E.
would he unchanged. Thus the angle
© as determined by the method is in-
dependent of the ratio of R, to R..

The equivalent circuit of a trans-
former is such as that in Fig. 4. The

guantities X, and R, represent the
primary leakage reactance, and the
resistance of the primary winding,
respectively. At all times, under any
load conditions, an exciting current
flows in the primary. A part of this
current, in quadrature with the im-
pressed voltage, is the magnetizing
current which sets up the flux in the
core. The other component of excit-
ing current, duc to iron losses in the
core, is in phase with the impressed
voltage. In the equivalent cireuit these
components of exciting current are
represented as being drawn by the
resistance r and the reactance x, which
make up the primary exciting imped-
anece. The secondary leakage reactance

§ m\?2.,
and resistance hecome (nl) X. and

2
(?TI)R’ respectively, when trans-
2

ferred to the primary. The secondary
load Z is multiplied by the same factor
when transferred to the primary in the
equivalent cireuit.

Ifowever, a choke has neitlier sec-
ondary winding nor secondary load.
In applyving to the choke the above
circuit. these elements need not be con-
sidered. The primary resistance ean
be neglected in comparison with the
exeiting impedanee; as can also the
leakage reactance with the same slight
degree of error. Thus the equivalent
cireuit of the choke hoils down to the
exciting impedance of a transformer—
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a resistance and inductance in parallel.
The resultant impedance of a choke
can never be larger than the smaller
of these two parallel elements. The
greater the hysterisis and eddy-current
losses in the core, the lower is the
choke impedance, and the lower is the
phase angle.

Inductive Reactance

The true inductance of the choke can
be calculated if the impedance, Z, and
the phase angle, ©, are known. These
can be determined in the three-volt-
meter method by utilization of the
vacuum-tube voltmeter as above. The
apparent inductive reactance of the
choke, which may be designated X', is
given by Z-sin 6. The true value of
the inductance reactance is

1

X=X'(1+ Y-

tan® ©

This is the value of the shunt induct-
ance element in the equivalent circuit,
whence the true inductance is

X

L =-
2 f

In like man-
ner the value of the shunt resistance
due to iron loss is derived as R =R
(1 4+ tan’®). where R' is Z-cos ©
These transformation relations may be
obtained by setting up the expressions
for the equivalent circuit and solving
for R and X. In the extreme cases,
if the choke is a pure reactance,
0 =90°, tan’ © = infinity, and R is
infinity — that is, an open circuit, and
X == X'; or if the impedance is a pure
resistance, © =0, 1/tan’ © = infinity,
and X is infinity, while R = R".

Sueh a process of accurately deter-
mining the inductance of a choke is
laborions and involved. The nse of a
vacunm-tube voltmeter is not desir-
able because of instabilities in ealibra-
tion., hecanse of the labor involved in
transferring plate-current readings to
input volts, and because of some slight
error due to wave-form. The voltage
aeross the choke is nearly sinusoidal.
The voltage across R in Fig. 2 has a
gzoodly percentage of third harmonic,
however, bheeause its wave-form con-
forms to that of the exciting current.
The wave-form error is not as great
for the type of tube voltmeter de-
seribed as it would be for a peak-
reading voltmeter. Lastly, the process

TEST
CHOKE -

2
T
fov 2
AC 2
Circuit for the 2
measurement of <
the Impedance
of an iron-cored —_—
choke.
ST
FIG.5

ITIIII-

e

AUXILIARY
CHOKE

s

40 MF.
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necessitates an excessive amount of
computation. It would be warranted
chiefly in design or developmental
work,

Measurement of Choke Impedance
Only

The measurement of choke imped-
ance alone is a much simpler under-
taking. The results tell as much or
more about the efficacy of a choke as
other measurements, assumning that
the D.C. resistance is kept within the
usual bounds of three or four hun-
dred ohms. Numerous ways have been
developed for choke impedance meas-
urement, such as bridge methods,
special vacuum-tube voltmeter setups,
D.C. bucking-out connections, and so
on. The problem is to measure a few
milliamperes A.C. in the presence of
a greater amount of D.C. The sepa-
ration of A.C. and D.C. can be most
easily accomplished by a choke and
condenser combination. In Fig, 5 the
condenser C passes the A.C. into the
thermocouple meter, but blocks the

[+
O

w
Q

[T
(==

n
[=]

o

IMPEDANCE - THOUSANDS OF OHMS
& =
2] o

CHOKE
3

(o} {0 20 30 40 50 60 70
lp.c.-MA.
FIG.6

Impedance of Iron-cored
with leaved Joints.

choke

D.C. into the choke by-pass. Forty
or more microfarads of “B"” eliminator
blocks may be used to make up C.
The reactance at 60 cycles of a con-
denser of this size is around G0 ohms.

A typical 10-milliampere vacuum
thermocouple has a heater resistance
of 37 ohms, which combined with the
condensive reuactance presents an im-
pedance of some 75 ohms to the A.C.
component. The minimum impedance
of the better “B” eliminator chokes is
of the order of a hundred times this
value, so that the error due to shunting
by the auxiliary choke is negligible.
The D.C. source had best be a tapped
battery capable of supplying the
maximum required D.C. A one or two-
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(2] {0 20 30 40 50 60
Ipc.-MA.
FIG.7

Impedance of lIron-cored
with butt Joints,

choke

hundred ohm potentiometer could be
used across the 110 D.C. mains as a
source. The point is to keep the A.C.
impedance of the circuit between the
voltmeter and the choke as low as
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possible.  With a choke whose im-
pedance runs into the thousands of
ohms the error introduced by the
75-ohm ammeter circuit and the low-
resistance D.C. source is near, or less,
than one per cent. Direct current in the
circuit is measured by a D’Arsonval-
movement meter. The transformer
used as the source of A.C. is controlled
from the primary, in order that varia-
tion of the alternating voltage will not
change the D.C. flow by changing the
circuit resistance. The measurement
procedure is to fix the value of D.C,
vary the alternating current and read
the corresponding alternating voltages.

Typical Impedance Curves

Typical impedance curves for two
different chokes, in Fig. 6 and Fig. T,
are given. The difference between
chokes with and without an air-gap
core is evident. The aid gap reduces
the range of impedance with D.C.
variation; it makes for higher im-
pedance at high saturations, but lowers
it when little D.C. is flowing. The
variation in impedance with A. C. com-
ponent is also apparent. The ranges
due to this cause are as great as those
due to change in D.C. saturation.

RADIO SIGNAL TRANSMISSIONS OF

STANDARD

HE Bureau of Standards an-

nounces a new schedule of radio

signals of standard frequencies,

for use by the publie in eatibrat-
ing frequency standards and transmit-
ting and receiving apparatus. This
schedule includes many of the border
frequencies between services as set
forth in the allocation of the Interna-
rional Radio Convention of Washing-
ton which goes into effect January 1,
1929. The signals are transmitted
from the Bureau's station WWYV.
Washington. D, C. They can be heard
and utilized by stations equipped for
continuous-wave reception at distances
up to about 300 to 1.000 miles from
the transmitting station.

The transmissions nre by continu-
ous-wave radio telegraphy. The
signals have a slight modulation of
high piteh which aids in their identi-
fication. A complete frequency trans-
mission includes a “general call” and
“standard  frequeney”  signal, and
“announcements.” The ‘“general call”
is given at the beginning of the 8-
minute period and continuous for

FREQUENCY

about 2 minutes. This includes a
statement of the frequency. The
“standard frequency signal® is a

series of very long dashes with the
call letter (WWYV) intervening. This
signal continuous for about 4 minutes.
The “announcements” are on the
same frequency as the “standard fre-
quency signal” just transmitted and
contain a statement of the frequency.
An announcement of the next fre-
quency to be transmitted is then
given. There is then a 4-minute inter-
val while the transmitting set is ad-
justed for the next frequeney.

Information on how to receive and
utilize the signals is given in Bureau
of Standards Letter Circular No. 171,
which may be obtained by applying to
the Bureau of Standards. Washington,
D. C. Even though only a few fre-
quency points are received. persons can
obtain as complete a frequency meter
calibration as desired by the method
of generator harmonics, information on
whieh is given in the letter circular.
The schedule of standard frequency
signals is as follows:

Radio Signal Transmissions of Standard Frequency Schedule of Frequencies in

Kilocycles
Eas'eln’l‘isl;:nda"] Nov. 20 Dec. 20 Jan. 21 Feb. 20 Mar. 20
10:00 —10:08 . M.......... 1500 4000 125 550 1500
10:32 — 10:20 .. . cepsmvss smas 1700 4200 150 600 1700
10:24 — 10:32 ... ;rep smsvisong 2250 4400 200 G50 2250
10:36—10:44 ............ ... 2750 4700 250 800 2750
10 :48 — 10 :50 covssssmeriesny 2850 5000 300 1000 2850
11:00 —11:08 .......cvvirnnn 3200 5500 375 1200 3200
13032 — $10:2Q" comnns it 4o s n 2w 3500 5700 450 1400 3500
11:24— 11832 swns bismas PP 4000 6000 550 1500 4009

WwwWw_americanradiohistorv com
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Wire Drawing

Ruadio Engineering, November, 1928

A4 Story of the Step-by-Step Manufacture of Wire with an Introduction

HE art of wire-drawing cime

into exisrence in the middle of

the L4th Century. All the wire

that was made before that time
wias made by rhe tedious and tahorions
proeess of ecutting a thin continuous
strip from a sheet of tint metal and
then rounding this tlat strip under the
hammer.  Strange rhat the ancients
made round wire by rounding flat wire
and we meoderns make flat wire by
flattening round wire,

The genius who discovered that wire
could be made from meral rods by
pulling them rhrough funnel shaped
holes is suppozed 1o have been one
Rudoiphl of Nurenberg and we have
documentary evidence of this proces
being carried out in Augsberg in 1 g
Some 1wenty years later mention is
made of a wire-drawing mill in Nuren-
berg making wire from several dif-
ferent nerals but nearly rhree liundred
years more elapsed before the art was
introduced into Fngland.

* Chicf Engincer,
Caomptny.

Dudlo Manufacturing

(Photos. courtesy of Dudlo Manw

facturing Co.)

it NEHIHTHITETHTE JITHIHRTHN 1]

A sectlon of the rod mill for draw-
ing heavy sizes, from No. 4 to
No. 14 gauge, from the copper rod.
The rod Is reduced in stages and
after attaining a small diameter [s
drawn through speclal dies.

ERIRITTHTHIBIETTHIHIT HIHHETTTEHIT

to the History of the Art
By George B. Horn*

tn Ameriea the first wire-drawing

mill was Dbuilt in 1775 at Norwieh.
Connecricur, by Narhaniel Niles. With
the dawn of the Electvieal Age. the

demamd for wire was enormously in-
erensed and the modern wire-drawing
mill with its truly stupendons output
is the result of that dewmani.

Nature of Metal Required

have both duetility
suitable for

A metal must
anmd tenacity to make it

wire-drawing. It must be duectile
enough so that it can readily be
squeczed and stretched o a smaller

dinmeter., and corrvespondingly longer
lengths, as it passes through the dies,
and it must be tenaeivus enoush so
thal it does not pull apart under the
strain. The greater the duetility and
rthe greater the tensile strength of a
metal the greater the allowable speed
of «drawing will be.

Not every metial possesses these re-
quirements.  In faer, the number of
metals suitable for practieal wire-
drawing are rather small and of rhese,

ia
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three are precious metals,—gold. plat-
inum and silver. The other commonly
used metals are copper, iron (or steel)
and aluminum. Alloys of these metals
sueh as brass, ete.. are also used.

The number of substances used as
dies for wire-drawing are also very
limited. The dies must be much harder
than the metals being drawn and they
must have strength enough to stand
the strain. In praectical use only three
materials have been tound of value
and these are chilled east iron. steel
and the diamond. Of thes2, the last
is far superior to the others and is ex
clusively uxed for the smaller sizes of
wire with rtheir more exaet require-
ments. The diamond, of course, is the
hardest of 21l substances but, uunfor-
tunately. it also happens to be one of
fhe moxst expensive and. in the larger
sizes, this eost becomes almost pro
hibitive. Wlile the diamonds that are
used for this purpose :ire ones that are
unsuitable for use as gems, due to
being off color or badly flawed. and
are therefore not as high-priced as

A bank of wire drawing machines
for sizes No. 30 to No. 46. Diamond
dies are necessary for drawing
such fine wire. The wire is fed to
the machines from the spools on
the ends of the rods, over the ma-
chines, and after reduction in size
it is fed on to other spools.

T
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the gems, nevertheless they are suf-
ticiently rare to make their cost by
no means a negligible factor.

Wire Dies

The hole through the die must be at
right angles to the face of the die; it
must be true; it must be within the
limits of tolerance for size; it must be
properly tapered to the throat and the
entire passage through the die must be
smooth and highly polished so as to
oppose as little frictional resistance as
possible.  As thexe smaller dies are
drilled with a tolerance of only 0.0001
of an inch and, asx the speed of the
drawing depends largely on the proper
design of the dies, it can readily be
seen that the making of wire-drawing
dies is an art in itself, The diamond
dies are drilled, tapered and polished
by needles covered with oil and dia-
mond dust and the xize of the hole is
gauged by drawing some wire through
it and then measuring the wire with
fine mierometers,

It is necessary to n=e a lnlvieant in
the drawing proecess, This may be tal-
low, oil, soap, or soap solution and. in
drawing iron and steel wire, deposited
lime and iron rust actnally act as lo-

(P’hoto. courtesy of Detroit Wire Die Co.)

A diamond die for drawing No. 14
to No. 50 gauge wires.

brieants. Ax a considerable mnnount of
heat is given of! during the drawing
process it is necessary that this be
abxorbed. An aqueous solution of soap
serves the double purpose of lubricat-
ing and also cooling the dies and the
wire.
Speed of Drawing

The speed of drawing depends on the
nature of the metal being drawn, the
size of the wire and the design and
construcrion of the dies and mill, In
general, it may be said that the speeds
vary from somewhat less than 60 feet
per minute to over %00 feet per minute.

The life of the dies depends on the
nature of the metal being drawn and
the speed of the drawing. IIard steel
wire may wear a die out in a few days
while with a soft copper wire, the life
of the same die might vary from sev-
eral months to several years. Instances
have heen recovded of diamond dies
lasting up to eight yvears on soft cop-
per wire.
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(Phatae. courtexy of Dudio Munufacturing Co.)

Two of the numerous annealing ovens which remove the crystal

strain from

copper wire between the drawing operations.

While the foregoing statements have
neces=arily been of a general nature.
1he following will he more speeitie, de
seribing the manufacture. step hy step
of copper wire fromn the raw material

copper rod.  Cerrain variations. of
course, would he necessary in handling
other metals bur the inclusion of such
variations would make this article un-
necessarily long. and. ax copper wire is
of primary importance in the electri-
cal industries, its manufacture will be
the one deseribed.

Manufacturing Processes

The end of the rad ol one of these
“hundles™ i lnu-d in a pointing ma
chine \\hld n\x\l\ of grooved rollers
so arrang&d that the rod ean be
tapered between lhcso rolls. The
tapered end is then thrusr rhrough
the various xized dies which are strung
on in a stringing maehine: the largest
die first. followed by rhe next smaller
and so on down to the smatlesr. From
four up to nine dies are strung on for
drawing on this tirst or red mill.

Sinee the wire that is handled on
this mill is large in diameter, the mill
must be of heavy construction ro stane
the strains and the lubricating and
cooling must be ample ax a large
amount of power is dissipated as heat,

Each die is followed by a drum
which furnishes the necessary tension
for drawing the wire throngh the die.
As many as nine dies may be used on
thix heavy mill so nine drwums are re-
quired. the last one of which is used
for winding the finished wire. On the
other drums one or two turns is suffi-
cient to furnish the tension. As the
wire elongates at each *“pass” it is
necessary to rotate each succeeding
drum enough faster to compensate for
the extra length of the wire.

The diesx nsed on this mill are made
of chilled cast iron and they are ro-
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tated during rhe drawing ~o that they
will not wear nuevenly. While their
life varies somewhat, it is usually
necessary to ream and peolish them to
the next larger size after one bundle
of rod has been drawn. In order to
draw good non-kinking wire the throat
of the die must form a straight line
with the tangent of rhe tension drum.
Lubrication and cooling are accom-
plished by means of an aquecns soap
~olution whieh is pumped and splashed
over the wire and dies and is eir-
cnlated =0 asx to dissipate the heat
«iven ofl during the drawing.

Wlhile the number of “passes”
rhirough bhoth the rod mill and the sue-
ceeding mills varies acecording to the
requirements of the wire being drawn,
it is possible to reduce 4" rod to 14
Gange wire by nine passes thus doing
somewhat better than reducing it one
gauge smaller on each pass.

Wire-drawing strains the mctal erys-
rals and hardens the metal so that
after a certain number of passes the

Chllled cast iron die for drawing
No. 3 to No. 14 gauge wires.
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wire must be annealed to take the
strain out of the crystals and soften
the metal before drawing it further.
This annealing is carried out by plac-
ing the coils of wire in an annealing
oven and heating it to the proper tem-
perature and for a sufficient length of
time to secure the desired degree of
softness in the metal. For a rough
example, the annealing may be carried
ocut at about 800 to 900 F for a period
of from one and one-half to four hours.
At this temperature copper wire will
oxidize in air so the annealing is car-
ried out in an atmosphere of either
steam or gas and the wire is intro-
duced and taken out through seals
which keep the air from entering the
ovens.

After annealing the wire may be
sent to the intermediate mill where a
reduction of from 14 Gauge to 22
Gauge or even 26 Gauge may be ef-
fected. While the procedure varies
somewhat on the wire requirements,
drilled. cast iron dies are generally
used only down to about 14 Gauge and
for smaller sizes and even for 14
Gauge, diamond dies are usually used.

The Diamond Dies

These dies, while made from off-
colored and flawed diamonds which
cannot be used in jewelry, are never-
theless very expensive, especially in

the larger sizes. This expense is due
not only to their rarity but also to the
cost of making them, as the drilling,
tapering and polishing are extremely
laborious. They are practically all
made in Europe and a high degree of
skill i{s necessary in their production.
Briefly described. the drilling and
polishing are done by means of steel
needles covered with ofl and diamond
dust and these diamonds are then
mounted in steel plates by pouring
molten hrass around them. In spite of
their high original cost, the cost per
unit of copper wire drawn is very
reasonahle as the extreme hardness of
the diamond dies makes them very
long lived. This hardness also makes
it unnecessary to rotate the dies dur-
ing the drawing process,

The power consumption on the inter-
mediate and fine wire mills is only a
fraetion of that consumed in the rod
mill and it is not necessary to compen-
sate for the increased iengths of wire
by driving the tension drums at vary-
ing speeds or constructing them of
varying diameters. Instead. slippage
takes care of this faetor very nicely.

After passing through the intermedi-
ate mill. the wire must again be an-
nealed before going to one of the fine
wire mills where it can be reduced
from 22 Gauge to 36 Gauge or 38
Gauge.
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If still finer wire is desired, the wire
is again annealed and may be reduced
from 36 Gauge to 44 Gauge.

It might be mentioned that in the
smaller mills the dies are supported
in brackets and the entire drawing
operation is conducted while immersed
in a soap solution.

Special Processes

While this gives a general idea of
the drawing of copper wire, the exact
procedure for producing any specifie
gauge and quality of wire may vary
considerably from the above as the
hardness and tensile strength of the
wire can be greatly varied by the
proper regulation of the drawing and
annealing processes.

Flat wire is made from the round
wire by flattening between rollers of
special alloy steel. If very thin, flat
ribbons are required, it is necessary
to true the edges by slitting.

Square wire is made by passing
round wire through a “Turks Head”
consisting of four adjustable special
alloy steel rolls.

Tinned wire is made by running the
copper wire through a pickling bath,
then through a bath of molten tin fol-
lowed by a colding bath, after which
the wire is passed through a single
polishing and finishing die.

The Mathematics of Radio

Covering the Fundamental Structure and the Characteristics of the

PART XII
radio in-

IIE success of the
dustry is founded upon the
vacuum tube, Broadeasting

as we know it today would be
virtually impossible were it not for the
perfection of the vacuum tube. It is
very likely that further developments
upon the singing are invented many
years ago would have been a basis for
some sort of hroadeasting at this stage,
but the invention of the vacuum tube
obvinted the necessity of improvements
upon the arc with the purpose of util-
izing the system for speech and music
transmission. Consequently, a series
of articles or papers describing the
phases of radio would not be complete
without a discussion of the vacuum
tube, hence a chapter on tubes in the
“Mathematics of Radio.”

Recent developments in the radio re-
ceiver field have brought to public
light a new use of the vacuum tube,
namely the conversion of alternating
currents into direct currents, i. e,
rectification, constituting the power
supply systems of millions of receivers
in use throughout the world. This
field of utility necessitates a more ex-

Vacuum Tube

By John F. Rider, Associate Editor

tended discussion or rather a more
basie discussion of the vacuum tube
since the vacuum tube when utilized in
a R-eliminator is of the tvpe prae-
tically identical to the original two
element tube in its first form of inven-
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Curve of the emlission from a tung-
sten filament.
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tion ; Iater to be followed by the three
and four element tubes.

We do not propose to enter into the
phyrsics of the vacuum tube but rather
to discuss and to explain important
points whieh will be of general utility
to the radio man and aid him in his
work.

Another contributory cause for more
than a rudimentary discussion is the
A.C. tube, utilized in the A.C. receiver.
While this tube differs from its D.C.
brothers in but one respect, namely,
the filament cireuit, this difference is
of suflicient importance to warrant an
explanation. This explanation is neces-
sary because it governs tbe successful
utilization of the tube.

FElectron Emission

The basis of all vacuum tubes irre-
spective of their utility, whether of
two. three or four elements, is elec-
tronic emission from one of the ele-
ments within the tube. The vacuum
tube s we know it today consists of
a number of elements contained within
a chamber, from which has been with-
drawn. by certain processes, all air
and gases. This statement must be
qualified somewhat insofar as the gases
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are concerned, since under certain con-
ditions certain gases are permitted to
remain in certain tubes, particularly
rectifier tubes, of which the Tungar
tube is an example. However, at this
time we are not specifically concerned
with the evacuation of a tube but
rather with its operation and utility,
and consequently will omit lengthy
discussions of the effects of residual
gases or gases which have been de-
liberately placed into the tube, other
than to mention specific instances
where the presence of guses is detri-
mental to the satisfactory operation
of the tube,

Referring again to electrons, we find
them present in all metals and our
reference to metals is hased upon the
fact that the electron emitting ele-
ment in our vacuum tube is a metal.
We made mention that the basic prin-
ciple of operation of a vaenum tube is
the electronic emission from a heated
element, usuilly referred to as the
cathode. The electronic emission from
an element ix governed by two factors.
The structure or constituency of the
element and the degree of incandes-
cence or temperature. The first is a
variable very closely allied with the
second since a vital item is sufficient
electronic emission at minimum tem-
perature. It is for this reason that
certain substances are utilized as the
source of electrons, Three kinds of
filament material are employed in the
everyday vacuum tube, namely tung-
sten, thoriated tungsten and platinum
coated with a certanin oxide, Un-
doubtedly the reader at this time is
thinking abont the cathode type of
A.C. tube. Let us forget this for the
moment and consider it later in this
text. Tungsten possesses  certain
properties which make it quite popular
as a filament in vacuum tubes and as
the source of electrons. First, it emits
electrons quite freely and second. it
can be heated to a high temperature
but the one disadvantage of the fila-
ment made of tungsten is that it must
be heated to a fairly hizh temperature,
when compared with the required
temperatures of the other materials.

Thorium and Oxide Filaments

The electronic emission from a
tungsten filament at a certain tempera-
ture can be increased by the addition
of a small amount of thorium to the
tungsten before it is drawn, and when
the filament is heated to the proper
temperature, the thorium rises to the
surface and constitutes what is prae-
tically a coating on the tungsten fila-
ment. It is this phenomenon which
permits what is known as the *“re-
activation™ of the thoriated tungsten
filaiment. wherein ufter the first layer
of thorium has leen exhausted, the
tungsten is heated to an abnormally
high temperature to cause the thorinm
within the filament to rise to the sur-
face, after which the filament is again
operated at normal temperature. An
iden of the necessity of heating
tungsten to 2 very high temperature in
order to obtain satisfactory electronic
emission is shown in Fig. 68 depicting
emission from a tungsten filament at
various temperatures. Another classi-
fieation of filaments is the oxide coated

CURRENT
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~ ELECTRONIC
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FIG.70

lllustrating the etectron flow In a
vacuum tube.

filament. previeusly mentioned. where
a platinum wire is coated with certain
oxides such as strontium oxide, cal-
cium oxide and barium oxide. The
salient property of these chemieals is
the free emission of a great numher
of electrons at low heat or tempera-
ture. As a comparison of operating
temperature heftween tungsren and a
platinum filament coated with oxides,
the former is operated at white heat.
at a temperature Dbetween 2200 and
2400 degrees Absolute, while the latter
is operated at a cherry red heat and
much lower temperature.

Another distinet difference between
the above two types of filnments is a
struetural ehange during operating life.
The degree of volatilization of a fila-
ment increases with temperature and
it is therefore easy to comprehend that
a filament operated at white heat will
volatilize much faster than a filament
operated at low temperature. The
action of this volatilization is to de-
crease the diameter of the filament and
this is exactly what takes place with
the ordinary tungsten type of filament.
The thinner the filament due to
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evaporation, the greater its resistance
and the problem of voltage or current
control becomes of importance. If the
voltage is maintained constant during
life, the current gradually ecreases
because the resistance of the filament
increases, A decrease in current
results in a decrease in temperature
and electronic emission. On the other
hand, if the current is maintained con-
stant, there is danger of “burn-out”
since a reduction in diameter of the
filament means a reduction in current
capacity. On the other hand, the
coated filament does not possess these
properties. Tirst, the temnperature is
much lower and the volatilization is
less. Second, the operating life is
zoverned by the life of the coating.
Third, the heating current is carried
by the core while what evaporates is
the coating. Once the coating has heen
exhausted. the tube is useless. Since
the resistance of the filament remains
constant during the life of the coating,
voltage or current regulation is suit-
able with equal facility.

Voltage Limitations

Now we come to details of greater
interest, Since the electronic emission
from a filament is governed by the
temperature, it is logical that at any
one value of temperature or incan-
descence, the electronic emission is
definitely limited, that is, as far as
the maximumn value is concerned,
This statement is undoubtedly con-
fusing to many who recall that an
inerease in plate voltage results in an
increase in plate current, and since
plate current is indicative of electronic
emission, emissivity is apparently un-
limited. This idea is erroneous and
the increase in plate current with in-
creased plate potential is a function
of the difference in potential between
the filament and the plate, resunlting
in variation in the number of electrons
which actually reach the plate. The
maximum number of electrons governed
by the filnment temperature is emitted
from the filament when the filament is
at the correct temperature but the
number of electrons from this total
which actually reach the plate is
zoverned by the plate voltage or the
potential difference hetween the fila-

FIG. T

Circuit explaining the rectifying
principles of a two-element tube.
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ment and the plare.  From this we
learn rwo faets divectly applicable to
everyday radio use.  Firsr, eleerronic
emission ix definitely limited. since an
inerease in filament remperitture above
the manufactnrer’'s rating, which in
everyday use is interpreted in the form
of ftilamenr potentrial. would resnlt in
irreparable damage to the filament.
Second, the plate voltage applicable to
a certain tube is likewise definirely
limited sinee, when at a certain value
of plate voltage all of the electrons
emitted by the ftilamenr veach  rhe
plate, increase in plate voltage will not
resnlt in any turther inerease in plare
cnrrvent. When the maximim amount
of plate current is reached. plate enr-

rent saturation is said to have heen
obtained. Hence, the usual interpre-
rition  of inereasing the amplifying

power of a viacuum tubhe by inerensing
its plare voltage is detinitely limited
and likewise the power output of a
derector  tube.  amplitying  tnbe  or
rectifying tube is likewise limited, An
idea of such plate current saturation
is shown in Fiz. 69, This enrve shows
the relation hetween plate current and
plite voltage and constant  fitament
temperature  for  a rwo-electrode
vaemn rube,  The two-electrode tnbe
is ~elecred as an illnstrarion beeanse
this data is general for all types of
vaecuum fubes.

Wirh respeet to eleerronie tlow in a
vacuum the and the resultant enrrent
tlow, we find that rhe direetion of the
current is opposite ro the meotion of the
electron,  That is te say, it the elee-
tronie tlow is from filhment to plate.
the curvent flow is from plate to fila-
ment, as shown in Fig. 70.

Rectifving Tubes

’rior to the advent ot ihe rectifying
rube and its general nse, the public
interested in  radio was  generally
aequainted with bnt one type of rube,
namely. the regitlar three element tube
econsisting ot a tfilament. grid and platre.
This inclndes the A.C. tnbes as well
as the DLCL tnbes.  The recrifying tube
utilized in many “B” power nniis is.
however, i two element tube consisting

VOLTAGE INPUT SINE WAVE

CURRENT
QUTPUT
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Current and voltage characteristics

at output of half-wave rectifier
under representative conditions.

of a filament and a plate contained in
an evacuared chamber, the tilament
being the cathode and the plate the
anmde,  The physical scrncnitres  of
these elements are of no real import-
ance 1o us il we will, therefore, omit
details pertaining to sneh =truetures.
Fiz. 71 shows the 1wo element tube
arranged in a manner whieh will per-
mit rhe applieation of a positive or
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FIG.T2 *
Conventional half-wave rectifier
circuit, including resistance repre-

senting load.

negittive porential to the plate tfor the
purpose of explaining the reetifying
prineiples of the tube and rhe general
funetion of the tube. Nince the two
element tube as shown tinds prevalent
nse a8 a rectitier of alrernating enr-
rents into direet enrrents aml not as 2
detector. we will consider irs fnnerion
rectiticr amd at the same rime
aceept its operating principles as appli
cable 10 reetifying tubes in zeneral.

HE ]

We tind from Fig. 69 rhar the plare
currvent (low is governed by the positive
plate voltage applied : that as the plate
voltage isx redneed, the plate currenr
flow is redneed sinee fewer clectrons
tind their way ro the plare. I is.
theretore, logical rhat rhe plare atiraets
the electrons by virtne of the positive
charge, and if the charge were negi-
rive of any valne, great or small. the
nimber of elecrrons which reach the

plate would be zero and no cnrrent
woutld tlow. Hence, we see rhar the
rube conduets in but one direction.

when rhe plate is positive. 1t is rthis
plienomenon  which  permits  reetiti
tion of A.C. inte D.C. in the conven
tional “B7 power cirenit shown in Rig.
[ IT we assume o sine wave inpit
into sneh o rectitier tube we wonld
obtaiu the enrrent variations shown in
I'i T3-A. We note that the e
passes  enrrent  during  the  positive
half of the evele bur not during rhe
negative half of rthe complete evcle.
Ninee it functions on bt ene-halt of
the wave the tmbe is o half-wave reeti

fier.  Just as it appeared logical to
assume  that an  inereaxe  in plare

voltage with the regnlarv tube will in-
credse output. jiust so does it appear
logicitl to inerease the eurrent ontput
of the rectitier tube by increasing nlate
voltage, as for example by applying
1000 volrs to a 281 tube when the tnbe
is rated at a maximmm potential of
TH0 velts,  Again rhe assnmption is
incorrveet. hecause of the plate eurrent
saturation c¢harvaeteristic, and instend
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of obtaining greater enrrent output,
the current eurve ix tlarrened. as shown
in Fig. 73-B. rhe starr of the tlat por-
tion of rhe enrve bheing equivalent to
the point ar which =saturation of the
plate enrrent is reached.  Hence, we
tind rhar for a constant valne of tila-
ment potential, we have an optimum
value of plate voltage which ean be
satistactorily applied to rhe rectifying
tnbe.

Plate Voltage

‘The plate enrrent ontput of sneh a
reetifying tube may be inereased by
carious means,  First, by inereasing
rhe filament potential or temperature,
but rhis is hazardous when the inerease
i= above the ninmfaeturer’'s rating, due

to danger of filiment “*burn our.”  See-
ond. by increasing the length of the

tiliment, but this s impossible in a
finished tube. Ar this stage. readers
imdonbtedly ree:ill some of their ex-
perimenrs wherein they increased the
enrrent onrput by inereasing the plate
voltage herond the rated valne. This
is possible wirhin certain limits when
the tnhe operating eharaeteristie is
similar to tharc shown in Fig. 74, and
when  the manufactnrer's maximum
voltage rating is equivalent to the axis
whielhl point it is not the
absolure maxinunn,  Another reason
ix the toad placed upon the tube. which
assnmes the form of a resistanee and
alters to a certain extenr the current
volrage characieristie of the rube, by
straighrening  out rhis eharaeteristic
and permitring greater eurrent ourpmt
aud voltage in excess of the maximum.
This phenomeuon, however, is not un-
liited in irs scope. A liting factor,
insofar as the application of excessive
voltage i concerned, is rhe physical
strinetnre of the tube. ‘The spacing
berween the tiliment and plite governs
the maximmn permissible voltage. The
design of the plate is also of import-

<hown, at

ance. It the voltage is excessive the
plate  will hear. ad volatilize  and

cause o metallic deposit upon rhe mash
of the tube. which in tnrn will cause
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Plate-voltage, plate-current curve
of typical half-wave rectifier tuba.
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a4 breakdown in the tube, remdering it
untit for further nse.

Assuming such a half-wave recritier
in an average “B” eliminater cireuit.
we ohtain approximately the current
and voltage ontpur shown in Fig., 75.
The voltage owrput is the eharging
voltage across the condenser. The
sign wave is the input voltage. and it
is obvious that the rate of eharge is
the same as the frequency of the
supply. hence in a half-wave rectitier
syvetem, the fundamental frequeney
present in the output or impressed
upon the iilter is G0 cycles or rhe fre-
queney of the supply voltage.

Three-Element Tubes

The two-electrode vacunm tnbe was
the forerunner of the present three-
element tube of today. In the three-
element vaeunm tnbe. we find hut one
difference. the nddition of another elee-
trode or element. the grid. which is
interposed between the plate and the
tikiment. Its name being indicative of
its strueture, the grid is nsnally in the
form of & metwork of wires or a fine
mesh, the exact structure heing de-
pendent upon the type of tube. This
third element, the brain child of Dr.
Lee deForest. made possible rhe present
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Current and voltage output of half.
wave rectlfier in conventional
B-eliminator circuit.

sratns of the radio industry, by giving
to the vacuum tube the property of
amplifving and oscillating or gener-
ating oscillations and  ener The
two-electrode tube is essentially o
rectifier and does not possess the prop-
erty of amplification or
oscillations. The three-electrode tube
on the other hand, while generally
aceepted as reetifying when nsed as a
detector, cannot he classed ns a reeti-
fying tube, or rather it shonld not he
classed as a reetifying tube. The
action of the grid located hetween the
filiment and plate as a control clement
is well known to the reiaders of this
page and consequently does not justify
detailed discussion.

generaring

Detector systems us we know them
today are of two types, the grid bins
type and the grid leak type. We are
now eoncerned with the three element
tube as a derector. The grid bias

svsten. when a negative hins is applied
to the grid and rhe tube charaeteristie
is similar to enrve B in Fig, 76. Here
we find o varviation in plate eurrent at
A tixed plate porential and a tixed til:
ment potential when rhe hias applied
to the grid is positive or negative,
This enrve displays the inflnence of
the grid.  Note that for zero grid
voltage the plate current with constiut
plate voltage and filmenr potentinl is
4 milliimperes and that a bias of 2
volts negative reduces the plate current
to L5 milliamperes and conversely that
A grid bias of 2 volts positive inereases
the plate enrrent to approximarely 4.8
millinmperes.  The function of the
S-element vacnum tnbe is governed by
its connection mro the ¢ivenit and by
the operating point of its charneter-
istie enrve. iy this we mean that a
system of wiring does not neeessarily
influence the operation of rhe tube. As
an example, the conventional deteetor
system nrilizing o grid bias is very
similar vo the wiring dingram of a
stage of andio amplitication, yer the
funetion of the tube as au amplitier
is differenr trom the function of the
tube as a detector. The ditfference lies
in the position of the tnhe and its
oherating characreristie in that
posifion.

Relation of Grid Voltage to Plate
Current

The salient property of the vacunum
tube is that an alternating voltage im-
pressed upon the grid-filament c¢irenil
of the tube will produee amplified ear-
rent variation of identieal wave form
in the plare-tilament eirenit. Henee.
we tind the property of ampliticarion
within the rmbe It the faithful repro-
dnetion of the input voltage wiave form
and is obrained ouly when operating

upon a certain portion of rhe grid-
voltage,  plate-current  enrve of the
rmbe.  Three sneh enrves are shown

in Fig. 76, all of which show the effect
of grid voltage npon plate enrrent.

In the process of detection or when
the tube is ntilized as a detector. we
duplicate ro a certain extent the phe-
nomenon found with the two-clement
tnhe, but we are not dependent npon
rhe positive half of the inpnt cyele of
voltage for sound or cnrrent in the
ontput cireuit of the tnbe. The operat-
ing point on enrve It in Fig, 76 governs
which half of the cyele will cause enr-
rent variarions in the plate eivenit.
The selection ot the operating point
on  this enrve is governed by the
system of derection emploved, that is.
grid bins system or grid leak and con-
denser system. 1f we use the grid hias
system, of negarively biasing the grid
a predetermined vialue, we are operat-
ing at the lower hend of this curve.
It is evident from Fig. 76, curve I3
that the negative half of the input
evele of voltage will have very little
influence npon the plate current but
the posirive half will cause a distinetr
varintion. in this ease an inerense and
for a certiain number of eveles we will
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Three curves indicating the etfect
of grid voltage on plate current in
a three-element tube.

have cnrrent varviations in the plate
cirenit of 2 wave form governed by
fhe envelope of the madulated radio
frequeney  carrier voltage impressed
npon the grid. The plate eirenit of the
tnhe will rherefore contain an amplitied
repraduetion of the positive half of
the input modnlated earrier wave., The
radio frequeney carrier is eliminated
by means of the by-pass condenser
nsually employed in the plate circuit
aud the modulating trequencies are
ninde andible in the headset or passed
on fo the amlio system. It is there-
lore ovident that when the grid bias
system of detection is being utilized,
the input signal voltage results in an
inerease in plare current.

The reverse. however, is trune when
the grid leak and condenser sysrem of
deteetion js employed. llere we are
operiating on the upper hend of the
characreristic and the poxirive side of
the input eyvele of voltage has very
little intlnence but the negarive half
has greater effect and reduces the
plate eurrent. The reduetion of the
Mate eurrent is in the form of the
wave envelope of the input signal.
The statements pertaining to the
presence of radio frequeney currents
in the plate ecirecuit and the amplifica-
tion present in the tube made in the
preceding paragraph, is likewise appli-
ceiable to the grid leak and condenser
system of detection. It is obvious from
the upper bend of eurve B, Fig. 76 that
when the grid leak and condenser
system of detection is employed. the
effect of the input carrier signal is to
reduce the plate current,

Mr. Rider's series on ~The Mathe-
matics of Radio” will be concluded in
the December issue. He acill then put
his time to the preparation of malerial
an texting and servieing equipment,
special measuring  devices, ele.  The
equipment awill be constructed in Mr.
Rider's laboratory—~Fditor,)
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The Engineering Rise in Radio

By Donald McNicol

Fellow ALE.E., Fellow I.R.E., Past-President, Institute of Radio Engineers

PART VI

EVERAL of the largest of the

stations erected in various

parts of the world by German

engineers were equipped with
extensive counterpoise systems. At the
station at Sayville, on Long Island, New
York, the counterpoise system consisted
of a radial screen of wires suspended
on poles about twenty feet in height
and extending out to some distance
from the antenna base.

The English and American engineers
were inclined rather to have faith in
positive grounding systems f r long dis-
tance operation. J. A. Fleming, in
England, stated “All practical experi-
ence shows that to produce telegraphic
effects at a great distance, the lower
ends of the radiating and receiving
antennas must be conductively con-
nected to the earth, or what is equiva-
lent, must he connected to earth through
a condenser of large capacity: currents
must flow into and out of the earth in
the neighborhood of the antenna.”
Fleming distinguished between two
forms of indirect earthing, one in which
is employed a single wire, plate, sphere
or other capacity horizontal to the sur-
face of the earth and the other a con-
denser of large capacity, one side of
which is connected to the antenna
coupling and the other to the earth by
means of a regulation grounding plate
or other surface.

Obviously, inasmuch as a condenser
passes high-frequeney current it s
necessary only to have in series with
the earth a wire condenser Ilarge
enough to pass a current volume equal
to that passed by a given size of metal
conductor, in order to have a condition
closely simulating direct grounding.

And so theory proceeded to march
along with results observed in actual
prictice; theory at times in step with
practice and again lagging or leading,
but ever guiding and aiding to the end
that ultimately practice should embody
applications and procedure founded on
reasoning adjusted from time to time
to accord with further discoveries.

CHAPTER 6

Spark Gaps, Oscillators

HE oscillator employed by

Hertz in his demonstrations of

1887, 1888, consisted of a pair

of metal spheres connected

across the terminals of the secondary

winding of an induction coil. A varia-

tion of the arrangement included an

additional, and larger, sphere or plate,

directly connected to each of the knobs
of the spark-gap.

In 1889, 1890 L.odge experimented

with oscillator devices similar to those
employed by Ilertz. In his 1894 lec-
ture on the work of Ilertz, Lodge dis-
played a form of “radiator” which
consisted of a spark-gap arrangement

consisting of a comparatively large
central sphere situated midway be-
tween smaller terminal spheres.

Augusto Righi, in Ttaly, later imnproved
this assembly hy mounting the spheres
in a container made of insuliting
material and filled with oil. Thus it
may be realized that the Ilertz Oscil-
lator and Righi Oscillator, were quite
simple contrivances, and it was with
these that Marconi experimented and
carried out the early trials of wircless
signaling.

As previously stated in this work,
those wlio experimented with induction
coils and oscillators throughout the
vears 1888-1895, appear to have had

I IHIHINIRNTAT ITHETETEI il

DetectionlWith A.C. Heater-
Type Tube

Everyone is acquainted with the
fact that the ’27-type A.C. tube
functions exceedingly well as a
detector and is capahle of satisfac-
torily handling a much greater grid
voliage swing than ordinary de-
tector tubes. This property has
permitted. in many cases. the elim-
ination of the intermediate audio
frequency stage; the output of the
detector being ample to “swing”
the power tube.

Mr. J. R. Nelson, well known to
our readers, has completed a very
fine article on grid circuit detec-
tion distortion, dealing principally
with the "27.type tnbe. Tt will clear
up many points of question.

Mr. Nelson's article is to appear
= in the Decembher issue of Radio
Engineering.—Editor.

I

il

il
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no suspicion that the energy radinted
would be effective at distances hevond
a few yards. In 1894, Lodge men-
tioned a possible range of one-half
mile, employing as a detector the early
form of filings tube, but up to that time
his experience had been with distances
of forty to sixty yards. Popoff and
Marconi had the vision to coax electric
waves to disclose their presence at dis-
tanees from the oscillator far in ex-
cess of the ranges previously thought
of.

In small radio installations the spark
gaps employved usually consisted of hut
two knobs, generally of zine, brass or
copper. The adjustment of the knobs,
as to distance apart while in operation,
was somewhat critical. With the
knobs far apart the resistance of the
gap was too great, causing excessive
damping. With the sparking distance
too short, arcing took place, which was
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simply a direct discharge that did not
prodnce effective electric oscillations.
And, with the knobs adjusted too
closely together there was likelihood
of the associated condenser discharging
across the gap before the condenser
charge had reached maximum, result-
ing in weak oscillations.

Very early in the work it was
learned that the best vesults were ob-

tained when the spark was of a
“bright,” *“ecrackling” nature. With
snch sparks passing across the gap

oscillations were produced which set
up elcetric radiation, the oscillations
expended their energy in creating a
stiate of alternate eleetric strain and
magnetic flux, constituting an electric
wave. In wave-form the energy is
conveved away from the oscillator
system into the surrounding medium,
progressing outward with the velocity
of light.

It may well be realized that with
the spark-gap the seat of the oscilla-
tions. innumerable investigations were
inaugurated with a view to devising a
type of gap which would be efficient
a8 a radiator of wave energy, regular
in operation and free from mechanical
difficulties which frequently caused
service interruptions.

A noteworthy step was taken by
FFessenden, in 1901, when he proposed
a formm of gap between sparking
terminals occupied by insulating ma-
terial and under pressure above a cer-
tain critieal high pressure.

With simple, open gaps, Fessenden
believed there was an oscillation
energy gain proportional to the length
of the spark up to one inch in length,
beyond which gap-separation there was
no inerease in radiation. Fessenden
devised a gap one terminal of which
wias a metal rod of small diameter, the
other a metal plate or disk. The
terminals were sealed into a chamber
in whieh the air pressure conld be
raised to, say, eighty pounds per
square inch. With this arrangement
Fessenden stated that the radiation
and spark length were proportional,
thus permitting of increased radiation
hy extending the gap separation con-
sicterably beyond one inch. Obviously,
as the gap separation was increased it
was necessary to enlarge the con-
denser capacity associated with the
gap. and to maintain a eorrespondingly
high seeondary potential.

A.C. Generator Used

Lee deForest, in America, in 1902,
1903, employed an alternating current
generator, step-up transformer and
condenser, used a spark gap with a

1. 8. Patent 708,741, filed November 3,
1901.
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third metal element situated herween
the two terminal knobs, similar to the
Lodwe  oscillator of an  early  date.
Dellorest, however, employed disks of
mefal abont one-Comrrrh ineh in thick-
nesx, the dinmeter of rhe disks also
heing one-fourth ineh.  The efficacey of
a “short, tfat spark™ for dependable
telegraph signaling over the distances
at that time attenipted, had been noted.
especially by experimenters in Ameriea.
In the delForest sap 1the separation be-
tween the rerminal disks and the cen-
tral disk was in each caxe one sixty-
tfomnrth inch.

Quenched Gaps

In the year 1906, DProfessor Max
Wien, in Germany. hrought ont a type
of diseharger subsequently referred to
as a “quenched spark gap’” Pretty
much the same thing was invented by
T. B. Kinraide. in America.” six veurs
previonsly, but it did not at rhe time
attraet arrention or have wide use.

As ohserved by doForvest, and others,
it was early apparent that there was a
cortain length  of spark  gap  which
would have the smallest damping and
consequently  the  greatest  integral
eMect. Thix gap. in air. was found to
be quire small; of the order of one
millimeter.

Professor Wien discovered that em-
ploying a very short gap consisting of
two smooth plates of good conduering
metal,  with their swrfaces  parallel,
the spark is  rapidiy  extingnished
(quenched) dne to the eooling effect
of the metral sifaces, rhe condenser
disclirrge then consisting of bt one
or two oscillations,  With the primary
discharge cirenit eoupled o a0 second-
ary the transtfer of energy to the latrer
resnlts in many  eseillations of one
perimd only.

The Wien gap was made up of seven
or more copper plates in series, sepa-
rated by mica rings.  Moditications of
this type of spark cap were introdueed
by von Lepel. and Penkert, in Ger-
miny, and by Fleming, in England.
Taoepel employed a paper ring to sepa-
rite two  watrer-cooled flat or conieal
snrfaces.  Penkert arvanged a  thin
tilne of oil berween fwo rotating metal
srfaces,

In the quenched spark arrangement
the sparks follow each other so regn-
lavly  that they sive ont a  elear
musical toue.  In rime the system he-
came known ax the “singing spark™
system.  Ninging sparks pernnitted of
from fitty to seventy-tive per eent. of
the wenerator output being transferred
AN GNtenna energy.

The queneched spark oseillaror came
into use ar a rime when something of
the kind was greatly needed. Although
it Tud bheen o eomparatively  simple
matter to ealenlate inductance and
capaeity valuex which. incorporated ax
clements of transmirting and receiving
cirenits, should make possible seleetive
operation, in practice it was the gen-
erial experience that the tnning accom-

2U. 8. Patent 62

LG, 1899,

ptished  was far from being within
narrow  limits of frequeney (wave-
length),

With the quenched gap distinetive

tones eonld be given to individial
fransmirrers. A\t onee this was recog-
nized ax an advintage in operating
several starions in a eommmon terrvitory,
It nndesired signals conld not he kept
out of a partienlar reeeiving system
hy electrieal runing, the sitnation was
not qitite g0 bitd when the interfering
~ignals were of a different tone from
those of 1he desired signals,

The arrangemenr  wax in faet a
“shoek  exeitation™ system in whieh
rhe oseillations in the primary were
quickly damped ontr, making it prac-
ticable to cmploy an alternator having
a frequency of 1,000 to 2.000 eveles to
create  a corresponding  number  of
primary discharee sparks per second,

T

I

0

Fig. 8. Cross section of the spark
gap invented by Prof. E. L. Chaffee.

withont introdneing the ditlienlties ot
areing. The  rapid  suecession  of
highty damped sparks in the primary
created an equally rapid succession of
very feeble damped trains ol oscilla-

tions in the secomdary. with a larvge
menn-saquare  valne; approaching the
eonditions obtiainable with the more

complicated are apparatus whieh pro-
duees econtinnons or sustained oscilla-
tions.

The TFleming-Mareoni gap used in
Fuglich space telegraph installations
in 10905, consisted of two balls or disks
of iron or stecl. mounted on separate
shafts driven by motors.  The shafts
ving the spheres were revolved at
g slow  rare by means  of  gearing.
Motors,  gears  amd  spheres were
monnted in a clozed chamber in which
air oor other gas conld he compressed.
T'he  diseharge  thns practically
noiscless,  which wag a  distinet fim-
provement over previously used open

was

@S,
Muarconi Disk-Discharger

Tu 1907, rhe Marceoni disk-discharger

appeared. by means of which the per-

oscillation was made to

resularicy  that of a

sistency  of
approach in

cenerator of continuous waves,  The
apparatux consisted of g metal disk
having copper stads  tivinly fixed ar

regular intervals in its periphery and
pliaced transversely to its plane.  The
disk was eansed to rotate very rapidly
hetween two other disks. by means of
1 motor ot turbine. The side disks
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also were rotated in a plane at right
angles fo that of the middle disk. The
studs were of sueh length as to just
tonch the side disks in passing. thereby
bridging the gap., For large installa-
tions this discharger proved to be quite
eflicacious. At the Clifden Mareoni
station, where n frequency of 45,000,
wirh a potential of 15,000 volts across
the eondense