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SPEED PRODUCTION
¥ CUT COSTS
STEP UP SALES

This may sound like magic in these
days of raw material priorities, tool
and die bottlenecks, and fast-chang-
ing markets. But it's a fact —many
manufacturers in many widely varied

industries have speeded up produc-
tion, cut down costs, and stepped
up the sales appeal of their products
by capitalizing on one or more of ver.
satile Lustron’s special advantages!

Often, as with these battery hous-
ings (Aand B), which must withstand
prolonged contact wich sulphuric
acid, Lustron’shigh resistance to acids
and alkalies is important. Again the
rechargeaie | B o : i | 3 high dielectric strength anfi unusual

Battery | insulating properties which won

» Lustron its assignment in these com-

\-—JDi/E' munication set parts and Lustron-

' = insulated coaxial cable, (C) are a
prime consideration.

Whatever the particular applica-
tion, however, the ease with which
complicated parts or finished prod-
" ucts are “‘one shot” injection molded

of Lustron almost invariably resules
in production savings of both time
and money. . .while Lustron’s limit-
less color range and smooth, lustrous
finish add new eye appeal, an impor-
tantfactor inany product’s buyappeal.

It’s quite likely that Lustron can
help jyox find a new way to meet
today’s new sales and production
problems. For a full description of
this versatile plastic’s many advan-
tages, and a list of capable molders,

inquire: MONSANTO CHEMICAL
CoMPANY, Plastics Division
Springfield, Massachusetts. Discrice
Offices: New York, Chicago, Detroit,

St. Louis, Birmingham, San Francisco,
Los Angeles, Montreal.

Plastics Corp., New Brunswick, N. J.

" ONSANTO PLASTICS
B. Acoustican Hearing Aid with Kochler bacteries in Lustron

'E. NKIND
case molded by American Insulator Corp., New Freedom, Pa. SERVING. INDUSTRY ... WHICH SERVES MA

C. Lustron-insulated coaxial cable and communic_atxon set
parts by American Phenolic Corp., Chicago, Illinois.

A. Lustron case for Non-Spill Batteries molded by Universal M
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This permanent tracing paper is

No oil, no wax—but a remarkable new trans
parentizing agent developed in the K&F
laboratories—produces this truly permanent
tracing paper! ALBANENE is made of 100
long fiber pure white rags—treated with
t/banite—n new crystal clear synthetic solid,
physically and chemically inert. ALBANENI
will not oxidize, become brittle or lose trans-
parency with age

Equally important, ALBANENE has a fine
hard “tooth” that takes ink or pencil beaun.
fully and erases with ease a high degree
of transparency that makes tracing simple
und produces strong sharp blueprints . .,

i
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transparentized with Albanite

extra streangth to stand up under constant
corrections, fling and rough handling
ALBANENE has 4/l the working qualities
you've always wanted—and st will retarn all
these characteristics indefinitely.

Make ALBANENE “prove it” on your own
drawing board. Ask your K&E dealer or
write us for an illustrated brochure and
generous working sample.

€AY tseY

KEUFFEL a ESSER CO.

NEW YORR —~ MOBOREKN, M. J

CNICAGD - ST LOUIS * SAN FRANCISCO - LOS ANGELES - DETROIT - MONTREAL
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COSTS NO MORE o cer

this Parker-halon Qualitv-Control
Guarantee with every hox of

Hardened Self-tupping Screws
I'vpes. sizes, hend-stvles for every
assembly of metal or plastics

Cold-forged Socket Screws

CapSerews SelSerews,

siripper Boltsmadeto

anew high standard
of qualin

Cold-forged .. Neater, Stronger

Wing Nuts-Cap Nuts-Thumb Screws

With competition and defense re-
quirements pressing you to make it
better and FASTER, your assembly
department just can’t afford to admit
“doubtful screws” — serews that look
right but some of which don’t work
right. You need to be sure that
LVERY Screw you buy will go in
easily and hold securely. For only a
few bad ones can slow up assembly
work. boost costs and lead to rejected
parts in a way hard to believe.

SAFE TO ADMIT

to your Assembly Dep’t!

ASSEMBLY
| DEPT.

Trouble-making “doubtful screws’’
can’t get this ““pass’” from the
Parker-Kalon Quality-Control Laboratory

When you use Parker-Kalon, vou
are free fram worry about “doubtful
screws”. They are barred from your
assemblies by Parker-Kalon’s famed
Quality -Control Laboratory whose
unique test-and-inspection routine
assures you of physical and mechan-
ical characteristics so essential to
unfailing screw performance. Over
50,000 users can attest to the truth of
these statements. Parker-Kalon
Corp., 192-194 Varick St., New York.

SOLD ONLY THROUGH RECOGNIZED DISTRIBUTORS

94t~ PARKER-KALON
Fastening Devices
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choaie ALSIMAG for
Condender Iniulalion?

Because condensers that are mounted on AlSiMag will

remain positively aligned due to AlSiMag's absolute

: “|‘ : I i TI! { and permanent rigidity. Because AlSiMag’s exception-
i "?" 1 24 : ally low dielectric loss under all atmospheric conditions

1 L .Y and its high mechanical strength make it the ideal
w . - : msulator for these applications. OFf course, AlSiMag
. " = s > § 418 196 falls within Specifications G of the Army and Navy.

For obvious reasons, none of the many "defense”

applications of AlSiMag are illustrated,

ELECTRONICS — May 1941 3



i

g
%
1
P

6

THESE TWO

Molorota

F-M FEATURES
WITH THOSE OF

NO.1

.|1EL.|ABLE cOMM
UNDER EXT .
CONDIT IONS - eristics

Full adva

tion makes P
qction with S18%
m'lcrovolt.
Figure

F-M EQUIPMENT
YOU KNOW!

CE OF
INTENAN
MA UNICATION

REMELY ADVERSE

M charact

ntage of ¥ py the use of

alized only

al inpu

Figure A. Noise reduction
in Motorola F-M Emer- _ a block diagram of the
gency Receiver in presence y Motqrqla F-M Emergency
of laboratory noises with e SeTVice System.
varying signal input, com-
pared with A-M receivers.

Figure B. Shown above is

WRITE FOR COMPLETE DESCRIPTIVE LITERATURE AND TECHNICAL DATA

GALVIN MFG. CORPORATION * CHICAGO, ILL.

MAKERS OF THE FAMOUS MOTOROLA AUTO AND HOME RADIOS
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THERE'S EXTRA PROTECTION
IN LONGER LASTING C-D CAPACITORS

Aloft in the sub-stratosphere :s a long way from  Over 8,000 in the flying flcet of Stratoliners and .
home. Flight, lives, record . . . everything depends on Skychiefs . . . another 4,000 C-Ds in service in the

the performance of radio equipment. That is why  vast TWA ground station radio network. For your
Cornell-Dubilier capacitors are standard equipment — own protection, specify the capacitor America's lead-

with Transcontinental & Western Air Inc. ing airlines choose — Cornell-Dubilier,

CAPACITORS MAY LOOK ALI K E BU T . There }s extra lortg lif;’,' extra uniformity .ai;d :
dependabd:ty bmlt into C-Ds. Next time you specify capac:tors look ]or lbe- ¢
Cornell-Dubilier seal of experienced en gir_leerin g. And get the hidden extras
at no extra cost. Send for Catalog. Cornell-Dubilier Electric Corporation;

Hamilton Blvd., South Plainfield, New ]ersey.
MICA - DYKANOL

sl (ornell Dubilier(

SOUTH PLAYNFIELD, N.. NEW BEDFORD MASS.

... more in use today than any other make . ..

ELECTRONICS ~— May 1941 1
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l l M S toughest job is audience building. And the trend
in W1XTG’s area shows that G-E simplified FM is doing more
than its share in winning listener approval.

General Electric FM broadcast transmitters give full fidelity, real
dependability, extra economy. Ask to see the figures on G-E per-
formance.

G.E. for Complete Service

General Electric offers the only complete line in FM today—
broadcast and relay transmitters, tubes, receivers, antennas, crys-
tals, and the new station monitor. Speech equipment will be an-
nounced soon,

FM audience building is a specialty with G.E., through co-ordina-
tion of the work of our receiver and transmitter sales divisions.

Get an early start in FM. Your copy of “How to Plan an FM Sta-
tion,”” and full information on the G-E complete service, are avail-
able through any of our 80 offices, or from Radio and Television
Dept., General Electric, Schenectady, N. Y.

Chief Engineer H.H. Newell (right) compliments
G.E's S.H. Magruder on the excellent life of the G-E tubes
at WIXTG, A complete set of tubes for WIXTG's 1-kw G-E
transmitter costs less than $290!

FOR TOP PERFORMANCE
Use G-E Transmitting Tubes




Moth that Shuns the Flame

Swig‘lANl’z

A. Turned and milled Pump Valve.

B, Sawed, shaved, milled and drilled
Cabin Roller Filler for Airplanes.

IGHT MANEUVERS! An old

game with a new twist. The mo-
torized moth, instead of fluttering into
destruction, spins and loops to dodge
the search from below. ® Synthane
does its bit on offense and defense.
Insulation for airport beacons . . for
giant searchlight. Synthane protects
circuits of aircraft radio and direction

Bakelite —

finding instruments. Light weight and
great strength make it desirable for
a wide variety of structural airplane
parts. @ Aviation is only one of Syn-
thane’s fields. Synthane is ever on the
lookout for new applications, and is
ready to the best of its ability to help
improve products and save money.
SYNTHANE CORPORATION. OAKS, PENNA.

laminated

TECHNICAL PLASTICS

SHEETS. - RODS « TUBES - FABRICATED PARTS - SILENT STABILIZED GEAR MATERIAL
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A FEw USEs For SYNTHANE i~

THE MANY INDUSTRIES IT SERVES

RADIO
Bushings

Broadcast Panels
Coil Forms
Electrolytic Condenser

Washers

Jack Spacers

Loud Speaker Cones
Mounting Panels
Plug Bases

TRANSPORTATION: AUTOMOTIVE, MARINE, RAIL AND AERONAUTICAL

Cable Guides

Carburetor Flutter Valves

Distributor Breaker Arms
and Insulators

Fairleads

Instruction Panels

Instrument Panels

Marine Pump Valve Dfscs

Outboard Motor Pivot
Bearing Bushings

ELECTRICAL POWER EQUIPMENT,

Bus Bars
Circuit Breakers
Coils
Condensers
Controllers
Fuses
Generators

ELECTRICAL APPLIANCES

Electric Razor Insulators

Electro-Therapeutic
Equipment

Food Mixer Gears

Permanent Wave Machine
Parts

Radio Insulation

RAYON AND TEXTILE INDUSTRIES

Bobbin Heads and Barrels

Guide Strips and Arms

Rayon Processing
Equipment

Roll Tires and Covers

MECHANICAL EQUIPMENT

Bearings

Cams

Clutches

Gears and Pinions
Guide Rolls
Handles

CHEMICAL AND METAL FINISHING INDUSTRIES

Anodizing Baskets

Film Developing
Equipment

Filter Plates

Pickling & Finishing Rolls
& Tank Insulators

Piping

PETROLEUM INDUSTRY

Balls for Valves

Blasting Cap Containers

Explosives Containers for
Well Shooting

Geophysical Instruments

Switch Insulation

Terminal Strips

Tone Control Insulation

Trimmer Condenser Bases

Tube Socket Bases

Variable Condenser
Insulators

Volume Control Insulators

Washers

Pulleys

Railway Signal Insulation

Seal Strips

Shims

Starting, Lighting and
Ignition Insulation

Stern Tube Bearings

Support Blocks

Water Pump Seal Washers

STRUCTURAL INSULATION FOR:

Motors

Relays

Switches

Switchboards
Switch-Gear Apparatus
Transformers

Sewing Machine Gears and
Insulators

Vacuum Cleaner Extension
Handles

Washing Machine Gears
and Cams

X-Ray Insulators

Stocking Examiner Forms
Twister Balloon Separators
Verge Strips

Welt Rods

Knobs

Pulleys

Pump and Compressor
Parts

Thrust Washers

Truck Wheels

Pipe Fittings

Plating Barrels

Plating Racks

Plating Tank Baffles &
Liners

Roll Covers

Synthetic Yarn Equipment

Pipe and Fittings
Piston Rings

Refinery Equipment
Valve Discs and Rings




1126A AMPLIFIER HITS NEW PEAK IN CONTROL

STOP SPLASH or short-interval adjacent channel inter- STOP OVERSWING in your FM transmission . . . enjoy

g ference from overmodulation of your AM transmitter. a increased efficiency with better quality.

|

TR E. 10
1‘-

390

START getting the facts of the new Western Electric

1126A Amplifier, now. It offers an entirely new

level controlling circuit with far faster operation,
reacting in approximately 1/10,000 of a second to peaks
in program input. It offers 5 db increase in average signal
level ... for high quality transmission.

Get the full details. Write or call Graybar today.

DISTRIBUTORS: In U. S. A.: Graybar
Electric Company, New York, N. Y. In
Canada and Newfoundland: Northern Elec-
tric Company, Limited. In other countries:
Iuternational Standard Electric Corporation.

STOP OVERLOADING effects in other program transmis-

. »
@ sion systems by governing even instantaneous peaks. W/egrem EIeCﬁ‘IC
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Type W plate transformers
and reactors for all small
and medium high-voltage
rectifiers.

. . . IN ALL RATINGS;
FOR ALL REQUIREMENTS

Continuous research

AmerTran modu-
lation transform-
er, oil-immersed
type, for large
broadcast trans-
mitters.

work by our engineers

since the early days of radio
has made and maintained the

AmerTran trademark a symbol

= ;
=¥ LP A

: representing the ultimate in trans-
Type W filament transformer,

air-insulated type, for tests up
to 50 Kv.

formers for communication and elec-

tronic circuits. This also explains why our

AmerTran audio trans-
formers and reactors are
available for all appli-
cations and meet exact
Type RS plate transformers requirements.
and reactors, oil - immersed
type, for large rectifiers.

products are preferred and used by so

many of the largest equipment manufacturers

and best-equipped broadcasting stations. Today
our list of products covers the complete range of
transformer requirements for electronic tube circuits
—from the smallest audio unit used in an air-craft radio
receiver to the giant power and meodulation transformers
" for a 50,000 watt broadcast transmitter. Furthermore, all
types and sizes can be produced economically either singly or

in quantity to meet your particular specifications.

Let us submit data on
transformers for your requirements.

e AMERICAN TRANSFORMER COMPANY

SINCE 1901 178 Emmet St. NEWARK, N. J.
at Newark, N. J.

12 May 1941 — ELECTRONICS



‘ANTENNA STRUCTURE INSULATORS
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STRUTHERS DUNN,

STANDARD ""stock” relays? To be sure! Dunco

has dozens of them in a line covering a wide
variety of application requirements.

Going deeper than this, however, Dunco takes
pride in its ability to design special relays, or to
adapt standard relays to specific applications—
economically, efficiently, and with the utmost

dependability assured for every need.

Every Dunco Relay is twice-tested as a unit
in addition to many individual component tests
during manufacture. Special units are specially
designed, constructed and tested for their partic-
vlar applications, each step being based on Brood.
experience in supplying highest quality products
to the nation's most discriminating relay users.

Complete catalog gladly sent upon request.

RELAVS AND
SOLENOIDS

A Complete, 2uality Line— Individually Adapled to Your Specific Needs

INC.,

1326 CHERRY ST., PHILADELPHIA, PA.

May 1941
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2 TRIODE UN”S This tube was

developed over three years ago for Pan
American Airways. Itis now used in their
Clipper planes in daily service over the
Atlanticand Pacific Oceans. It is small and
has high output at low voltages. Other
important characteristics are low noise,
low interelectrode capacity, high mutual
conductance, and extremely rugged me-
chanical construction. Plate dissipation 50
watts, maximum power output 200 watts,
and filament voltage of 12.6 or 6.3 volts.

158 - Price $1850

2 TRIODE UNITS 1y oouver one

performance of two small triodes with
none of the disadvantages of a large
tube. Two complete triodes connected in
parallel giving high efficiencies, very low
driving requirements, and ultra high fre-
quency operation up.to 200 megacycles.
Filament volts 5 or 10, and maximum plate
dissipation of 150 watts.

U 1521 - Price $2000

4 TRIODE UNITS A near approach

to the ultimate in a large tube for -ultra
high frequency work. Four complete triode
units in parallel to give twice the capa-
bilities of the 152L. Smal| size, low loss
rugged plate and grid connectors, high
efficiencies even at low voltages, and low
interelectrode capacity make this tube
particularly adaptable to frequency mod-

ulation and other UHF applications. Fila-

ment volts 5 and 10. Maximum plute
dissipation 300 watts.

."r :
304L - Price $6500
5 f

WRITE FOR DATA

HEINTim KAUFMAN |

SOUTH SAN. FRANCISCO ; CALIFORNIA U § A
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/‘ METALLURGICAL

PROBLEM

Most of our production is
to match given p j ca-
tions, but the

/
///////

""” h" Tubing from %" OD down

wor k ng knoul dge of va-
rious metals has proved of
users who do not
know the exact temper and

is necessary to ob-

are always open . . .

SUPERIOR SMALL
é;%;/az{r
ETA LL'U R

R

WI tlo the

metallurgist demand of small tubing? (max. 0
D. 5/s“). The answer to that question was not a
apparent five years ago as it is today.

At Superior we have found increasing industrial

emp ]h s on g in s' » of both ferrous and non-
ferrc tqu g. Metallurgists are becoming much
mor of the fact that controlled structure,

provvd out by photomicrographic study, is essen-
tial to meet certain operating conditions. Superior
maintains a close check on the micro-structure of
all types and analyses of tubing—this in addition
to routine tensile, hardness, flanging, flattening,
compression, hydrostatic, stiffness, and flexure
tests. We not only control the analyses and struc-
ture of r wtkudth'ylh control
through to the finished tubing that meets the
specification on your order anl f metal
nl l awn, Superior can draw it i 1all tub-

SUPERION HIBE (.

[ THE BIG NAME IN SMALL TUBING]
NORRISTOWN, PENNSYLVANIA

////////////////////////////// ///////

“Inconel”. SEAMLESS and Patented LOCKSEAM Cathode Sleeves.

‘““FOR FINE SMALL TUBING"

May 1941 — ELECTRONICS



RESISTORS

or real punishment—concentration camps

have nothing on this

TO most radio engineers the words “Silver-
Mica” stand for stability in condensers.
To the development and production engineers
at Erie Resistor, who are in charge of Erie
Silver Mica Condensers, the word “Stability”
means ds little deviation as possible from
original capacity through any number of
cycles of severe heat and cold.

Everything possible is done to produce a con-
All mica
sheets are carefully examined for fractures
The silver coating adheres
tightly to the mica film and is applied by a
special process with exceptional uniformity.
Terminal connections are securely fastened to
the sheets. Molding technique is closely con-
trolled and only the best possible impregnat-
ing compounds are used.

denser as nearly perfect as possible.

and dair inclusions.

The result of this manufacturing care is excep-
tional stability even under abnormal condi-
tions.
ples are put through the following cycling
test. Units are subjected to repeated 15 min-
ute cycles at —75° F and +200° F. The re-

To demonstrate this, production sam-

~m? e

ILVER

TEMPERATURE CYCLING TEST

CAPACITY CHANGE, %

ERIE RESISTOR CORP., ERIE, PA.

S -
@—I=F~ _¥%%

[GROUUP UF 60 UNITS

[GROUP OF 80 UNITS

GROUP OF £0 UNITS

AT SEVERE
CONDITIONS

1 2 5 10 20 50
NUMBER OF CYCLES —15 MIN. @ -75°, 15 MIN. @ 200° 15 MIN. @ 70° F

sults of a recent group test are shown above.
After 100 cycles, 80% of the Erie Silver Mica
Condensers changed less than 0.2%:; 10%
changed less than 0.25% and the other 10%
showed less than 0.3% change. These test re-
sults are shown in the chart above. Write for
your copy of the Erie composite catalog that
describes this and other characteristics of Erie
Silver Mica Condensers.

LONDON, ENGLAND

(L)
— SEpamon

x\;)'\

N ‘aﬁguﬂ‘

100

- TORONTO, CANADA.

SUPPRESSORS SILVER MICAS CERAMICONS PLASTICS

ELECTRONICS — May 1941
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\ ‘ A« Reliable Motor
po——N A7 ) Operation is Assured

1 ~—

L winMALLORY

\

v
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=\ | AC cAPACITORS

—\J /

The satisfactory performance of hundreds of mod-
ern electrical appliances—refrigerators, washers,
ironers, water pumps, oil burners, ventilating fans,
business machines—depends on the reliability of
their electric motors. And in turn, the reliability
of the motor depends on the efliciency and long
life of its starting capacitor.

Of the many millions of AC motor starting capaci-
tors now in use, a vast portion are of Mallory
manufacture. Wherever motors require a high
starting torque from a single phase power supply,

Send vou will find Mallory the preferred capacitor.

for this
catalog

Mallory’s cata-
log of approved
precision prod-
uctsshould bein
every engineer-
ing source file.
It saves time
and money.

You will find other types of Mallory capacitors in
leading radio receivers, transmitters and ampli-
fiers. Mallory makes and stocks many standard
types, sizes and ratings of dry electrolytic, wet
electrolytic, paper and mica dielectric capacitors.
If you employ capacitors in your own products,
or in their manufacture and testing...turn to
Mallory for an unbiased recommendation.

P. R. MALLORY & CO., Inc.

INDIANAPOLIS INDIANA
Cable Address:==RELMALLO

‘P.R.MALLORY & CO.Inc.
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» $50 . . . Certain questions should
never be asked. One of them is,
“Should we have $50 receivers for fre-
quency modulation?”. We believe we
should have inexpensive f-m receivers,
but we don’t believe we should flood the
market with “cheap” sets. The two
great advantages of frequency modu-
lation for the listener are wide range
reception, and reception free from
natural static. Cheap sets will not be
wideband. You cannot make a good
loudspeaker for the price some people
are paying for an entire receiver. We
believe the price of an f-m set should
be high enough to make the owner
appreciate it, the tone fidelity should
be good enough so that he can tell the
difference. Freedom from static is not
the only selling point of frequency
modulation, but will be if this new
service is debauched within a year
after it has been made available.

» DEFENSE . . . Early stages of any
great democratic movement are dis-
couragingly slow and disorganized.
Nothing much, except talk, seems to
get done. There is a feeling that noth-
ing will ever get completed in the time
alotted. We will be too late, again.
Everyone works at cross purposes.
Then, slowly, the thing takes hold.
Some order is hammered out of the
chaos. We are getting to this stage
now.

Never have the electronic factories
been so busy. Coupled to two years of
peak production of radio receivers,
transmitters and tubes for ordinary
service is the vast defense program
whose effects are permeating now to
every man. Tremendous assemblies of
communication and control equipment
are shaping up; and soon will be ready
for service. The whole business begins

CROSS

TALK

to take on that inspiring aspect of a
great nation of workers united in
working for a great cause, working
for their own benefit under their own
steam and not under the unreasoning
lash of a dictator.

Men passing through our office on
their way to Washington to offer their
services, without pay if necessary;
Major Armstrong offering free use of
his f-m patents to the government for
the duration of the emergency and to
manufacturers, designated by the gov-
ernment, use of the patents for one
dollar per year; one out of four United
States physicists working on problems
of national defense; daily calls from
large laboratories and manufacturers
for qualified men to fill waiting jobs—
all these are but aspects of the enlarg-
ing picture, all leading to the single
national cause, defense.

There are troubles, of course. Alu-
minum is a mighty important raw
material to electronic people. Shield
cans and condensers depend upon this
element, now so vitally needed for
airplanes. There are rumors that one
per cent of the annual production will
be set aside for non-defense uses. This
is small in per cent, large in tonnage.
Will radio get its share from this pool;
or will radio be classed with other
defense projects?

There are certain disquieting mat-
ters, too. In the draft, men whose
special knowledges and techniques
could be put to much better use are
driving trucks. Men enlist with some
sort of promise of jobs where their
special knowledge can be used to best
advantage, and they find themselves
driving trucks; men essential to cer-
tain industries and jobs, finding them-
selves taken away and put on jobs
where they seem to be wasted; certain

creaking of the machinery indicating
nothing much more than the fact that
we are new at this job of defense. Most
worrisome of all is the lack of percep-
tion among so many people of the
serious times we are in.

» INCIDENTALS ... There is, in New
York City, an outfit called the FM
Ignition Service company. . . . Ger-
man manufacturing firms are still pay-
ing Britain for the patent rights on
certain war machines, and English
firms are doing the same for the Ger-
man Reich. . . . Double correction:
anyone interested in skin effect and
noticing an item on the subject in this
column in February, will please change
the multiplying factor from the square
root of 1000 to the square root of
1/1000. It will work better that way.

Television gets the go-ahead signal
as of July 1 from the F.C.C. which has
adopted the standards proposed by the
N.T.S.C. Wire manufacturers are
faced with an acute shortage of reels,
spools and cases, which is delaying
shipments. Return containers to manu-
facturers to expedite, and conserve
materials for other uses.

» OBIT . .. Dayton C. Miller, critic
of the Einstein theory, author of “The
Science of Musical Sounds” (in which
is probably the first photograph of a
bass voice entering an auditorium),
physicist, teacher, widely known for
his work in the realm of acoustics, died
in Cleveland in February. . . . Egbert
von Lepel, inventor of the quenched
gap which formed the basis of com-
munication, medical, and industrial
machines, died in his laboratory in
April, when a tube to a small gas jet
became disconnected.
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Big Voice for Hemisphere Defense. ... the threat of ag-

gression forces the neighbors of the Western Hemisphere to
act together for mutual protection. This newly-erected array of
beam antennas on the grounds of N.B.C.'s WRCA and WNBI
transmitters at Bound Brook, N. J.. can be directed toward Cen-
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tral America and either the east or west portion of South
America by properly phasing the input vollages to the various
sections. Each antenna is of the double-H type. The array is
at times fed by two 50-kw transmitters operating at 9670 kc fo
give an effective power of 1700 kw in a southerly direction
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Priorities—What Effect on the
Radio Industry?

Shortages in aluminum, tungsten and nickel offer a serious threat to the established methods

of engineering and manufacturing in radio and the allied arts. This survey reveals the steps
which have been taken to meet the situation, what substitute materials and revised engineer-

ing practices are in prospect

HAT the radio industry is faced
with a radical revision in its
methods of doing business because
of shortages of essential materials
is no longer a matter of conjecture.
It is a fact. Aluminum, tungsten
and nickel, are already under defi-
nite priority control of the Office of
Production Management  (O0.P.M.).
Zinc is under a partial priority con-
trol. Other materials widely used in
radio manufacturing, such as copper
and magnet steel, while available
without official restrictions, are pos-
gible additions to the list. The O.P.M.
“Priorities Critical List” revised to
March 17th indicates preference rat-
ings for completed articles in the
radio field such as batteries for
radio, ship and fire control, air-
craft detection equipment, portable
battery chargers, electric cables,
radio frequency meters, interphone
equipment, insulation testers (meg-
gers) radio apparatus (all types),
radio direction finders, underwater
sound equipment and anti-aircraft
sound locators, and service-type
telephone and telegraph equipment.
The classification of ‘“radio appa-
ratus (all types)” on the critical list
is so broad that practically all com-
ponent parts, including tubes, used
in radio equipment, as well as com-
plete radio equipment, are subject
to control. Government orders for
such equipment carry with them a
“Preference Rating Certificate” with
an A-1 notation, which means that
the supplier must give that order
preferential treatment, delaying the
delivery of all other orders of lower
rating, if necessary, in order to
meet delivery dates. Where stocks
are complete, the priority system
usually does not entail any serious
delay to the purchasers of radio
components and materials, but if
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stock is short, the purchaser with a
low preference rating or none at all
may cool his heels for weeks, or
months. The preference rating
certificates are issued by the Priori-
ties Division of O.P.M. under the
direction of Edward R. Stettinius,
Jr. The Army and Navy Munitions
Board also issues priority ratings,
which are attached to all Army and
Navy orders for anything on the
critical list. All other orders, gov-
ernment and non-government, are
rated by the Division of Priorities.
In a few cases, notably those of
aluminum, magnesium, machine
tools, and neoprene (synthetic rub-
ber), a blanket priority has been set
up which applies not only to articles
and supplies for defense purposes,
but which requisitions also all the
left-over supply which would other-
wise be available for non-defense
use. In the case of machine tools,
for example, such a blanket priority
allows the machine tool makers to
obtain all their supplies under
priority ratings.

The Aluminum Situation

The most critical material, so far
as the effect of priorities on radio
manufacturing is concerned, is alu-
minum. Aluminum is used in great
quantities for the base of instan-
taneous acetate recording blanks,
for variable tuning condensers, for
shield cans, in permanent magnets,
and in electrolytic condensers.

The priority rating for aluminum
used in radio, released on April 18,
recognizes that no reasonable sub-
stitute exists. The rating given, B-7,
means that the radio industry is
allotted 309% of its 1940 consumption
of high grade material and 60% of
low grade material, if and when non-
defense supplies are available.

The situation in the acetate record
field is acute. For mnearly three
months the supply of aluminum for
all civilian purposes has been cut
off. Extensive experimentation has

been undertaken with substitute
materials, including “superfine”
steel, glass, plastics, high grade

smooth finish cardboard, zinc, brass
and copper, but none of these ma-
terials has proved satisfactory thus
far. The highly polished surface of
“name-plate” aluminum, and its
freedom from any tendency to warp
make it an ideal material for the
purpose. Specially-prepared steel
serves for the smaller diameter discs
used in the home-recording field,
but the surface noise is increased
because the finish of the metal is not
as smooth as that of aluminum, and
the acetate coating faithfully repro-
duces all the surface irregularities.
In the larger size 16-inch discs used
in broadcasting, the steel thus far
available exhibits warping to such
an extent that it is difficult to cut
a record without the cutter jumping
from the surface of the record. Glass
has a good surface, but it is fragile,
difficult to ship, and expensive to
work (the four holes in each disc
must be drilled, not punched). Plas-
tics tend to warp unless a disc of
excessive thickness (and consequent
high expense) is used. Moreover,
the surface is not good, and it is
expensive to work the material.
Cardboard can be used only if the
acetate coating formula is softened
to prevent warping and buckling of
the base due to the tension of the
coating. Such formulas do not cut
well, since the thread from the en-
graving stylus may not be thrown
clear, and the high frequency re-
sponse of the material is limited to
a few thousand cycles per second.
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Dis¢  manufacturers hope 1o
conserve the supply of aluminum
within the industry by offering to
buy used discs from their customers
at prices only slightly below those
prevailing for scrap aluminum. The
manufacturer strips the old coating
from the disc, and, having secured a
license to do so from the O.P.M,
sends the aluminum to the aluminum
manufacturer for remelting (toll
fabrication). The record manufac-
turer then receives, after several
weeks, the equivalent in sheet alumi-
num suitable for punching into discs.
Customers who contribute by selling
their old discs in this manner have
first call of the new dise supply. Un-
fortunately, in many cases the disc
customer sells his old discs to the
neighborhood used-metal dealer, at a
somewhat higher rate per pound,
and this aluminum is thereby per-
manently removed from the record-
ing field. The manufacturers are urg-
ing their customers to cooperate by
keeping the aluminum supply within
the field, even though the income
thereby derived from the sale of the
old discs is somewhat less.

The aluminum situation in the
radio receiver manufacturing indus-
try is equally eritical, and its effects
may be considerably more wide-
spread. About 4,000,000 pounds of
aluminum were used in radio manu-
facturing in 1940. About one half
of this amount was used in variable
condensers, one quarter in electro-
lytic capacitors, and the remainder
in shield cans, foil for paper capaci-
tors, and the like. About 2,000,000
pounds of permanent magnet steel,
of the Alnico type, was used in p-m
speakers in 1940, the aluminum con-
sumption for which approximated
400,000 pounds. P-m speakers were
used in about 5,000,000 receivers last
year, 1,800,000 of which were in
battery operated receivers.

The complete cut-off of the alum-
inum supply has caused great con-
cern within the Radio Manufac-
turers Association, as might be ex-
pected from the figures just quoted.
Committees of this organization have
consulted with the O.P.M., and have
drawn up a plan for substitutions
which will sharply reduce the use of
aluminum and nickel in the industry.

One of first actions of this group
has been a resolution to drop the use
of aluminum in all radio manufac-
turing, with the reservation that
aluminum in foil form will probably
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ve necessary for the production of
electrolytic and paper -capacitors.
Beginning June 15th, variable con-
densers with iron stator plates will
be delivered, and accepted by the
manufacturers. Iron for the rotors
is not yet provided in the plans, be-
cause the extra weight puts a great
strain on tuning mechanisms, both
manual and automatic, because of a
high degree of microphonism loss
of shape due to cold flow, and ten-
dency to collect magnetic dust due
to residual magnetism. Condenser
manufacturers estimate that one
third to one half of the aluminum
used might be saved if the industry
standardized on two-gang con-
densers, cut the maximum capaci-
tance by a substantial percentage
(using proportionately more induc-
tance), cut the clearance between
plates, and in general reduced the
size of the units.

[f aluminum foil is not available
for paper capacitors, when present
supplies in the hands of manufac-
turers are used up, the two most
promising substitutes are tin and
copper foil. Tin is expensive and
already in grave danger of com-
plete priority control. Copper is
ditlicult to slit into strips without
producing a burr which will punc-
ture the paper dielectric. Copper
may also produce harmful chemical
reactions with the wax impregna-
tion.

Regarding Alnico permanent mag-
nets the industry is agreed that
steels containing no aluminum or
nickel must be used for all purposes,
except in battery operated sets,
where no substitute is available.
However, for these necessary p-m
units, the smallest possible weight
of magnet will be used, reducing the
speaker efficiency and putting the
burden on the output stage. Fur-
ther, higher grade steel, and alloys
using the lowest possible percentage
of aluminum and nickel are pro-
posed.

When all the available substitu-
tions have been made, it is estimated
that the amount of aluminum used
will be substantially less than the
figcure set up by the O.P.M. of
two pounds per $100 retail price,
which would entitle the industry to
the next higher priority rating, or
B-6.

With all these plans, however, the
manufacturers do not see their way
clear to eliminating all aluminum

in radio manufacturing, and the
question remains whether the needed
minimum supply will be forthcom-
ing. The priority rating of B-T7 ap-
plies only to stocks available for non-
defense purposes, which are for the
present non-existent. The industry
right now is running on its reserve
supply. When that supply is con-
sumed (and the estimates are that
this will take from a few months to
less than a year, depending on the
component in question), no one
knows whether further supplies will
be available. Most observers at
present are rather pessimistic.

The Industry Outlook—Prices

Uncertainty regarding the supply
of raw materials has forced many
of the components suppliers to aban-
don fixed price schedules, and to be
extremely wary in the setting of
daelivery dates for non-defense
orders. Many prices for parts are
now being quoted “on invoice” that
is, the price is set at the time of de-
livery. Equipment manufacturers,
buying parts on this basis, are
similarly forced to maintain a
highly flexible price schedule, with
a larger gross margin than usual to
take care of contingencies. As the
price of components goes up, and as
labor costs increase, there must in-
evitably be a marked rise in the
price of the finished product. Indus-
try leaders say that the price struc-
ture in the radio industry is in a
highly liquid state at present. While
price rises have not occurred uni-
versally, the industry seems per-
fectly sure that they will come, and
soon.

Profiteeting, as such, seems to be
virtually absent in the radio field at
present. One reason for this, in an
industry not above such practices in
the past, is the great amount of busi-
ness now on hand for defense pur-
poses. Estimates made in Washing-
ton indicate that defense orders for
equipment in the electronics field
now total about $140,000,000, of
which $46,000,000 is for radio equip-
ment. Since one third of the appro-
priated money has now been con-
verted into orders, there is reason
to believe that another $300,000,000
to $400,000,000 will be placed in the
industry for delivery in the next two
or three years.

The manufacturing industry and
its suppliers are thus assured of a

(Continued on page 80)
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MEASUREMENTS
in F-M TRANSMITTERS-I

Since the F.C.C. requirements for commercial broadcasting by frequency modulation are
considerably more rigid than for amplitude modulation, more precise measurement tech-
niques are in order. Mr. Thomas outlines the methods of measuring frequency deviation

and audio quality in this first installment

H. P. THOMAS

General Electric Company, Schenectady

HE system of wide-band fre-

quency modulation as it is being
used for broadcast service is cap-
able of providing highly faithful
transmission of speech and music.
This is due largely to the great
noise reduction of the system and
the lack of any high-frequency limi-
tations imposed by adjacent chan-
nels such as prevails in the standard
wave broadcast band. To maintain
a high standard of fidelity in this
new field of broadcast transmission,
the F.C.C. has set up standards of
good engineering practice requiring
performance considerably superior
to that in the standard broadcast
band, and the commercial equip-
ment manufacturers are guarantee-
ing performance which should ex-
ceed the required standards under
most conditions. Examples of the
requirements and typical perform-
ance figures are shown in the ac-
companying table.

Many people will contend that
such high standards of quality are
unnecessary, but under the proper
conditions some observers can de-
tect distortion as low as 2 or 3 per
cent, and certainly noise levels of
—60 decibels are detectable, even
if not objectionable under normal
conditions. It therefore seems prob-
able that these requirements will
not be reduced in severity, but may
possibly be tightened further in the
future.

As a result of the high perform-
ance standards required, it is neces-
sary to make measurements with a
considerable degree of refinement.
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Frequency-Modulated Signal
(1) e=sin{Wt+m sin ut)
=angular velocity of carrier
a=angular velocity of modulation
m=deviation ratio= AW

By expansion ‘
(2) e=sin Wt{Jo (M)+2 TIn (M) cos nut]
N=2,4,6 v

+cosWt[2 T.Jn (M) sin nut])
nel,3,5---

(3)e=J, (m)sinWt +J, (m)[sin (W+.u) t-sin(W-u)t]
+J, (m)[sin(W+2u)t+sin (W-2 u)t]
+J3 (m) [sin(W+3 u) t-sin(W-3.u)t]
+

Jo(m)=0 for m=2.4048
5.5201
8.6537
11.7915

Fig. 1—The fundamental frequency modulation equation and its

expansion to show the sidebands. The Bessel function of zero

order (carrier voltage) may be made to vanish at certain devia-

tion ratios, thus providing easily-found check points in measuring
the deviation

Most of the measurements made cn
f-m systems are the same or similar
to those used with amplitude modu-
lation since both systems are de-
signed to perform the same
function, that is, to reproduce aud-
ible sounds. However, due to the
difference in the method of trans-
mission, we need a slightly different
technique in some cases, and new
definitions and references in others.

In amplitude modulation one of
the basic reference levels is 100 per
cent modulation, which represents
the maximum modulation capability
of a transmitter. With frequency
modulation there is no such limita-
tion. Of course the frequency devi-
ation corresponds very closely to per
cent modulation in the a-m case,

but there is no definite upper limit.
With any particular receiver the
amount of frequency swing is lim-
ited by the linear range of the
slope circuit which converts the fre-
quency modulation into amplitude
modulation for detection; but this
limit is an entirely arbitrary one,
and can be varied within almost any
desired limits. The choice of a suit-
able upper limit to the frequency
swing is based on the channel width
which it is permissible to use with-
out seriously limiting the number
of channels and the noise level
which can be tolerated, since the
noise level decreases as the fre-
quency deviation ratio is increased.

Fortunately, this matter has been
crystalized since the F.C.C. began
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Fig. 2—Typical sideband magnitudes for dii-
ferent deviation ratios, computed for a maxi-
mum range of plus or minus 75 kilocycles

assigning licenses on the basis of
200 kilocycle channel separation and
has therefore specified = 75 Kkilo-
cycle as 100 per cent modulation in
its standards of good engineering
practice. This is sufficient frequency
swing to obtain good noise reduc-
tion, while leaving some margin as
a guard band to prevent adjacent
channel interference.

The first measurement problem is,
then, to measure the frequency devi-
ation of an f-m signal. In order to
see how this may be done, let us
examine the equation for an f-m
wave (Fig. 1). Equation 1 repre-
sents a carrier having an angular
velocity o = (2nf) being frequency
or phase modulated == Ao at an an-
gular velocity p. By mathematical
expansion, we can convert this equa-
tion into the form shown in Egs. 2
and 3, which represents the same
wave in the form of a carrier and
side bands. This transformation of
the equations is similar to what we
do with amplitude modulation when
‘we consider a wave of varying am-
plitude as a carrier and side bands.
However, in the f-m case there are
an infinite number of side bands, all
spaced from the carrier by multiples
of the modulating frequency, the
amplitude of each one being given
by the Bessel functions J.(m),
J.(m), and so on, m being the devi-
ation ratio. We will also notice that
the carrier amplitude is not con-
stant, but depends on the value of
the zero-order J, Bessel function.
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Those not famil-
iar with Bessel
functions do not
get a very clear
idea of the mag-
nitudes of the vari-
ous components of
the f-m wave. Some
calculated exam-
ples to illustratea
few particular
cases are shown in
Fig. 2. The value
of m has. been
changed by vary-
ing the modulat-
ing frequency and
maintaining  the
frequency devia-
tion constant. This
corresponds to the
case of an f-m
transmitter oper-
ating with a swing
of =+ 75 kilocycles
and varying the frequeney of the
audio input. It will be noticed
that as p decreases m increases and
more side band terms appear, be-
coming spaced closer together. In
all cases there is very little energy
far outside the limits of the fre-
quency swing. Now suppose that
we want to accurately measure a
frequency deviation of -=75 kilo-
cycles. By referring to Eq. 3 we see
that the carrier amplitude is given
by the function J,(m) and by exam-
ining the tables we find that this is
zero for various particular values of
m. Thus by using a modulating fre-
quency of 13,586 cycles and a
sharply tuned receiver (for instance
one having a crystal filter) and
watching the amplitude of the car-

=10 sec,

NI

4
Rq=10*Lp,

=\/R¥*+4m2s7L2 =L\/|o°+41r“f‘

Z,= R (Zero freq reference)

Db =20 log o - = 20 log,, (& \/10%+27r7f7 )
(]

Db=10 log,, (1+0.3955 £,2 )

rier as recorded on a signal strength
or a-v-¢ meter while we increase the
amplitude of the modulating volt-
age impressed on the transmitter,
we will notice that the -carrier
strength will reach a minimum at
a level corresponding to 32.66 kilo-
cycles swing, where m = 2.4048,
and a second minimum at a level
corresponding to 75 kilocycles
swing, where m = 5.5201.

This gives us quite an accurate
measure of the deviation of a trans-
mitter at the higher modulating
frequencies, but is not applicable to
the lower frequencies since the side
bands will then be so close together
that it will be impossible to sepa-
rate them from the carrier with
the receiver, and also it will be
necessary to count up to very large
numbers of carrier null points for
normal frequency deviations since
m becomes very large.

A method of measuring fre-
quency swing at low modulating fre-
quencies follows from an examina-
tion of the diagrams in Fig. 2,
which indicates that as the devia-
tion ratio is increased, we are ap-
proaching the limiting case of a
nearly uniform distribution of
energy out to the edge of the fre-
quency swing and zero beyond this
point. Thus by using the highly
selective receiver again and tuning
across the frequency band occupied
by the transmitter while it is mod-
ulated with a tone of say 50 cycles
per second, there will be a fairly
steady signal received within the
limits of the transmitter deviation
and very little signal beyond the
limits of%this region.

We have found that slightly more

1L~

100,000

Audio Frequency - Cycles per Second

Fig. 3—The pre-emphasis curve specified as standard for commercial {-m
transmissions (impedance characteristic of series inductance-resistance
circuit, having a time constant of 100 microseconds
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RF
Input

Fig. 4—Typical discriminator (frequency-modula-
This circuit is used in

tion detector) circuit.

deviation monitors as well as in

accurate results can be obtained by
using a heterodyne oscillator in the
receiver during this measurement
and noting when the transmitter
signal sweeps down to zero beat
with the receiver oscillator at the
end of the frequency deviation
cycle. We have checked this method
against the carrier null method by
reading the output from a linear
slope circuit and detector caused
by a transmitter which has had the
deviation adjusted by each of these
methods and found an extremely
close agreement.

These methods cannot be used
for monitoring a program since
they require the application of a
steady tone modulation in order to
take readings. However, both
methods are suitable for calibrating
some indicating device which can
be used as a modulation indicator.
All that is needed for this purpose
is a linear slope circuit and detector,
or in other words an f-m detector.
However, in order to make the out-
put amplitude correspond directly
to frequency deviation, some pro-
vision must be made to maintain a
constant input. This may be done
by using a good limiter or by read-
ing the input voltage with a meter
and adjusting to the same level for
all readings. This circuit will deliver
an audio output voltage having a
magnitude directly proportional to
the frequency deviation of the sig-
nal.

The audio voltage can be utilized
in a number of ways: it could be
applied directly to a cathode-ray
oscilloscope for instance. But it is
probably more convenient to apply
it to a peak reading vacuum tube
voltmeter to read peak modulation
swing in the same way as is cus-
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tomarily done in
reading peak mod-
ulation in  a-m
broadecast trans-
mitters.

The audio volt-
age may also be
used for operation
of an amplifier and
loudspeaker for
aural monitoring.
However it must
be remembered
that de-emphasis
must be used in
this case in order
to reproduce the
sounds correctly as
the transmitter is pre-emphasized
according to the curve shown in Fig.
3. To make the monitor more con-
venient to adjust for operation on
various carrier frequencies and to
standardize the design of the slope
circuit, it is advantageous to employ
a converter and have the slope cir-
cuit and detector operate at the in-
termediate frequency. In other
words, we use a simplified receiver.

Figure 4 shows the circuit of a
diseriminator and Fig. 5 shows the
characteristics of a discriminator of
this type. If this characteristic can
be made sufficiently linear over the
required frequency range, the cir-
cuit can be employed to measure all
the audio characteristics.

The only fundamentally sound
method known to the writer for
measuring linearity is to measure
the output voltage with a d-¢ instru-
ment and vary the applied frequency
by accurately known steps. The
frequency steps can be determined
with very good accuracy by synchro-
nizing the applied frequency oscil-
lator with harmonies of a 10-kilo-
cycle crystal oscillator. This is a

receivers

Fig. 5 — Discrimi-
nator characteris-
tic of the circuit
shown in Fig. 4.
The slope must be
very accurately
linear over the
range of 200 kc
for accurate moni-
tor work

somewhat diflicult measurement to
make as all the conditions must be
maintained very accurately during
the time necessary to read a fairly
Jarge number of points. IFor ex-
ample, the voltage from the oscil-
lator delivering the input signal
must not vary during the measure-
ments, or if a limiter tube is used
to maintain constant input, the volt-
ages on the limiter must not change
enough to affect its output. To ob-
tain sufticient accuracy in measur-
ing the output voltage will probably
require the use of a potentiometer.
For preliminary adjustments, it is
advisable to use a sweep oscillator
and oscillograph in the method com-
monly used for receiver alignment.
The accuracy of this method depends
on the linearity of the sweep circuits
and the linearity of the deflection of
the oscillograph, so it cannot be de-
pended upon too much for accurate
results.

Carrier Noise Level

Suppose we wish to measure the
carrier noise level of a transmitter.
First of all we must set the modula-
tion level of the transmitter at =75
kilocycles, or 100 per cent modula-
tion, by one of the methods described
earlier in this article. This gives a
certain audio voltage level out of the
modulation monitor corresponding
to 100 per cent modulation, that is,
this sets the decibel reference level.
All audio input to the transmitter is
then removed and the noise level
output read by means of a suitable
tube voltmeter. The ratio of noise
voltage to 100 per cent modulation
signal level is the carrier noise level,
assuming no noise is introduced by
the . measuring equipment. How
closely this condition is met can be
determined by taking a measure-

200 V.
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Fig. 6—Square-wave generator which has come into use in

testing the waveform reproducing capabilities of an f-m

system. Transient wavefront

should be reproduced ac-

curately when the full range of audibility is employed

ment of the noise, read when a sig-
nal is fed to the monitor from a good
crystal oscillator, which will have
practically zero frequency modula-
tion. During this measurement, as
in fact for almost all the audio
measurements, de-emphasis should
be used, since this is the condition
under which the normal receiver op-
erates. A convenient instrument
for this type of measurement is a
noise and distortion meter which
consists of a vacuum-tube voltmeter
calibrated in decibels and equipped
with attenuators for reading large
changes in level.

Distortion

For measuring harmonic distor-
tion, we can measure the audio out-
put of the modulation monitor by
means of a noise and distortion
meter, which balances out the funda-
mental and leaves the distortion
terms to be read on a tube voltmeter,
indicating total r-m-s voltage; or
we can use a wave analyzer, which
is a very selective filter for selecting
any single frequency, and measure
the fundamental and each of the
harmonics separately. The wave
analyzer gives a little more informa-
tion by separating the various har-
monics. This may be useful in
analyzing the source of distortion,
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but is a little slower than the distor-
tion meter and requires some calcu-
lation to determine the total dis-
tortion. Care should be taken to
use a source of audio frequency hav-
ing very low harmonic content if
distortion readings as low as 2 per
cent or less are to be made.

Audio Frequency Response

Frequency characteristics can be
measured easily with a modulation
monitor and some form of tube volt-
meter, reading audio output from
the monitor against audio input to
the transmitter over the entire
audio band. In all of these measure-
ments, care should be taken to make
certain no r-f voltage is introduced
to the measuring equipment. It is
often desirable to put an r-f choke
at the input of the measuring equip-
ment, but it is necessary to be sure
that it is not so large as to
affect the audio-frequency response.
Shielded leads can be used if care is
taken to make certain that they do
not have so much capacity that they
affect the audio characteristics. It
should also be mentioned that to
assure a good audio-frequency
characteristic from the modulation
monitor, the r-f bypass condensers
should not be too large. Calculation
of impedances will tell whether they

1,000 Cycles
per second

190 Cycles
per second

-38 Cycles
per second

Fig. 7—Squa.¢ waves traced from an oscil-
loscope connected to a developmental re-
ceiver. The pulse width in this case is 15
per cent of the total square wave period

have any appreciable shunting effect
on the load resistors at the highest
audio frequency. It should be noted
that in a diseriminator the capacity
coupling the primary and secondary
coils is also shunting half the audio
load, the hence should be made fairly
small.

Cross Modulation

Most of the measuring equipment
available will not permit harmonic
measurements at frequencies above
about 15 or 20 kilocycles. Harmonics
at frequenciegs higher than this are
not audible so it might seem that it
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Fig. 8—Square waves reproduced after
passage through an f-m transmitter and

discriminator receiver. Frequencies from
top to bottom are 1000, 190. and 38 cycles
per second

would be useless to make distortion
measurements at modulating fre-
guencies above about 7 kilocycles.
However, a non-linear characteristic
at the higher audio frequencies will
cause cross modulation which will be
audible. Special measuring equip-
ment can be used to measure the
super-audible harmonics, but the
same result can be obtained by ac-
tually modulating with two tones
simultaneously and measuring the
cross modulation terms. This is a
more direect and fundamental method
since it actually measures what we
hear. Also there is some difference
in the results in the case where pre-
emphasis is used, as is standard in
f-m transmission. The difference is
that harmonics of the higher audio
frequencies are de-emphasized in the
receiver whereas the difference term
resulting from cross modulation is
actually increased in amplitude in
comparison with the fundamental
tones, since it comes at a lower fre-
quency. Cross modulation terms re-
sult from curvature of an amplitude
characteristic in exactly the same
way as harmonic distortion terms.
For example, a second harmonic is
the result of a square law term in
the power series- expression for the
amplitude characteristic. If two

ELECTRONICS — May 1941

F.C.C. Performance Requirements and Typical Commercial Transmitter
Characteristics

Freq. characteristic
Distortion

Noise level

Mean carrier
stability

+2 ke

-+2 db 50-15000
2% rms *=75 kc
Better than 60 db

“+1 db 30-16000

1.5% =75, 2% *100 kc
70 db

Under 2 kc. usually

% to 1 ke

modulating frequencies each half
the size of the single frequency used
previously are applied simultane-
ously, the same square law term will
give sum and difference terms each
half as large as the second harmonic
term found previously. So if we add
all the cross modulation terms as
an r-m-s sum and express them in
per cent of 100 per cent modulation,
they should have an amplitude about
0.7 of the distortion terms obtained
with a single modulating frequency.
In making cross modulation meas-
urements care should be taken not to
have the two audio oscillators too
tightly coupled to each other or
cross modulation may take place in
the output stages of the oscillators.
This can be checked by a measure-
ment taken directly at the input
terminals of the transmitter. Of
course, for these measurements it is
necessary to use a wave analyzer.
One characteristic of a transmis-
sion system which usually is not
considered is the phase characteris-
tiec or time delay error. In the pasf
this has been considered unimpor-
tant. However, phase errors can
seriously distort transient wave
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r ’
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Fig. 9—The relationship between square

wave dimensions and phase shift in an

R-C combination., for various percentage
pulse widths

fronts, so it would seem that for
true high fidelity reproduction it
might be important to keep such
errors small. A simple method for
checking frequency characteristic
and phase characteristic simultane-
ously is to apply a squave wave to
the input of the system and observe
the shape of the wave which appears
at the output by means of a cathode-
ray oscillograph. A square wave is
rich in harmonics, and if any of
these components is changed in
amplitude or phase, as compared
with the others, the output wave
will show distortion. Figure 6 shows
a unit which will generate square
waves having a repetition rate any-
where from 1.5 to 250,000 cycles per
second, and two widths, one about
10 per cent and the other 50 per cent
of a full cycle. These are adjustable

over a small range. Figure 8 is
a photograph of the cathode-ray
screen when 16 per cent pulses

having fundamental frequencies of
38, 190, 1000 cycles per second werk
passed though a f-m transmitter and
a modulation monitor. It will be
noted that at 1000 cycles per second
we can observe a definite slope to the
sides of the wave, indicating a limi-
tation of the frequency band being
passed, although this limitation is
at a frequency in the order of 20
kilocycles or more. There is also a
slight oscillation at the beginning
and end of the pulse. That is due to
the pre-emphasis circuit, which con-
sist of series L and R, resonating
with the shunt circuit and tube
capacity. The resonance is fairly
heavily damped, and is at a fre-
quency of about 20 or 25 kilocycles,
so is outside the audible region.
Figure 7 is a tracing made from the
cathode-ray oscillograph when the
same pulses have passed though the
f-m transmitter and also a develop-
mental f-m receiver. These show a
fairly large phase error at low fre-
quencies as well as some other
irregularities in the characteristic
at higher frequencies. Figure 9
shows how the phase shift of an
R-C network can be analyzed in
terms of the square wave response.
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VOLTAGE MULTIPLIER

By D. L. WAIDELICH

University of Missowri

RENEWAL of interest in the
voltage doubling rectifier cir-
cuits has been brought about by
their use as d-¢ power supplies in
small radio receiving sets. In this
application these circuits have wue
important advantage of supplying
high d-¢ voltages without the use of
heavy and bulky power trans-
formers. Other uses of voltage dou-
blers include power supplies for
x-ray tubes and cathode ray tubes.
A recent article’ by M. A. Honnell
suggests several new applications of
these circuits among which are the
uses as a diode detector and as a
vacuum tube voltmeter circuit.
Another circuit used for voltage
multiplying is the voltage quadrupler
first described by W. W. Garstang’
and later given in improved form'.
A circuit with a voltage output be-
tween that of the voltage doublers
and that of the voltage quadruplar
is the voltage tripler, a circuit be-
lieved to be original with the author.
The schematic diagram of the
half-wave voltage doubler is shown
in Fig. 1 where E,- is the applied
a-¢ voltage, E,; is the d-c output
voltage, I,c is the output direct cur-
rent and the load is represented by
the resistance R. In operation for
the first half cycle of E.. condenser
C. is charged to the peak value of
the a-c voltage through tube T..
During the next half cycle the volt-
age across C, adds to E,; and charges
condenser C. through tube T, to ap-
proximately twice the peak value of

Fiq.
voltage
through T..
added

1—Circuit diagram of half-wave

doubler. C,; is {irst charged

The voltage across it is then

to the input voltage to charge
C. through T,
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Fig. 2—Output voltage characteristics of doubler, tripler and quadrupler

E,.. Curve 1l in Fig. 2 gives the out-
put voltage as a function of the out-
put current with £,,=115 volts rms
and a frequency of 60 cycles per
second. All condensers are 2.1 micro-
farads, and this value of capacitance
was chosen to give as much of the
voltage curves as is possible within
the current ratings of the tubes used
in the tests. In practice the value
of capacitance will usually be much
greater. The tubes used were chosen
to have low tube drop during con-
duction. At low values of output
current the output voltage is prac-
tically equal to twice the peak value
of E,, and it is from this fact that
this circuit gets its name of doubler.
As the current increases, the voltage
decreases and approaches very low
values at high currents. The ripple
voltage across the output will have
the same frequency as that of E...
In the design of this circuit it should
be remembered that C, must be able
to withstand a voltage equal to the
peak value of E., while C. must
withstand a voltage equal to twice
the peak value of E .

The full-wave voltage doubler cir-
cuit is given in Fig. 3, and it resem-
bles two ordinary half-wave recti-
fier circuits in series. During the

first half cycle of E,. condenser C
is charged to the peak value of F..
through tube T, while on the second
half cycle condenser C. is charged
similarly through tube 7. The
voltage output curve is curve 2 of
Fig. 2, and again the voltage at light
loads is practically twice the peak
value of E., while at heavy loads
the voltage becomes very small. In
this case the ripple voltage will have
a frequency twice that of E,.

In cormraring the respective
merits of the two doublers the full-
wave doubler has the following ad-
vantages:

1. The d-c¢c output voltage is
greater as shown by comparing
curves 1 and 2 of Fig. 2.

2. The output ripple voltage fre-
quency is higher and is therefore
easier to filter.

3. The maximum voltage that the
condensers must withstand is only
the peak value of E,..

On the other hand the half-wave
doubler has the advantage of having
a common input and output ter-
minal, and this may be important
in such cases as that of radio re-
ceiver power supplies.

For higher voltages the voltage
tripler and quadrupler are appli-
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CIRCUITS

Fig. 3—Full wave voltage doubler which re-
sembles two half-wave rectifiers in series

Fig. 4—Voltage tripler

circuit, a doybler circuit
in series with a half-wave rectifier

D-C OUTPUT VOLTS

AC INPUT

o

10 20

Fiq.

5—Practical
circuit and its d-c load characteristic

. |
D-COUTPUT

- T—1

Y <
240 ohms) )\
25 wafts

30 40 50

%-C LOAD MILLIAMPERES

voltage tripler

cable, and the circuit of the tripler
is given in Fig. 4. The circuit re-
sembles that of a half-wave doubler
in series with an ordinary half-wave
rectifier circuit. Condenser C, is
charged to the peak value of Ey
through tube T. during the first half
cycle of the input voltage, while at
the same time C; is charged through
T: to the same potential. On the
second half-cycle the voltage across
C, adds to E, to charge C, through
T. to almost twice the maximum
value of E... The voltage across R
will be the sum of the voltages of C,
and C; or practically three times the
peak value of E ... The output voltage
curve is 3 of Fig. 2, and again the
voltage is low for heavy loads. Since
the circuit is not symmetrical, the
ripple voltage will have the same
frequency as FE,. Condensers C,
and C; must be chosen to stand a
potential equal to the peak of E,,
while C, must withstand twice that
potential. A practical tripler circuit
using standard tubes and condensers
is shown in Fig. 5, and with it is
also the d-c load characteristic giv-
ing output voltage as a function of
load current. .

Figure 6 shows the circuit of the
quadrupler, and it appears to be
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made up of two half-wave doublers
in series. In the upper half of the
diagram and during the first half
cycle of E,, C, is charged to the
peak of E . through T., while for the
second half cycle the voltage across
C, adds to E . to charge C, through
T, to practically twice the maximum
value of the applied a-c voltage. The
action of the lower half of the cir-
cuit is exactly the same as that of
the upper half except that tubes
T, and T. conduct during one half
cycle while T, and T, conduct during
the succeeding half cycle. The load
voltage will be the sum of the

Fig. 6—Voltage quadrupler circuit. Two
doubler circuits are connected in series to
produce four times the input voltage

voltages across C, and C,, and at
light loads E,, will be practically
equal to four times the peak value
of E,. Thus condensers C; and C,
must withstand the peak of the a-c
voltage, while C, and C, must with-
stand twice that voltage. Curve 4
of Fig. 2 shows the voltage across
the load resistance R, and this out-
put voltage has a ripple frequency
of double that of E .

If the value of the capacitances is
increased, the voltage regulation of
any one of these circuits will be im-
proved, and in addition the capaci-
tances need not be equal. The out-
put ripple voltage may be decreased,
if necessary, by introducing a low-
pass filter before the output resist-
ance. Full-wave -rectifier vacuum
tubes with separate indirectly-heated
cathodes are very well fitted for use
in these circuits, although the maxi-
mum current, the average current,
and the inverse peak voltage ratings
of the tubes should not be exceeded.
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Facsimile
Speeds Air Reconnaissance

Facsimile transmission of photographs from an airplane to ground requires only ten minutes
between making an aerial picture and using it in military action, in a system recently demon-

strated by the Finch Telecommunications Laboratories.

NC3746
w

.

Fig. }—A complete sending and re-

ceiving facsimile system is contained

in this airplane. The picture signal,

as well as voice multiplexed on the

same channel, is transmitted by fre-
quency modulation

Fig. 2—An oil tank farm, a military

objective in time of war, is photo-

graphed. Within ten minutes, a print

of this picture can be in the hands of

officers at headquarters many miles
away
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Fig. 3—Lower right, the photograph is made on a paper nega-
tive and developed in a high speed developer (time of develop-
ment, 1 minute) and placed on the transmitter as a negative

Fig. 4—Above, the picture is transmitted at the rate of 8 square

inches per minute or about 8 minutes for a picture of standard

telegram size, 8% by 7 inches. The signal is applied 1o the f-m
transmitter at the microphone input terminals

Fig. 5—Below, the picture is received as a positive print by
reversing the polarity of the picture signals. Synchronism is
obtained by a voltage impulse at the end of each revolution

Fig. 6—Upper right, the finished picture in use. The receiving
paper requires no chemical treatment and can be handled
roughly without showing wear or other markings

ELECTRONICS — May 1941
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PUSH-BUTTON SWITCHING
for the SMALL BROADCASTER

The convenience of push-button switching for program circuits has too often been con-

sidered a technical luxury for the small broadcast station.

job may be done by the station staff at low cost

This article shows how the

HIS article describes a

pushbutton relay switch-
ing system free from clicks
and positive in its action.
While station engineers
have varied ideas on this
subject, it is hoped that this
system will have application
in those stations where, for
one reason or another, the
fader method is impractical
and the high level system
too costly.

Essentially a combination
of series circuits, this sys-
tem is entirely practical pro-
vided that the various com-
ponents, especially the push
button keys, are of good
quality. This is important
because circuit continuity
depends on their making
positive contact. For this
reason it is strongly recom-
mended that only the best
grade of material be used.
The fact that the foregoing
is true is borne out by ex-
perience with the system at
WBRY, Waterbury, Conn. This
method of program switching was
designed for that station by the
writer in 1934 when he was asso-
ciated with its development, and
very little trouble has been experi-
enced to date. A similar, but not
quite so elaborate, arrangement is
also in use at a Hartford station.
Both will be described.

The fundamental circuit is shown
in Fig. 1. The complete wiring
diagram for the installation is shown
in Fig. 2. Operation of the system
(Fig. 2) is as follows: Let us as-
sume that all buttons are off and all
boards clear, The announcer or en-
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Studio

Fig. 1—Basic relay switching circuit

By HERBERT H. W00D

National Broadcasting Company, formerly with

WBRY, Waterbury, Conn.

gineer connects the circuit for the
next studio to take the program line
which we will call studio A. As the
button for this studio is depressed,
it will be noticed that the inside or
closed contact of the key opens be-
fore any connection is made between
the center and the outside contact.
This key is actually made of two sin-
gle-pole double-throw switches with
one side of each normally closed.
Only one side is used. As this in-
side or closed contact opens, the
field of relay X is broken allowing
the relay to open. The contacts of
this relay are connected between the
output of the line amplifier and the

line to the transmitter. This
opening momentarily lifts
the line amplifier from the
line, making it impossible
for any click originating at
its input, to reach the trans-
mitter. As the button is de-
pressed still further, the out-
side contact closes, energiz-
ing the studio A relay which
is connected between the
output of the A preamplifiers
and the input to the pro-
gram amplifier. A set of con-
tacts on this relay are con-
nected in a holding circuit
so that the relay will stay
closed. As the button is re-
leased the inside contact is
again made and the output
relay closes, completing pro-
gram continuity through to
the transmitter.

Concerning the circuit
itself, it will be seen that
the uutput relay coil has one
gide connected directly to
the common or negative buss
and the other side is series
connected through the normally
closed contacts of all of the push but-
ton keys. As only half of the con-
tacts are used on the keys, it should
be possible to wire both sets in par-
allel thereby doubling the safety fac-
tor. On the “off” key only, both sets
of closed contacts are used so that
when the button is depressed, not
only does the output relay open, but
the positive side of the holding cir-
cuit of the program relays is opened
also. This, of course, clears the
board. In other words, the holding
circuit of all of the program relays is
series-connected through all of the off
keys and the output relay coil is
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Fig. 2—The complete system, including control consoles for two studios, announce
booth and control room. Standard telephone switches, lamps, and relays are used

series connected through all of the
keys including the off keys.

At WBRY, four control panels
were used and in addition to the
main switching functions, it was
considered necessary to have signal
lights on the panels as well as “On
the Air” and studio door warning
lights. As for the lights on the
panels, one side of each was con-
nected directly to the negative buss
and the other, through an extra set
of contacts on the proper studio re-
lay, to the positive side of the supply.
Thus when studio A was punched
up, the lamp directly over the A
button on all of the panels was
lighted and so on for each of the
other buttons. The relays control-
ling the door and ‘“on the air” lights
were connected in parallel with the
signal lights mentioned above and
were energized in the same manner.
In addition, a studio cue system was
used whereby the announcer took
his cue directly from the studio
loudspeaker. To cut this speaker an
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additional relay was wired in parallel
with the lamp circuit, but having
opening contacts instead of closing
so that the speaker line opened when
the circuit to the relay became ener-
gized.

The method of construction is
simple and should offer no difficulty
in installing a similar system. The
individual panels, with the excep-
tion of the control room unit, were
enclosed in suitable boxes and all of
the equipment on the panel wired to
a terminal strip in each box. These
in turn, were wired to a main ter-
minal board in the control room and
all eross ;pf)ngecting done there.. The
control rocm panel was mounted on
the main- rack. and wired directly to
the main terminal strip. The relays
were mounted at the top of the rack
and fitted with dust covers.

Power was supplied from two sets
of storage batteries so arranged that
one set. was always on charge., After
about two years operation from bat-
teries a rectifier was substituted

with no loss of efficiency. One thing
to remember in choosing a rectifier
is that good regulation is important.
Otherwise the voltage will be high
on those circuits having only signal
lamp and relay—such as “remote”
and “network.”

At the Hartford station, the cir-
cuit details were followed, but the
system trimmed down and simpli-
fied by the elimination of signal
lights and other equipment not abso-
lutely essential. Different push but-
tons were used but the standard of
quality carefully maintained so that
no difficulty has been experienced
in the operation of the system.

The cost of such a program
switching system should be about
$125.00 for parts and as the work
can be done by the staff, the total
should not be much greater. The
system can be modified for any com-
bination of amplifiers and studios
and, if used properly, will be an ex-
tremely simple and positive method,
as experience with it has proven.
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An Experimental Duo-Pentode

I'wo pentodes for operation at radio frequencies have been constructed in a single envelope.

An extensive system of shielding is used to reduce interaction between the two sections

making it possible to operate the two sections in cascade at the same radio frequency

TOP CAP

Fig. 1—Basic construction of the duo-

pentode tube with circular electrodes.

Shielding is obtained by the use of the
shields S and SH

NDOUBTEDLY the most seri-
ous factor preventing the wide
use of multiple-unit tubes 1is the
undesirable interaction experienced
between electrode groups. So objec-
tionable is this interaction effect that
such tubes are nearly always re-
stricted to audio frequency applica-
tions or to uses where each electrode
group operates in a different fre-
quency range.
This paper reports a new and
effective means emploved to reduce
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By
MAXWELL K. GOLDSTEIN

Vaval Researeh Laboratory

the interaction effect. For the com-
mon cathode type of duo-pentode
tube shown in Fig. 8, the interaction
effect was reduced to less than one
per cent. Such low values of inter-
action extend the use of multiple-
unit tubes to the radio frequency
range and permit a maximum of
operational flexibility, such as cas-
cading, frequency-drag-free oscil-
lator and mixer combinations, and
the like, to be realized which here-
tofore have only been possible with
two separate tubes. Multiple-unit
tubes using these principles are
further described in references
1 and 2.

Principles of Construction

Figures 1 and 2 show the basic
construction employed to isolate two
electrode groups of a duo-pentode
tube. The metallic housing S in con-
junetion with the auxiliary elec-
trodes SH and the cathode surface
form two separate chambers each
shielding and housing a triple grid
electrode group. The shielding of
the electrode groups is completed by
the use of top and bottom metal caps
and by the potential barrier setup
by the auxiliary electrodes SH. A
gap between the auxiliary electrodes
and the cathode reduces the cathode-
cooling effect while biasing of the
auxiliary electrode minimizes elec-
tronic interaction between the elec-
trode groups.

If Ae, represents an increase in
voltage applied to ¢, (see Fig. 4)
and if — Ae,, represents the decrease

Fig. 2—Duo-pentode tube with plane

electrodes. Shielding is similar to that
of the tube with circular electrodes
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Fig. 3—The experimental duo-pentode

compared with a conventional
receiving tube

tube

in voltage applied to g. necessary to
keep %, constant, then

D.. = — (Ae,,/Ae,.) [i, = Constant]
is generally less than unity and can
be interpreted as an interaction be-
tween g, and g. since Ae,. can be
viewed as an undesired voltage hav-
ing the same effect on the plate cur-
rent as the smaller quantity D.A e,
introduced on g¢.. This effect is
called a shielding or “Durchgriff”
effect in the literature and is ex-
pressed as D = (9.,:/9.) = [(3,
/3e,.)/ (31,/3e,.) ], See Reference 3.

In a similar manner,

D.” = — (Aen/Ae,’) [i, = Constant]
represents the interaction between
g and gv.

D.’, D/, and D,  are the other
interaction factors between the
tube sections. Because a given volt-
age applied to g/, has a greater effect
on 4, than when this same voltage is
applied to g., g, or p’, the inter-
action factor D.’, is larger than
D./, D)/, or D,/. Figure 4 gives the
measured values of D,’ as a function
of grid bias E. and auxiliary elec-
trode bias, E.,, for the tube shown
in Fig. 3.

Power output triodes, pentodes,
and hybrids (particularly those em-
ployed in class AB and B service)
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do not completely solve the power
output problem. While Class A
operation of triodes is capable of
high quality (linearity of transmis-
sion) its power sensitivity is poor.
The pentode in Class A operation is
high in power sensitivity but poor
in quality. The hybrids in general
are high in efficiency, but suffer in
quality and in power sensitivity.

Auxiliary Electrode Control of Quality

The quality of transmission of a
tube is governed by the constancy
of its characteristics with control
grid input voltage with the most
important variation being the trans-
conductance, g,,. The relatively com-
pared curves of Fig. 5 show that the
triode transconductance is more
constant with input voltage than the
pentode and explains why the triode
is generally employed with high
level inputs while the pentode is
generally employed with low level
inputs, in those applications where
linearity of transmission is impor-
tant. The other curves of Fig. 5
represent the transconductance char-
acteristic of one section of the duplex
tube of Fig. 3 operating as a pen-
tode, and it is of interest to 0b-
serve a progressive improvement

in constancy of its transconductance
characteristic with control grid
voltage as the auxiliary electrodes
are increased in positive potential.
As the transconductance constancy
improves with increasing auxiliary
electrode positive bias, a similar
constancy improvement occurs for
the plate conductance, and simul-
taneously, both the transconductance
and the conductance increase with
the auxiliary electrode bias. All of
these characteristics are essential
for high power sensitivity and high
quality operation of power output
tubes. Due to their being out of the
path of the space current, the auxil-
iary electrodes (at plus 12 volts)
draw but a fraction of the total space
current. Operation beyond plus 12
volts is undesirable due to the
emission of secondary electrons
from the auxiliary electrodes.
Improvement in power output
performance by the use of positive
potentials on the auxiliary elec-
trodes bears a significant similarity
to the improved power output per-
formance obtained by means of
auxiliary electrodes of the beam
power tube’ and the equivalent criti-
cal distance tube.*” Work on the
latter tubes is believed to have been
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Fig. 5 (Left)}—Comparison of linearity of characteristics using various types of output tubes. Fig. 6 (Right)—Comparison of

plate current cutoff characteristics.

first published some time after the
duo-pentode shielding investigations
were first reported.”*

Auxiliary Control of Cut-Off

Curve C of the relatively com-
pared curves of Fig. 6 shows how
a pentode connection of one section
of the duo-pentode tube vields an
abrupt plate current cut-off charac-
teristic when the auxiliary electrode
bias, E,, — 0, or some constant nega-
tive value. Curve D shows the grad-
ual plate current cut-off characteris-
tic that is obtainable from the same
tube by merely varying the negative
bias of the auxiliary electrodes. In
the practical variable-mu operation
of this tube, the negative bias is
conveniently obtained from the
a-v-¢ circuit to vary the stage gain.
The ability to obtain either an
abrupt or a gradual plate current
cut-off characteristic from a tube
of fixed construction eliminates the
need for two distinct tubes.

Practical Applications

The low interaction factor, the
auxiliary electrode control of power
output and quality, and the auxiliary
electrode control of the plate cur-
rent cut-off characteristic obtain-
able with the duo-pentode tube makes
this tube fit a variety of applications,
each of such applications being here-
tofore reserved for special purpose
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Note that the same duo pentode

tubes. It is probable that the un-
usual flexibility of operation per-
mitted by this type of duplex con-
struction will make it particularly
desirable for use as a universal type
of tube. The feasibility of internally
connecting the sereen and suppres-
sor electrodes combined with the
use of 4 common filament and cath-
ode permits suflicient simplification
of external connections so that a
single socket of the octal type plus
a top cap is adequate. Reference 2
shows an attempt to use these shield-
ing principles for the control of
gaseous types of multiple-unit tubes,
while Reference 4 gives a detailed
study of the duo pentode and its
practical applications.

Conclusions

1. The shielding design used in
the duo-pentode tube results in inter-
action factors (between electrode
groups) of less than one per cent.

2. The low values of interaction
obtainable permit great flexibility
in operating the duo-pentode tube
at audio and radio frequencies,
cascade operation at radio frequen-
cies being readily realized.

3. Operating the auxiliary elec-
trodes at positive potentials per-
mits a marked improvement in power
output and quality of pentode tubes.

4, Operating the auxiliary elec-
trodes at negative potentials per-

tube operates at either abrupt or gradual cutoff

mits an electrode group of fixed con-
struction to have either an abrupt
or a gradual plate current cut-off
characteristic. This optional feature
may eliminate the necessity -for
manufacturing two distinet tube
types where one will suffice.

-

5. The shielding principles used
in the duo-pentode tube are extend-
able to multiple-unit tubes and may
be advantageously employed in mul-
tiple-unit gaseous tubes.

The author wishes to express his
appreciation to Professor J. B.
Whitehead, Professor Kouwen-
hoven, and Dr. Ferdinand Ham-
burger, Jr., of the Johns Hopkins
University School of Engineering
and Mr. Allen B. DuMont for their
encouragement and assistance dur-
ing the investigation of this work.

The opinions contained herein are the pri-
vate ones of the author and are not to be
consirued as Oflicial or reflecting the views
«l)f the Navy Department or Navy Service at
arge.
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A Sensitive Frequency Meter for
the 30 to 340 Megacycle Range

A simple, rugged and highly sensitive absorption type frequency meter, for the ultra-high
frequency range, is here described. The erystal detector resonance indicator is coupled

to the condenser shaft, thus avoiding direct pick-up from the generator source

By E. L. HALL

United States Bureau of Standards

HIS paper describes a precise

and very sensitive frequency
meter covering a range from 30 to
340 megacycles per second. The
meter consists of a wvariable con-
denser, coils of sturdy construction,
and a resonance indicator. The
condenser and resonance-indicating
system are mounted within a metal
box for shielding. The resonance in-
dicating system consists of a 20-
microampere d-c meter, a special
type of fixed crystal rectifier and a
coupling conductor, connected in
series.

The sensitivity of the instrument
is such that very loose coupling to
an oscillator must be employed. For
example, a large deflection is ob-
tained several feet from a 65-Mc
oscillator using an acorn tube and
an input of 0.25 watt. With suit-
able generators, harmonics includ-
ing the eighth have been indicated.
The meter has the advantages of
extreme sensitivity, great precision
of measurement, ready portability,
and no batteries or tubes.

Increasing use of ultra-high fre-
quencies makes methods and instru-
ments for quickly and precisely
measuring these frequencies of con-
siderable interest to workers in this
field. This paper gives a descrip-
tion of a sensitive and precise fre-
quency meter covering the range
from 30 to 340 megacycles per
second.

While frequency meters of the
heterodyne type are very precise
and useful below and within the
range here mentioned, they do not
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Fig. 1-—External appearance of the meter. A rugged iwo-section capacitor
is used with the coils shown to cover the 30 to 340 megacycle range

offer a quick, reliable method of
measuring the frequency, for ex-
ample, of an unfamiliar oscillator.
This is because heterodyne response
will be obtained not only at harmon-
ics of the oscillator but also at sub-
harmonics, or when the frequencies
of the heterodyne frequency meter
and of the oscillator bear ratios of
simple whole numbers.® A simple
absorption type frequency meter is
indispensable for quickly meagur-
ing the fundamental frequency of
an oscillator. While small indica-
tions may sometimes be obtained on
the second or third harmonics of

the generator, trials of the fre-
quency meter through a frequency
band including one-half and one-
third these indicated frequencies
will quickly show whether one of
these is the fundamental frequency.

The frequency meter to be de-
scribed, shown in Fig. 1, is of the
absorption type, but with improve-
ments making for increased accur-
acy, precision, and reliability. The
author has had the opportunity, for
an extended period, of examining
and testing frequency meters of
varous types and noting their ad-
vantages and faults. Advantage was
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CHARACTERISTICS OF

Inside
Coil diameter,
inches
| 2 1/16
2 2 1/16
3 3/4
4

Number

COILS

Frequency range, megacy;:les
of Terminals Terminals
turns BC AB
4 29-52 N 74|j68
| 71-136 101-192
1/2 100-195 140-280
link 135-260 200-344

taken of this opportunity to im-
prove the design and avoid some un-
desirable features found in certain
of the instruments submitted for
test.

While the frequency meter, orig-
inally known as a cymometer”® and
as a wavemeter, is one of the first
instruments used in radio measure-
ments, several descriptions’ ™ ° of
instruments of improved design
have appeared recently, indicating
continued need for this instrument.
Some of the factors to be considered
in the design of a frequency meter
for ultrahigh frequencies will be
presented.

Descriptions of frequency met-
ers” © " developed for use at the Na-
tional Bureau of Standards have
appeared at several times, but while
these more than covered the ranges
required for calibration and meas-
urement work at the corresponding
times, the range has continually
been extended to higher and higher
frequencies. Need was felt some
years ago for an instrument to ex-
tend the range from 40 megacycles
per second upward. Accordingly, an
instrument was constructed in 1935
using a smaller condenser and
smaller coils than those used previ-
ously. It was built using an induc-
tively coupled resonance indicating
circuit employing a crystal detector
and a 200-microampere d-c meter,
which was the most sensitive small
portable instrument conveniently
available at that time. This fre-
quency meter had a range from 27
to 300 megacycles per second, but
the upper hundred megacycles was
on a coil too small for convenient
operation. This fault was not im-
portant at the time, because no
measurements in that range were
required. However, it served to
point out the desirability of a con-
denser of smaller capacitance, the
use of leads of minimum length con-
necting condenser and coil, and the
use of a more sensitive indicating
instrument. It is interesting to note
that recent frequency checks made
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on this frequency meter were in ex-
cellent agreement with ecalibrations
made four years ago. This is grati-
fying because it was feared that the
hard rubber strips used to support
the fixed plates of the condenser
might have warped and caused a
change in calibration.

The improved frequency meter
was made up using better parts than
were previously obtainable. In
order to reduce the possibility of
capacitance change caused by de-
formation of the plates or their sup-
ports, a condenser with wider than
usual plate spacing, a4 two-section
stator, and ceramic stator supports
was used. Each section had a eapaci-
tance of 35 micromicrofarads. The
plate shape was such that the fre-
quency versus condenser setting
curve approximated a straight line.

these frequencies because of addi-
tional resonance responses shown
by the sensitive resonance indicator
and thought to be caused by the
various combinations of inductance
and capacitance presented.

Inductance was present in five
places: the main coil, the jumper
strip, the mutual inductance of the
two, the condenser leads, and the in-
ductance of the condenser shaft.
The mounting of the condenser
within a metal box and the position
of the two sections of the condenser
near each other introduced other
capacitances than those in the two
sections, which were effective in in-
creasing the total capacitance.
These additional responses were
spurious, but were not noted for the
single section or two sections in
series after removing condenser
parts which had increased the
capacitance between the two sec-
tions, and after changing the con-
nection to the grounded condenser
rotor so that the minimum length
of the condenser shaft was in use.

A 20-microampere d-c ammeter
having a resistance of approxi-
mately 1500 ohms was used as the
resonance indicating instrument.

Fig. 2—The circuit diagram of the instrument. The coil
may be plugged in to one section of the capacitor or to
two sections in series. depending on the range desired

The use of a single section of the
condenser and of the two sections in
series, as in the previous model, was
continued because it extends the
range of a given coil, and affords
check points over -a part of this
range. The condenser terminals
were brought out through connec-
tors of minimum length to jacks
mounted on low-loss insulating ma-
terial to receive the plugs of the
coils. Terminals were also provided
so that the two sections of the con-
denser could be placed in parallel
by means of a #-inch jumper strip.
Such a connection would extend the
range of a coil to lower frequencies,
but was found to be undesirable at

Following past custom, a one-turn
coupling coil was placed in fixed re-
lation to the coil of the frequency
meter. Under certain conditions a
direct coupling with the generator
was observed, but this usually could
be eliminated if desired by chang-
ing the distance to the generator.
It was also thought that part of the
spurious indications might be
caused by interaction between the
frequency meter circuit and the re-
sonance indicator circuit. This was
quite definitely proven not to be the
case, but led to the removal of the
external coupling coil, and its inclu-
sion within the metal case in a

(Continued on page 91)
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AUDIO AND VIDEO
ON A SINGLE CARRIER

By frequency modulating during the synchronizing pulses, at audio frequencies, it is

possible to transmit the sound part of a television program on the same carrier as the

picture. The upper frequency limit of the audio reproduction is 7875 cycles per second

for a 525-line 30-frame picture

By H. E. KALLMANN

Scophony, Lid., New York

INCE a television program con-

sists of picture and accompany-
ing sound transmission, there are
two complete transmitters and an-
tenna systems. At the receiver side,
the antenna and the first stages are
usually common to both channels.
This requires that both carriers be
on adjacent wavelengths and—espe-
cially in the vestigial sideband sys-
tems ‘adjacent carriers are so close
together that good filters are neces-
sary to prevent the audio carrier
from causing a beat pattern in the
received picture.

Evidently, a scheme to transmit
both the audio modulation and the
video modulation on a single carrier
is desirable. Apart from eliminat-
ing one transmitter and antenna
system, space in the ether is also
used more economically since pic-
tures of higher definition can be
sent in a given channel if the video
signal may fill the whole program
channel.

The most obvious scheme is based
on the fact that for a considerable
fraction of time no video signals are
transmitted by the usual television
transmitter, because the deflection
gystem has inertia. Thus, a time
interval must be allowed after each
line and after each frame for the
beam to return to its starting point.
Thig “fly-back time” is partially
occupied by the synchronizing pulses.
It is conceivable to use these
pulses, which extend above the black-
level, for transmission of sound
modulation by modulating their
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Fig. 1—Transmitter for frequency modulaiing the carrier continuously at audio
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Fig. 2—Block diagram of a receiver suitable for the iransmitter outlined in Fig. 1.
Th= system suifers because double sideband transmission must be used
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amplitudes. All frequencies lower
than one-half the line-pulse fre-
quency can thus be transmitted. A
keying system in the receiver may
be devised which, synchronized by
the horizontal deflection generator,
delivers a pulse which simultane-
ously blacks out the return line on
the screen and opens the path to the
sound amplifier during every fly-
back time. An evident disadvantage
of this scheme is that timing pulses
of unequal height reach the syn-
chronizing level after varying de-
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lays, making for uneven synchro-
nization. Furthermore the scheme
remains impracticable since it pre-
supposes faultless reception of syn-
chronizing signals. Even a momen-
tary break of synchronism will
result in intolerable noise.
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Another scheme' proposes to as-
sign different types of modulation
to the video and audio signals, for
example amplitude modulation to the
video signals, frequency modulation
to the audio signals. Thus, the car-
rier oscillator of the transmitter,
shown in Fig. 1, is first frequency-
modulated with the audio modula-
tion, perhaps with a maximum ex-

cursion of =0.1 megacycle. The
modulated carrier is amplified,
limited to suppress all traces of
amplitude modulation and then

amplitude modulated with the video
and timing signals. The rest of the
transmitter and the video channel
in the receiver are conventional as
shown in Fig. 2. If the overall fre-
quency response of the transmitter
and the receiver can be taken as
substantially flat over the entire
video frequency band then the rela-
tively small variation of the carrier
frequency will not affect the video
signal.

The audio channel is tapped off
the video channel in the receiver
between the i-f amplifier and th

video rectifier, from which point the
signals are

fed to a limiter. How-

Amplitude

Fig. 4 (Right)—A receiver for re-
ceiving audio and video signals on A
with audio fre- '
quency-modulating a sub-carrier

a signal carrier,

Fig. S5—Basic negative modulation
showing picture
period (P) and sync-sound period

video waveform,

(S)

®
o
3
55
a
3
<
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ever, the amplitude of the signals
will occasionally be zero. This will
occur, with negative modulation
during full white, or with positive
modulation during the timing
pulses. With positive modulation
the signals, which leave the limiter
limited to below the black level, are
free of amplitude modulation except
for the gaps caused by the line and
frame timing pulses. The former
will appear as audible signals in
the audio amplifier but they are
easily suppressed in filters, the
latter will be inaudible if they are
made short.

In a modification of this scheme,
both the line and the frame timing
pulses are made readily removable
by transmitting them as the en-
velopes of two subcarriers. Thes
subcarriers and their sidebands are
outside the frequency range of the
frequency modulation and can thus
be suppressed by frequency filter-
ing. Receiver is outlined in Fig. 4.

The fundamental disadvantage of
this scheme is that it assumes
double-sideband transmission, there-
fore is not, as far as space occupied
in the ether is concerned, superior

Fig. 3 (Left)—A system

of frequency modulat-

ing a sub-carrier dur-

ing the blanking in-
terval

Oscillator

fot5Mc
bandfilter

to present practice of single-side-
band transmission. In a single-
sideband system the frequency
modulation would be converted into
amplitude modulation by the single-
sideband filter.

Separation in Time and by Type of
Modulation

A scheme which avoids the limita-
tions of the foregoing methods can
be found by taking some features of
each. Following the first scheme, the
audio information is transmitted
only during the fly-back intervals
of the picture transmission. Follow-
ing the second scheme the separa-
tion of the timing pulses from the
audio signals is accomplished by
utilizing different types of modula-
tion.

Referring to Fig. 5, the trans-
mitter may then be cperated in en-
tirely different and independent
ways during the picture periods
(marked P) and the sound periods
(marked S). The video signals, dur-
ing the periods P, may either be
conveyed as negative amplitude
modulation or as frequency modu-
lation, as double- or vestigial-
sideband transmission. The audio
signals are transmitted only during
the retrace intervals S, as frequency
modulation of the line timing pulses.
This sets an upper limit to the audio
channel at one half the frequency of
the line timing pulses.
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The line and frame timing pulses
are of constant height, extending
above the black level, and are sepa-
rated from the picture signals by
amplitude selection in the receiver;
but they occupy different frequency
ranges so that frequency selection
after the amplitude selection will
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differentiate between them. This
measure will also exclude the frame
timing pulses from the discrimi-
nator circuit which serves to extract
the audio modulation from the fre-
quency-modulated line timing pulses.
The loss in signal-to-noise ratio in
the sound, due to its being trans-
mitted only 10-15 per cent of the time
is made up by alloting a very wide
frequency swing.

Thus, a frequency spectrum such
as shown in Fig. 6 results, in which
the solid lines may represent the
overall response of the vestigial side-
band transmitter and receiver for
the picture signals during the
periods P. The broken lines show
an example of the overall response
of transmitter and receiver during
the flyback intervals S. Curve I
represents the band allotted to the
line timing pulses, extending per-
haps from f, — 1 Mec to f, + 2 Mg,
where f, is the carrier frequency of
the picture modulation. This band
of 3-megacycle width yields timing
pulses of ample steepness and yet
allows for frequency modulation
over a frequency range of ==1 mega-
cycle. The Curve II is that allotted
to the frame timing pulses, provid-
ing a band ==0.5 Mc at f, + 3 Mec.
These pulses are sent during the P
periods, lasting perhaps 25 per cent
of the line scanning period, starting
5% after a line in even fields, 55%
in odd fields.

Before discussing interactions
between these signals, a suitable
system may be outlined. Fig. 7
shows a transmitter in which the
frequency of the carrier oscil-
lator is modulated by the frame
timing pulses, excursion 4+ 3 meg-
acycle; and -by the audio modulation,
=+ 0.5 megacycle, about a midfre-
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Fig. 7—Transmitter for carrying out the

fundamental scheme., with frequency

modulation for the audio restricted to
the sync signal intervals

Oscillator
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quency f, + 0.5 Mc, but only for the
duration of the line timing pulses
when this path is keyed open by the
line timing pulse generator.

After amplification, the amplitude
of the carrier is limited to suppress
all spurious amplitude modulation
and then amplitude modulated by
the video signals. The signal then
passes through a vestigial sideband
filter whereupon the amplitude is
again keyed by the combined out-
put of the two timing pulse gener-
ators. At this stage, the amplitude
of the timing pulses is raised above
the black level and clipped at a con-
stant height.

Figure 8 outlines the correspond-
ing receiver. The u-h-f, mixer and
i-f stages are of conventional design,
passing frequencies from f,—1Mec
to f.+ 8 Me with approximately
constant gain, thence to nearly
fo+ 5 Mec with slowly dropping
gain. The output of the i-f amplifier
is split up as follows:

1. The signal is fed to a video
rectifier of conventional design,
thence to a video amplifier and to

Amplitude
separator

rectifier T

Fig. 6—Frequency spectrum which
arises from the use of f{requency
modulation of the sync signals, to

carry the audio signal

Fig. 8—Receiver for the transmission

system outlined in Fig. 7. The only

limitation is that the upper audio limit

is equal to one half the line scanning
frequency
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the control electrode of the cathode-
ray tube. The d-c component of the
rectifier output is fed to the a-v-c
system.

2. The signal is fed to an ampli-
fier tube which is biased so far
beyond its sharp cutoff that it re-
sponds only to the high amplitudes
extending above the black level, that
is, to all the timing pulses. In the
anode circuit of this tube are thus
found pulses which may be sepa-
rated by frequency selection.

3. The band from f,+ 2.5 Mc to
f. + 8.5 Mec is filtered out by a re-
sonant circuit, rectified and the
resulting pulses fed to the frame
timing circuit which triggers the
vertical deflection system.

4a. The band from f, — 1 Me to
f, +2 Mc is also rectified and the
resulting pulse envelope fed to the
line-timing circuit which triggers
the horizontal deflection system.

4b. The same band is also, perhaps
after further amplification, fed to a
limiter, thence to the f-m discrim-
inator circuit, to a rectifier, a low
pass filter cutting at one half the line
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pulse frequency and to the audio
amplifier and loudspeuaker.

In the system outlined, involving
vestigial sideband filters, simultane-
ous frequency and amplitude modu-
lation, as well as frequency and
amplitude separation, superficial in-
spection cannot make it clear
whether interaction between the
various signals is to be expected.
Yet the following brief analysis may
show that the situation can be re-
solved into a few familiar problems
with known solutions.

It is helpful to remember that no
two signals can interfere with each
other unless they are simultaneous.
Thus there can be no interaction
during the picture periods P (Fig.
5) since during these the video mod-
ulation alone is transmitted.

-075 -05 -025 O
Time-Microseconds

-1.6 -125 -

nomena is excluded by ample inter-
vals of at least 0.05 the horizontal
scanning period.

The sideband frequencies of the
frame timing pulse are restricted to
about —= 0.5 Mec, therefore cannot
penetrate into the frequency range
reserved for the line timing pulses.
Yet this bandwidth permits the
frame timing pulse to rise from 0.1
to 0.9 of its final height in just over
.01, the horizontal scanning period,
though a rise one tenth as fast
would suffice for accurate interlace.

The line timing pulses during mo-
ments of silence, when the carrier
is at f,+ 0.5 Me, may occupy a
band of 3 megacycles width. Thus
the front of the rectified line timing
pulses may rise from 0.1 to 0.9 final
height in about 0.30 microseconds.

025 050 075 1.0 -125 150

Fig. 3—Analysis showing the time of rise of the leading edge
of a sync pulse for different carrier positions (after Goldman)

During the transmission of the
timing pulses, the video rectifier
receives signals of constant height
and varying carrier frequency. All
these pulses are rectified equally
well, yielding blacker - than - black
pulses suitable for blacking out the
retrace of the beam.

As stated above, there is no trace
of picture signals left in the anode
circuit of the amplitude selector
tube, only line and frame timing
pulses. Any interaction between
them, such as cross modulation in
the non-linear cutoff region of the
amplitude selector tube, is ruled out
since these pulses never occur at the
same time; overlap of transient phe-
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This steepness of front compares
well with the present R.M.A. stand-
ard requiring the pulses to rise to
their final level in 0.005 of the hori-
zontal scanning period.

However, the carrier of the line
timing pulse will seldom be at the
center of the allotted band, swing-
ing up to = 0.5 megacycle with the
audio modulation. It is to be sus-
pected that the front of the pulses
may depend, in steepness and shape,
on the momentary position of the
swinging carrier in the band. Such
an effect theoretically exists, but
it is fortunately very small. The
shape and position of the pulse front
for 100 per cent modulation—as ap-

plies to the pulses in the plate cir-
cuit of the amplitude selector tube
—is replotted from Stanford Gold-
man’s solution to this problem® in
Fig. 9. Curve I shows the case when
the carrier is in the center of the
band, Curve II the carrier is 0.75
megacycle from one shoulder of the
band, 2.25 from the other end, a
much greater excursion than as-
sumed in this scheme, yet the two
curves fall on top of each other all
the way from 0.1 to 0.9 of the final
height. This result agrees with un-
published observations of the
author, carried out on a single re-
sonance circuit as a single-sideband
filter.

Change of the carrier frequency
during the time of a pulse can be
neglected, since the pulses are short
compared with the period of the
highest sound frequency.

The effect of the line timing pulse
on the sound modulation, that is, the
fact that the sound transmitted only
during discrete short bursts of a
frequency-modulated carrier must
be investigated. The pulses, limited
to equal height, will produce in the
frequency discriminator circuit
bursts of oscillations of a height
varying in linear proportion to the
frequency of the carrier. The out-
put of the rectifier thus contains,
apart from the i-f carrier frequency
and sidebands, not only the envelope
of these pulses, the sound modula-
tion, but also the pulses themselves.
These pulses represent a subcarrier
amplitude-modulated by the audio
modulation. They are somewhat un-
usual in that there are also present
many strong harmonics of the sub-
carrier, but they are all of higher
frequency and do not interfere.
However the lower side-band of the
subcarrier frequency is apt to ex-
tend down to audible frequencies. In
fact, in all cases where the audio
modulation contains frequencies
above one half of the subcarrier
frequency (above 7875 cycles per
second for a 525-line, 30-frame pic-
ture), the audio band and the lower
sideband will overlap. Thus a higher
line frequency (as is required for
color television) is wanted if higher
sound frequencies are to be trans-
mitted.

1}, K. Kallmann and E. M.
Appl. 6123-/39.

2 Stanford Goldman, 'Television Detail and
Selective Sideband Transmission, Proec. I.R.E.
Vol. 27, No. 11. Nov. ’'39, pp 725-732, Fig.
5, eurves 1 and 2.

Ltd. Brit.
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ELECTRON TUBES
IN PETROLEUM RESEARCH-II

Fig. 2—Circuit diagram of the photo-
tube and amplifier associated with
the photoelectric pressure indicator.
The output is delivered to an oscillo-
scope for measurement

Fig. 1—Diagram of the photoelectric
engine pressure indicator. The
phototube receives an amount of
light from the reflecting diaphragm
depending upon the instantaneous
pressure inside the cylinder

_.-Phototube
Light - |
SOUTCe A 1 |..--Prototube
A mask

271 Ad jus table
mirror

ad rusting
screw

‘Reflecting diaphragm
in cylinder block . _

MONG the electron tube instru-
ments developed for use in the
petroleum research laboratory of
Shell Development Co. is a modern
form of pressure indicator. Elec-
tronic methods have been used to
measure and record the rapidly
varying pressures within the cylinder
of an internal combustion engine.
The two general classes of engine
indicators are mechanical and elec-
trical. The mechanicgl indicators,
all adaptations of the older steam
engine indicators, are often unsatis-
factory for use with high speed in-
ternal combustion engines and in the
modern motor laboratory they find
use only for special applications.
Electrical indicators have been
made using a carbon pile, moving
coil, variable capacity, piezo-electric
and photoelectric methods. The first
two are of the low impedance type
while the other three have a high
impedance output and require spe-
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cial low-capacity shielded cables to
connect them to their amplifiers.
While each of these has certain ad-
vantages and disadvantages, all
except the photoelectric type will
record not only the combustion pres-
sures but also seismic vibrations of
the engine cylinder. Since the
photoelectric type can be mounted
separate from the engine, it is not
affected by these seismic vibrations.
It responds equally well to all fre-
quencies, is independent of tempera-
ture changes and is relatively inex-
pensive to build. The free diaphragm
can be made small and stiff enough
that its natural frequency will be
well above the frequencies encoun-
tered in: the combustion pressure
changes which are to be observed.
In case of failure of the diaphragm
it can be easily and cheaply replaced,
and the other parts are not affected.

The construction of a photoelec-
tric indicator was undertaken with
the above limitations in mind and
gince the chief objection to this
method in the past was the exceed-
ingly cumbersome equipment re-
quired, all efforts were directed
toward the design of a single, com-
pact unit.*

Figure 1 shows schematically the

By C. J. PENTHER and D. J.

CIRCINT

PUMPEU Shell Development Co

polished flexible diaphragm which is
mounted as closely as possible to
coincide with the inner surface of
the cylinder head; a light source;
and a lens-mirror system projecting
the light beam onto the diaphragm
and thence to the phototube which
is masked to exclude all light except
a small part of that reflected from
the diaphragm. As the cylinder
pressure flexes the diaphragm out-
wardly convex, the light reflected
from it diverges and the intensity
reaching the phototube over a given
area (the opening in the mask)
varies almost proportionally to the
cylinder pressure. The minute photo-
electric current is amplified by a
special vacuum tube amplifier, the
output of which is caused to deflect
the beam of the cathode-ray oscil-
loscope vertically. The horizontal
deflection progresses from left to
right across the screen at a con-
stant speed or in step with the pis-
ton movement. The result is that
the beam actually traces a curve of
pressure as a function of time or
piston displacement on the fluores-
cent surface of the cathode ray tube.

* Since the preparation of this article
A. F. Wobertson has published a description
of an instrument similar to the one described

here (Review of Scientific Instruments, 12,
142-148 (1941)
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Since the change in light intensity
is small, the amplifier must have
high gain, and in order that it re-
produce the diagram faithfully at
slow engine speeds the low-fre-
quency response must be linear to
10 cycles per second. The very high
frequency response should also be
reasonably linear in order that the
high frequency waves on the dia-
phragm due to detonation be faith-
fully reproduced (which is impor-
tant when knock properties of vari-
ous fuels are investigated).

The amplifier of Schade' meets the
above requirements, and with the
addition of a pre-amplifier stage as
indicated in Fig. 2 has operated
satisfactorily in this service. The
amplifier output is connected directly
to the detlection plates of a type 171
Du Mont Oscilloscope, and syn-
chronism of the sweep circuit is
maintained by means of a contact
and commutator directly connected
to the engine shaft.

A diagram of rate of pressure
change is frequently desirable, espe-
cially when detecting knocking, and
this feature has been provided for
by coupling condenser C,, which has
been made variable in ten steps.
As this condenser is decreased in
capacity, the lower frequencies are
not amplified so that the amplifier
responds only to those frequencies
which represent rapid changes in
pressure, thus effectively differen-
tiating the pressure diagram.

Dielectric Constant Apparatus

The dielectric constunt equipment
(Fig. 3) was built for laboratory
use, chiefly in analysis, but has indi-
cated the possibilities of similar
equipment for control purposes.
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Fig. 4—Circuit diagram of the dielectric constant measuring apparatus.

The capacitance of a test condenser is measured (at any of a number

of frequencies) with and without the dielectric from which the die-
electric constant is easily calculated

Since it was desired that the instru-
ment be as flexible as possible and
allow for measurements at several
frequencies, a 100-kilocycle quartz
crystal was used as the fixed fre-
quency oscillator in a circuit rich in
harmonics. This enables measure-
ments to be made at any frequency
which is a multiple of 100 kilocycles,
up to about 1000 kilocycles, by mak-
ing the necessary change of variable
frequency oscillator tank inductance.
The normal operating frequency was
chosen as 500 kilocycles.

The variable frequency oscillator
is tuned by a calibrated condenser

and test cell in parallel. It is thus
easily possible to obtain the capacity
of the test cell with and without the
dielectric under test, and from the
ratio of the former to the latter, the
dielectric constant. A vernier capac-
ity, which can be read to 0.05 micro-
microfarad, is provided for measur-
ing very small capacity differences.

In such apparatus the usual
method of tuning the variable oscil-
lator to the measuring frequency is
by aurally obtaining a zero beat be-
tween the audible beat of the oscil-
lator and.a tuning fork. Because
this method requires a tuning fork

Fig. 3—Equipment for measuring dielectric con-
stants. The overall accuracy is within 0.1 per cent
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with a closely controlled frequency
and is also fatiguing to the operator,
it was decided to use zero beat be-
tween the oscillators as a reference.
A 500-microampere d-¢c meter in the
anode circuit of the mixer tube
(type 6L7) serves very well to indi-
cate beat frequencies below audi-
bility to absolute zero beat. The com-
plete circuit diagram is given in
Fig. 4.

Particular care was used to iso-
late the two oscillators from each
other, and their outputs were fed
into the No. 1 and No. 3 grids of the
mixer tube. There is no tendency
for the circuits to lockin. They will
maintain a beat frequency of less
than 1 cycle per second for several
minutes. The oscillator assembly,
Fig. 5 is housed in a copper cylinder
which is temperature controlled to
—+0.1 degree C., and supplied with
regulated electrode voltages.

The ten-hour stability of the
variable oscillator, compared to the
crystal oscillator, is about ten parts
per million and the over-all accuracy
of measurement is within 0.1 per
cent which is the condenser manu-
facturer’s calibration accuracy.
While the temperature coefficient of
capacity of the calibrated condenser
is only 0.002 per cent per degree C.,
a thermometer is provided in the
condenser housing to allow tempera-
ture corrections to be made.

Electronic Voltmeter

The use of the hydrogen ion con-
centration (pH) for analysis and
control is becoming more and more
practical, chiefly because the glass
electrode and its attendant equip-
ment has been developed to the point
where it can be used by unskilled
operators.

While the present glass electrodes
are stable and rugged, their resist-
ance is in the order of 300 megohms
which places severe limitations upon
the voltage measuring device. Thus
it is desirable to keep the current
drawn by the voltmeter down to
10* ampere or less so that it does
not affect the voltage developed by
the electrode.

In certain applications the voltage
range required was about two volts
with a smallest reading of 1 or 2
millivolts. Since this range cannot
be obtained in a single scale it was
decided to build a vacuum tube volt-
meter with a range of 110 millivolts
coupled with a potentiometer of 10
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Fig. 5—Oscillator assembly which is con-

tained within a copper cylinder whose

temperature is controlled to within plus or
minus 0.1 degree C.

steps of 100 millivolts each, and an
additional step of 1 volt to give the
complete range of 2.110 volts.

To keep the cost of tubes and fila-
ment-supply batteries at a mini-
mum, standard battery-type receiv-
ing tubes were used in place of com-
mercial electrometer tubes. Because
it is best suited for electrometer
work, the original screen grid tube
(type 32) was selected for the first
stage of the direct current amplifier.
A more modern tube (type 1A5G)
was chosen for the second stage.

STD CELL
10190 V--

L . Potentiometer Circuilt LA

The circuit is shown below in Fig. 6.
The following precautions were
found necessary in this application.
In order to maintain the input re-
sistance of a tube at a maximum the
glass envelope must be kept clean
and dry and preferably coated with
ceresin wax; low electrode voltages
must be used to reduce the flow of
positive ions to the grid; and the
filament must be operated at reduced
potential to minimize any tendency
toward grid emission. Moreover, the
tube should be shielded from light to
prevent photoelectric emission.

The potentiometer is standardized
by means of a standard cell which
is incorporated in the unit, using the
voltmeter circuit as the null indi-
cator. A reversing switch is incor-
porated in the circuit so that the
leads need not be changed when the
potential is reversed in polarity.
The meter, a 0-200 microampere
d’Arsonval type, is provided with
two millivolt scales linearly cali-
brated from 0 to 110 and 110 to O
so that it is direct reading for both
the direct and reverse connections.

The panel layout, Fig. 7, has been
arranged for convenience of opera-
tion, employing two multipoint
switches, one for filament switching
and for direct and reverse electrode
connections, and the other for zero,
full scale, and potentiometer stand-
ardizing adjustments. Adjustable
controls are provided for zero and
full scale, and for potentiometer
standardizing.

One of the difficulties with all d-c
amplifiers is their tendency to drift.
This is particularly true when the
input resistance is maintained at
such a high value. While drift has
not been completely eliminated in

Looon
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Fig. 6—Electronic voltmeter circuit which is used for the measurement of pH
values. A vollage is developed across a glass electrode in contact with the
liquid being measured. The voltage is then measured with this circuit
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this instrument, it has been held to
an equilibrium value of about 2
millivolts per hour which is not ex-
cessive and allows measurements of
the desired accuracy with only an
occasional resetting of the zero
point. To eliminate the initial drift
of from 10 to 15 millivolts per hour,
the filaments remain on twenty-four
hours of each working day. Under
these conditions the life of the fila-
ment battery, four parallel-connected
Burgess 4FJ Little Six ecells, is four
months.

Several months’ application in an
analytical laboratory has shown that
this electronic voltmeter is suitable
for use with any glass electrode and
1s suited for titrating either to a
definite potential difference or to a
maximum voltage change per incre-
ment, or for determining points
for plotting potential-volume curves.
The meter is equally applicable for
the measurement of electromotive
force developed between a reference
electrode and silver, antimony, plati-
num, or tungsten, and because the
current drain is of such small magni
tude there is no tendency to polariza-
tion. It has all the advantages of
both the potentiometer and contin
uous reading meter.

Electronic Relays

A recent application of the new
miniature thyratron tubes is i€n oil
oxidation test apparatus (Fig. 8)
in which nineteen type 2051 tubes
are used to run automatically eight
simultaneous experiments. It proved
possible with these inexpensive
tubes to operate heavy duty lock-in
relays with such low input contact
currents that gassing at the con-
tacts, which would have prevented
the successful operation of the ap-
paratus, is avoided.

In closing it should be emphasized
that vacuum tubes are used only
where they do the job better, easier
or at less expense than by other
methods. That this frequently is the
case is an Indication of their wide
range of usefulness.

The authors wish to acknowledge
the contributions of Messrs. F. B.
Rolfson, H. W. Lindsay, and K. E.
Hallikainen to the development of
the instruments deseribed in this
paper.

1 Schade, O. H,, ELECTRONICS, 10, 26 (June,
937).
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Fig. 7 (above)—Panel of the electronic voltmeter. The current drain of this

instrument is of the order of 10°!2 ampere which makes it suitable for a

variety of purposes. Fig. 8 (below)—Nineteen type 2051 tubes operating

heavy duty lock-in relays are used in this apparatus which performs eight
simultaneous oil oxidation tests
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A Ruler for Record Patterns

In checking the response of a recording system. it is convenient to have a measuring

rule which will convert the width of the “Christmas-tree” diffraction pattern directly into

decibels above or below a known reference. The response curve can thus be plotted quickly

N testing instantaneous recording

equipment for overall frequency
response it has become quite a com-
mon practice to use the diffraction
pattern method. In this method a
record is cut, using an oscillator or
other source of constant voltage in-
put, and cutting a series of different
frequencies at a constant input level.
If the record so cut is held so that
parallel beams of light strike the
surface at a considerable angle, the
reflected light forms a pattern, the
width of which is directly propor-
tional to the velocity of the stylus at
that point. The width of the pattern
is also a measure of the absolute
value of the velocity and thus the
cutting level.

It is customary in analyzing this
pattern to measure the width with
a caliper or ruler at the different
points of interest and to convert
the resulting ratios into decibels or
volume units in order to interpret
the results properly. This procedure
is much simplified by the use of a
simple scale which is illustrated
here, on which the pattern width
reads directly in decibels. By this
means the frequency characteristic
may be interpreted at a glance, and
in addition the actual level of the
cut is known.

The scale is constructed by the
use of the equation:

WarN

e

= Velocity of the stylus
in centimeters per
second

V =

Where V

By DON R. KING

N = Number of revolutions of turn-
table per minute

W = Width of pattern in centimeters

The zero point of the decibel scale
has been set at the point corres-
ponding to a stylus velocity of 6.35
centimeters per second (2.5 inches
per second). This figure is the gen-
erally accepted standard recording

level and the scale then indicates
the wvariation referred to this
standard.

The scale may be glued to a heavy
piece of paper or if a more sub-
stantial one is wanted the gradua-
tions may be scratched on a strip
of celluloid. It is possible to obtain
inexpensive celluloid rules which
have printed metric divisions and

the values given in the accompany-
ing table may be scratched on the
ruler, using the printed markings
on the rule itself for measurements.
The original markings may then be
removed with emery cloth and the

scratches filled with white wax
crayon.

While the diffraction pattern
method of measurement is more

suited to constant velocity records,
the scale may also be applied to con-
stant amplitude records. In this
case it must be remembered that
the velocity is directly proportional
to frequency and the pattern width
instead of being constant, should
increase 6 decibels per octave. In
using the scale, the 1000 cycle per
second band should measure 0 deci-
bels and each octave above or be-
low should differ by 6 decibels.

VALUES USED IN RULER SCALES

Pattern Pattern
Velocity Width, cm Width, cm

Db/Vu cm/sec 78 rpm 83-1/3 rpm
—18 0.79 0.20 0.46
—12 1.59 0.39 0.91
—10 2.00 0.49 1.15
— 8 2.54 0.62 1.45
— B 3.18 0.78 1.32
— 5 3.57 0.88 2.05
— 4 4.00 0.98 2.30
— 3 4.50 1.10 2.58
— 2 5.08 1.24 2.89
— 1 5.65 1.39 3.24
0 6.35 1.55 3.64
+1 7.12 1.75 4.08
42 8.00 1.96 4.58
+ 3 8.97 2.20 5.15
+ 4 10.16 2.48 5.78

Referred to

Pattern Pattern
Velocity Width, cm Width, cm

Db/Vu cm/sec 78 rpm 33-1/3rpm
+ 5 11.3 2.76 6.46
+ 6 12.7 3.11 7.28
+ 7 14.2 3.48 8.14
+ 8 15.9 3.91 9.14
19 17.9 4.39 10.3
110 203 4.90 11.5
—+11 22.6 5.53 12.3
—+12 25.4 6.22 14.5
—+13 28.4 6.95 16.3
-+14 31.8 7.79 18.2
+15 35.7 8.75 20.5
-+16 40.6 9.82 23.0
417 45.0 11.0 25.8
“+18 50.8 12.4 28.9
-+19 56.5 13.9 32.4
-+-20 63.50 15.5 36.4

standard recording level of 6.35 em/sec (2.5 in/sec)

T T T[T T ] | —
I8 6 3-0+2 4 6 8 10 12 14 16 I8 20
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The arrow at the end of the scale is placed at one edge of the diffraction pattern. The

other edge then falls opposite the recording level present in that portion of the pattern
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TUBES AT WORK

A rotary beam antenna

for mobile

broadecasting, an electronic switch, a sim-
ple identification instrument for broad-
cast stations, a practical audio bridge
circuit, and hum neutralization in loud-
speakers are discussed this month

A Rotary Beam for Mobile
U-h-f Relay Work

By GENE RIDER
Chief Engyineer, WQAM

ULTRAHIGH FREQUENCIES in the 30- to
40-megacycle band are widely used for
relayving programs to broadcast sta-
tions from points where telephone loop
installations are impossible. Since
most of the transmitters are low pow-
ered, the technical crews of many
broadecast stations have encountered a
problem in getting consistent coverage
from “downtown” areas. The engineer-
ing department at WQAM was con
fronted with such a problem.

A part of WQADM’s field equipment
1s a 15-watt mobile broadeast trans-
mitter, working on 31.22 megacycles,
installed in a sedan delivery truck.
The wvertical whip antenna was
mounted in the center of the truck’s
conventional turret top. Since there
are many low hanging palm trees,
trolley wires, traffic lights and under-
passes in Miami, it was necessary to
prune the vertical antenna to a six foot
length, and to load it for quarter wave-
length operation.

The receiver was installed atop a
fifteen-story office building downtown
where the studios are located. Down-
town locations for such receivers are
notoriously poor due to high noise
levels from elevator motors, trolley
cars, and ignition and hence should be
avoided wherever possible. But seldom
1s there an alternative. The receiving
antenna in this case might have been
mounted atop WQAM’s 230-foot ver-
tical radiator at the station’s trans-
mitter, clear of the downtown noise
fields, but the gain would have been
nullified because the tower is three
miles from the downtown area where
most of our mobile shows originate.
Hence for height and convenience, a
downtown office building was manda-
tory as a receiver location.

The fifteen watts of power in down-
town areas amid many high building
shadows, with the receiver located in
the heart of the ecity’s noise field,
tended to limit the area that could be
covered roughly to a four-mile radius,
for high quality noise free transmis-
sion. But despite repeated warnings
from the engineering department, the
observer and announcer constantly
wandered beyond the radius we could
safely serve. The situation called for
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some experimentation leading to the
use of a rotary beam for mobile use.
The use of parasitic reflectors and
directors is quite common but since our
truck top is only about seven feet wide,
the usual quarter-wave spacing of the

reflector was not possible. After ex-
perimentation it was found that a
parasitic reflector spaced one-eighth

wavelength from the vertical radiator
and a parasitic director spaced one-
tenth wavelength from the radiator
produced about five decibels gain in
the forward direction and a front-to-
back ratio of approximately three to
one.

The mechanical arrangement for
rotating the array from within the
truck while underway is as follows:
The transmitter was installed a few
inches from the inside of the truck top,
so placed that the hole for the feed-
through insulator could be drilled in
the center of the turret top. A two
inch hole was then cut in the top and a
six-inch length of two-inch pipe was
mounted over the hole and attached to

the metal top by mears of a threaded
flange. The pipe serves as a base for
the crosspiece that carried the parasitic
elements.

A seven-foot length of one-by-two
inch wood, covered with sheet copper,
was employed as a mounting for the
rotating parasitic elements. A hole was
cut in the middle of this member and
a one-foot length of one and three-
quarter-inch pipe was fitted to the hole
by means of a threaded flange.

The array 1is quickly and easily
mounted. The vertical radiator is de-
tached from its base atop the trans-
mitter, the pipe on the cross piece
carrying the parasitics is set in the
six-inch length of larger pipe. The
vertical radiator is then fed down from
the top through the pipe mounting of
the cross piece and attached to its base
on the transmitter. A loose fitting
feed-through insulator is necessary on
the inside of the pipe to stand off the
radiator.

The one-foot length of pipe attached
to the cross piece extends several
inches through the truck top, leaving
room to fasten a small detachable
handle for the operator to use in rotat-
ing the array. The weight of the cross
piece is enough to keep a firm ground
connection between the two pipe
mountings, thus dispensing with slip
rings, since the mounting pipe bolted
to the top is at ground potential.

Ordinary telescopic auto receiving
antennas were used as parasitic ele-
ments with small mounting flanges at
their bases for bolting to the cross
piece. Telescopic antennas are recom-
mended to facilitate rapid tests at
various cut and try lengths. After

PUBLIC ADDRESS SYSTEM FOR SPOTTER

This British railroad lookout man on the roof of King’s Cross Railway
terminal has one of the best vantage points from which to spot Nazi

raiders.

As indicated by the microphone and control panel, he is
equipped with a public address system by which he may

issue

warnings in the event of approaching enemy aircraft

May 1941 — ELECTRONICS
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10 6IVE YOU THE KIND YOU NEED!

Here are hundreds of sizes and types . . . originally designed for a
'spe‘c‘iﬁc purpose—already tooled—all now serve in a wide variety of uses.
@ 'CINCH"’ lugs contribute a big service to radio set manufacturers.
Modern production methods, and increased facilities have extended
the variety, and the service of these small parts. Of the best

material and workmanship with ““CINCH’" special solder coating!

Cinch and Oak Radio Sockets are licensed under H. H. Eby socket patents.

MANUFACTURING CORPORATION

2335 West Van Buren Street, Chicago, lllinois

SUBSIDIARY: UNITED-CARR FASTENER CORP. + CAMBRIDGE, MASS.
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resistance tuned audio oscilla-

/

/ tors set a new standard of
performance in laboratory and field
testing. The saving of time, extreme
accuracy and versatility of measure-
ments coupled with low cost makes
them the most profitable investment

in the electronics field.

hp — instruments are the result of
long research in a well equipped lab-
oratory and have been thoroughly
tested both in the laboratory and the
field. You’ll profit in many ways by
investigating, at once, the advantages
of these new instruments. Write today

No. 205 AG Audio Signal Generator.
Combinesa Resistance tuned oscillator having
s watts output and less than 1% distortion,
plus Ousput meter, Inuput meter, Attentuator
and an impedence matching system ... all in
a single unit. Price $3.40 Net.

G SN Syl
No.205A Audio Signal Generator. Identical
in every respect to the 205AG with the exception
of the input guin set which is not inucluded.
Price $290 Net.

Series 200 Resistance Tuned Oscillators.
Consists of hp Resistance Tuned Oscillator only.
Available in cabinet or for relay rack mounting
in models A, B, C & D, covering frequency range
from 7 cps. 1o 200 kc. Priced $85.50 to $130 Net.

for data sheets. There’s no

obligation of course.

Laborafory

INSTRUMENTS

for speed and accuracy

HEWLETT-PACKARD CO.
481 Page Mill Rd., Palo Alto, Calif.

Resistance Tuned Principle

A stabilized amplifier with regeneration supplied
through a frequency selective resistance capacity
neework. The oscillation frequency is stable and
the thermal drift extremely low. Furthermore, the
thermal drift is not magnified as is the case with the
beat frequency oscillator. A balancing circuit auto-
matically selects the proper operating point for the
oscillator. The result— a stable oscillator having
constant output and very low distortion. Whether
for low frequencies, geophysical work or high fre-
quencies in the super-sonic region —resistance
tuning is vastly superior. Send us your problems
requiring audio frequency or super-sonic oscillators.

Write today . . . No obligation

optimum lengths are found, they may
be welded permanently at that length.
“C” clamps are also recommended for
holding the parasitic element bases to
the cross piece during experimenting.
When the best spacing is found, they
may then be bolted firmly. A simple
field strength meter, a diode rectifier
arrangement using a type 30 tube, is
valuable for testing.

In conventional parasitic reflectors
and directors used with a half wave
radiator, the reflecting element is
usually five per cent longer physically
than the radiator and the director
slightly shorter than the radiator. But
when dealing with a short radiator
loaded to a quarter wavelength, none
of these rules holds. In the case de-
scribed the optimum length of the

Rotary beam antenna mounted
on top of the mobile unit

director was found to be four inches
longer than the radiator and the reflec-
tor six inches longer.

During mobile broadcasts, the op-
erator wears headphones connected to
the automobile receiver and tuned to
WQAM’s 560-ke signal, and thus is
able to determine whether the wu-h-f
receiver is in the mobile transmitter’s
beam. The directivity beam of this
array is not too sharp, approximately
thirty degrees wide, and it is a simple
matter for the operator to keep the
array trained on the receiving location
at all times, no matter how many turns
the driver may make.

On short hauls when the rotary beam
is unnecessary, it is quickly removed
and since the parasitic elements affect
the Tinal stage’s tuning only slightly,
the transmitter is quickly retuned by
adjusting the tank condenser.

The five decibel gain added about a
mile and a half to the radius of noise-
free reception.

A Four Circuit
Electronic Switch

By ESTEN MOEN

A SYSTEM FOR OBSERVING four inde-
pendent electrical phenomena on a
cathode-ray tube screen is illustrated
in Fig. 1. The division of a simple
linear sean into four components, each
following in succession, is made pos-
sible by utilizing the system of tubes
and circuits shown in Fig. 2. If, as
shown in Fig. 1C, a pure sine-voltage
wave is impressed on the grid of a
triode, and the grid bias is held at a
sufficiently high negative potential, the
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%M “Lock-In" Tube
tays S Where You Put It

IN ANY APPLICATION

Nr.vrn BEFORE has it been so vital
-tan(l

tube for armored tanks, armored cars.
that radio tubes be able to ¢
the gaff”.

hombing, fighting and transport

[

They must “stay put” no  planes, motor cars, for battleships,

HYGRADE

300 FIFTH AVE, NEW YORK o EMPORIUM, Py,

matter what the vibration or concus-
sion, for even the sligchtest radio fail-
ure may be costly in human life.

“Lock-In” Tube is

the answer to this requirement. Stur-

The Sylvania

dily made in every detail, this tube
locks in its socket and comes out only
when you want it to. Therefore, the

Sylvania “Lock-In” Tube 1s the ideal

Sylvania Radio Tube Division

SYLVANIA

SALEM, MASS,, ST.

cruisers, destrovers and submarine
chasers, as well as for portable and
home sets.

Select the tube that stays in place
through wracking jars or shuddering
vibration whether it’s mounted up-
side down or sideways. You are sure
of satisfaction with the Sylvania
“Lock-In” Tube.

CORPORATION

MARYS, PA, IPSWICH, MASS.

Also makers of Hygrade Lamp Bulbs, Hygrade Fluorescant Lamps and Miralume Fluorescent Light Fixtures

ELECTRONICS

May 1941

51



DECADE AMPLIFIER

MODEL 220

MODEL 300
ELECTRONIC
VOLTMETER

MODEL 220
DECADE AMPLIFIER

NEW ACCESSORY FOR MODEL 300 VOLTMETER
FOR MEASUREMENT OF VERY LOW A-C VOLTAGES

Decade Amplifier: This is a highly stable amplifier giving
accurately standardized gains of 10x or 100x over a fre-
quency range of 10 to 100,000 cycles. Operated by self-con-
tained batteries having a life of over 150 hours. Used with
our Model 300 Electronic Voltmeter (as shewn in cut)
A-C voltages down to 0.00003 volt (30 microvolts) can be
measured. By means of special circuits the gain is independ-
ent within 29, of circuit constants, battery voltages and
tubes. Fully described in Bulletin 7.

Electronic Voltmeter: A popular instrument for the
measurement of A-C voltages, 10 to 150,000 cycles, 1 milli-
volt to 100 volts (up to 1000 and 10,000 volts with Model
402 Multipliers). Logarithmic voltage scale and auxiliary
uniform decibel scale. A-C operated. By means of special
circuits indications are independent of line-voltage, tubes
and circuit constants within 39, over entire frequency range.
Several accessories, such as an artificial ear, vibration pickup
and multipliers are available. Fully described in Bulletin 6.

MADE BY

Ballantine Laboratories. Inc

BOONTON, NEW JERSEY
ELECTRICAL AND ACOUSTICAL INSTRUMENTS

tube will pass to the plate only the
upper crest of the positive peak of the
wave, represented by shaded area K,
which will give a horizontal component
on the axis of one-fourth cycle. The
negative grid bias voltage necessary
to accomplish this much is 0.707 of the
peak impressed voltage. The above
process utilizes one tube to pass one-
fourth of the cycle. A second tube
passes the negative peak labelled M in
Fig. 1C. The remaining two quarters
of the cycle represented by the areas L
and N are selected by displacing the
wave 90 degrees in phase and repeating
the process. As a final result, the trace
on the screen of the oscilloscope will
consist of four ‘“scallops” shown in
Fig. 1D.

| OREE

A H = A

l Fig. 1. Analysis of opera-
tion of the electronic switch

The circuit which accomplishes these
| operations is given in Fig. 2. Tube T,
| is simply a controller of amplitude. It
receives the input wave from a sine-
generator whose frequency is identical
| with that of the horizontal sweep of
| the oscilloscope. The frequency for
| which the circuit values apply is 2,000
| eps, but the scan can vary from 1,000
' to 3,000 cps.

Q01 uf
0?1//41’ J'lc ot

& Fig. 2. Circuit diagram

of the electronic switch
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THERE'S MORE TO NYLON.. |

¥ . _THAN MEETS THE EYE!

The inside story of another )
\

Anaconda development . . .



- By exhaustive laboratory and service tests, these
magnet wire were proved...let them go

Excepticnal Resistance to Abrasion: The machine above, No Failure in Rigid Heat-Aging Tests: This test was made -
used for testing the abrasion resistance of Anaconda Nylon in order to determine how the film of insulation would react
Enameled Magnet Wire, is designed to simulate conditions to actual conditions experienced in a winding. Small conical-
to which the wire is subjected during the winding operation. shaped coils, starting with the diameter of the wire at the apex
The resistance to abrasion was measured by the number of and gradually increasing to fifteen times the diameter of the
rubs of the abrading surfaces required to wear off the insula- wire, were placed in an oven at 125° C. and examined peri-
tion and come in contact with the conductor of the wire un- odically for cracks in the film. Subjected to this test for over
der test. The average abrasion resistance of several hundred 4,000 hours, Anaconda Nylon Enameled Magnet Wire came
tests was over 300,000 rubs—that’s plenty tough! through without a sign of failure.

In a Steam Bath —Infinite Resistance: These two motors
wound with Anaconda Nylon Enameled Magnet Wire are
110-Volt, 60 cycle, single-phase, i« HP and are operating
at full load. The windings in one are varnish impregnated,
the other unimpregnated. Operating for 3,512 hours as of
March 15, 1941, they have been subjected to a bath of steam
for 9 out of every 24 hours. Each morning the insulation re-
sistance is measured with a 500-Volt hand-driven Megger.
Both motors have consistently shown Infinite Megger readings.

Good Dielectric Strength: On testing the dielectric
strength of Anaconda Nylon Enameled Magnet Wire ac-
cording to NEMA standards, voltage has been applied to
both layered and twisted specimens under conditions per-
mitting high accuracy in measurements. Its insulation film
registered good dielectric strength consistently.




advantages of NYLON
to work for you!

Excellent Performance Under Temperature and Com-

pression: In testing for performance under conditions of com-
pression and temperature, two specimens of magnet wire 10
inches long are formed into a two-link chain, which is sus-
pended in an oven at a temperature of 150° C. The upper link
of the chain is anchored in the oven top, and a weight of 50
Ibs. fastened to the lower link. A potential of 110 Volts AC is
applied between the point of contact of the two links. Lighting
of a lamp in a series with the 110-Volt circuit indicates failure.

Anaconda Nylon Enameled Magnet Wire withstood this test
for 288 hours. At the end of this time, the wire, having been
subjected to this severe strain, broke in two. The film of insula-
tion gave no indication of electrical or mechanical breakdown.

* Kk ok — - : — = * %k *
* *
* *

Service Records Show Anaconda Nylon Wound
Motors Have Infinite Megger Readings:

Graphic plots of periodic Megger tests are a good barometer
of what’s taking place in an insulation. And on that point,
take a look at what the record shows for Nylon wound mo-
tors in a large Michigan plant:

Megger tests have been recorded of the insulation resistance
of some three dozen of these motors in the plant. The readings
were taken through periods ranging from three to twelve
months. Some of these motors are subjected to extremely
strenuous conditions and the majority of them are located in
hot,damp places. However, each and every one has registered
Infinite Megger readings time after time without variation.

— % k X

Industrial fan motors
Automotive generators
Wind-electric generators
Gasoline-electric generators
Vacuum cleaners

Pump motors

Fan motors

Lifting magnets
Magnetic separators
Food mixers

Electric drill motors
Heater motors

Fractional horse-power
motors

Communication trans-
formers

Neon sign transformers
Voltage regulators
Ignition coils

Refrigerator motors



The importance of single-control production

from mine to finished product...
another ANACONDA advantage

P,k HAPS vou have noticed the Anaconda
trademark. If so, you've probably also seen the
legend 1t bears: “Anaconda—from mine to con-
sumer.” Well, for you those few words have a
world of importance. Translated into concrete
consumer advantages, they mean that you’re get-
ting a product that’s had the benefitof coordinated
metallurgical supervision by a single organization
at every step “from ore to finished product.”

Atter the ore 1s mined, control begins at the
smelter and continues through the refinery, the

casting of wire bars, hot rolling and cleaning of
rods and wire drawing. And then through the
annealing and tinning operations. Butthatisn’tall.

Further research and development of products
are continually being carried out in the labora-
tory. Every possible step is taken to bear out the
responsibility and further the fine reputation be-
hind the Anaconda trademark. The result: The
customer bencfits by obtaining the best electrical
wire that it is possible to produce. You can prove
this to your own satisfaction.

ANACONDA WIRE & CABLE COMPANY

General Sales Offices: 25 BROADWAY, Niw YORK . . .

. Chicago Sales Office: 20 NORTH WACKER DRIVE

DISTRICT SALES OFFICES AT

ATLANTA, GA. . ... ... .... 66 Luckie Street
BOSTON, MASS. . . . . . .. . ... 49 Federal Stureet
CINCINNATI, OHIO . . . Chamber of Commerce Bldg.
CLEVELAND, OHIO . . . . .. 1825 Republic Bldg.
DALLAS, TEXAS . . . . . . . . . .. Interurban Bldg.
DENVER, COLO. . . . . . . .. Continental Oil Bldg.
DES MOINES, IOWA . . . . . . .. Des Moines Bldg.
DETROIT, MICH. . . .. ... .. New Center Bldg.
KANsAS CITY, MO. . . . .. .. 106 West 14th Street
LOS ANGELES, CAL. . . . . .. 704 Architects Bldg.

MILWAUKEE, WIs. . . . ... .. .. Bankers Bldg.
MINNEAPOLIS, MINN. . . . . .. Rand Tower Bldg.
NEW ORLEANS,LA. . . . . ... .. Carondelet Bldg.
PHILADELPHIA, PA. . . . . . . . .. Architects Bldg.
PITTSBURGH,PA. . . . . . .. ... . . Oliver Bldg.
ROCHESTER, N. Y. . ... ... .. 89 East Avenue
ST.LOUIS, MO. . . . ... .. .. Continental Bldg.
SAN FRANCISCO, CAL. . . . . . . .. 111 Sutter Bldg.
SEATTLE, WASH. . . . . .. .. 1420 Exchange Bldg.
WASHINGTON, D.C. . . . .. .. Investment Bldg.

MANUFACTURING PLANTS AT

ANDERSON, IND. . ANSONIA, CONN. . GREAT FALLS, MONT. . HASTINGS-ON-HUDSON, N.Y. . KENOSHA, WIS,
MARION, IND. . MUSKEGON, MICH. . OAKLAND, CAL. . ORANGE, CAL. . PAWTUCKET, R. I. . SYCAMORE, ILL.



The phase-shift circuit is connected
between transformer secondaries L, |
and L., which are matched audio input
units whose center taps connect to the |
condensers C, and C,. The primary '\
winding of L. is not used. Condensers |
C, and C, act to block the grid bias
voltages. Condensers C, and C, to-
gether with resistors R;; and R, shift
the phase of the wave in L, 90 degrees l
from the wave in L,. The extremities
of the inductances L, and L, are accord-
ingly points of 180 degrees phase dif-
ference. They are connected through
individual resistors R,, R, Ry, and R,
to the grids of tubes T, T, T, and
T.. Referring to the wave in Fig. 1C
resistor R, relates to area K, resistor
R, to area M, R, to area L, and R,
to area N. The plates of the tubes
T, T, T, Ts are fed 250 volts across
R.. The output signals are passed
through C,, to the oscilloscope vertical
input.

The wave-crests act as switches for
admitting four independent sources of
signal. The tubes T., T, T, and T,, op-
erate in succession each for one fourth of

Bec
station . . -
station —

signing- Th
shows up, 1o

COVERAGE

. added to appearance and strength

ause of its better co
Vertical Radiator brings
steps up ?
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is the natura
o strength of a Blaw
t only under grea

verage, @ Blaw-Knox
more listeners to a
ts following, its profits.
nce — SO valuable to a
1 result of correct de-
_Knox Radiator
t stresses, but

nance cost. 1t all sums up

also in low mainte

the cycle. Four additional tubes T, To
T,, and T, act as buffer amplifiers. The
pick-up points are the grids ¢, g 9s
and g, Means for either amplifying
or of attenuating the input at each of

in this: Blaw-Knox KNOWS HOW to .m::re-
this equipment . . - knows it from the engin er
ing, electrical, designing and st?uctural angme.
This knowledge is at your service at any ‘

-

these points should be provided so that
the area projected on the screen of the
oscilloscope can be regulated.

It is important that the common
plate circuit of tubes T., T, 7, and T
be adequately shielded against any
stray potentials. The success of this
circuit depends on the care with which
stray - coupling capacities are kept to
the minimum.

BROOKLYN SCHOOL OPEN
ALL NIGHT FOR DEFENSE

The Brooklyn High Schools are now
running a 24-hour schedule in in-
structing students in the trades, as
part of its adult trade courses Op- i
erating under the Board of Educa- [
tion's emergency training program |

for national defense. Here are

shown students in the electrical |

class. obtaining a better under- |

standing -of electrical, radio, and {

electronic fundamentals in the early l
hours of the morning
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BLASTED BY BOMBS

« der cfunerd

to eetoccte GALLITE conlicteclod

"S OMEWHERE IN ENGLAND"” enemy bombs destroyed a mobile X-ray unit.

(Hats off to you, England—in this your finest hour!) Amid the wreckage,
searchers found this Machlett X-ray tube intact. Shrapnel pitted and scarred,
the tube was still in perfect operating condition!

Contributing to this amazing stamina was the skill of Callite research
engineers. For many a Callite part is used in every Machlett tube. indeed,
Machlett confidently looks to Callite for the same dependability which dis-
tinguishes its X-ray tubes — under the most trying circumstances.

Your product may never be called upon to endure an air-raid. But for
that extra measure of stamina it takes to stand up under extraordinary
conditions, you do want the dependability Callite parts assure. Callite is
your logical source for many essential raw materials. There is a large group
of Callite Tungsten products, each designed to do a particular job better.
Why not consuli us today. Send for catalog.

Manufacturers of electrical contacts of refractory and precious metals, bi-metals, lead-in wires,
filaments and grids—formed parts and raw materials for all electronic applications,

CALLITE TUNGSTEN

CORPORATION

544-39th STREET VI uUNION cITY, N. J.
CABLE: W “CALLITES"
BRANCHES: CHICAGO e CLEVELAND

A Simple Station
Identification Device

By NokmaAN H. BLAKE
Chief Engineer, WBRK

AT MANY STATIONS, particularly small
stations carrying network programs, it
has become customary for station
identification announcements to be
taken by the operator at the trans-
mitter, whenever there is no studio
announcer on duty. Some of the larger
stations use an expensive machine

| especially constructed for this purpose

and makes use of a sound-track tape
in conjunction with a photoelectric cir-
cuit, but the cost makes it prohibitive
for the small station. Transcribed sta-
tion announcements often become ob-
Jectionably noisy in a short time. This
has been found to be true not only of
instantaneous recordings but of press-
ings as well due partly to neces-
sary excessive handling and “cueing
in”. Dust also contributes its share to
this condition.

A simple, inexpensively-constructed
device for taking station identification
announcements automatically may be
readily assembled by the station engi-
neer. Briefly, it cansists of a 33-rpm
turntable with pick-up arm, a triple-
pole single-throw switch and a twelve-
inch transcription containing station
identification announcements.

—_— —
{' Transmitfer l
| L ], ,I o
l Speech - |
| a:‘g;fgf{fp amplifier ]
1000
_ T ’ -
3 AN
K .}(F_ gﬂ 1000
1| (< — ' — w
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’ =1
[ M/;rerj
_WVee —

Diagram showing connection of an-
nouncing turntable to transmitter

The 33-rpm turntable used here
is a small unit costing originally about
ten dollars. :It serves the purpose in
this case as well as an expensive one
since it runs for only a few seconds
intermittently. An ordinary crystal
pick-up is used, but it was found ad-
visable to lighten the needle pressure
somewhat to prevent excessive record
wear. The pick-up is matched with a
transformer to a 500-ohm line and
bridged across the input of the speech
amplifier feeding the transmitter with
two 1000-ohm resistors. One section of
a triple-pole single-throw switch con-
nects the output of the pick-up through
the transformer and bridge directly
across the input of the speech amplifier
without going through the regular
mixing channel. Once the proper level
is set by means of a 0.5 megohm poten-

| tiometer across the pick-up, it needs no

further attention. The other section of
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Controls for Exacting Applications

Controls required to meet the needs of
exacting applications demand certain
basic departures from conventional
control design. Such departures are
incorporated in IRC Type CS (stand-
ard) and Type DS (miniature) Con-
trols. They include the IRC-pioneered
Spiral Connector which entirely elimi-
.nates the conventional friction-contact
“'collector ring’’ with its obvious op-
portunities for the development of
noise; the metallized-type element
which, permanently bonded to a phe-
nolic base, is highly resistant to mois-
ture; and the 5-finger Contactor which

AGEING

Control element is aged during processing,
thus allowing less than 5%, change in service.

NOISE

Spiral Connector entirely eliminates “'collector
ring'’ noise. 5-finger Contactor reduces contact
noise to a minimum. IRC Controls have success-
fully replaced costly attenuators in various
applications.

contacts the element over five separate
paths with each finger operating inde-
pendently in a cushioned "‘knee-
action’’ effect. Each of these features
has proved its superiority in countless
difficult applications. . . each has
proved its superiority under widely
varying conditions of use. Add them to
precision manufacture throughout,
plus painstaking attention to so-called
“minor’’ details, and you have the
answer to the countless problems
wherein conventional control perfor-
mance, good as it may be, still leaves
something to be desired.

HUMIDITY

Exposure to the most humid climatic conditions
for a long period causes positive change in
range of approximately 10%. Controls return to
initial value upon drying.

WEAR
Average change after 25,000 rotations is on the

order of 5% and the increase in percentage is
slight as rotations increase.

INTERNATIONAL RESISTANCE CO.

ELECTRONICS — May 1941

401 N. Broad St.
Philadelphia, Pa.
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the triple-pole switch is connected to
the turntable motor and its power sup-
ply. In this manner the output of the
pick-up and the turntable motor are
controlled simultaneously.

Using a twelve-inch blank, a station
identification record is made in the fol-
lowing manner. The disk is cut con-
tinuously (33 rpm) for the maximum
amount of time on the record (seven or
eight minutes) while an announcer
reads station identification announce-
ments with a three second pause be-
tween each one. When this record is
used on the equipment described, this
interval allows sufficient time between
station announcements to allow the
turntable to come up to speed before
an announcement begins and to allow
the turntable to come to rest before
running into the next one. Thus, by
simply throwing the triple-pole switch,
a station “break” may be taken after
which the switeh is opened and the
equipment is ready for the next one.
With an average of three seconds
allowed for each station “break” and
with a three second interval between
each one as many as forty or fifty
station “breaks” may be “cut” on one
twelve inch record. This is enough for
several days use before the pick-up has
to be set back to the beginning of the
record. Some means of warning when
the last announcement on the record
is reached is advisable. This is accom-
plished by simply altering the last
announcement somewhat so as to dis-
tinguish it from the others.

The entire equipment is completely
enclosed in a dust proof box measuring
14 by 8 inches. A single record should
last many months before it becomes
noticeably noisy.
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Dr. Arthur ]. Snell at the control
board of the University of Chicago's
improved 80-ton cyclotron. Because
of the harmful action of this 8.
000.000-volt apparatus, the board is
located in @ room away from the
cyclotron. When completed, the ap-
paratus will be equipped to make
artifically radioactive elements used
in medical, biochemical and dental
departments of the University
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These mountaln peaks rise
with majestic ease
~—simulating the. behavior
of UNITED rectiflers on
the ‘*high end’ of thelr
invérse peak ratings.

Today, us for muny years past, UNITED mer-
cury rectifiers represent the peak of perform-
ance and service life. Engineers, experienced
in the fine points of electron tube design,
appraise new fubes only in terms relative to
UNITED standards.

Professional as well os amateur demand for
these famous high-voltage tubes is now
greater than ever before.

966. Half-wave rectifier with unobstructed cathode.
Starting voltage and pre-heating time lower than
any known tube of this type. Measured mercury
content, Price $1.20

966A. Similar to above, except with fully shielded
cathode. Price $1.50

967. Gria control rectifier, for CW keying, indus-
trial and various control applications. Price $4.50
973. Grid control rectifier with higher power rat-
ing than 967. Price $17.25

972. Half-wave rectifier with unobstructed cathode.
Peak plate current 5 amps., average 1.25 amps.
Price $9.00

972A. Similar to above, except with fully shielded
cathade. Price $11.00

975A. High power type; shielded, 15,000 volts
inverse, peak plate current 6 amps. Price $27.50
Write for detailed data describing UNITED rectifiers,
as well as heavy duty air-cooled transmitting types
for Broadcast, communication and industrial uses.

TRONICS COMPANY

NEWARK, NEW JERSEY

6l



WARD LEONARD

With motors and machine tools operating at capacity
today, dependability, efficiency and conveniences of elec-
tric controls take on new importance. For nearly fifty
years Ward Leonard has developed controls ahead of the
requirements of industry. In the Ward Leonard Line you
will find not only the control that exactly meets your re-
quirements but one that assures the dependable and maxi-
mum operation of the equipment it serves.

Specific Bulletins are available covering Motor Starters,
Controllers and Speed Regulators large and small, Relays
of various types and contact combinations, Resistors and
Rheostats for every industrial and communication service.
Send for Bulletins of interest to you.

ELECTRIC (W) COMPANY
Electric Control Devices Since 1892

ELECTRIC CONTROLS
FOR EVERY PURPOSE
FROM ONE SUPPLIER
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A Practical . Audio Bridge
Cirecuit

By WiLLarRD Moopy

THE WIEN BRIDGE, USING PRECISION
resistance standards, may be accurate
to within 0.008 per cent in the audio
range. The frequency coverage with
sensitive, high-impedance earphones is
from approximately 300 to 5,000 cycles
ber second, but better results are se-
cured when a sensitive a-¢ voltmeter
or vacuum tube voltmeter is used for
balance indication. With meter indi-
cation the range may be from 20 to 20,-
000 cycles per second with good ac-
curacy.

Voice coil
3 ohms

7,000

Ganged I
Nesistances |

Fig. 1—Circuit of the audio bridge

In Fig. 1 is shown the circuit used
by the writer, which was intended for
analysis of the output voltage of a
radio receiver. The frequency for
which the bridge is balanced is given
by the simple equation shown. R, and

| R, are a dual potentiometer, or ganged

WARD LEONARD ELECTRIC CO.. 34 South Street, Mount Vernon, N. Y.

Please send me Bulletin
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describing Relays { ) Resistors () Rheo-

|
i
|

volume control of two wire-wound
sections. This control is fitted with an
accurate dial and the resistance read-
ings, measured by an ohmmeter or
other means, are plotted against the
dial figures. The various frequencies
corresponding to the dial settings are
then calculated and tabulated on a
convenient reference card which is
attached to the instrument. The bridge
may be used for precise determination
of frequency and will serve as a check

May 1941 — ELECTRONICS
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Five yearsago. Presto offered the first high fidelity
instantaneous recording equipment to radio sta-
tions. Today, more radio stations use Presto
recording equipment than any other make.

Today, radio stations have a larger investment
in Presto equipment than in all other makes of
recording equipment combined.

We want to express our thanks to the hundreds
of broadcast engineers whose endorsement of

VLB = 5
Rl s 4 e B Y gl

RL= s e k2

2. Presto G6-N recording
turntable for portable or

1. Presto 1-C cutter

A LOOK AT THE

CORD

3.Presto 88-A,50 watt record-

Presto equipment has given us this outstanding
position in the recording field. More particu-
larly, we want to thank those engineers whose
practical suggestions have helped us adapt
Presto equipment to the exacting requirements
of station operation.

Shown here are some new Presto develop-
ments which will further improve the perform-
ance of vour recording installation.

4. Presto 8-N recorder, the fin-

gives wider response
range, higher play-
back level from Presto
recordings. Can ex-
change for Presto 1-B

fixed recdrding installa-
tions. A great improve-
ment over the standard
6-D table, less vibration,
wider frequency response.

ing amplifier. Selector switch
pre-emphasizes high-frequen-
Ccy response to record NBC
Orthacoustic or standard high
fidelity lateral characteristic.

Gain 85 db, 1% distortion.

5. Presto G2-A transcription
table, called by leading en-
gineersthe quietest, steadiest
table on the market. Selector
switch adjusts pickup re-
sponse instantly for any type
lateral recording.

Rt D SR
ol e

6. Presto model Y recorder, usea by scores of stations
¢ for outside pickups. Makes high quality 16" transcrip-

Jj tions suitable for broadcasting.

7. Presto recording discs, greatly
improved by new manufacturing
process to have more uniform
coating, lower surface noise,
wider frequency range, higher
playback level.

E—— o

PRESTO RECO

- World’s

€.

Largest Manufacturers of

estrecording turntable made by
Presto. Used by the larger sta-
tions in U. S. and Canada. Rec-
ords made on the 8-N repro-
duce uniformly range 50-9000
C. P. S. Noise level =50 db.

8. Presto model L portable
playback, lightweight, sim-
ple to operate, gives perfect
reproduction of all types of
lateral recordings. Ideal for
time salesmen and agency
executives.

PRESTO EQUIPT FOR

SOUND RECORDING

KALE
KANS
KBTM
KCMO
KDKA
KDYL
KEVR
KFBK
KFKA
KFH
KFI
KEJI
KFJM
KENF
KEFPW
KEPY
KFUO
KFWB
KGA
KGDE
KGER
KGGF
KGGM
KGHF
KGIR
KGKO
KGMB
KGNO
KGO
KGVO
KHQ
KIDO
KIEM
KITE
KIUN
KLAH
KLZ
KMBC
KMOX
KMPC
KOA
KOIN
KOME
KOMO
KPFA

KPHO
KPO
KPQ
KRGV
KRIS
KRLC
KSD
KSEI
KSL
KSRO
KSUN
KTFI
KTKC
KTRDB
KTUC
KUJ
KUTA
KVOO
KVOS
KVOX
KVSF
KWSC
KXRO
KXYZ
KYA
WAAT
WAGM
WAIM
WAIR
WBAP
WBLK
WBNS
WBNY
wBOC
WBRB
WBRC
WBRK
WBRW
WBT
WBTM
WCAP
WCAU
WCCO
WCHS

WCKY

WCOL
WCOU
WDAN
WDAY
WDBJ
WDBO
WDGY
wDZ
WEAF
WEBC
WEEI
WFAS
WEBG
WEBL
WFIG
WEMD
WFTC
WGAC
WGBR
WGH
WGL
WGN
WGTM
WHAM
WHEB
WHEC
WHKC
WHO
WHP
WIBW
WIBX
WICA
WICC
WIL
WING
WINN
WIRE
WISN
WJAC
WJBC
WJLS
WINO
WJR
WJTN
WJZ

WKAQ
WKBZ
WKPT
WLAK
WLBC
WLBZ
WLEU
WLLH
WLOL
WLTH
WMAL
WMAZ
WMBD
WMBI
WMBO
WMC
WMEG
WMIN
WMPC
WMSD
WNBH
WNLC
WOR
WORL
WOW

WOWO

WPAX
WPIC
WPRO
WRC
WSAV
WSB
WSM
WSFA
wWSOC
WwWSOO
WSTV
WTAM
WTAQ
WTCN
WTHT
WTIC
WTOC

WWNC

WXYZ

RDING CORPORATION

| 242 WEST 55th STREET, NEW YORK, N.Y.

Instantaneous Sound Recording Equipment and Discs

a
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Wherever Performance

|s Of Prime Importance

DAVEN ATTENUATORS

To the design and construction of each unit, DAVEN engi-
neers and craftsmen apply the conviction that every problem
requires the best solution that specialized skill can offer.

This true craftsmanship gives each detail its rigbﬂ:tﬂ E+{+e|r|1-
tion and makes all details total to a product that is righttully
"tops'' in its field. ‘ ‘

The DAVEN catalog lists the most cl?mf|i+e line O{dp-l:;:-_
sion attenuators in the world; "Ladder", "T +Z;pe ar; B
anced H'" networks—both variab|‘e and Fn‘(e types :
positions of high quality pro

i i trol
ployed extensively in con d as laboratory standards of

gram distribution systems an
attenuation. .

Super DAVOHM resistors are precision type, wi
units of from 1%, to 0.1, accuracy.

More than 80 models of Laboratory Test Equipment are

listed. .
However, due to the specialized nature of hi?rh ﬁr:elét‘y-

audio equipment, a large number of req‘ulrz;'ner;{s :u o

countered where stock units may .no’r l?e suita e*. ey+

such a problem, write to our engineering department.

re-wound

on other apparatus or as a calibrator
[ of audio oscillators. Many other uses
will suggest themselves in the labora-
tory or shop.

The parts used in constructing the
unit will have an important effect on
the accuracy, and should be of good
quality. Any standard output trans-
former of correct impedance and linear
frequency characteristic, within prac-
tical limits, may be used. The total

cost about $5.00, exclusive of balance
indicator.

' Notes on Hum Neutralization
' in Loud Speakers

| By C. E. HOEKSTRA
| The Magnavox Company

| OF THE TWO METHODS of speaker hum
control, the most common in the auto-
motive field is the copper hum slug.
| Most common in the high resistance
| fields is the neutralizing coil. The hum
| slug reduces the ripple voltage induced
in the voice coil by increasing the effec-
tive field coil impedance. This in-

creased field coil impedance reduces the

variations in excitation current of the
field coil and, in effect, reduces the
ripple voltage induced in the voice eoil
circuit. The hum slug increases the
phase angle between the voltages in-
duced in the voice coil and neutraliz-
ing coil. The effectiveness of the hum
slug in reducing the voice coil induced

. voltage increases with an increase in
| ripple frequency.

The neutralizing coil is a winding
placed electrically in series with the
speaker voice coil and mechanically in
the speaker field structure in such a
manner that the ripple voltage induced
in the voice coil and in this auxiliary
winding is of such magnitude and

BAIRD DEVELOPS COLOR
TELEVISION

’..

John L, Baird, pioneer in television,
has developed a method for show-
ing television pictures in full natural
colors. The set can receive pictures
in color or black and white. Shown
here is Miss Hattie Nasmith, air-
woman and racing motorist being
televised at a Baird color camera
studio. Apparently not all television
development has been stopped in
England

May 1941 — ELECTRONICS
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(Above) NEW FLARE TYPE END SEALS have been added
to Isolantite’s comprehensive list of fittings for transmission lines.
End seal at left is fof new balanced two-wire lines while fitting at
right is for the coaxial lines. These new flare type end seals
are for use in ultra high frequency service, such as frequency
modulation, television, airport beacons, and special applications.

(Below) CONCENTRIC TRANSMISSION lines built by
Isolantite serve Westinghouse S0KW Station WBZ and WIXK,
the new FM transmitterat Hull,Mass. Isolantite“2%’’diameter trans-
mission line provides maximum safety factor for high power broad-
cast and minimum attenuation for ultra high frequency FM service.

1

(Below) HIGH STRENGTH AND RIGIDITY of Isolantite
make it particularly adaptable to applications where insulators
are subjected to continual fatigue or repeated mechanical stresses.
These mechanical features, in addition to its availability in cus-
tom built shapes, are exemplified by its use as a shaft coupling
in this tower light M-G set at Station WDAF, Kansas City.

ELECTRONICS

May 1941

ILEULATICN
UCLLICHTE

(Above) STAND-OFF INSULATORS of Isolantite are used extensively
at the Lawrenceville,N. J.,station of the American Telephone and Tele-
graph Company’s Long Lines Department. Photos show front and rear
views of antenna selector switch panel on South American lines. This use
of Isolantite in overseas radio-telephone equipment is typical of the ways
in which it serves every major branch of the communications industry.

*Registered trade-name for the products of Isolantste, Inc.
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CERAMIC INSULATCRS
ISOLANTITE, INC. FACTORY: BELLEVILLE, NEW JERSEY

SALES OFFICES: 233 BROADWAY, NEW YORK, N. Y.
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Yarnished Fiber-

IRVINGTON

glos has proved its superiority in

many motor installations such
as this.

IRVINGTON VARNISHED FIBERGLAS
Better Insulation More FEasily Applied

mvm_c'mN VARNISH & INSULATOR co

IRVINGTON Varnished Fiberglas makes powerful motors smaller and
lighter and tiny instruments more efficient and long-lived. It allows hun-
dreds of types of electrical equipment to operate more efficiently, for
more years, at higher temperatures, with greater resistance to attack-
ing elements.

IRVINGTON Varnished Fiberglas is properly impregnated and
coated with insulating varnish of highest grade to withstand the severe
abuse which Fiberglas permits.

Here is glass cloth, woven from continuous fibers as manufactured
by Owens-Corning Fiberglas Corporation; then thoroughly impreg-
nated and coated by "Irvington" with high heat resisting black or clear
insulating varnishes developed especially for this purpose.

To secure the benefits of highest insulation resistance, resistance to
impact and abrasion, and the best balance in overall mechanical, elec-
trical and chemical characteristics, the Fiberglas you use should be
factory impregnated by '"lrvington's' modern methods and with
IRVINGTON High Heat Resisting Insulating Varnishes.

This superior product comes to you all ready to go in place, elimi-
nating costly, time-consuming varnish impregnation and coating oper-
ations in your plant.

Detailed technical data and specifications for standard IRVINGTON
Varnished Fiberglas cloths and tapes are yours for the asking. Write to
Dept. 106. Data will gladly be furnished on the development and pro-
duction of special combinations of Fiberglas cloth and varnish.

TR SRR

w"‘pw"""\«

IRVINGTON, NEW JERSEY, U. S. A,

] PLANTS AT IRVINGTON, N. J. and HAMILTON, ONT CAN
Representotlves in 20 Prmcipnl Cities

H

phase that the net induced voltage
across the combination is the value de-
sired. In general it is required that
this net voltage be as near zero as
practical. The neutralizing coil is
most effective at low frequencies,

The net voltage across the voice coil-
neutralizing coil circuit does not in
itself result in hum. The current which
flows in the voice coil circuit is that
which results in hum. The degree to
which a given net voltage causes hum
is primarily dependent upon the imped-
ance in shunt with the voice coil. This
shunt impedance is the shunt 1mped-
ance of the output trdnsformer in
parallel with the plate resistance of
the output stage. In a triode (or tetrode
with inverse feed-back) the stage im-
pedance will be low, and in general of
such magnitude that it is smaller than
the primary reactance of the trans-
former. The conventional tetrode and
pentode stage has a high internal im-
pedance so that the load on the voice
coil is made up primarily of the trans-
former’s shunt impedance. 1t is obvious
that for minimum speaker field hum
the a-¢ impedance of the field coil
should be high, the shunt reactance of
the output transformer high, and the
alternating voltage across the field
coll as low as practicable. The vector
diagram in Fig. 1A shows the voltages
induced in the voice coil and neutraliz-
ing coil windings. The net voltage is
that which may cause current to flow
in speaker’s shunt impedance and so
result in hum.
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Fig. 1—Vector diagrams of
the voltages in a loudspeaker

In a large lot of similar speakers the
value of E,,, is fixed but the value of
E,, induced in the voice coil may vary.
The value of E,, depends upon the
axial spacing of the voice coil in the
field structure gap. The farther
“down” in the gap the greater is its
value. This variation in the location of
the voice coil in the gap results from
mechanical variations in the speaker
parts. Temperature and humidity will
also influence the voice coil’s axial
location. These variations will give us
values of E,, between E,,, and E,,..
Hence the hum voltage will vary be-
tween K, and E,,. E,, is the minimum
hum voltage possible.

The value of E.» is determined by
the design of the speaker field struc-
ture. The smaller the phase angle be-
tween E.. and F,,, the smaller E,, can
be made.
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EIMAC EQUIPPED
BRAZILIAN ARMY STATION

I

' J oK |

9 ]

73% 9

Vacuiim Tank

Condensers

Eimac750T

——
Pair of Eimac

250T's )
Esmac RX 21

Rectifier

Here is supporting evidence of 'the fact that Eimac
Tubes have world-wide acceptance, even by foreign
government owned radio station.

With a single 750T in the final stage and a pair of
250T’s as modulators this station puts 1200 watts on
the antenna. Operated by remote control on four fre-
quencies using phone, CW and ICW.

The transmitter was constructed by Maya Rebello
& Comp. of Rio de Janeiro and employs Eimac RX 21
rectifier tubes as well as Eimac vacuum tank condens-
ers in the final circuit. The design and construction
does credit to its makers and the use of Eimac Tubes in
the most important sockets is convincing evidence of
their superiority and position in the world of radio.

Follow the Leaders to ®

TUBES

EITEL-McCULLOUGH, INC. - SAN BRUNO, CALIFORNIA

Photos from top to bottom show a redr view of trans-
mitter, the remote control and a front view of the trans-
mitter constructed by Maya Rebello & Comp. of Rio de
Janeiro for the Brazilian arnty

Export Agents: " Frazar & Co., Ltd., 301 Clay St., San Francisco

ELECTRONICS — May 1941 67



SUBTRACT —PRIORITY MATERIALS

DIVIDE = MAN HOURS INTO MINUTES

MULTIPLY X MACHINE PRODUCTION

/4

/4
CZLLL + EFFICIENCY TO YOUR PRODUCT . . .

* You, and your engineers are doing some serious thinking. With ma-

chines and skilled workers practically unavailable,

and essential materials

being rationed, you'll have to make some changes. Want to eliminate
priority materials, cut machine time, and make the most of available

man-hours? Consider

RELNYS...
‘s GUARDIAN

Perhaps you've never thought of electrical control
for your product—but now you may be forced into
it. If you are, there’s no use making the change un-
less you can getnew parts . . . "but quick.”* Guard-
ian can do a good job—fast! If you use Guardian
Electric controls, and more people do every day
.+ . we can eliminate large amounts of expensive
hard-to-get materials . . . reduce machine and as-
sembly time ... overcome dissipated action and
friction drag of outmoded mechanical controls
with better performance assured in the bargain.

*1146 STANDARD GUARDIAN CONTROL PARTS

Capitalize upon thousands of hours already spent
designing *7,146 standard control parts which
enable Guardian Electric Engineers to quickly pro-
vide a SAMPLE control unit for comparison with
and immediate replacement of your present con-
trol system. Just what you need? (In 99 out of 100
times Guardian gives the correct answer!) Yes, it's
highly probable...seldom impossible at Guardian.

*Inventory Count Jan. 1, 1941

SPEED —the goal of every production mana-
ger excels any service you've ever heard of. ..
at Guardian,

Initial Your Letterhead For New
1941 Catalog ““E** Today. Write

GUARDIAN

1625 West Walnut Street

INTERLOCKING CONTROLS
RADIO CONTROLS
LIQUID LEVEL
AIRPLANE CONTROLS
COMMUNICATIONS
TIMING CONTROLS
STEPPING RELAYS

U.S. GOVERNMENT
SPECIFIED CONTROLS

CONTACT SWITCHES
COUNTING UNITS
REMOTE CONTROLS

SOLENOIDS
DELAYED ACTION

Series BK—16 Relay. Built to
minimum tolerances and the
most exacting requirements in
production quantities for the
U. S. Signal Corps.

Series120 AC Relay.Thisrelay
which sells for less than $1 has
operated over 85,000,000
times in an electric fence
control, and still remains in
excellent condition.

And These Are Not the Extremes
in the Guardian Relay Line!

ELECTRIC
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Figures 1B and 1C demonstrate
special cases of. hum neutralization. In
certain instances speaker hum is used
to balance out all, or a part of, the hum
from the speaker’s output stage. The
speaker in Fig. 1B is said to be over-
bucked. The voltage induced in the
neutralizing coil is enough greater
than that induced in the voice coil so
that the phase angle of the net voltage
and that induced in the neutralizing
coil is less than 90 degrees. The
speaker in Fig. 1C is said te be under-
bucked. The voltage induced in the
neutralizing coil is enough less than
that induced in the voice coil so that
the phase angle of the net voltage and
that induced in the neutralizing coil is
greater than 90 degrees.

The degree of hum bucking can be
expressed in two ways. We may state
that the degree of hum bucking is

neutralizing coil induced voltage

100 x - . =
voice coil induced voltage.
Or, we may state that the unbalance is
100 net induced voltage

xneut;ralizing' coil induced voltage.
and specify (if the speaker is over-
bucked or underbucked) that the neu-
tralizing coil induced voltage is greater
or less than the voice coil induced
voltage. The degree of unbalance is
expressed in terms of the neutralizing
coil induced voltage since this is the
only ‘“fixed” voltage on that lot of
similar speakers. A fair commerecial
tolerance on the degree of unbalance
is 15 per cent and on the range of
unbalance in an overbucked and under-
bucked speaker 30 per cent.

ARMY OFFICERS INSPECT
POLICE RADIO SYSTEM

Major J. H. Stodter (left) and Major
B, M. Nelson (right) in charge of
communication school at Fort Riley,
Kansas look as Roy Deschaffron,

superintendent of communications
of Kansas City Police, explains his
latest radio equipment

May 1941 — ELECTRONICS



TUBES

Data on new receiving tubes registered
by the R.M.A. Data Bureau are pre-
sented, as well as data on older tubes
which are given for reference

Tube Registry

Tube Types registered by R.M.A.
Data Bureau During March 1941

Type 6SN7GT

TwiN triode; heater type; T-9 glass
envelope; seated height 2% inches
(max) ; 8-pin octal base.

RATINGS

Eyn =63v

Iy = 0.6 amp

Ey = 300 v (max)

E’c = 0 v (min)

= 2.5 watts (max)

OPERATION

Ey =250v

Ec= —8v

Iy =9 ma

s =20
rp = 7700 ohms

gm = 2600 pmhos
TRIODE 1

in = 3.2 puf
Cont =] 3 4 [Lll-f
Cap = 4 ppf
TRIODE 2
Cin = 3.8 ppuf
Cont = 2.6 ppf
Cop = 4 puf

Basing 8BD-0-0

Type 7R7 (GL)

DouBLE diode, pentode, remote cutoff;
heater type; T-9 integral glass envel-

ope-base; seated height 2% (max);
8-pin lock-in base.
RATINGS
Eyv=70v
I». = 0.320 amp
= 250 v (max)
= 100 v (max)
E. = 0 v {(min)
OPERATION
Eyw =63v
Iy = 0.3 amp
Ey =250 v
Ee =100 v \
Ee=—1v 8AE
Iy = 5.7 ma
Iz =21 ma
gm = 3200 pmhos
r» = 1 megohm (ap-
Drox)
Cin = 5.6 ppf
ost = 5 Mf
2p = 0.004 ppf (max
Basing 8AE-L~7

ELECTRONICS — May 1941

Type 14R7 (GL)

DouBLE diode, pentode, remote cutoff;
heater type; T-9 integral glass en-
velope-base; seated height 2% inches;
&-pin lock-in base.

RA.TIl\GS ;
=140 v 4
= (0.160 amp
E’o =250 v 5 A
Ee2 = 100 v (max
= 0 v (min
OPERA;I‘ION
E»
Iy = 0.150 amp
Ey = 250 v (max
EEez = 1001v (max 8
e = v A
Iy = 5.7 ma a3
I =21 ma
gm = 3200 pmhos
rp = 1 megohm (ap-
prox
Cin = 5.6 ppf
Cout = 5.3 puf
9p = 0.004 ppf (max
Basing SAE-

Type 12SF7 (M)

DiopE, pentode, remote cutoff; heater
type; MT-8 metal envelope; seated
height 2+% inches (max); 8-pin octal
wafer base.

E) 126 v
In = 0.15 amp
Ey =250 v
E‘Lx 100 v
—1v
Iu = 12.4 ma
Ier = 3.3 ma
gm = 2050 pmhos
rp = 0.7 megohm
gm @ — 36V =10
smhos
Cin = 5.6 puf
Gt 0ot
o = mt max)
Basing 7AZ-1 Ul

Type 6SF7 (M)

DiobE, pentode, remote cutoff; heater
type; MT-8 metal envelope; seated
height 2¢sinches (max); 8-pin octal
wafer base.

Eyn =063v

Iy = 0.3 amp
Ey = 250 v
Ee 100 v
E, lv
I 12.4 ma
I = 3.3 ma
gm = 2050 pmhos
rp = 0.7 megohm
gm @ 35v 10
pmhos
Cin = 5.5 ppf
Cout 6.5 puf

Cop 0.004 ppf (max
Basing 7AZ-1-1

FIELD WORK IN COMMUNICATIONS

Soldiers at the Infantry School at Fort Benning, Ga. are taught the principles of

radio communications through actual practice.

a portable field set.

Here three soldiers are operating

The operator at the left is generating power with a hand

operated generator
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LITTLE
but TOUGH!

STACKPOLE

Model $S-12 SLIDE SWITCH

Four pole, double throw
switch, adaptable to
all small circuits

\_\'
Face wview photographed in ACTUAL
SIZE. Here is an extremely compact
switch adaptable to many uses.

Side view shows
terminals in tuo
planes, making

them more acces-
sible in wiring the
equipment,

THIS switch has the positive indent action associated with #// STACKPOLE

slide switches. It is fully approved by the Underwriters with a .5 Amp,,
125 Volt rating and assures good low resistance contact. The SS-12 Slide
Switch is mechanically rugged and has no delicate parts to get out of
adjustment. All moving parts and contacts are fully enclosed eliminating
chance for damage or accumulation of dust. Its unique compactness is
important in small space installation and its design makes possible important
time saving in assembly operations. W'rite today for samples and prices.

PR R R
* National Defense Development

The Stackpole Carbon Co. has the necessary
personnel and facilities to develop special ideas
and designs for Defense work involving FIXED
* OR  VARIABLE RESISTORS, POWDERED
IRON CORES or SWITCHES. Our experience
)

in design and production of various types of
small units places us in an ideal position in this
field. We invite inquiries.

TACKPOLE CARBON CO.

ST. MARYS, PENNA. U.S. A,
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Tube Types Previously Announced

Type 1B5/25S

DouBLE diode, triode amplifier, fila-
ment type, ST-12 glass envelope, seated
height 3 inches (max), 6-pin base.

Ef=20v

Iy = 0.06 amp
Ey =135 v (max)
Ee = —3v

Iy = 0.8 ma

rp = 35000 ohms
¢gm = 575 umhos
Basing 6M-—-0-5

Type 2A3

POowER amplifier triode, filament type,
ST-16 glass envelope, seated height 4%

inches (max), 4-pin base.

Ey =25v

Iy = 2.5 amps
E, 250 v

Eve 45 v
I, =60 ma

Ri = 2500 ohms
P, = 3.5 watts
Basing 4DD-0-0

Type 2B6

DIRECT coupled triode power amplifier,
ST-12 glass
seated height 3% inches (max) 7-pin

heater type,

base.
Ey,=2:v
Iy = 225 amps
E, (input) 250 v
E, (output) = 250 v
E. (input) - 24 v

E. (output) = + 2.5 v
I, (input) 4.0 ma
I, (output) = 40 ma
Iy = 5000 ohins
P, 4.0 watts

Basing 7.J-0-0

Type 6F7

Low-MU triode, r-f pentode, remote
cutoff, heater type, ST-12 glass envel-
ope, heated height 338 inches,

base.

Eyn =63 v

Iy = 0.3 amp
TRIODE SECTION

Ey, =100v

E, — 3.0 v

Iy =3.5ma

M 8.0

tm = 500 micromhos
PENTODE SECTION

Ey =250 v
Eer = 100 v
Ee S 3v
Iy = 6.5 ma

gm 1100 micromhos
Basing 7E-0-6
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FIXED CAPACITORS
TRIMMER CAPACITORS
FIXED RESISTORS

ELECTRONICS — May 1941

‘ From the later Neolithic age . . . through the
Egyptian . . . and then the Greek . . . to say
nothing of the Chinese Dynasties, ceramics have
played an important part in reading the culture
ot those ages.

For ceramics are ageless . . . they have withstood
the ravages of centuries.

In radio and various electronic uses ceramics

play an important part . . . and CENTRALAB has

taken full advantage of the inherent character-

istics of ceramic materials . . . mechanical strength

... high dielectrical qualities . . . humidity proof
. unaffected by temperature changes.

That is why CENTRALAB Ceramic Capacitors
meet the most rigid requirements of the industry.

CENTRALAB —Division of Globe Union Inc., Milwaukee, Wis.

CAPACITORS and RESISTORS by

(ETTRIL D



To pick up all remotes ... ™ ™A

DETECTOR triode, filament type, ST-14
glass envelope, seated height 4+
inches (max), 4-pin base.

Ef =50v

Is = 0.25 amp
Ey =45 v (max)

arm one brave

with 22D /

e Ov

1, 1.5 ma
u =20

gm = 666

Basing 4D-0-0

Type 01-A

i . DeTECTOR, amplifier triode, filament
' Chief . = type, ST-14 glass envelope, seated
1 .« . SAys iet Engineer height 47 inches (max), 4-pin base.
Now “22 1ribe” has heir worthy of name. Western %‘f = 8‘85"am,, @) (3)
Electrie 22D Portable Speeeh Input Equipment is lg,b 133" (max)
true full-blood...follows tribe tradition of rugged I; = 30ma
construction, deluxe appearance, high fidelity. o ‘:200
Has four mike mixers and master gain control. | Basing 4D-0-0
Oune brave handles —like swiping candy from (1) (4
papoose!
4 Get details. Quick! Send smoke signal to Gray- 4D
W bar Electric Co., Graybar Bldg., New York, N. Y

Type 6E7

Similar to Type 6U7G

TRIPLE-GRID  super-control amplifier,
heater type, ST-12 glass envelope,
seated height 33% inches (max), 7-pin

base.
S — E.=63v
In = 0.3 amp
Ey 250 v
Ee 100 v
E. - 3v
Iy = 8.2 ma
I = 2.0 ma
— rp 0.8 megohm
2 ¥ %2 gm = 1600 pmhos
THE ANSWER
to your resistor problem may be C ..
found in these characteristics of
8,000,000-VOLT
GLOBAR BRAND CERAMIC RESISTORS GENERATOR

REG. U. S.PAT. OFF.

. Nou-Inductive 2. Electrically stable

3. M echanically strong

® These three characteristics are important in a great many
applications. Perhaps they may lgud to a solution of your
own resistor problem. Our engineering departrqent will
gladly help you if you write and outline your requirements.
Bulletin R contains technical information on “Globar” type
A, B and CX ceramic resistors. Will be sent free on request.

GLOBAR DIVISION Bertse : .
THE CARBORUNDUM COMPANY, NIAGARA FALLS, N. Y. 21000000 vlts willborre LA

e Carborundum and  Globar are registered this new 20-ton machine recently

trade-marks of The Carborundum Company completed at Notre Dame University
for experimentation in the disin-
— - - tegration of nuclei by high speed
; Em M/c m:/m%' ' electrons, The device will also be
e L e . used for the production of radio-
active metals
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Type 6C7

TwIN diode triode, heater type, ST-12
glass envelope, seated height 3% inches
(max), 7-pin octal base.

Ey» =63V
Iy = 0.3 amp
Ey =250v
E. = 90v
Iy, = 5.5ma

0
gm = 1250 micromhos
Basing 7G-3-6

Type 6D5

PowerR output triode, heater
metal envelope, 6-pin octal base.

type,

Ey, =63v

Iy = 0.7 amp

Ey=275v

E, = —40v

Iy = 31 ma

R; = 7200 ohms

. = 1.4 watts

Basing 6Q-1-0
Type 6D7

Similar to Type 6C6
TRIPLE grid detector amplifier, heater

tyPe, ST-12 glass envelope, seated
height, 415 inches (max), 7-pin base.
Ey=63v
In = 0.3 amp
Ey =250 v
Ea2 =100 v
E.= —30y
Iy =2.0ma
Iz = 0.5 ma
rp = 1.5 megohm
gm = 1225 umhos
Spacing 7H-5-6
Type 1A6

PENTAGRID converter, coated filament
type, ST-12 glass envelope, maximum
seated height 3%% inches, 6-pin base.

Er=20v

I; =0.060 amp.
Ey =180 v
Ees = 67.5

v
Ec2 = 180 v (supply)
e =—3vV
rp = 50,000 ohms
ge = 300 umhos
Teathods = 6.2 ma
Basing 6L-0-0

Type 1C4

SUPERCONTROL r-f amplifier pentode, |
coated filament type, ST-12 glass en-l
velope, maximum overall length, 41§

inches, 4-pin base.
E/r=20v
Iy = 0.120 amp
Ey = 180 volts
Eo2 =67.5v
Es=0v
» = 1000
rp = 1.0 megohm
gm = 1000 umhos
Iy = 2.5 ma
Iz =0.9ma
Basing 4M

ELECTRONICS — May 1941

® There is obvious satisfaction in the knowl-
edge that Guardian Electric Company engineers
always have specified G-E Textolite alone for

their single core relays.

Our pride in this vote of confidence, we believe, is justified. For the high standard
of Guardian products guarantees the quality of its component parts and Textolite per-

forms a vital function.

In the BK-16 relay, shown above, seven pieces of laminated Textolite are
fabricated to rigid specifications. More than 30 holes were punched and drilled with a
maximum tolerance of .002 inches hetween any two holes. All parts —to the number of

11,000 for this particular type—have a mirror finish on all sides and ends.

Guardian Electric’s success with the use of Textolite is indicative of the results
obtained by hundreds of users of this material for an almost unlimited variety of
applications. It is the result of a thorough plastics operation which General Electric
conducts in a sincere effort to produce the best possible quality at the greatest

possible speed.

For details, write Section H-45, Plastics Department, General Electric Company,

One Plastics Avenue, Pittsfield, Mass.

PD-174

P L AS T I C S§ D

GENERAL &) ELECTRIC
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T I
ype 6P7 (G) B C .
Similar to Type 6F7 ‘
Low-MU triode, r-f pentode, remote | ’quaR’qFT rypE
A G A s T@ VE‘ cutoff, ST-12 glass envelope, seated GEN EMO TORS
d height 352 inches, 7-pin base.

PR ® TRIPLE OUTPUT!!—Think what this means
| A 3 v

Tr — 03 amp —3 separate outputs from a single Dynamotor!
TRIODE SECTION The new Carter Triple Output Dynamotor
Es m{?}‘bv shown below, is winning wide acclaim in the
' %5 o Aircraft |nc'i|usfry begause of its high effi-
m 0 ciency, small size, an t i ight.
n_= 500 micromhos Y extre light weight
PENTODE SIICTION
Ey = 250 v
Jop 3 v
Iy = 6.5 ma
Ie 1.5 ma

Jm 1100 micromhos
T3 850,000 ohms
Basing 7U-0-8

UNAFFECTED BY DUST
DIRT OR TEMPERATURE

SET SCREW ADJUSTMENT
Type 6A4-LA ® Write today for descriptive literature on

FOR DELAY INCREASE
: . Powger amplifier pentode, filament 8"”};’" DY“;’;‘P’“:"SBD-C- f‘[’)A-C- C°“V°""&'5—
‘De. T- o E ouble and Triple Output Dynamotors— -
FOR USE w“-H E"HER type, ST-14 glass envelope, seated motors—Special Mofors-—l!iighmo B3 a9

height 474 inches (max), 5-pin base. Converters—and Permanent  tAa Frequency
= gnet Dyna-
A( OR D( CURRENT By =63v motors. Y
Iy = 0.3 amp
A ; Ey =180 v
Eez 180 v
DIVERSITY OF TIMING b ST

EFFECTS POSSIBLE £~ S
POSITIVE SNAP-ACTION

Basing 5B-0-0

1606 Milwaukee Ave, Cable: Genemotor

Corter, o well known nome in Rodio since 1922
TYPE CONTACTS

r wamii  °® This time de-
|,m1 lay unit is gain-
|

w{/ TERMINALS
DA TE L popularity | YP® 1AB | No- 140 SERIES

PENTAGRID converter, filament type,
ST-12 glass envelope, seated height
3%% inches (max), 6-pin base.

in industry for %’ wide and

13/32” high.
2 to 21 ter-

minals.
5-40 -x 3/16”

unfailing de-

. Ey 20 v SCrews,
pendablhfy. Its EI" (1)8%6 amp
1 b v
. . Beays 67.5 v
diversity of Eo = 135 (%" wide x %"
Sondlil - Y o g high.
S o o | B i
ming errecr— I - 2.4 ma 6 gnzu: &%_
I 2.3 ma screws,
from a fraction of a second to g = 300

Basing 6L-0-0
several minutes and its adapt-

- : : 1-5/16" wide x
ability to either AC or DC cir e g
2 to 17 ter-
minals.
8-3% x 5/16°
screws.

cuits make it particularly useful

for delay control under severe

Made in three sizes as shown above. Bar-

conditions. Descriptive bulletin | Type 2Z2/G84
rier strips not only make a long leakage

N-40, available on request; no Similar to Type 1-V path, buti prevent direct shorts fror S ammmed
HALP-wAvVE rectifier, filament type, wires at terminals. Molded bakelite insu-
ST-12 glass envelope, seated height lation.

3z inches (max), 4-pin base. Terminals, Terminal Panels, Plugs, and
Sockets made to your specifications.

obligation. Write for your copy!

i ’ E;,=20v
Iy =1.5amp
CONDENSER INPUT

Write for prices
TO FILTER

and samples.

E.c = 325 v (max)

E4rop(Tge = 90 ma)
rs L 20 v
- NEW JERSEY [JE:IEtYgiism

S e T4, = 45 ma
PANY [l HOWARD B. JONES
DIVISION {

2300 WABANSIA AVENUE,
CHICAGO ILLINOIS
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To Meet Your Specifications
—to Solve Your Problems

Don't take the selection of your antenna
for granted! In the past few years new
standards have been introduced that can
save you valuable dollars and step up the
efficiency of your station.

To be sure of the utmost in performance
and the newest improvements in design in-
vestigate the Lingo Vertical Tubular Steel
Radiator. Constructed of seamless copper-
bearing steel tubing of uniform and narrow
cross-section throughout, providing low
base capacitance; high characteristic im-
pendance; practically sinusoidal current dis-
tribution, Other exclusive features include:
o Moderate initial cost ¢ Exceptional high
efficiency ¢ Low maintenance cost ¢ Unex-

celled stability ¢ Five year insurance pro-
tection * Single responsibility for construct-

ing and erecting.

Our engineering staff will be pleased to sup-
ply you with technical details as they apply
in your own particular case—without obliga-
tion, of course. In writing please give loca-

ﬁgq, power and frequency of station.

AND/

TURNST
RADIATQ_{_

VERTIGH
"TUBULARS

The First and Only Antenna
of its Kind in the Industry!

The first Lingo Turnstile Radiator was fur-
nished even prior to the Lingo Turnstile in-
stallations at the birthplace of FM at
W2XMN, Alpine, New Jersey.

The improved, patented design now
available offers new features with exclusive
advantages—

¢ Antenna radiates a horizontal polarized
signal with uniform circular field pattern.

e Aniennas are custom built, and factory
adjusted to the operating frequency, mak-
ing no field adjustments necessary.

e Improved, simplified method of feeding and
coupling.

e Turnstile elements fed by cooaxial lines, no
open turnstile wires used.

e Available with 2, 4, 6, 8 or 10 layers of
turnstile elements depending upon desired
gain,

Quotations available now for stations up to
50 KW and include essential tubular steel
mounting pole, turnstile elements, coupling
equipment, transmission lines feeding the ele-
ments, etc. Climbing steps, lighting equip-
ment and sleet melting units are also avail-
able as optional equipment. Write today for

complete facts and please indicate your pro-

posed frequency, power and location.

JOHN E. LINGO & SON, Inc. Dept. E-5 CGAMDEN, N. J.

ELECTRONICS — May 1941
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Type 6C6

TRIPLE-GRID detector amplifier, heater

- : = type, ST-12 glass envelope, seated
N ”ﬂﬂm N height 38% inches (max), 6-pin base.

) Eyn =63v
SPRINGS ARE 4 ;2 £ Z 9%
IMPORTANT ¥ oo,
i ‘ Ib=2.0ma
f I 0.5 ma

re = 1+ megohm
ym = 1225 micromhos
Basing 6F-0-5

HE contact springs on AUTELCO
JR. relays provide proper pres-
sure for a reliable contact of low |
F”S/r/y[""lli" resistance — pressure that breaks |

through, with a “wiping” action, |
any contact-surface film that may

exist. Type 80

AUTELCO JR. relay springs have FULL-WAVE high-vacuum rectifier, fila-
adequate sepdration. They are | ment type, ST-14 glass envelope, seated
made to eliminate destructive arcs, | height 44 inches, 4-pin base.
by or to extinguish them rapidly it
V. /7:/77980.]//7] @ they should form when the load to EI' = 28 Zmps
. 7 = 2.
be broken 1S heavy. CONDENSER INPUT
E TO FILT]%‘.R
Learn to depend upon AUTELCO “§5(()r§ls(’m§§3pate) =
JA. relays for outstanding perform- Tac = 125 ma
ance. Total efiective plate sup-
ply impedance per
Wrifela today for detailed information, Address C}gl(g't’éﬁf 11%11)161%("1'}[‘!3
American Automatic Electric Sales Company | FILTER
1033 W. Van Buren Street Chicago, llinois Eao (rmsg, per plate) =
500 v (max)
AL | _l4c =125 ma
A U ‘r n M A T l [ Minimmum value of input
. \J7 | choke = 5h
RELAY MAKERS SINCE 1898 Eain e g 20 ma per

Basing 4C-0-0

5W SHEET-METAL .

HOUSINGS

GENERAL CABINET RACKS

Featuring Beauty, Durability and Economy,
these Streamline Cabinet Racks afford the
BEST in enclosures for an endless variety
of industrial electronic installations. The
five cabinets made in this series accom-
modate 19’ rack panels in heights from
834" 10 35”,

Call on our Sheet Metal Department
for estimates on your special
requirements. We make custom-
built cabinets, panels and punched
chassis for many types aof
commercial applications.

MIDGET CONDENSERS

Recently fifteen lowa school dis-
tricts have been equipped with com-
plete two-way intercommunication
systems enabling students con-
valescing from illness to have the
benefits of classroom instruction.
Shown here is the equipment lo-
cated in a student’s home; a similar
although more elaborate instrument

— B U D RA D I o I N C is located in the schoolroom. The

< y 4 LR L State of Iowa provides the devices

X CLEVELAND, OHIO and the school system pays the
telephone toll

BUD precision-built midget condensers are made in many
fypes and capacities far a variety of conmercial requirements.
They feature Alsimag 196 insulation, positive wiping rotor
contact, electro-soldered rotor and stator assemblies, bright
cadmivm plated finish, and rugged hanical constructi

We will be pleased 1o fumnish estimates on your requirements.
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RCA Cathode-Ray Oscillographs

=
raobf
LAintook

The Instantaneous
Curve-Tracing Instruments

The Oscillograph has become indispensable in so many applications and
to so many fields of science and industry, that it would be nearly impos-
sible to name one and say . . . “there is no use for Oscillographs here”.

Today, for instance, RCA Oscillographs are familiar and important instruments in
connection with such widely diverse interests as acoustics and vibration studies . . .
studies of magnetic phenomena . . . water leak tests . . . geological and geophysical
investigations . . . manufacturing operation tests . . . ignition timing and adjustment
... medical and biological research . . . engine pressure indications . . . power plant
maintenance...aeronautical engine synchronization...and a host of others, including
well-known applications in communications, radio, television operation and servicing.

Don’t overlook the help of these instantaneous curve-tracing instruments in solving
your problems. There’s an RCA portable Oscillograph to cover every application
that could be desired of a portable unit. They so well represent the most advanced
design and function that they have become the recognized standard of quality.

mayalsobeusedforengine-pressure measurements
and similar applications . . . Net Price, $130.00

No. 158 = 5" Television Oscillograph is a
highly specialized instrument, designed, not only

No. 155 — An inexpensive 3* Cathode-Ray Oscil-
lograph is ideal for the vast majority of service
applications. Provides large, clear images with
simplified front-panel controls. Net Price, $63.95

No. 160-B — 5 General-Purpose Oscillograph
will perform all the functions of other RCA
Oscillographs (except the Television model), and

for service work in accordance with present Tele-
vision receiver development, but in anticipation of
future television progress. .. NetPrice, $147.50

ASK FOR RCA CATALOG No. 105 — Describes RCA Oscillographs

and other Test Equipment for a wide variety of industrial needs.

RCA MANUFACTURING (0., fInc., Camden, N, J. ¢ A Service of the Radio Corporation of America:

ELECTRONICS — May 1941

in Canada: RCA Victor Company, Lid., Montreal

Typical Oscillograph Patterns

2 cycles of a 13,230 cycle per second
Television video wave showing blank-
ing and synchronizing impulse, and the
picture-forming video waves,

Typical Diesel engine pressure pattern
showing pressure variation during
compression and expansion strokes.

Response characteristic of a coupled
resonant circuit showing frequency
marker indication,

RCA BROADCAST
EQUIPMENT

=

From microphana
to cntenng
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Johnson Inductors and Condensers are not stock items but are
designed for your particular application. Standard with Broad-
cast stations for years they have assumed even greater impor-
tance in connection with phasing equipment and antenna
coupling units.

Write us your problems today—Johnson Engineers know the

answers.
Catalog 301 D Free

E. F. JOHNSON CO

WASECA, MINNESOTA

EXPORT, 28 WANHEN ST, NEW YORM N, V.
“"MANUFACTURERS OF RADIO TRANSMITTING EQUIPMENT "

He's Learning That

WIRE-WOUND RESISTORS do a

beiter job than the composition types.

Wire-Wound Resistors by Instrument Resistors, Inc. do
Terminals can be mounted at any angle, and
tolerances are closer.

uot vary.

Type WL shown here can be had for as little as 6 cents
each. Delivery when you want them.

DETAILED INFORMATION UPON REQUEST. Sper T
e =

Instrument

RESiStﬂI‘S, Int. urme FALLS, N. J.
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40 YEARS EXPERIENCE ——

ALL SHAPES — ALL SIZES
FOR ALL PURPOSES

Stamped, Formed, and Cast; Chrome, Tung-
sten Cobalt and ALNICO** (cast or sin-
tered) under G. E. license.

THOMAS & SKINNER

STEEL PRODUCTS COMPANY

116 E. 23rd STREET INDIANAPOLIS, INDIANA

Laminations for Radio Transformers — Tools
Dies — Heat Treating — Stampings

© PERMANENT MAGNETS

New Books

Television Broadcasting

By LENOX R. LoHR, formerly presi-
dent, National Broadcasting Co. Me-
Graw-Hill Book Co., New York, 1940.
274 pages, 88 illustrations. Price, $3.00.

THIS BOOK IS A DISCUSSION of television
broadcasting to give the reader an
overall understanding of its problems.
The economic and legal aspects of the
industry as well the technical and his-
torical aspects are discussed in an
easily understood manner. To the per-
son who desires a broad acquaintance
with the subject this book is an excel-
lent source of information.

The book opens with a discussion of
the broad influence of television on
society, both as an entertainment
medium and as a means of seeing news
events as they happen with the greatly
increased suspense over newsreels and
newspapers. The potentialities of tele-
vision for advertising and its power
to actually demonstrate the product
offered for sale is discussed. An ex-
ample of what can be done is the
dramatization of the use of a certain
brand of pancake flour. Presented on
the screen of the home receiver are
pictures of pancakes cooking on the
griddle and then being eaten by a
group of children. This is a more power-
ful advertisement than any words
could be.

A large part of the book is neces-
sarily devoted to description of the
methods of television and production
of various types of programs, or the
technical side of the problem. Anyont
reading this portion of the book cannot
help understanding the magnitude of
the problems involved in the establish-
ment and operation of a television
broadcasting station.

Important legal problems rest upon
the premise that television, in its oper-
ation, uses something which is a part
of the public domain, that is, the radio
spectrum, of which there is a very
limited supply. Television must, there-
fore, justify its use of valuable space
in the radio spectrum. Other important
problems have to do with acquisition of
rights to use copyrighted material, the
activities of labor organizations, rela-
tions with advertisers, many of which
are parallel to problems in sound
broadcasting. The book closes with a
summary of the regular service of the
first eight months of operation and an
appendix containing a typical tele-
vision script with the attendant pro-
duction directions.—c.w.
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WISE INVESTMENTS FOR TOMORROW!

Mounted on the panels or controls of the machines you build,
WEsToN Instruments offer more than an extra increment of sales
value for today...more than reliable protection for your ma-
chines during the active days just ahead. Their long-term depend-
ability will stand you in good stead after the defense period has
passed .. . when machine performance records will all be available
and when proved performance becomes a critical buying factor
once more. Weston Electrical Instrument Corp., 618 Frelinghuysen

Ave., Newark, New Jersey.

! Laboratory Standards . . . Precision DC and # Specialized Test Equipment... Light
. AC Portables . . . Instrument Transformers I Measurement and Control Devices. ..

I" e _Sensiﬁve' Relays . . . DC, AC, ond / E S O \ Exposure Meters...Aircraft Instruments...

i Thermo Switchboard aond Panel instruments. Electric Yachometers...Dial Thermometars,
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SIMPSON INSTRUMENTS
MEET TODAY’S DEMANDS

THE superiority of Simpson Instru-
ments-—the ability to stand up under
the drive of today's increased production
loads—comes from a fundamental bet-
terment, the Simpson movement shown
above. It's the same type of movement
as is used on precision laboratory in-
struments. It offers the fullest possible
measure of accuracy, plus the stamina
to maintain that accuracy - whether
used for production testing or as part
of your own products.

Just as this basic superiority makes
Simpson Instruments outstanding in per-
formance, Simpson prices make them
outstanding in value too. Because Simp-
son has standardized on this movement
throughout its entire line of panel instru-
ments and testing equipment, this better
design, finer craftsmanship, costs you
no more than you‘d pay for just-ordinary
instruments.

Write for complete literature.

J——

nd sizes.
dard styles 0. Investi-
“ line

SIMPSON ELECTRIC CO.
5212 Kinzie St,, Chicago, Il

o]
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'Priorities

(Continued from page 22)

great deal of work for the future.
But whether this work will leave
room for ordinary commercial pro-
duction of consumer goods is another
question. The manufacturers can
get needed stocks for defense orders |
very readily, and the priorities
assigned to such orders may be ex-|
tended to contractors and subcon-
tractors. But such is not the case
for non-defense production. The in-
dustry argues, however, that it must |
keep its forces intact, and regular
production going, so that the defense l‘
orders can be carried along effi- |
ciently with the other business. The |
argument is that if normal produc-
tion is curtailed or suspended, it may
be difficult to turn out defense equip-
ment, especially since a very large
proportion of the defense orders are
concentrated in the larger plants.
The prospective rise in prices is

i
|
|
|
|

' expected to have its effect primarily |

| component prices, or labor costs, will

in the lower priced brackets. It will
surprise no one if the $9.95 receiver |
is forced off the market temporarily,
and possibly permanently. The gross
margin available to the manufac-
turer on the cheaper sets is very
much narrower than on the higher
priced items, hence any increase in

quickly force an upward revision of
the price of such sets. Moreover,
many of those planning fall produc-
tion feel that it will not be sufficient
merely to increase the price of the |
$9.95 set, producing substantially |
the same chassis and mounting it in
the same cabinet. It appears to be |
much sounder merchandising to offer
a better set, at a proportionately |
greater price, and to incorporate in
the set some definite selling point, in ‘
the chassis or cabinet or both, which
will justify the price. It is thus thel
supposition, if not the fond hope, of |
many manufacturers that an im- |
provement in the price level, and |
quality level, will be forced on the'
industry. Whether the cure will be
permanent remains to be seen.
Faced with the situation just out- |
lined, the Radio Manufacturers As-
sociation has set up a priorities com-
mittee, consisting of Paul V., Galvin,
of the Galvin Manufacturing Com-

Here’s an oppor-
tunity for you to play with—a chance
to do some experimenting and whip
those “switch” problems You’ve been
up against. The Littelfuse Mercury
Midget is designed for low voltage
circuits up to 25 volts A.C. or D.C.
and currents up to 10 amps at 6 volts
and § amps at 25 volis. No friction;
no wear; no maintenance problem.
Positive make - and - break operation
eliminates ““flickering*’,

Two Sizes: 7/16” long and 3" in
diameter and 7/16"xl4” in diameter.
List price 15¢ each.

Some present applications are:
thermostat circuits; auto glove and
trunk compartments; radio door lights;
indicator circuits, etc. What applica-
tion will your experimenting suggest?
Write for full information.

LITTELFUSE, INC.

4755 N. Ravenswood Ave., Chicago, lIl,

Dependable

ONAN
ELECTRIC

COMPLETE — READY TO OPERATE ON
THE JOB during Emergencies when Power
Lines fail.

Operate anything Electrical — LIGHTS,
RADIO TRANSMITTERS and RECEIVERS,
Motors, X-Ray, All Appliances. Used by
City, State and Federal Departments,
Police and Fire Departments, in News
Pickup and Advertising Cars, Public
Buildings.

NEW STYLES — MANY NEW MODELS —
OVER 40 STOCK MODELS 350 to 50,000
Watts. Any Voltage — any Frequency —
Completely Radio Shielded. Highest Qual-
ity — Compact — Heavy Duty.

WRITE for Complete Details

D. W. ONAN & SONS

331 Royalston Ave. Minneapolis, Minn.
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DIMENSIONS

MOISTURE

N addition to one of the largest volumes of production in the
industry for laminated, sheets, tubes and rods, Formica main-
tains a very complete and well equipped fabricating department ABS ORPTION
for all types of machining on laminated parts. It also prints, {3
stamps and engraves sheet and tubing by a number of processes.

For 28 years the Formica organization has been specialized on
just one product — laminated phenolic material. It has main-
tained a large and well equipped laboratory whose business it
has been to learn as much as possible about that one product.
The result has been high and uniform quality, and the develop-
ment of special grades emphasizing special qualities to meet
particular requirements. You can get what you want in laminated
insulation from Formica. Send your blue prints for quotations.

POWER FACTOR
"AND

HYSTERESIS
LOSSES

The Formica Insulation Co.

ORMICA 4661 Spring Grove Ave.
Cincinnati, Ohio S
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pany, Fred D. Williams of Philco,
F. R. Deakins of R.C.A. Manufac-
turing Company, Ray F. Sparrow of
P. R. Mallory and Co., and A. Bleom
of the General Instrument Company.
A meeting of this committee was
scheduled for April 20th with Dr.
E. M. Hopkins, of the Metals and
Minerals section of the Priorities
Division. The purpose of the meet-
ing was a general discussion of the
means whereby the requirements of
the radio industry for restricted
materials might be reduced, to
determine if possible whether mate-
rials like copper and iron, now con-
sidered as substitutes, mav eventu-
ally fall into the restricted class.
and in general to discuss the posi-
tion of the radio industry in the
priorities outlook. The immediate
future of the radio manufacturing
industry, so far as the production of
receivers for home use is concerned.
depends on the point of view devel-
oped from such discussions. It
seems unlikely that any severe hard-
ship will be imposed on the industry,
insofar as it is an important part
of the defense production system.
But that prices will rise, and that
the customer may find new compro-

| mises in the sets offered this fall,

may be taken as certain.

In 1940, the industry produced
slightly more than 10,000,000 sets.
This year, early rosy predictions
have been revised radically down-
ward. Even if the industry gets the
breaks on all pending questions, it
seems unlikely that more than 5,000,-
000 sets can be produced this year.
This means a sharp reduction in de-
mand for components, and the sup-
pliers can hardly expect to make up
the difference selling to manufac-
turers for defense radio production,

| which consists primarily of relatively

small-volume orders of high-priced
units. Sub-contracting work will be

| available to many of these concerns,

which will help to stabilize the situ-
ation. But careful planning for the
immediate future is very much in
order.

Higher prices, lower volume,
questionable margins are the order
of the day. But the industry may be
encouraged by the faet that its

| members are working together, with

the government, in a way which in-
dicates a rapid adjustment to the
new conditions, which is in itself a
vital contribution to the ‘defense
effort.—D.G.F.
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THE ELECTRON ART

Generation of spurious signals by broad-

cast

stations, a precision integrating

sphere densitometer, line microphones,
an ionization gauge, and telephone trans-
mission circuits for radio programs are

reviewed this month

Spurious Signals

AN EFFORT to obtain quantitative data
on interference with radio transmis-
sions which is commonly characterized
by the generation of spurious signals
by the transmission of radio stations on
frequencies to which they are not
assigned is described in “The Genera-
tion of Spurious Signals by Non-
linearity of the Transmission Path,”
by Austin V. Eastman and Lawrence
C. F. Horle in the October 1940 issue
of the Proceedings of the . R.E. After
preliminary investigations in a number
of cities, it was decided to continue the
work in Seattle, Wash., because of the
constancy and severity of the inter-
ference in that city. There are six
broadcasting stations within the city
of Seattle, all of them within relatively
short distances of each other, and
within short distances of the business
and residential sections of the city.

A comparison of interference meas-
urements obtained show that the only
terms of importance results from the
expansion and reduction of the second
and third order terms of the power
series. These are:

From the second order term

1/2 BE? cos 2w, (1)
BE E, cos (v, = w,) (2)

and from the third order term
3/4 CEZE, cos (2w, = w,) (3)
3/2CE.E.E,cos (v, = w, = w) (4)

The E.E,.E, terms are the signal vol-
tages of frequencies w;,, w, and w, re-
spectively, and B and C are the coeffi-
cients of the second and third order
terms of the basic power series. Each
of these terms comprises three com-
ponent factors. These are: (a) The
frequency factor included in the
trigonometric term in each equation;
(b) The field product which includes
the voltage terms, raised to their
appropriate powers and the numerie
(8/2'E, E, E, in Eq. 4), and (c) The
susceptibility factor which comprises
the coefficient B or C.

Correlation of the data indicated a
sharp line of demarcation between
cases of interference and non-inter-
ference at a field product of about
0.001 (volts per meter)®. The data
obtained are probably too meager to
bermit any generalization as to the
value of the field product which must
not be exceeded to avoid cross modula-
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tion. Yet the evidence points strongly
to the conclusion that there is such a
value.

It is unfortunate that in the area
under consideration the centers of
population and areas of excessive field
products largely coincide, because of
the proximity of three most powerful
stations to each other and to the resi-
dential area. It is suggested that one
method for the avoidance of cross-
modulation interference lies in the
assignment of local stations to fre-
quencies which differ one from the
other by the same amount. Thus all
spurious signals generated by cross
modulation would lie on the frequency
of some other local station and would
presumably be masked. There is, of
course, the possibility that this would
constitute a disagreeable background
interference, but it is felt that this
may be the lesser of the two evils.

Precision Integrating-Sphere
Densitometer

A PRECISION INTEGRATING-SPHERE densi-
tometer which makes use of a photo-
tube and amplifier circuit is described
by J. G. Frayne and G. R. Crane in the
August 1940, issue of the Journal of
the Society of Motion Picture Emngi-
neers, and the November 1940, issue of
The Review of Scientific Instruments.
The articles in both magazines cover
the same instrument with a little
greater theoretical detail given in the
first mentioned periodical. The instru-
ment described was developed for the
measurement of density of photo-
graphic sound tracks in the motion pic-
ture industry to eliminate differences
occurring in previous densitometers
due to both design factors and differ-
ences in individual operators. A sche-
matic diagram of the integrating-
sphere densitometer is shown in Fig. 1.
It is well known that the illumination
of the interior surface of the integrat-
ing sphere depends upon the intensity
of light passing through the film at the
aperture in the sphere. Precautions
are taken, of course, to prevent illumi-
nation of the phototube surface either
directly from the film or from the point
directly opposite the opening of the
sphere which might be brightly illumi-
nated by direct light. By proper ampli-
fication of the phototube current and a
suitable measuring instrument, the
density of the film can easily be deter-
mined. A light chopper is placed in the

ELECTRIC SYNCHRONIZER

This synchronizer is used during firing practice of 50-calibre heavy
machine guns by the 62nd Coast Artillery at Fort Totten, N. Y. The
two men with the headsets receive information from the battery com-
mander stationed some distance away, on matters of wind velocity and
leads. This information is mechanically transmitted through adjustments
on the panel and impulses are sent through the appropriate cables in
the foreground which automatically adjust the sights of the gun



. PRODUCTS
- AIRCRAFT

'SOUND and other =
| POWER SUPPLY'USES

Pincor High fre h, silont,
.o built fof smoath

sion

mance: 510 &

ol units

ments.

d
peviof ]
cycles. 5P
output oF Teaure

cndﬂb‘e
f otors: affo d:,zrine and
Pincor DY uppty for aircr® is, etc. Big
§B° ‘powei' :evv'u:e. °b‘\e‘ u't_‘\o 5 to
b,oqdco{en“ = equ: Sotput UP to
est AT 10 110 volsi
watts. oY A
1750 volts-

I Write or Wire for Information

PIONEER GEN-E-MOTOR CORPORATION
A _ CHICAGO, ILLINOIS '
Exﬁo’rf'—ﬁzddres';‘f 25 Warren 5t., N. Y. NY.
Cablet Simontrice, New'Yo:"k }
A,

Ly

84

4

7.
?

|
d

|

light beam as shown in Fig. 1, to pro-
vide an alternating current of 600 or
720 cycles per second for a power sup-
ply of 50 or 60 cycles, respectively, so
that the use of a d-c amplifier is
unnecessary.

In order to measure effectively the
range of density in sound photographic
processes, it is necessary to read
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Fig. 1—Diagram of the integrating
sphere densitometer

densities as high as 3.0. This means a
range of 1000 to 1 or 60 db in input
voltage of the amplifier. To cover this
great range three ranges of 0 to 1.0,
1.0 to 2.0 and 2.0 to 3.0 are provided.
The range switch is shown in the out-
put circuit of the first amplifier tube
in Fig. 2.

A high gain stable amplifier is re-
quired to increase the output of the
phototube to a level suitable for meas-
urement. Since density is funda-

b 1603 1603
| 1603 Calib
FJ401 : 23

Fig. 2—Circuit diagram of the am-
plifier associated with the densi-
tometer

mentally a logarithmic function any
attempt to indicate density using
linear elements will result in an un-
even scale on the indicating meter
with crowding of the scale at the
higher density values. To facilitate
observation of the scale, it is desirable
either to make an amplifier with a
logarithmic response or to provide a
meter, the deflection of which will be a
logarithmie function of the current
supplied to the meter. A special meter
was developed having a full scale of 20
milliamperes with logarithmic response.
The damping of a meter of this type

is difficult to control because of the
wide variation of flux density at dif-
ferent scale positions, but the meter
period is sufficiently high that little in-
convenience is caused by the under-
damped condition which exists at the
left hand or zero end of the meter
scale.

Line Microphones

THE THEORY AND PRACTICE of line
microphones are described in two
articles which appear in the March
1941 issue of the Journal of the Society
of Motion Picture Engineers.

The first one is by Harry F. Olson in
which are described the characteristics
of the simple line microphone and the

1 Line ax/s -, ——
| P —

Incident )y
soung ~--- s

Fig. 1—Cross-section of the simple
line microphone and its directional
characteristics

line microphone with progressive de-
lay. The line microphone is defined as
a microphone consisting of a large
number of small tubes with the open
ends as pickup points equally spaced
along a line and the other end con-
nected by means of a junction to a
transducer element for converting the
sound vibrations which converge upon
the junction into the corresponding
electrical variations. In the micro-

Ribbon  Atagner

d

25T
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Incialent “B_'!L = E—L—% g :; Dampeo
sound~-., pIpe
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(7

Fig. 2—Line microphone with delay
and its directional characteristics

phone described in this article, the
transducer is a ribbon element located
in a magnetic field and terminated in
an acoustic resistance. Under these
conditions the output of the pipe may
be added vectorially. The directional
characteristics of the simple line micro-
phone for various ratios of length of
the line to the wavelength are shown
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in Fig. 1. These characteristics are
surfaces of revolution about the line as
an axis.

The simple line type of microphone
becomes quite long if high directivity
is desired at the lower end of the
audible spectrum. However, it is pos-

sible by introducing into the pipes a |

delay which becomes progressively
greater with the length of individual
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Fig. 3—Line microphone with delay
and pressure gradient element

pipes, to effect an increase in direc-
tivity. The method of obtaining the

delay is shown in Fig. 2. Also shown |

in Fig. 2 are the directional charac-
teris