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9 separate parts

16 soldered connections
14 mounting fastenings
5 sources of supply

UNCERTAIN RESULTS

them of the entire burden of interference

FILTERIZING makes your product radio-silent . . . 3
simply; economica"y, dependably. And the “FILTER-

IZED"” label, furnished free to Filterette

sales I)y te"ing the public that your product makes no radio
noise. Ask us for details of this trouble-saving, sales-
building service: we'll tell you all about it at no obligation.

TOBE DEUTSCHMANN CORPORATION - CANTON,

ORIGINATORS OF FILTERETTES o o

2
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The Tobe Uhy

| compact unit

4 simple connections

I convenient mounting
| responsible supplier

GUARANTEED PERFORMANCE

.. . but one makes needless work

ng, purcllasing, and assembly departments. while the other relieves

elimination. Tobe

s T =

users, helps build

MASSACHUSETTS

* THE ACCEPTED CURE FOR RADIO NOISE
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pariners in

® “Impossible” is a word that is not recognized by engineers. To dam a mighty
river, tunnel under it or suspend a bridge across it—things such as these that once
seemed pure imagination were made possible by instruments devised to refine
and extend human faculties, to translate the precision of engineering thought
into action.

Keuffel & Esser Co. is proud to have played so large a part in making such in-
struments widely available. In this way K & E equipment and materials have been
partners of the engineer and draftsman for 78 years in shaping the modern
world. So universally is this equipment used, it is self-evident that K & E nave
played a part in the completion of nearly every engineering project of any
magnitude. Could you wish any surer guidance than this in the selection of your
own “partners in creating”?

Not only fer construction and building, but for setting up precision.machine
tools and long production lines, in the fabrication of large ships and aircraft,

experienced engineers know that they can

° rely utterly on K & E transits and levels.

crea tl n Coated lenses for increased light transmis-
sion, precision-ground adjusting screws,

chromium-coated inner center and draw

tubes, completely enclosed leveling screws, improved achromatic telescopes—all
these typify the advanced design of these instruments.

| oo largest
telephone system

.+ the world’s
busiest tunnels

=

Profiing, Reprodudion,
Survesing Equipment
and Materials
Slide Rules,
Measuring Top s.
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KEUFFEL & ESSER CO.

EST. 1867

NEW YORK * HOBOKEN, N. J.

CHICAGO « ST. LOUIS * DETROIT * SAN FRANCISCO
[ L ;lQ% ANGELES * MONTREAL
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INDUCTION HARDENING is
1 actually so simple, that total-

ly inexperienced help, using
a work coil of proper design, can
handle really “tough™ hardening
jobs. Reason is you can apply
heat to = pre-selected area of a
part, leaving the balance com-
pletely unaffected. Simply place
Eart in work coil and press start

utton tc apply heat,

THESE FEATURES MEAN BETTER, LOWER COST PRODUCTION FOR YOU!

1 What's your heating prob-
lem? Brazing? Hardening?
Soldering? Annealing?
Melting? Heating for Forg-
ing? This new productive
unit handles them all !

2 Sturdy, long-life Oscilla-
tor Tubes are fully protect-
ed against overloads.

3 New Coupling System de-
veloped by A-C keeps losses
low and improves the out-
put efficiency

4 Complete 3-Phase Power
System with over 90%
power factor.

B Transformer is designed
for heavy-duty 'round the
clock production. Has large
reserve capacity.

6 Large, easily read instru-
ments show when power is
on, also indicate grid and
plate currents including fila-
ment voltage.

7 Automatic Timer controls
heat sequence in split sec-
onds from 2 seconds to 20
minutes . . . makes unit easy
for unskilled operators to
use. Also gives high pro-
duct uniformity and reduces
rejects,

8 All controls are on one
panel . . . protected from
tampering by door and lock.

9 Specially designed Choke
Coil protects rectifier tubes
from damage by high fre-
quency radio currents,

10 Safety Features: Heavy-
duty control; high water-
temperature switch; fuses;
interlocking switches on
doots protect operators.

11 Attractive, Compact Steel
Cabinet mounted on heavy-
duty casters encloses unit,
Provides shielding.
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to Harden...

WITH ALLIS-CHALMERS GREAT
NEW INDUCTION HEATER

AUTOMATIC TIMER can be
Z set for any heat sequence
in split seconds from 2
seconds to 20 minutes. When the
exact amount of heat has been ap-
plied at exactly the right intensity,
timer turns off power. Each suc-
cessive part receives the same
amount of heat, resulting in a uni-
formity difficult to obtain with
other heating methods.

CONTROLLED QUENCHING

1ssecret of uniform harden-

ing! With Allis-Chalmers
Induction Heater, water quench
can be direct connected to Timer.
Quenching operation and heat
sequence are /dentical each time.
This feature, plus design of work
coil, com letely controls hardness
and deptﬁ of penetration within
very close limits.

HARDENING SEVERAL
4 pieces at the same time,

coupled with simple, auto-
matic handling equipment further
increases productlon A-Cs In-
duction Heater is now being suc-
cessfully used for lower cost har-
dening of a wide variety of items
in many industries. Why not cut
your production costs with this
new electronic tool?

A 1997

NEW MOVIE EXPLAINS
INDUCTION HEATING

This new A-C movie in full color
and sound shows how a typical 5

ALLIS * CHALMERS

MILWAUKEE 1, WISCONSIN

lectnic Powerv

minute hardening operation is com-
pleted in less than 5 seconds . . .
other spectacular brazing operations! !
Contact your nearest A-C District - q
Office for a showing, or write direct >

to Allis-Chalmers, Milwaukee 1, Wis. m R qu
for a copy on loan. Film runs 1215

minutes on 16 mm sound projectors
only. Offer limited to continental U.S. A,

— Biggeot tof AU
of /nolu téial Products

HEAR THE BOSTON “‘POPS™: Every Saturday Evening, American Broadcasting Co.

ELECTRONICS — May 1946
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gt RECEIVER

Write for information on
how this new receiver
can be fitted into your
VHF.-UHF development
program.

ESTABLISHED 1910

F=-600"

3@0

an ACTUAL DIAL
CALIBRATION

Tllc new “UHF-6007 AM-FM com-
munications receiver, is designed to meet requirements of commercial
services and laboratories doing exploratory research in the region of
145 (actually less than 144 mc.) to 600 megacycles.

The high precision construction and design of this new receiver
make it ideally suited for use in conjunction with development pro-
grams where flexibility of equipment is important and where high cost
per unit is not a major factor.

The “UHF-600" features AM-FM, phone, CW, high sensitivity, single
dial control.

Inquiry is invited from any individual or organization requiring this
type of wide-range UHF recciver.

HAMMRARININD

THE HAMMARLUND MFG. CO., INC., 460 W. 34TH ST NEW YORK 1, N.Y.
MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT
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2 T WHISTLER

MULTI-USE ADJUSTABLE DIES

Here’s another production time and money sav-
ing advantage from Whistler. Now you can use
the SX series of heavy duty adjustable dies for
piercing materials up to and including V4" steel.

Punches and dies are available from stock in all
standard sizes from 14" to 3” diameters. No time
lost in getting into production. Absolute preci-
sion on short or long runs. Rearrange the same
units . .. combine with notching, special shape or
group dies if called for...
and go right ahead on the
next job. Whistler adjust-
able dies have unlimited

752-756 MILITARY ROAD

ELECTRONICS — May 1946

use and pay for themselves over and over. Work
in practically any type press and ordinary skilled
workers can make set-up changes.

Whistler Adjustable Dies are being used by the
top names in industry everywhere...there are rea-
sons aplenty. Tell us about your piercing prob-
lems. Send blueprints. No obligation in finding
out why Whistler Adjustable Dies should be
working in your plant.

S. B. WHISTLER & SONS, Inc.

BUFFALO 17, NEW YORK
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' RADIO '
FEATURES

. Bakelite Resinold Ends. Lead wire cannot
pull out, even under hot conditions.

. Non-Inductive.

. Excellent Temperature Coefficient.

. Very high leakage Resistance.

. Fine Power-Factor.

. Range from 20 MMFD to .25 MFD.
From 150 volis to 600 volis.

. Types P4N, P5N for 100% humidity oper-
ation.

. Types P4, P5 for 85% humidity operation.

Samples and price list on request

AUTO RADIDS

HEARING

May 1946 — ELECTRONICS



s tie MIB ISOMODE wounr

FOR POSITIVE VIBRATION CONTROL. ..

STACK UP THESE PROPERTIES
AGAINST YOUR DESIGN PROBLEMS

@ Equal spring rates in all directions
@ Non-directional—mount at any angle
@ High load capacity in compact size

@ Ample rubber for high deflection
capacity
@ Self-snubbing for overloading shocks

® Convenient mounting flange

PREVENT TRANSMISSION OF ALL MODES of
disturbing and damaging vibrations with
these unusually effective MB mounts. Engi-
neered by vibration specialists, Isomodes
have the same softness axially and radially.
They’ll isolate, to a high degree, all modes of
motion . . . horizontal, vertical and rocking.

MB Isomodes come in a range of spring rates
and sizes for your light, medium, and heavy-
weight mechanisms. Let us show you how

“ISOLATE ALL MODES FOR POSITIVE VIBRATION CONTROL"*

#Copyright the MB Manufactaring Company, Inc.

THE

MB

MANUFACTURING COMPANY, INC.

Vibration Division

327 East Street, New Haven 11, Conn.

ELECTRONICS — May 1946

Isomodes can fit into your present or pro-
posed plans, save you considerable design
effort, and assure top anti-vibration per-
formance. Write for details.

ey

Another Helping Hand on Vibration Problems

M B VIBRATION PICKUP

' Developed for both vibration detection and as an

aid to its analysis, the MB Pickup features excellent
response to very low amplitudes . . . exceptional
durability under conditions of severe vibrations . . .
negligible frictional effects . . . and calibration
stability over broad temperalure ranges. Output is
proportional to vibratory velocity, with effective fre-
quency range 5 to 1000 cps. The MB Pickup is

usually operated as a seismic instrument, and is
quickly converted for use in either horizontal or
vertical plane without affecting calibration. Write
for 4-page folder with full details and description.

VIBRATION ISOLATOR UNITS AND MOUNTINGS * SPECIAL VIBRATION TEST EQUIPMENT

9
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Button Mica Condensers
15—6,000 MMF

Feed-Thru Ceramicons
3—1,000 MMF

)

High Voitage
Double Cup Ceramicons
20—600 MMF

THE special problems inherent in tele-
vision receivers have been given careful atten-
tion by Erie Resistor engineers in designing
condensers for these applications.

The components illustrated above have been
correctly designed for efficient operation at
high frequencies. The condensers have low
series inductance and incorporate specially
designed terminals and mounting arrange-
ments. Of special interest is the high voltage
Erie Double Cup condenser for power supply

* ! ERIE RESISTOR CORP.
PENN'SYLVA'N':lA

BUY VICZTORY
BONDS
*

ERIE,

ldNDON,' ENGLAND ... TORONTO, CANADA

Tubular Ceramicons
1—15,000 MMF

Custom Injection Molded
Coil and Transformer Forms

ERIE RESISTOR

Stand-Off Ceramicons
1—2,500 MMF

Disc Ceramicons
51—7,500 MMF

Cinch-Erie Plexicon Tube
Socket with 1,000 MMF
built in by-pass condensers

ARl A

filtering circuits. Rated at 10,000 volts D C.,
and having a capacity of .006 mfd. these units
are unusually compact and economical. Plastic
coil and transformer forms are custom injection
molded to customer’s specifications.

We will be glad to send you technijcal data
and samples on any of the condensers shawn
above. Our engineers are at your service to
develop special ceramic or mica condensers
for television applications.

May 1946 — ELECTRONICS



For utility, economy and efficiency vou can't beat
a spring lock washer as a bearing. it acts as a

thrust washer.. . prevents the assembly working

loose...and at the same time is available at the

lowest cost.

But there is o difference in lock washers. Try a
Diamond G with Controlled Tension! Tension built
right in it, and you'll know why. Diamond G Lock

Washers provide positive spring tension ... plus

GEORGE K. GARRETT CO., INC.

1421 CHESTNUT STREET, PHILADELPHIA 2, PA.
MANUFACTURERS OF

DIAMOND <> PRODUCTS

LOCK WASHERS « ¢ FLAT WASHERS + o« STAMPINGS o

a full surface to act as a thrust bearing. This per-
mits full tightening of bolts or screws, safe-
guarding against excessive vibration, shock
and wear.

Remember, for safety it's Diamond G! For
quality i's Diamand G! For quick deliveries it’s
Diamond G! Write today for samples and the new
folder giving you complete details on the new

ASA and SAE specifications onspringlock washers.

e SPRINGS "¢ « HOSE CLAMPS « ¢ SNAP AND RETAINER RINGS

ELECTRONICS — May 1946



SPECIAL
TRANSFORMER

You can have them
constructed to your
exact needs

Why try to “‘get-by" with a transformer unsuited to your exact needs
when you can have units designed and tonstructed — to the most precise
specifications — which will meet your individual requirements and provide
the utmost in transformer life and dependability.

If you need a transformer in a range of one-half to 100 K.W. Miller can
make it. If it's a question of voltage — Miller has special X-ray trans-
formers rated at 80,000 volts and more. If it's a question of dielectrics —
Miller has designed many types to meet unusval dielectric requirements.

Perhaps your transformer requirements involve a question of size — per-
haps they include moisture-proofing, special mounting, numerous taps or
other troublesome specifications — but if it's a transformer problem, Miller
can solve it. Whatever your demands even if only a few units of a special
nature, write to us today for recommendations. Your inquiry will have our
prompt attention.

Here is an examp"e of one of the special
types we have designed. Units of this class can
be furnished in either shell or core type for
voltages to 10,000 and current values to
10,000 amperes.

j & ]

TRENTON 4, NEW JERSEY

May 1946 — ELECTRONICS



RADIO SETS
AMPLIFIERS
RADIO PARTS
"ELECTRONIC EQUIPMENT

Your copy of the complete, new Concord Catalog
is ready! It offers you the latest, greatest selection
of guaranteed quality RADIO SETS, PHONO-
RADIOS, RADIO PARTS, TEST INSTRUMENTS,
BOOKS, TOOLS, AMPLIFIERS AND ACCESSO-
RIES, AMATEUR KITS AND SUPPLIES, ELECT-
RONIC EQUIPMENT...page after page of post-war-
engineered equipment and parts you have long been
waiting for. All standard, top-quality lines. Thousands
of items. Money-saving prices. And fast service, direct
from our two centrally located warehouses in CHI-
CAGO and ATLANTA.

See the first peacetime line of Concord Radio Sets in

WE HAVE WHAT YOU WANT!

The new Concord Catalog displays the most
comprehensive stock in years! All well-known,
standard lines are fully represented. Equipment—
accessories— parts for all radio and electronic use
...for building, repair, maintenance...for engineer,
amateur, serviceman, soundmazn, retailer . .. com-
plete lines of tubes, instruments, tools, speakers,
condensers, resistors, relays, etc... PLUS a radio set
department offering latest postwar models...PLUS
the exciting line of MULTIAMP Add-A-Unit
Amplifiers offering many innovations in public
address units obtainable only from Concord.

new, modern cabinets with a host of post-war fea-
tures. See the thrilling MULTIAMP Add-A-Unit
Amplifiers, brand new in the field, with sensational
new flexibility, fidelity, and power—EXCLUSIVE with
CONCORD.

See the vast stock of everything you need in equip-
ment and parts...see them in the new, comprehensive
Concord Catalog, just off the press.

Your copy is ready...and it’s FREE. Rush coupon today.

i-------------------------------------------
CONCORD RADIO CORPORATION
901 W. Jackson Blvd.
Dept. G-56, Chicago 7, 11l.
Yes, rush FREE COPY of the comprehensive new Concord Radio Catalog.

RADIO CORPORATION

LAFAYETTE RADIO CORPORATION

CHICAGO 7

901 W.Jackson Blvd.

ATLANTA 3

2GS Peachtree Street

MrEPEESEEEEEEEE
Z
)
3
o
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LECTROFILM o o glance

Lectrofilm is the name of a new synthetic-resin
dielectric developed by General Electric Laboratories
which combines a greater number of desirable mechan-
ical and electrical properties than any other single
capacitor dielectric material. It is admirably suited for
use in dry-type, high-voltage capacitors because it—

1. Withstands high and low ambient temperatures

2. Has low power factor and its power
factor decreases as temperature rises

3. Has high dielectric strength and constant

4. chemically stable

5. Is strong and flexible

6. Has uniform characteristice

7 . Is moisture resistant

Z High-Yoltage
CAPACITORS for TELEVISION
Pulse Rectifiers

To smooth out the rectified high-voltage power
supply in television and similar electronic applica-
tions, G.E. has developed a new line of small,
light-weight, high-voltage capacitors. These new
components are specially designed to meet the
exacting restrictions in size and weight made
necessary by the compact design of modern
television receivers.

Currently available in two widely usable designs

flat cylindrical and long cylindrical—these Lec-
trofilm* units are equipped with prong-type
terminals, designed to meet the special mounting
requirements of modern television receivers.

Constructed of thoroughly tested and proved
materials, these new Lectrofilm capacitors make
available to the television engineer the high quality
and reliability demanded by today’s television
applications. Write for Bulletin GEA-4558.

G-E Lectrofilm capacitors, for use in television
pulse rectifiers, are now available in the ratings
given in the following table. (Other ratings and
designs will be available on request.)

RATINGS AND DATA

Capacitance ratings: all sizes .0005 Mu-f. Capacitance tolerance; plus
35 per cent, minus O per cent.

Maximum R-F Current | Approx. Dimen-
(Milliamperes) Net ' sions in Inches

Peak ‘

Working | Cat. No. | p s N | Length
Voltage | at frequenciesof | iy 0z, | Diam- | (ine.
| 20 Ke. | 100 Ke. } 300 Ke. | Sief | tecmic

- | | E nals)
FLAT CYLINDRICAL UNITS, with Terminals on Axis

5000 [29F201 | 15 50 150 Va 1% 1%

7500 |29F200 l 20 75 200 Y 1% 14
10,000 |29F196 25 | 100 300 1% 2% 13
16,000 [29F206 | 30 | 120 | 350 | 4% | 424 3
LONE CYLINDRICAL UNITS, with Terminals on Axis

5000 [29F203 | 10 | 40 100 % R 2%

7500 |29F204 10 40 100 1 2 |3
10,000 |29F202 10 | 40 100 I B | 4
16,000 |29F205 15 50 125 | 3 1% 5

* General Electric’s new synthetic-resin dielectric

May 1946 — ELECTRONICS
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TIGHT, FAST JOINTS
begin with the ioldering iron

With the new line of G-E soldering irons, operators
can solder just as fast as the nature of the job per-
mits. Tips stay hot during constant use. The Calrod
heating element close to the tip gives a short, low-
loss heat path to the work.

Sturdy construction prevents work interruptions
due to iron failure. Repairs are infrequent, even
under severe conditions. Available in five sizes and
types, from 75 to 300 watts, 115 volt or 230 velt.
Write for Bulletin GEA-4519.

REMOTE CONTROLS #iaf stay in

G-E selsyns stay synchronized; that
is why they are so widely used for
remote control and indication applica-
tions with single and multiple receivers.

Three sizes of high-accuracy selsyns
give operation to within plus or minus
1 degree. Where plus or minus 5 de-
grees is close enough, use lower cost
general-purpose selsyns.

Accuracy values are for 60 cycle,
110 volt operation. Write for Bulletin
GEA-2176A.

ELECTRONICS — May 1946

. TIMELY HIGHLIGHTS
 ON G-E COMPONENTS

MORE MAGNET ix deds 4pace

G-E alnico magnets are the answer to many a tough problem in
design, where coercive force must be large, and the magnet small.

They are formed by the cast as well as the sintered process which
makes possible rapid, large-scale, close-tolerance manufacture of both
complex and simple shapes. Compact, with uniform flux distribution
and grest stability, these mighty midgets facilitate the design of
small devices of high precision. Write for Bulletin GEA-3682A.

EVER NEED & son-linear resisbance?

Frequently, electronic designers need a non-linear resistance to
protect against voltage surges, to stabilize power voltages or to control
voltage-selective circuits. In Thyrite*, General Electric’s silicon-carbide
resistance material, current varies as a power of the applied voltage.
That is, I varies as E™,

For example, with a Thyrite resistor whose exponent is 4, doubling
the voltage multiplies the current by 2! or 16, whereas doubling the
voltage applied to a wire-wound resistor merely doubles the current.

Thyrite resistors are supplied in discs or rods, in diameters from

0.25 in. to 6.0 in. Write for Bulletin GEA-4138A.
* Trade-mark Reg. U, S. Pat. Off.

in a little dpace

These thin, internal-pivot panel
instruments have high torque,
good damping, and a lightweight
moving element that withstands
vibration. They respond rapidly
and accurately. They give you
more instrument in less space, because the internal-pivot
construction makes the entire element assembly 20 per
cent thinner than most outside-pivoted types. Ask for

details of the Type DW voltmeter or ammeter—milli,
micro, or radio frequency. Bulletin GEA-4064

sdeps

'----------------------

General Electric Company, Sec. 642-11
Apparatus Dept., Schenectady 5, N. Y.

Please send me

... .GEA-4558 (Lectrofilm capacitars) GEA-4138A (Thyrite) .
AAAAAA GEA-3682A (Sintered alnico magnets) GEA-4519 (Soldering ironsd
._GEA-4064 (Panel Instruments) .. GEA-2176A (Selsyns)

NOTE: more data available in Sweets' File for Product Designers

Name
Company
Address . .

City. - . State



SELF-TAPPING SCREWS

Designed especially for making fasten-
ings to comparatively thin sections and
bosses in friable and brittle plastics

ﬁEXPERT PLASTIC DESIGNERS AGREE that inserts

should be avoided whenever possible because they
slow down the molding cycle and add to the cost of
materials and assembly.

P-K TYPES “Z”, “F” and “U” Self-tapping Screws
have permitted the elimination of inserts in thousands
of plastic assemblies — with no sacrifice of strength, and
at greatly reduced costs.

THE P-K TYPE "F-Z’’, which combines the coarse
pitch thread advantages of the Type “Z” with the thread-
cutting characteristics of the Type “F”, permits the
recognized savings of the Self-tapping Screw fastening
method in a greatly increased range of plastic products.

FIVE CUTTING FLUTES distribute cutting pressure
evenly — prevent localized pressure and cracking
especially in friable or brittle plastics, by permitting
chips to drop to the bottom of the hole. The coarse
threads eliminate binding by acting as an additional
reservoir for the displaced material, and also offer
greater resistunce to stripping-out of the material.

PERMITS TROUBLE-FREE DESIGN. The minimum
stresses set up as P-K TYPE “F-Z” screws are driven
permit design of plastic shells with more uniform wall

PARKER-KALON TYPE F-L

3 Type “F-Z” Screws are not available
from stock, but may be made up,
quantity permitting, with slotied or
Phillips Recessed Head.

sections. Excessive variation of thickness, as at hosses,
often results in surface imperfections due to uneven
curing. Fastenings with Type “F-Z” screws permit
smaller bosses and thinner wall sections, with a result-
ant saving in material.

It may be the right answer to your problems of high
molding costs and excessive spoilage. It’s plain common
sense to find out NOW how you can make the savings of
30 to 50 per cent often achieved with P-K Screws.

SEND FOR SAMPLES of this unique screw. compare!
See for yourself. Parker-Kalon Corp., 200 Varick St.,

New York 14, N. Y.

In this typical assembly P-K Tvpe “F-Z" Screws replaced inserts and
permitted the use of small, island-bosses without sacrifice of strength.

SOLD ONLY THROUGH ACCREDITED DISTRIBUTORS

AT
= ,é
TYPE TYPE HEX
A a LI

PARKER-KALON

;2\' 525

TYPE TYPE "Z'
g PHILLIPS

SELF-TAPPING SCREWS

A FASTENING FOR EVERY METAL AND PLASTIC ASSEMBLY

May 1946 — ELECTRONICS
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o POLTTHENE

With the home television set, much of the attenuation and distortion

of images that sometimes occurs on the screen may arise in the lead-

in cable from the antenna to the instrument. But not with the new

Type ATV cable shown here. With this cable, attenuation is minimized
. . images are strong and clear.

The unusual design of this new lead-in line deserves much credit for
its high effectiveness. But note—what makes this design possible is the
excellent electrical properties of the insulation, of Du Pont polythene.

Because of polythene’s remarkable dielectric strength, a thin coating
of it is all that is needed. Polythene’s low power factor makes it un-
usually effective in every type of high-frequency circuit. Credit also
polythene’s light weight (specific gravity 0.92) and its ability to retain
its toughness and flexibility over a wide range of temperatures.

For complete data sheet on polythene, write to E. 1. du Pont de
Nemours & Co. (Inc.), Plastics Dept. 155, Arlington, N. J.

Du Pont manufactures polythene molding powder.

Commercial extruders convert polythene info the form of

ELECTRONICS — May 1946

Type ATV 1wo-wire polythene-insulated
cable, for use as television lead-in line
between antenna and receiver, made by

Anaconda Wire & Cable Co. (Photo 2.5 times

actual size.) This rugged, flexible cable, one

of the lightest of its type, has an attenuation
of 0.75 db/100 feet, and an impedaace of

300 ohms at 50 megacycles.

aU PONT

RES.y. 5. PAT.OFF.

Yast/cs

BETTER THINGS FOR BETTER LIVING
... THROUGH CHEMISTRY
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FI;w Aireon Manufacturing Corporation
is proud of the enviable reputation Cinaudagraph
Speakers have attained for high fidelity, superior
performance and ruggedness. This standard of
perfection will not only be maintained in Cin-
audagraph Speakers but will be extended through
the exceptional research, engineering and pro-
duction facilities of Aireon. Recognition and
acceptance of Cinaudagraph Speakers by leading
radio manufacturers is an assurance of their high
fidelity performance.

A complete line of speakers from two-inch
7 ‘ units for portable radios to fifteen-inch models
" W i for commercial phonographs and public address
‘[ eoHeC Tone Quality systems is produced at the Slater, Missouri plant.

e e R E e Write us about your speaker requirements.

music. Heart of their sensational performance is
the specially designed 15-inch, 12,000 cycle Cin-
audagraph Speaker which carries a maximum range
of harmonics and tone.

!

MANUFACTURED AT SLATER, MISSOURI

Subsidiary of =~ ] G,Munufucturing Corporation

SALES OFFICES: 401 FAIRFAX TRAFFICWAY,

1
KANSAS CITY 15, KANSAS

18 May 1946 — ELECTRONICS



New otrodte ;énzz’«ea/or//oésé Uoe

L)

PLATE VOLTS

10 l

¥ g

77

— al

a.

< .

w o

=

< 4

a.

LEWIS, atitsLosGatos,
California, planfis pre-
pared to build transmit-
ting, rectifying, indus-
trialor special puipose
vacuum tubes to your
specifications

LEWIS AT-340 was designed with several specific
ideas in mind. First, to give design engineers a
rugged and versatile 150 watt class beam tetrode
to simplify transmitter circuit design. Secondly, to
develop to a high degree the inherent low driving
power requirements of the beam tetrade. Thirdly,
toaccomplishboth these endsatlow*per-hour-cost”
by conservative ratings and careful manufacture.

MAXIMUM RATINGS
Class 'C’’ Radio Frequency

Power Amplifier and Oscillator
A minimum of structural insulation support

] f . .. D-C Plate Voltage . . . 4000 volts
enables operation under maximum conditions to
120 megacycles. Also permits high dissipation with D-C Plate Current . . . 225 ma
a relatively small bulb cooled by convection only. Plate Input . . . . . 750 watts
The AT-340 has a 5-pin metal sleeve base and Plate Dissipation . . . 150 watts
top plate connection. Filament is thoriated tung- To 120 Megacycles
sten at 37.5 watts, plate is molybdenum, dark body. Filament . . 5.0 volts, 7.5 amperes

Tubes and catalogs are now ready.

Subsidiary of Ai reon/

MANUFACTURING CORPORATION

LOS GATOS « CALIFORNIA

ELECTRONICS — May 1946 19
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With the dawn of the new electronic era CENTRALAB
again dominates the scene. The “CRL IN THE
DIAMOND” identifies a group of QUALITY com o-
nents engineered to the exacting requirements of the
new electronic age . . . . always specify CENTRALAB.

Ceramic Trimmers
Bulletin 695

Variable Resistors .
PRODUCERS OF Bulletin 697 Tubular Ceramic  Safedior Switches
Copacitors

¢ Eulletin 722
Ceramic High Voltage Capacitors Bulletins 630 and 586
Bulletin 814

20 May 1946 — ELECTRONICS
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THERE'S ALWAYS A GOOD REASON Why
one kid shoots up faster than all the others in
the neighborhood. It isn't luck. Most likely, it's
more vitamins, more sunshine and better care.

Companies like Cornell-Dubilier don’t grow
up overnight either. Experts like C-D engi-
neers dori’t just “happen”. Only here it isn't
what you eat or dream it's what you do. You
dig behind what others have told you. That's
research. You look beyond what others have
seen. That's pioneering. You sperd more time
and money, than might seem immediately
profitable, to become proficient in your field.
And when the “unheard of " has to be done,
industry expects you to do it.

When giant capacitors, that could handle
severe temperatures without the use of water-
cooling coils, were needed, they came to
Cornell-Dubilier. And when capacitors were
needed for the Proximity Fuze, in sizes so tiny
they had never before been envisioned, C-D
engineers were handed the problem.

Remember that when
your plans call for the
unusual in capacitor de-

signand dependability.

* * *
Cornell-Dubilier Electric
Corp. South Plainfield, .
New Jersey. Five other
plants in New Bedford,
Brookline, Worcester,
Mass. and Providence.

CORNELL- DUBILIER
CAPACITORS

ELECTRONICS — May 1946 2]
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REVERE PHOSPHOR BRONZES
OFFER MANY ADVANTAGES

Strength — Resilience — Fatigue Resistance — Corrosion Re-
sistance — Low Coefficient of Friction — Easy Workability —
are outstanding advantages of Revere Phosphor Bronzes, now
available in several different alloys.

In many cases it is the ability of Phosphor Bronze to resist
repeated reversal of stress that is its most valuable property.
Hence its wide employment for springs, diaphragms, bellows
and similar parts. In addition its corrosion resistance in com-
bination with high tensile properties render it invaluable in
chemical, sewage disposal, refrigeration, mining and similar
applications. In the form of welding rod, Phosphor Bronze has
many advantages in the welding of copper, brass, steel, iron and
the repair of worn or broken machine parts. Revere suggests
you investigate the advantages of Revere Phosphor Bronzes
in your plant or product.

. Flashlight clip

. Refrigerator door catch
. Fuse clip ;

. Switch contact
Condenser member
. Tension spring

. Contact blade

. Sliding contact

. Guide fork spring

. Switch tension spring
. Spring pressure plate
. 3-way plug contact

. Tin-coated bellows

. Flexible hose

REVERE

COPPER AND BRASS INCORPORATED
Founded by Panl Revere in 1801

230 Park Avenue, New York 17, N. Y.
Mz:lls: Baltimore, Md.; Chicago, I/l.; Detroit,
Mich.; New Bedford, Mass.; Rome, N.Y. —
Sales Offices in principal cities, distributors
everywhere.

Listen to Exploring the Unknown on the Mutual
Network every Sunday evening, 9 to 9:30
p.m., EDST. :

ONOGHWN -

- el
H W N =00
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SYLVA

CIRCUIT ENGINEERING EDITION

MAY Prepared by SYLVANIA ELECTRIC PRODUCTS INC., Emporium, Pa. 1946

ANNOUNCING!

EFFICIENT, NEW SYLVANIA R.F. AMPLIFIER TUBE

TYPICAL OPERATING CONDITIONS

Heater voltage
Heater current
Maximum plate voltage
Maximum plate dissipation
Maximum screen grid voltage
Minimum external negative

grid voltage
Maximum screen grid dissipation
Maximum heater-cathode voltage

6.3 volts

0.150 ampere
250.0 volts

2.0 watts
250.0 volts

1.0 volt
0.75 watts
90.0 volts

Here’s a new sharp cut-oft r-f pentode amplifier
designed especially for 6.3 volt and a-c/d-c
series service in Television and Frequency

Modulation receivers.

The tube may be operated with full plate volt-
age on the screen grid to produce high input

resistance as a result of reduced eleetron transit

¥

TYPICAL OPERATING CHARACTERISTICS
OF TYPE 7AG7 AS A
CLASS A1 AMPLIFIER

Plate current 6.0 Ma.

Plate resistance 0.75 megohm
Screen grid current 2.0 Ma.

Mutual conductance 4200 micromhos

Grid to plate .005 micromicrofarad Max.
Input 7.0 micromicrofarads
Output 6.0 micromicrofarads

|
|
|
{
] Direct Interelectrode Capacitances
{

time. Identical voltage requirements for plate
and screen grid also eliminate the need of screen
grid filter resistors and by-pass capacitors in

some circuit applications.

Inquiries concerning the new Sylvania Type
7AGT7 r-f pentode amplifier tube areinvited. Write

Sylvania Electric Products Ine., Emporium, Pa.

SYLVANIA¥ ELECTRIC

Emporium, Pa.
MAKERS OF RADIO TUBES: CATHODE RAY TUBES, ELECTRONIC DEVICES; FLUORESCENT LAMPS. FIXTURES, WIRING DEVICES. ELECTRIC LIGHT BULBS

ELECTRONICS — May 1946
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WITH BIG FEATURES

THE LITTLE RELAY

The Bulletin 104 Relay is small, yes . ..
but small only in size. It will do a big

job for you . . . and right where a

larger relay would be hard to get in.

Large wiping contacts that carry

heavy loads . . . heavy contact pres-

VARIOUS ARRANGEMENTS

Bulletin No. 104 Relays are
available in Single and
Double Pole, Single and
Double Throw, and with or
without an auxiliary con-
tact; with fixed, flexible or
adjustable contacts, with
Bakelite or Radio Frequen-
cy insulation.

=
\

- . LSN

sures to reduce arcing and sparking
.. . wide range of voltages for both
D.C. and A.C.

These are but a few of the big fea-
tures of the little 104 Relay . . . the
relay designed to meet your heavy
duty requirements where weight and

space are prime factors.

Write for Bulletin 104 today.

WARD LEONARD

RELAYS  RESISTORS < RHEOSTATS

Electric control devices since 1892

WARD LEONARD ELECTRIC COMPANY

32 SOUTH STREET, MOUNT VERNON, N.Y. o« OFFICES IN PRINCIPAL CITIES

24

May 1946 — ELECTRONICS



"?

stcmc has made a lot of “pick-
ups’’ along the line and here we are .
... breezing through the azure blue

... headed for the Show... and you.

It's going to be fun...shaking hands

with the old gang again. .. and the
new-comers, too. We’ll be holding

forth at the Stevens, where you’ll

e find Astatic Microphones, Phono-

. graph Pickups and Cartridges

. . . including many new and
improved models... on dis-

Fotel §L‘eamg play. We'll be seein’ youl

CHICAGO, ILL.
Headquarters for
Radio Parts National Trade Show

May 13, 14, 15 and 16

THE

4

ELECTRONICS — May 1946 25

P

CORPORATION
CONNEAUT, OHIO
In Canada: Canadian Astatic, Ltd. . Toronto, Ont.




THORDARSON

TRANSFORMERS
TRU-FIDELITY AMPLIFIERS

MEISSNER

COMPONENTS « KITS
SERVICE EQUIPMENT

VIBRATORS .
RUST-PROOF AERIALS

/W/

@ The Electronic Distributor and Industrial
Sales Department of Maguire Industries, Incor-
porated, was formed primarily to offer better,
faster service . . . to assume all merchandis-
ing, sales and customer relation duties and
responsibilities essential in marketing the
combined, precision -built products of the
Thordarson Division, Meissner Division and
Radiart Corporation.

26 May 1945 — ELECTRONICS



e

THORDARSON

MEISSNER

RADIART

QUALITY-BUILT ELECTRONIC PRODUCTS

TRANSFORMERS

® For all requirements...communi-
cations, sound amplifier, industrial,
experimental and amateur,

TRU-FIDELITY AMPLIFIERS

® Advanced tone compensation,
conservative ratings, multiple input
channels, low hum level, etec.

COMPONENTS

® Standard, plastic and Ferrocart

transformers; antenna, R. F. and

oscillator coils; accessories.

SERVICE INSTRUMENTS

® Meissner Analyst...a complete
servicing instrument; Signal Calibra-
tor ... self-contained and portable.

VIBRATORS

® Exact duplicate Vibrators, individ-
vally engineered . . . long life, low
noise level, minimum interference.

RUST-PROOF AERIALS

® A complete line, newly designed
to fit all cars. .. cowl, hood and under
hood types. Many exclusive features.

WRITE TO THE ADDRESS BELOW FOR MORE COMPLETE DETAILS!

ELECTRONICS — May 1946
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HIGHER VOLTAGES

(Real space savers)

HIGHER TEMPERATURES

(De-rating factor much smaller)

HIGHER INSULATION
RESISTANCE

(More than 20,000 meg. mfds. at room temperature)

SPRAGUE CAPACITORS using the exclusive VITAMIN Q
impregnant make possible the use of much smaller units—with a sub-
stantial safety margin—on numerous high-voltage, high-temperature
applxcatlons ranging from transmitting to television. Where high tem-
perature is not a factor, their unique characteristics assure materially
higher capacity-voltage ratings for a given size.

Type 25P VITAMIN Q Capacitors operate satisfactorily at high volt-
ages at ambient temperatures as high as 115°C. Insulation resistance
at room temperature is more than 20,000 megohm microfarads. Through-
out the temperature range of +115° C. to —40° C. they retain all virtues
of conventional mineral oil-impregnated capacitors.

Sprague Electric Company, North Adams, Mass.

SPRAGUE

CAN TYPES 25P

Two standard types, one far 105° C. and one
for 95° C. continvous aperation. Other ratings
available.

HERMETICALLY SEALED IN GLASS TUBES
Famous Sprague glass-to-metal end seals. Ex-
tended construction gives maximum flashover
distance between terminals.

WRITE FOR CATALOG 20A ...
including all Sprague Paper
Dielectric Capacitor types.

CAPACITORS * *KOOLOHM RESISTORS °* *CEROC INSULATION

*Trademarks Registered U. S. Pat. Off.

28
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WHERE PRECISION IS A MUST!

Perfection in control —precision
results—and production. . . .. thus
Electroforming by Bone Engineering
Corporation makes possible the for-
mation of the most intricate parts end
shapes on a production basis. Metal* RADAR WAVE GUIDES... produced by Bone Engineering
deposits are rigidly controlled in Corporation, manufacturers of Radar and Electronics equipment.
physical properties with an exactness
in pattern reproduction to within

tolerances heretofore unobtainable.

*Metals include nickel, copper,

iron, silver and various alloys.

wnil = il Mg T

DALE 4, CALIFORNIA

ELECTRONICS — May 1946 29



30

e e+ A LABORATORY-TYPE SIGNAL GENERATOR FOR SERVICEMEN

We've been designing and producing signal
generators for a good many years—each one the
best we were able to produce in that year. They
have always been pace-setters. Over the years they
have become the standard of utility in such instru-
ments for servicemen—distinguished always by
that inbuilt Simpson accuracy that stays accurate.
Every new model has stepped up the value, dollar
for dollar, of the serviceman’s investment.

Now this Model 415, with the widest frequency
range of them all, tremendously widens the value
range as well. Every dollar of its price buys more
than a dollar ever bought before, even in a Simp-
son instrument. We know, for instance, of several

1. Direct reading dial with continuous coverage from 70 Kilocycles
o 130 Megacycles in the following ranges: 75-200; 200-600;
600-1750 Kilocycles and 1.5-4.5; 4-15; 14-30; 29-65; 58-130
Megacycles.

2. Model 415 is practically independent of line voltage fluctuation.
Calibration is stable regardless of wide variations in line voltage.

3. RF output is controlled through its entire range, eliminating
the necessity of a separate connection for high uncontrolled out.
put as found in other signal generators.

4. RF output voltage is practically constant throughout the en-
tire frequency range.

5. Modulation from 0 to 100% using either the 400 cycle internal
sine wave or an external source. A range from 0 to over 20 volts
of 400 cycle sine wave is available for external use.

6. High fidelity modulation up to 100% from below 60 cycles per
second to over 10 Kilocycles per second.

7. No unwanted frequency modulation present.

8. Each Signal Generator is individually calibrated against a crystal
. -conirolled frequency standard.

9. Substantial construction assures maintenance of calibration ac-
cnracy indefinitely.

ASK YOUR JOBBER

signal generators built for laboratories only, sell-
ing at twice and three times the price of the Model
415, that will do very little more than this new
Simpson Wide Range Signal Generator for AM
and FM. And no serviceman’s instrument we know
of even approaches Model 415 in range, control,
constancy of output, completeness of attenuation
and degree of utility. Here is another of Simpson’s
1946 developments in instruments for radio and
television servicemen, the product of long and re-
warding research.

We offer Model 415 in the proud knowledge
that it is not likely to see its peer for a long time
to come.

PANEL—Lustrous black anodized aluminum. Dial is encased in a
molded bakelite escutcheon with glass covering for protection
against damage and dire. Functional switches and controls are
mounted on engraved molded bakelite panels.

CASE—Steel, copper plated for shielding effect and finished in
black durable wrinkled enamel. Leather carrying handle.

SHIELDING —In addition to the overall shielding offered by the case
and panel, the coils and tuning condenser are individually shielded.
then an additional shield is placed over these two assemblies. This
series of shields together with other factors reduce leakage to an
absolute minimum.

COILS—Low loss RF coils are individually calibrated by means of
variable inductance and variable minimum capacitance. These ad-
justments provide the means for greatest possible accuracy in cali-
bration.

BAND SELECTOR—The rotating turret coil assembly permits the
use of shortest possible wiring, resulting in minimum circuit capaci-
tance and permits quick selection of any frequency range.

CONDENSER—A two section tuning condenser using either one sec.
tion or the other provides for ideal inductance to capacity ratio on
all bands. Smooth vernier tuning permits accurate adjustment of the
selected frequency.

Price $115.00

SIMPSON ELECTRIC COMPANY

5200-5218 W. Kinzie St., Chicago 44, lilinois
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NEW SIMPSON
WIDE RANGE
SIGNAL GENERATOR
FOR AM AND FM

|
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LUl TRPTTY

HANE 10 us.a

W) WATCH FOR NEW SIMPSON DENELOPMENTS ...  THEY ARE WORTH WAITINS FOR
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Using Corrosion Resistance, Ease of Machining

L

SHEETS

§§ RODS
O\ TUBES
©

e

FABRICATED PARTS

/ MOLDED- MACERATED
MOLDED-LAMINATED

=\
@o

—

ANE\V way to locale oil makes use ol waves
originating from a detonation of dynamite.
Wave reflections are picked up by flower-pot-
like “ears’ strategically buried over the sus-
pect arca and seismographically recorded.
The pot or case, containing a sensitive elec-
tro-magnetic element, can be made of various
materials. With Synthane, however, no special

surface finish is required to resist corrosion.
Synthaune is also easilv and quickly machined,
and non-magnetic. In short, Synthane is eco-
nomicatly betlter.

Is Synthane better for your job, too? Could
be! Whyv not find out, preferablv before you
design? We're ready to help vou with design,
materials or completely fabricated parts.

SYNTHANE CORPORATION o ¢ RIVER ROAD ¢ OAKS ¢ PENNSYLVARIA

SYNTHAME TECHMICAL PLASTICS « DESIGN » MATERIALS « FABRICATION



By the time you read this, it’s likely reconversion will be

complete or nearly complete. Plant reconversion. -

Bul before many a new product is born or an old product
reborn, there will have to be a reconversion of thinking.

Some prewar notions aboul plastics and their limitations
will have to be shelved, if they have not already been. Why?
Because, even in the unspectacular technical plasties which
we make, there have been important changes in resins and
fillers. Low-loss and impact malerials have been improved.
Postforming of so-called thermosetting laminates is no
longer a laboratory curiosity.

The old and erroneous habit of regarding plastics as
ersatz materials has almost died out. Now il’s the rule to
use plastics where they rightfully belong, or not use them
at all. As il to prove the point. there were so many legiti-
male uses for plastics during the war, plastics couldn’t be

PLAN YOUR PRESENT AND FUTURE WITH SYNTHANE
TECHNICAL PLASTICS - SHEETS - RODS - TUBES - FABRI-
CATED PARTS . MOLDED-LAMINATED . MOLDED-MACERATED

.o‘n“":.
spared for service as substitutes.

Reconvert your thinking about plastics? Yes! By all
means go over every single part of your product or equip-
meni to see where the advantages of plastics can be properly
used to your advantage.

If plastics offer all the properties you want, or more than
you want, at a more economical cost—considering labor,
malerial, ease of manufacture, length of life, sales appeal, re-
placement expense, customer satisfaclion -then useplastics.

Should our own type of plastics—Synthane—seem to
answer vour purpose, let us help you investigate the use,
find the right grade of Svnthane for the job, and—if you
desire—f{abricate the material lor you.

The complete Synthane catalog is packed with helptul
information. Before you forget, tear out the coupon and
send for your copy now.




What DOES Make a
BETTER Loud Speaker?

WILL the possession of physizal facilities and desire create a better product?
No, because for all of their mportance, these possessions are certainly not unique.
All institutions have them b some degree. Is it fanciful claims and fluent use of
superlatives in product description that make a product better? Obviously not Is it
the achievement of theoretiexilly perfect performance in the laboratory? No, nat that
either, for perfection in such -espects does not necessarily create the practical adeal.

The simple truth is that no product can be better than know how and the honest
application of that know hcw as the product is created and its virtues desciribed.

What is the yardstick of t-ese ingredients in a product? The record of ackieve.
ments and the list of contributions to the advancement of science and art iz one
good measurement. The First PM Speaker, the Bass Reflex Principle, the Fypex
Formula are just a few of the advancements contributed to the industry by JeNsEN,
There is also the endorsemsent by those users and connoisseurs of Loud Speaker
performance whose first amd last emphasis is always on superiority. JENSEN Loud
Speakers and Reproducers are the overwhelming choice of such people. Fiaally,
and perhaps most importemt of all, there is the established custom of the manu.
facturer to make honest statements as to the real ability as well as limitations of
the product. Here at JENSEN this has always been a fixed policy, an absoiutely
essential ingredient in homesty of purpose, even though by some standaxds it
is called “selling down.”

And so, a better Loud Speaker is created because of know how, achievement as
shown by the record, signiicant endorsement and integrity of purpose from s:art to
finish. JENSEN Loud Speaker Products, personnel and policy meet these requirements.
For those interested in the proper appraisal, selection, use and operation of Loud
Speakers, JENSEN is publishing a series of Technical Monographs —of whica five
issues are now in print. Nce the titles listed below and write for one or all of them.

5 MONOGRAPHS AVAILABLE

7. Loud § ker Freq y-R M 1
2. Impedance Matching and Power D stribution
3. Frequency Range in Music Reprodu:tion

4, The Effective Reproduction of Speech

5. Horn Type Loud Speackers

FREE to the Armed Forces, Colleges, 25c
Technical Schools, Libraries Each

JENSEN RADIO MANUFACTURING CO

6607 SO. LARAMIE AVENLE, CHICAGO 33, ILLINCEZ
In Canada: Copper Wire Products, Lid., 137 Oxford Street, Gwelpk, On-

Sheecialisls in @eécyn and ;/ﬂaou%wlww o/ Fene Adcceestlical éogatﬁnsz
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That hour-after-hour steady grind calls for

PERFORM ANCE

lN S‘] l‘I‘N (:"‘: as provided by
AFQ-VPX RM'W CAPACITORS

e This induction heating unit bears the name of a world-
famous manufacturer. A great reputation is at stake. Such
equipment must stand up—hour after hour, day in and day
out, for months and years to come.

None but outstandingly dependable components can be
risked in such equipment. And the selection of Aerovox
Series 1940 stack-mounting capacitors is based on two good
Teasons:

First, Aerovox are rating-plus capacitors. A comparative
study of specifications is invited. Second, Aerovox provides
Continuous Service Rating Data for all its current-handling
capacitors. The equipment designer knows precisely what
such capacitors can and cannot do. These two points alone
can write a performance insurance policy.

»
Contin ]
TYPEI;O::;wSerwce Rating Dat¢a
o Maximum Current in A, : ' 950-' 960-' 970-' 980
rometric Pr ol i
e;;zlzlre ifait; 32 inches M ecm;'l_::,t’:dT;'\e’"I,p{mmm 2 e
Boda mum Ambiens Ter'nperarur: ;:'J’rt‘C‘HunIidi’y £ 5

TYPE 1940

e —————

Catolo
Number e 1000 00

\ - k
€.
! 1940.236 75\

1940-203

I
|
{
i

4.5 .

1940. : :

40-204 5

1.2

1.5

2.0

2.4

2.5

' 33

‘ [} Interested in periormance in- ::S
surénce protecﬁon for youf assem- 5
blies? Then insist on rahx-ag-plus :
specihcaﬁons and conimluO\;s g‘
service rating datax; or 1sxmposx[‘ :

i . Literature

specily AEROVOX ¢
request. !

FOR RADIO-ELECTRONIC AND
INDUSTRIAL APPLICATIONS
"NEROVOX CORPORATION, NEW BEDFORD, MASS.,U.S. ATV

SALES OFFICES IN ALL PRINCIPAL CITiES « Export: 13 E. 40th ST., New Yorx 16, N. ¥,
4

Cable: ‘ARLAB’ o In Canada: AEROVOX CANADA LTD., HAMILTON, ONT,
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%%M ﬁdﬂt .. ENGINEERED TO A SPECIFIC NEED

This is a special-purpose electronic part. It is a plug-
receptacle assembly for use with rack-panel type of
mounting. Twenty-four silver-plated phospher-
bronze contacis are provided, each male and female
contact full floating between steatite plates. Heavy
guide pins and matching holes in the frame assure
perfect alignment.

We don’t know that your product has any need for
such a part as this. We do know, however, that this
part is most exactly suited to its special requirement
just as are hundreds upon hundreds of other parts
which have been created through Lapp engineering
and Lapp production facilities directed to the solu-
tion of specific problems.

With a broad basic knowledge of ceramics—their
capabilities and their limitations—Lapp has been
able to simplify and 1o improve many types of elec-

ELECTRONICS — May 1946

tronic equipment through engineering and produc-
tion of sub-assemblies that make most efficient use of
porcelain or steatite and associated metal parts.

There may be a way you can improve performance,
cut costs and cut production time through use of
Lapp-designed and Lapp-built sub-assemblies. We’'d
like to discuss your specific requirements with you.
Lapp Insulator Co., Inc., LeRuy, N. Y.
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Laminated Precious. Metals

make these t/az'ngs possible . . .

. Desirable electrical, mechanical or chemical quali-
ties of precious metals can be added to the strength
or other desirable properties of base metals, pre-
cisely where and as required.

’ Finer, more lasting finishes than are otherwise
obtainable in base metals.

Precious metal properties of corrosion resistance,
electrical superiority, and durability can be ob-
tained without solid precious metal costs.

Uniform maintenance of lamination ratios with no
porosity, pit marks or defects.

SHEET: Sheet is manufactured in any combination of metals and in
any quality or ratio, single or double plate or striped. A recently
developed specialty is edgelay. Laminated sheet can be produced as
thin as .003 of an inch; in widths from 14 inch wide to 6 inches wide,
and within tolerances of .0001” t0 .0002” depending on the material.

We are able to supply laminated or solid sheet with a fine mirror finish
suitable for production of the finest precision parts or decorative pieces.
Sheet or strip is supplied coiled or flat according to the customer’s
specifications and depending on the dimensions. From this sheet prac-
tically any form or type of product may be produced.

TUBING: Because our tubing is actually deep-drawn sheet, its quality
is easily controlled. Dimensional limits lie berween approximately
015”7 O.D. to 2” O.D. with wall thickness as small as .005”. Very
close tolerances can be maintained both on wall thickness and diam-
eters. Laminated tubing is now used in the electrical industry, for
electronic applications, high frequency radio parts, delicate instrument

assemblies and in the chemical industry. for non-corrosive containers
and conveyors. In addition to round tubing, almost every other con-
ceivable shape may be had, whether rectangular, octagonal, or star
shaped, etc. Riogs, sleeves and jackets are quickly and economically
cut from laminated tubes. Machining and forming operations can often
be eliminated or reduced by the use of specially shaped tubing.

WIRE: We draw wire to diameters as fine as .005” to .006” depending
on the material, and the precious metal thickness can be held to a
tolerance of .0001”. In spite of such small dimensions, such wires are
often engraved for decorative purposes ot shaped for industrial use.
Laminated wires, available in every conceivable shape, are widely used

in spectacle frames, in various instruments. for formed plated springs,
low cost electric wire (silver coated steel), radio electronic parts,
where expansion must be held to a minimum (silver on invar), and in
chemical apparatus when corrosion must be prevented. We also make
solder wire and preformed rings for straight line production.

To assist you in the application of our products to your products we are maintaining
a staff of thoroughly experienced metallurgists, chemists, designers and consultants . . . an
up-to-date research and testing laboratory . . . and a splendidly equipped tool room. These
are all at your service to cooperate with your own staff to the full extent of our facilities.

SHEETS -

WIRE - TUBING -

SOLDERS

Your inquiries are cordially invited. Ask, too, for a
copy of our new descriptive folder on silver solders.

, PRODUCTS

FABRICATED PARTS AND ASSEMBLIES

D. E. MAKEPEACE COMPANY

Main Office and Plant, Attleboro, Massachusetts

NEW YORK OFFICE, 30 CHURCH ST.

CHICAGO OFFICE, S5 EAST WASHINGTON ST.
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OSCILLOGRAPH

o
WITH A 5-41#64 CATHODE-RAY TUBE

o Ideal for schocl and college classroom demonsirations!

® A practical tool for the radio service man!

WATCH FOR THE

rvee. . 274
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USE STANDARD PARTS—SAVE TIME AND MONEY

1T

For many years
} Avutomatic has manufactured
Coils and Trimmers for manufacturers.

Ovur mass-production methods
will save youv money and headaches.

Order your Coils and Trimmers from
people who “know how”.

-
(I HUTOMATIC

\  MANUFACTURING | = -

' \CORPORATION/"

MASS PRODUCTION COILS & -MICA TRIMMER CONDENSERS
900 PASSAIC AVE. o ——m—mmmm-—" _EAST NEWARK, N. J.

= s e 4

38 Moy 1946 — ELECTRONICS



NEW...

H-f power tube for FM with
RING-SEAL CONTACTS

® Tube can be installed or replaced in a
few seconds

® Greater area of ring-seal contacts in-
creases h-f circuit efficiency

® Superior electrical characteristics in-
clude (a) minimum inductance
(b) no neutralization required
(c) extremely low driving power

® A pair of GL-7D21’s easily will handle
output for a 3-kw FM transmitter

RANSMITTER designers will welcome the

new GL-7D21, most modern, most practical
of FM power tubes. Ring-seal contacts—an im-
portant General Electric development—mean
fast tube installation or replacement (therefore
less time off the air) while providing generous
terminal-contact areas. . . . Electrically, Type
GL-7D21 is equally advanced. There is complete
internal shielding of the 4 electrodes, and pro-
vision for a r-f ground plane makes possible
external shielding as well. . . . The tube is de-
signed with minimum internal inductance. Low
grid-to-plate capacitance eliminates need for
neutralization. Plate ratings (see right) give
the GL-7D21 an output sufficiently large so that
a pair will more than meet the needs of a 3-kw
FM transmitter—with only 120 w driving power
(for 2 tubes) required!...G-E tube engineers
will be glad to assist you in applying this mod-
ern, compact, highly efficient tube to your latest
FM circuit. See your nearest G-E office, or write
to the Electronics Department, General Electric
Company, Schenectady 5, New York.

RING-SEAL
. /CONTACTS

Y
//,/ ’ ///FlLAME_bT

/CONTR. GRID

/ﬁcaeen GRID

R-F. GROUND
PLANE
*

Sketch shows how easily a
GL-7D21 cam be plugged in.
The concentric ring-seal de-
sign provides ample contact-
surface for all terminals.

RATINGS OF TYPE GL-7D21

Filament voltage 6.3v
Filament currant 30 amp
Frequenty in megacycles at max ratings 110
Type of cooling forced-air
Max plcte ra-ings, Class C telegraphy:
veltage 4,000 v
current 1 amp
input 3,000 w
dissipation 1,200 w

GENERAL ) ELECTRIC

FIRST AND GREATEST

ELECTRONICS — May 1946

181-€7-8880

NAME IN ELECTRONICS
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THE ROAD TO SUCCESS

has no Speed Limit . . .

IF you can ‘mandfacture your product as fast or faster than

your competitors you’ll find a clear road ahead . . . smooth sailing.

If you can’t. .. look out for red lights! ... and call for Atlas ... YOUR
INDUSTRIAL HIGHWAY SUPERVISOR.

Geared to this high speed age, the Atlas staff of more than 400 skilled
Engineers, Machine and Product Designers and Toolmakers will make
a careful study of your 'problems and not only suggest remedies but

produce and test them as well.

Whether requirements necessitate re-design of product . . . tooling
new equipment . . . special automatic machinery or production lines,
the service is yours, partially or completely; in cooperation with your

present staff or independently.

In addition, our plant has complete machine sections with every type

of modern equipment for production, assembly and testing.

ATLAS METAL STAMPING COMPANY
ATLAS TOOL & DESIGNING COMPANY
CASTOR AND KENSINGTON AVES., - PHILADELPHIA 24, PA.

This service . .. second to none . .. is described and pictured in our
Brochure “A Load off Your Shoulders onto Qurs”. Copy on request.

3 ’ /
Sinoones, Y
MacHINER /
/)
N /
\ 2
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TReoee on ELDORAD ¢

Y8

Typhonite Eldorado — the comfort-

able, trusted pencil whose purpose

is to work with you! It brings out

the best in every drawing and does

a beautiful job on every job!

DIXON’S TYPHONITE

EFLDORADO

PENCIL SALES DEPARTMENT, JOSEPH DIXON CRUCIBLE CO., JERSEY CITY 3, N. ]J.



Automatic Manufacluring Corporation, East Newark, N.J., wanted
an insulating material with suitable power factor and resistance to

moisture, high dielectric and uniformity, to provide permanent insu-

lation under any operating conditions_ ® Varnished cambric — straight cut and bias
® Varnished cable tape
Atfter exhaustive tests, Natvar varnished kraft paper was selected, @*VioTniziied [canvaE

: ] . ® Varnished duck
and is used exclusnvely in the thousands of these transformers now am,s o
® Varnished cellulose acetate

being Shipped daily. @ Varnished special rayon
. ® Varnished Fiberglas cloth
If your requirements call for insulating materials of good physical @ Varnished papers
and electrical performance characteristics — plus exceptional uni- Satiamizhediicbingy andslesing

f . l d l l . . “ ® Varnished identification markers
ormity — plus prompt delivery — plus service, it will pay you to ® Lacquered tubings and sleevings

get in touch with your Natvar wholesaler or with us direct. Write, @ Extruded vinyl tubing
wire or phone. @ Extruded vinyl identification markers

Werite for Catalog No. 20

THE NATIONAL VARNISHED PRODUCTS

TELEPHONE CABLE ADDRESS
RAHWAY 7-2171 NATVAR: RAHWAY, N. J.
201 RANDOLPH AVENUE * WOODBRIDGE NEW JERSEY

B5-NVP-1



I#’s What’s Behind

CLARE RELAYS
That Keeps Them in Front

@®Clare Relay engineers have “thrown away the book.” They are notrestrained
in their relay designs by hidebound ideas, outmoded methods.

From this modern equipped research laboratory, pictured above, come the for-
ward looking Clare “Custom-Built” Relays that free design engineers from
old-time relay limitations.

Products of a progressive company, entirely devoted to making relays to meet
the most exacting applications, Clare “Custom-Built” Relays encourage engi-
neers in every branch of industry to count on the flexibility of Clare Relays and
the skill of Clare engineers to provide unusual, new, and improved features
to meet every requirement.

Do you want smaller, more compact construction to fit into streamlined equip-
ment? Is your need for more efficient operation . . . ability to withstand unusual
vibration . . . new and different electrical characteristics? Look to Clare for all
these things . . . and more.

Clare Sales Engineers are located in all principal cities to help with your relay
problems. The Clare Engineering Data Book will be mailed at your request.
Address: C. P. Clare & Co., 4719 W. Sunnyside Avenue, Chicago 30, Illinois.
Cable address: CLARELAY.

CLARE RELAYS

“Custom-Built”” Multiple Contact Relays for Electrical and Industrial Use

This Clare Type "G'" d.c. Reloy is a
relay for the spot where inches and
ounces count. Measures 22" long.

200 Onme |
5450 Turns
No.33 E.C.

¢. P. GLARE & 60 5

Clare Type "GMS"Relay usesstandard
Type "G’ frame for operation of one
or two snap-action switches,

i 5000 Turna
" #354 Formex
| 0.7, CLARE & CO.

afuaaaﬂ =

The Clare Type "GAC” Relay gives
an equally compact relay for a.c.
operation, Design permits very quiet
operation,




ELECTROSTATIC VOLTMETER

£ - PORTRBLE
PROJELTING
FLUSH

llllll

RANGES

150 Volts
300 Volts
- 450 Volts
- 600 Volt;
- 750 Volt;
0-1000 Volts
0-1500 Volts
0-2000 Volts
0-2500 Volte
0-3000 Volts
0-3500 Volts

0

[oNo>NaNe)

FERRANTT ELECTRIC, 1NC. coloccimes s

Ferrant] Electric, Ltd., Toronto, Canada - Ferranti, Lic., Hollinwood, England
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Problems
like
these
spell

out

DAG

Problems like these spell out D-A-G
in the electronics field—because the
unique properties of that unique

purposes. It is available as a stable
dispersion in water, oils, volatile
hydro-carbons, alcohols, glycerines,

product, ‘‘dag” colloidal graphite,
have spelled out their solutions so
often.

“Dag” colloidal graphite has
properties which make it ideal for
very high and very low temperature
lubrication, for parting and prevent-
ing seizure, for forming electrically
conductive films, for coating and im-
pregnation, and for a host of special

idal products

ACHESON COLLOIDS CORPORATION, Port Huron, Mich.

and other carriers. It finds as many
uses in industry as 19 significant
properties and 18 dispersions find
functions to serve—and that’s scores.

For evaluating those 19 properties
and 18 dispersions in terms of your
interest, write for the specialized
literature listed below—and see if
your problems don‘t spell out D-A-G.

G

REG.US. PAT. OFF.

ACHESON COLLOIDS CORPORATION SIS

This new literature on ‘*dag’ colloidal graphite is
PORT HURON, MICHIGAN DEPT. E E-5

|
| yours for the asking:
: l 460 | A data and reference Lbooklet regarding **dag® D

colloidal graphite dispersions and their applica-
tions. 16 pages profusely illustrated.

Pleas: send me without obligation, a copy of each of the bulletins checked:

I a2 Facts uhsou! *dag” colloidal graphite D NAME - _—
| for ASSEMBLING AND RUNNING-IN
L—==-" ENGINES AND MACHINERY. POSITION. . s
Facts about ‘*dag?’ colloidal graphite
as a PARTING COMPOUND,
Facts about “dag®® colloidal graphite ADDRESS. o
]423 as a HIGH TEMPERATURE LUBRICANT. D PENE NG ST

Facts about ‘‘dag colloidal gra-
phite for IMPREGNATION AND SUR- D
FACE COATINGS.

OUR PRESENT OIL SUPPLIER IS

431

{Lubricants containing **dag®® colloidal graphite are
9 ]

Facts about **dag?® colloidal graphite in the FIELD D
available from major oil companies.)

OF ELECTRONICS.
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SHEAR TYPE

i jv i

Bouded Rubber |
b b gl 3 A 5 @\I’
- MOUNTINGS
e = s ,

i i s oE* i

'L

a flexible mounting which protects your equipment from shock and
vibration; increases service life, improves accuracy, permits lighter con-
struction and wider manufacturing tolerances, reduces noise and decreases
personnel fatigue. It is compact in design and easy to install.

The picture shows a very simple looking little gadget, made of rubber
and metal. It’s a typical Lord Bonded Rubber Plate Form Mounting, of which
millions are in use. They are produced to accommodate loads ranging from
one half to several hundred pounds.

So far as application is concerned, it’s just as simple as it looks. But
years of study, research and experiment have gone into 1ts construction and
design. The development of a rubber to metal bond of great strength, enabled
Lord to produce this mounting which utilizes the flexibility of rubber stressed
in shear to isolate vibration.

When you come to Lord with your vibration problems, you are getting

an answer that represents the last word to date in scientific research and
development. Send for Bulletin 104.

* BUY VICTORY BONDS *

im TAKEs BONDED RUBBER 7 Sdear 10 ABSORB VIBRATION

Every genuine Lord Mounting LORD MANUFACTURING COMPANY

carries the name “*LORD" ERIE, PENNSYLVANIA

embossed in the rubber or in

raised lotters on the forgings. Originators-of Shear Type Bonded Rubber Mountings
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*
"~ Constant Voltage

. . . is always available to equipment protected by a
SOLA CONSTANT VOLTAGE TRANSFORMER

Are you looking for new ways to—

1. Increase the efficiency of your
product?

2. Lower its cost to the user?
3. Reduce maintenanceexpense?

Much of this can be accomplished
with a SoLa Constant Voltage Trans-
former built into your product. Now,
more than ever before, electrical
equipment needs line-voltage pro-
tection.

Stable voltage, direct from supply
lines, is not available to the users of
your equipment. Voltage may vary
as much as 15-20% from the rating
on your label. Your equipment will
be blamed for the inefficient opera-
tion that results.

Build a SoLa Constant Voltage
Transformer into your equipment
and operating voltages will always be
within = 1% of rated requirements

regardless of line fluctuation as great
as 30%.

There is a wide range of sizes and
capacities in Sora Constant Voltage
Transformers which can be built spe-
cifically for your product. The sav-
ings you can make through the elimi-
nation of other components and an-
ticipated service calls, plus greater
operating efficiency and satisfaction
to your users, merit your considera-
tion of Sor.a Constant Voltage Trans-
formers as a component in your
equipment design.

SorLa Constant Voltage Transfor-
mers are fully automatic with no
tubes, or moving parts. They require
no supervision or manual adjust-
ments.

There’s a new SorLa handbook
that describes fully the theory, oper-
ation and use of SorLa Constant
Voltage Transformers. Write for
your copy.

Ask for Bulletin DCV-102

) Consta&%ﬂormers

Tronsformers for: ConstantVoltage - Cold Cathode Lighting « MercuryLamps + Serieslighting - Fluorescent Lighting + X-RayEquipment « Luminous Tube Signs
Oil Burner Ignition - Radio + Power - Controls + Signal Systems - etc. SOLA ELECTRIC COMPANY, 2523 Clybourn Avenue, Chicago 14, lilinels
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THESE FEATURES IN THIS
ONE GREAT RELAY

AUTOMATIC ELECTRIC’S CLASS "B” RELAY

Think of getting not just one or two, but 2// six of the features you want
—combined in one relay! That’s the new Automatic Electric Class “B”
relay. It’s a leader in every detail of design and construction—a relay
to meet the most exacting service requirements, in a wide range of relay
applications.

Because relay users know a good thing when they see it, our entire pro-
duction for many months has already been spoken for. But you’ll find the
Class “B” relay well worth waiting for, with its unique combination of
design details:

Independent twin contacts for dependable contact design for important savings in space and weight.
closure ... efficient magnetic circuit for sensitivity and Made for coil voltages to 300 volts DC and
high contact pressure . . . unique armature bearing 230 volts AC, with capacities up to 28 springs;.
for long wear under severe conditions . . . compact also with magnetic~-shielding cover, when desired

The Class "B’ relay, and many others, are shown in Catalog 4071. Write today for your copy.

AUTOMATIC S ELECTRIC
ﬁ’ AUTOMATIC ELECTRIC SALES CORPORATION
1033 WEST VAN BUREN STREET e CHICAGO 7, ILLINOIS

9 Canada: AUTOMATIC ELECTRIC (CANADA) LIMITED, TORONTO

PARTS AND ASSEMBLIES FOR EVERY ELECTRICAL CONTROL NEED

- May 1946 — ELECTRONICS



Left: Federal’s

5-KW Transmitter,
\ Type 165A, in a pre-
war installation at
WDOD—a network
~. station

-y o

ederdl ngmeermg offers you

H’/VPodem Design

2 Higher Efficiency

ZD Lower Operating Cost

o IN 5=, 10=- AND 50-KW
BROADCAST TRANSMITTERS

Federal’s vast time-tested engineering and manufacturing facilities are now engaged
in production of standard AM radio transmitters for early delivery . . ..5, 10 and 50
KW. ..with station equipment from microphone to antenna. A F ederal engineer will
be glad to give you complete specifications. Write for bulletin. ;

Now in Production
for Early Delivery

Right: Federal's 50-KW
Transmitter Type 162, in-
stalled at WABC. Similar
installations built to your
order.

Federal Yé/eplmne and Radio Q oz;aoralzoﬂ

Newark 1, New Jersey

Export Disteibutar: g
International Standard Blectric Corporation -'.r,,(. '4;,-
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TO A NEW ERA IN SOUND

Wesrtern Elecfric

AVE you ever heard a sound system with
such natural tone, such emotional quality,
such “presence” that you didn’t know instantly
that a sound system was in action? It’s pretty safe
to say you never have. But now you can!
Revolutionary advances born of wartime re-
search have resulted in a new Western Electric

48

loudspeaker that reproduces speech and music
with unsurpassed fidelity.

You'll find it hard to believe you are listening
to reproduced sound rather than the original.
That is why this new Western Electric loud-
speaker is destined to open a new era in all
fields of sound reproduction.

May 1946 — ELECTRONICS
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Model RR en-
closed split-phase
Reversible Motor.
Alliance Motors
are rated from
less than 1-400th
up to 1-20th H.P.
With or without

integral gears.

powr-P AKT

To get more motion—remote control—auto-
matic action—that's the aim of most modern
designs!

Alliance miniature Powr-Pakt Motors—light
weight, compact, easy to install, grew from
the millions of Alliance Phonomotors made
for the radio industry.

As vital component power links in every
electronic, radio and heating control se-
quence, they’ll reduce waste motion, manual
effort, and Multiply Your Moves!

WHEN YOU DESIGN —KEEP
IMPORTANT! See the Alliance exhibit af # ‘ .
Chicago Radio and Electric Equipment Sh

Hotel Stevens, May 13-16, Booth #98

" MOTORS IN MIND

ALLIANCE MANUFACTURING COMPANY o ALLIANCE, OHIO

ALLIANCE TOOL AND MOTOR LTD., TORONTO 14, CANADA
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medl epailing demands of

MODERN ELECTRONIC DEVELOPMENTS

/™

V/ /0

At/ /

V7
/

Stupakoff Kovar®-glass seals provide permanently manufacturers of electronic tubes and others who
'vacuum and pressure tight, insulated electrical have their own glass working facilities.

lead-ins on products which must be sealed from A line from you as to your sealing problems will
the atmosphere, even under the most adverse enable us to make specific recommendations and

climatic conditions. supply the applicable literature.

Metal-glass terminals are available, or can be
made in shapes and sizes to suit your needs . . .
with single or multiple, hollow or solid electrodes.

Kovar alloy is also available in the form of
sheet, rod, wire, tubing and special shapes for the

Visit Booth 138 at RMA Exhibit, Chicago — May 13-16

Reg. U.S. Pat. Off Trade Mark No. 337962

CERAMIC AND MANUFACTURING CO. ° LATROBE, PA.

EXPORT DEPARTMENT 13 E. 40TH ST., NEW YORK 16, N. Y, CABLE ADDRESS ARLAB ALL CODES
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PERMEABILITY TUNING

PIONEERS
ORIGINATORS

Y
Aladdin First Recognized the advan-
tages of P. T. conceived by

Johnson Laboratories

P. T. has meant Aladdin ever since
that time
\

Aladdin’s Persistent Research has
made Commercial Permeability
Tuning Practical

‘/
The Priceless Skill and Knowledge of
this Pioneer Organization
is available to you

Aladdin Radio Industries,

INCORPORATED

Licensee of Johnson Laboratories

501 West 35th Street
Chicago 16, lll.

ELECTRONICS — May 1946
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® Retailers and distributors of radios, appliances
and similar products can now use to better advantage
the storage and floor space once needed for special
DC models.

And manufacturers can now say goodbye to the
time-wasting labor once required in providing special
models for the limited “DC market”.

These great benefits are made possible and prac-
tical by &£ ’s complete line of Vibrator Inverters
. efficient DC to AC conversion units that give
longer service and increased capacity at lower cost.

INVERTER

LABORATORIES, INC.

INDIANAPOLIS
OFFICES IN 22 CITIES

VIBRATORS AND VIBRATOR POWER EQUIPMENT FOR LIGHTING,

52

} RADIO
ON DC...

r

ENGINEERED
THIS INVERTER

MODEL 204

Proved in thousands of applications in war and
peace, &£ Vibrator Inverters are extremely simple
in design, have only one moving part, and are pre-
cision-constructed in every detail. The absence of
brushes, armatures and bearings eliminates lubrica-
tion and other routine maintenance.

Get all the facts on &£ Vibrator Inverters! For
products with new or unusual requirements, &2
engineers are equipped and ready to design special
power supplies.

There o an €L VIBRATOR INVERTER
for each impontant application

i tos, i i electric motors, coin-operated equipment, pudlic
address systems, neon sigas, electric_razors and other products.
(Typical of 26 EL Models avoilable to meet your
Mo, INPUT QUTPUT oUTPUT LOAD DIMENSIONS
L1 VOLTS DT VOLTS AC WATTS PF.(%) "]
302 6 115 100 80-100

WwT. PRINCIPAL
(bs.)  APPLICATIONS
1034 "x7 4 x814" 2314 Radio Receivers,
Appliances
Radio Receivars

1034727 Va"x8Y," 25
Transmitters,

507 12 115 150 80-100

Appliances
146 32 ns 350 80-100 16”x10"x8%4" 48 Receivers,
Transmitters,
Coin
Pnonognppx
204 s s 150 3R"EY AN 12, Radio Receivers,

268 1ns 1s 750 80-100 20711 114" 66 13,
munications

Equipment

COMMUNICATIONS, ELECTRIC AND ELECTRONIC APPLICATIONS
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FITS A SHALL GEAR PROBLEN

FRACTIONAL Hop,

"‘\

Mmy of America's most
critical buyers specify

“G.S.” when they want small
gears. They have learned to
depend upon our craftsmen
for a degree of uniform excel-
lence unequalled in the history
of small gear manufacture.
You see, G.S. specializes in the
design and manufacture of
Fractional Horsepower Gears
exclusively! Our entire time
and effort is devoted to doing
this one job better. If you have
a_plan or a product in which
the quantity production of
precisionsmall gearsisinvolv-
ed, for your own best interests
discuss it with a G.S. engineer.
Discover the unusual efficiency
and economy of our methods
developed thru a quarter
century of intensive special-
ization in custom-building
Fractional Horsepower Gears.

EAR Specialties

€

X WORLD'S LARGEST EXCLUSIVE MANUFA[}TURERS OF FRACTIONAL HORSEPOWER GEARS@

ELECTRONICS — May 1946
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HEIGHT--92 INCHES

’BIG NEWS! A large screen television receiving tube with all
the advantages of direct viewing —high picture definition and
more than adequate brightness for demonstrating under usual
showroom lighting conditions. Measures only 20 inches long to
permit graceful cabinet design.

OTHER IMPORTANT FEATURES...
1. Essentially flat face
2. 7.5 — 10 KV anode supply
3. All-magnetic deflection and focusing
4. Nc; ion trap

LET DU MONT’S REPRESENTATIVE PROVE THIS IS YOUR "'BEST BUY!”

54 May 1946 — ELECTRONICS



See the Turner Exhibit at the Parts Show,
Booth 49, Stevens Hotel, Chicago, May 13 to 16.

Turner pioneers again! Colortones are here
to bring distinctive beauty to microphone applications.
Especially created for bands, television studios,
entertainment spots and home recorders, these rugged
plastic microphones come in a range of gem-like colors.
Their lustrous, streamlined beauty will blend,
harmonize or contrast with any setting.
And new inside too! Improved crystal and dynamic

Designed by

circuits result in smoother, more accurate reproduction. ARTHUR HAGGSTROM,
Write for complete specifications and information Noted Industrial Designer
on Colortone colors now available. I 'u

The TURNER Company
905 17th Street, N. E., Cedar Rapids, Iowa

TURNER-Pioneers in the

Communications Field

Licensed under U. S. Patents of the American Telephone and Telegraph
Company. and Western Electric Company. Incorporated.
Crystals licensed under patents of the Brush Development Company
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A SHOT IiN THE ARM !

T ISN’T every product you can say that
about. But Corning Coil Forms are some-
thing special. Functionally they can add flexi-
bility to your designs and improve perform-
ance. One type, for ordinary frequencies,
carries the conductor in a groove with metal-
lized tabs for connections. Another type, for
high frequencies, employs the metallizing itself
as the conductor. They have a low loss factor.
The glass surface resists contamination, is
chemically stable and is unaffected by weather-
ing. And they are available with many different
terminals and mounting fixtures.

One of the most interesting things about these
Coil Forms is their dimensional stability and
their electrical properties over a wide range of
temperatures and frequencies. Best of all, you
can have them made out of Corning’s 96%
silica glass No. 792, which has extremely low
loss characteristics from 60 cycles to 3000

megacycles. Yet this glass stands extreme
thermal shock; in many cases it can be used
at 900° C.

Coil Forms are only one of the ingenious and
highly perfected electronic products made from
glass by Corning. Some others are shown
below. One of them or an adaptation may be
just what you need to speed assembly or im-
prove designs or secure hermetic seals. If so,
write, wire or phone Electronic Sales Depart-
ment, E-5, Technical Products Division,
Corning Glass Works, Corning, New York.
One of our engineers will call on you promptly.

NEW BULLETINS on Corning’s Glass Compon-
ents, Metallized Glassware and Vycor Brand 969,
Silica Glass for The Electronic Industry are now
available. A note on your business letterhead
will bring your free copy of one or all of them
by return mail.

NOTE —The metallized Tubes and Bushings, Headers and Coil Forms below are all made by the famous Corning Metallizing
Process. Can be soldered into place to form true and permanent bermetic seals. Impervious to dust, moisture and corrosion.

ﬁ O i}
£ = R
= ()
ﬁ £ 0 pa
I o
/—\ o

Metallized Tubes for
resistors, capacitors,
etc. 20 standard sizes
147 x 2" to 1Y4” x 107,
Mass-produced for
immediate shipment.

Headers — The best
way to get a large
number of leads in a
small space for as-
sembly in one oper-
ation.

Metallized Bushings.
Tubes in 10 standard
sizes, 5" x ¥4" to 1”7
x 4% In mass pro-
duction for immedi-
ate shipment.

r—

./
VYCOR Brand cylin-
ders —very low loss
characteristics.

Eyelet Terminals — Coil Forms—Grooved
Single or multipls for ordinary fre-
eyelets permitdesign quencies—metallized
flexibility. Standard for high frequencies.
items readily avail- In various designs
able in quantity. and mountings.

Stands thermal
shock up to 900°C
Can be metallized.

“VYCOR”, “CORNING” and “PYREX” are registered trade-marks and indicate mansufacture by Corning Glass Works, Corning, N. Y.

ELECTRONICS — May 1946
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Products of the same reliability which protected lives
aboard the thousands of navy and merchant ships dur-
ing the war. The Company’s war-stimulated production
capacity, with improved manufacturing techniques and
experienced craftsmanship, makes General Cable your
logical source of supply for All-Asbestos and Asbestos-
VC Wire and Cable needs...Phone, write or telegraph
the nearest General Cable office. Catalogs available for

your advance information.

GENERAL CABLE

C O R P O R ATI1 ON

Manufacturers of Bare and Insulated Wires and Cables for Every Electrical Purpose

L CABLE| & |.
gﬁ“‘r-w 3 z
- fad [y
2\ /

%
‘J)‘ 4 £
O
A 4’7’31
VN
Headquarters at 420 Lexingon Avenue, New York 17, N.Y. General Cable Corporation Sales Offices
are located at: Atlanta, Boston, Buffalo, Chicago, Cincirnati, Cleveland, Dallas, Detroit, Houston,
Kansas City, Los Angeles, New York, Philadelphia, Pittsburgh, Rome, N.Y ., St. Louis, San Francisco,
Seattle, Washington, D. C.
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e yang®
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e Contacts “remember” which
coil was last energized—by inter-
locking mechanically in position
until they are released by energiz-

ing the other coil.

e Will not open in the event of

power failure.

MECHANICAL LA T“CmH_-.LhLm .
ELECTRICAL RE-SET TYPES

e Ideal for battery circuits. Con-
tacts “stay put” without consum-
ing any power.

e Standard and midget types for
either AC or DC, and with any

required contact or mounting ar-

rangement.

STRUTHERS-DUNN, Inec., 1321 Arch St., Phila. 7, Pa.

R

T

P

ATLA‘NTAOBALTIMORE*BOSTON*BUFFALO-CHICAGO-C-|NCINNATI-ClEVElANUoDAllAS
DENVER*DETROIT+ HARTFORD INDIANAPOLIS«LOS ANGELES e MINNEAPOLISes MONTREAL
NEW YORKPITTSBURGH »ST. LOUIS+» SAN FRANCISCO « SEATTLE « SYRACUSE « TORONTO
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VARIABLE CAPACITORS

...direct to you...from the 5

plant nearest you LY
Where is the supplier located? What about ship- j —'WAT!SEKA: ILL.
ping costs? How fast deliveries? What about 4

specialized engineering assistance ?

TORONTO

R/C has solved problems such as these for its
clients by maintaining, in addition to its big Camden,
N. J. plant, an affiliate in the Middle West and a
subsidiary in Toronto, Canada. CAMDEN, N. J.

These plants, servicing sales offices from New
York to California and Canada assure utmost efh-
ciency from any standpoint you can name.

Service direct to you, from the plant nearest you,
is the aim of Radio Condenser Company—and this
is backed by strategically placed sales office service
literally at your fingertips.

RADIO CONDENSER CO., Camden, N.J. * Radio Condenser Co., d., Toronto, Canada

RADIO CONDENSER COMPANY

SUPPLIERS TO SET MANUFACTURERS ONLY

ELECTRONICS — May 1946 61



Here in American Screw Company’s
Engineering Research Department are
the technicians, equipment and ex-
perience to work out for you, quickly,
the right answer to the question:
“What kind of American Phillips
Screw . . . standard or special. .. is
the best one for my job?”

The complete American line in-
cludes all types of screws, in all the
metals listed below. And if your fasten-
ing problem involves any of the

rust-resistant metals, then American’s
advice is especially valuable. For
American specializes in these metals,

... for recommendations on
AMERICAN PHILLIPS SCREWS
of the right type and metal for your job

COME TO THE

“Information Center”

i Modern optical
. comparators
help to check
thefindingsand
recommenda-
tions of Amer-
ican’s Rescarch
Laboratories.

e

o

and particularly in stainless steels of
many different analyses.

So bring your problem to the “In-
formation Center,” and let American
give you extra, engineered savings in
design and metallurgy . . . in addition
to the time-savings (up to 509)
which you always get from the Amer-
ican Phillips Recessed Head: Auto-
matically straight driving, slash-proof
protection for work-surfaces, and
top speed and ease in handling the
4-winged driver, which fits firmly in
the recessed screwhead. Write now
to the Engineering Research Dept. of:

AMERICAN SCREW COMPANY, PROVIDENCE 1, RHODE ISLAND
Chicago 11: 589 E. Illinois Street

Detroit 2: 502 Stephenson Building

82

- = Steel, Aluminum,
Monel, Everdur (sili-
con bronze)

SOLD THROUGH INDUSTRIAL SUPPLY DISTRIBUTORS

el A e
Irgg‘g

ALL TYPES @

ALL METALS: Steel,
Brass, Commercial
Bronze, Stainiess
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No Job in Metal is Too Big
or Too Small for KARP

Bring your metal fabrication problems to KARP . . . and enjoy

g the superior individualized services of an organization that has
been solving the toughest problems in precision metal
craftsmanship for more than 20 years. Whether it’s a tiny
chassis, shield, or cabinet . . . or a giant rack or housing for

4 broadcast or induction heating apparatus, KARP has the skill, the

engineering “know how’’ and the plant facilities to serve you
.. . and to assure you of reasonable delivery time. KARP
ideas often effect important savings in both materials and
machine tool time. KARP’S extensive stocks of dies often
result in custom-made jobs at “ready-made’’ economies.

ANY METAL ¢ ANY SIZE ¢ ANY FINISH

KA R N 124-30th Street, Brooklyn 32, N. Y.

METAL PRODUCTS co., i
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LICK, TOO

DO o

...but these “lile Tellows o

Yes, the #4 Knurled Point “Unbrako” Socket Set Screws
look mighty small and insignificant . . . but they can U 0
easily lick the toughest vibration because they are

Self-Lockers—the knurled points dig-in and hold firm,
against even the most stubborn vibration! Yet this
screw can easily be backed-out with a wrench and used
again and again. Made in smallest sizes for the con-
venience of the electronics and smaller instrument fields.

Reg. U.S. Pat, Off.

In sizes from #4 to 1%”; full range of lengths. Write
today for your free copy of the "Unbrako” Catalog. Par,
“Unbrako” and “Hallowell” products are sold '
entirely through distributors.

Knurling of Socket
Screws originated with
*“Unbrake" in 1934.

OVER 43 YEARS IN BUSINE3S

STANDARD PRESSED STEEL CO.

JENKINTOWN, PENNA. BOX 596 ® BRANCHES: BOSTON e CHICAGO e DETROIT e INDIANAPOLIS e ST. LOUIS e SAN FRANCISCO
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UNAFFECTED!

TURBOTUF withstands
repeated 180° twisting and

bending without trace of cracking

NEW! TURBOTHERM
Plastic Insulated Wire

Specialized in Gauge Nos. 18 to 30
stranded and solid conductor con-
struction,

ELECTRONICS — May 1946

~ REMEMBER..IF IT'S

- H . ~ & _
’ﬁ, -
S 4 = A knock- out
' % *’5 to usual insulation of bend
i \or ~ _breakdown causes
L =

Bend it, crease it, twist it--sub-

ject it to any turn or bend —and -

you'll see that something new has
been added to this quality insulation
tuting and sleeving. TURBOTUF —
an exclusive new development,
corstituting a genuine advance in
the art, eliminates the hazard of
cracking insulation, with subsequent
wiring failure or service interruption.

NWow when you specify
TURBOTUF, you get these ad-
dit-onal TURBOTUF advantages:

Non-cracking,
non-peeling, non-chipping —
whatever the angle

DAMAGED!

iHustration shows cracking
of conventional insulabing
varnishes .under bending stress

or twist!

increased, stabilized dielectric

ance; decreased moisture-absorption
factor; unaffected by proximity to
soldering heat; etc.

TURBO products. include Flexi-
ble Varnished Tubing, Thermo-
plastic Insulated Wire known as
Turbotherm, Extrudad tubing, Sat-
urated Sleeving, Fibious Glass Tub-
ing, Varnished Tapes and Cambrics,
Mica and Mica Prodacts. Write for

- free Specimen Board today

WILLIAM BRAND & COMPANY

276 FOURTH AVE., NEW YORK 10, N. Y. & 325 W. HURON ST., CHICAGO 10, iLL.

..IT SAFEGUARDS! .

strength; higher tem>erature resist- .
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FLUXMETER CLOSED , Testing magnet in
CIRCUIT TEST - anassemblysimilar
to the finished uait,

ACCURATE TESTING
OF PERMANENT MAGNETS

Because the permanent magnet is one of the most vital
parts of the instrument or apparatus in which :t is
used, testing methods of the mechanical and magretic
properties must be comparable to the actual working
condition of the magnet.

Our testing department is equipped with every fac 1-
ity to insure accurate mechanical inspection. Eve:y
magnet is tested to magnetic specifications, so -hat
they will function properly in their final assembly ...
reducing customers’ inspections.

Fluxmeters, ballistic galvanometers, test fixtures ard
all associated precision apparatus used in testing ard
inspecting are constantly checked to maintain abso-
lute uniformity.

Over 24,000 applications of permanent magnets
have been developed by Indiana Steel Products Cora-
pany, specialists in permanent magnets for over 35
years. You are invited to consult with our engine=rs.
For data on magnet applications, write for new
“Permanent Magnet Manual.”

Producers of “PACKAGED ENERGY”

- —
> PRODUCTS COMPANY * * #

SPECIALISTS IN PERMANENT MAGNETS SINCE 1910

-

W
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Leading Electronic Equipment
Manufacturers Testify To

The Superiority

R LY *
) \"m\”‘@
A\ * 24
N\

MOLDED MICA

ELECTRONICS — May 1946

of:

EL-MENCO CAPACITORS

As a direct result of its constant laboratory research and experimentation,
the Electro Motive Manufacturing Company maintains the leading position
as a source of supply for the electronic equipment industry.

Precision marks every step in the manufacture of El-Menco Capacitors.
They are designed especially for maximum performance in specific applica-
tions. And manufacturers £now they can depend on El-Menco products under

any and all conditions.

Send —on firm stationery — for new El-Menco catalog.

The Electro Motive Mfg. Co., Inc.
Willimantic, Connecticut
MICATRIMMER

CAPACITORS
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ADAR contact with the moon, broadcast
over the nation-wide facilities of the
Mutual Broadcasting System on Sunday, Jan-
uary 27th, emphasized once again the essen-
tial value of recording in radio broadcasting.
% % %k
From: their Belmar, New Jersey laboratories,
engireers of the Army Signal Corps made
this memorable contact early in the morning
of Jenuary 27th, while in the studios of
WOR-New York, the Special Features Di-
vision of MBS were recording the event on
an AUDIODISC. A few hours later, at a more
appropriate time, the recorded program was
broaccast to the nation.
Coax ok ok
In this, as in countless other instances,
AUDIODISCS have made it possible for radio
listenars to hear a history-making event ex-
actly as it occurred with all the true fidelity
of a “live” broadcast.

AUDIO DEVICES, INC.,
444 Madison Avenue,
New York 22, N. Y.

Audiodiscs manufactured in
S.A. under exclusive license

Jrom La Societe Des Vernis Pyro-
lac—France.
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Light in weight, high in dielectric strength
and moisture-resistance. . . this “cat-head” is a
good example of Taylor’s specialized service to
the electrical industry. In addition to its com-
bination of desired electrical properties, Taylor
Fibre is fast in production. .. and accurate in
dimensions on any production process. The
0\ “cat-head,” for instance, is rough-sawed from
\ ! pressed sheets, then precision-shaved in produc-
2 tion runs to Square D Company’s specifications.

Whatever your problem, our engineers
will gladly tell you, without obligation, ex-
actly what Taylor Laminated Plastics can
contribute to its solution. Write us today,
sending sketch or blueprint . . . or out-
lining the characteristics you have in mind.

B

XTED PLASTICS. PHENOL FIBRE . VULCANIZED FIBRE—Sheets, Rods, Tubes, and Fabricated Parts
NORRISTOWN, PENNA. Offices in Principal Cities Pacific Coast Plant: LA VERNE, CAL.
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ACK & HEINTZ postwar production lines are rolling right

now. The men who threw the rule books away, simplified
designs, figured out new methods of manufacture and assem-
bly and licked dozens of war-time production bottlenecks,
have done it again. And here’s what we’re making:

J & H Fractional Horsepower Electric Motors. More
compact and lighter in weight than conventional electric motors,

they're being built in Vs, Y4, V3 and 2 horsepower sizes.

J & H Ball Bearings. Utilize the experience of
men whose ultra high precision training makes them
talk in 1/100,000 of an inch. You can be assured
that there will be no better ball, and later on, straight
and tapered roller bearings, on the market than
those made by J & H. In fact, we make and use our
own electronic precision measuring gages which,
incidentally, are purchased and used by other

manufacturers of precision products,

Moy 1946 — ELECTRONICS



J & H Aircraft Products. We're continuing the
manvufacture of all well-known Jack & Heintz

aircraft products—

The 2500 volt ampere Inverter that tips the
scales at only 54 lbs., and provides a continuous
and dependable source of 400 cycle, 115 volt AC
power of the quality required for aircraft, radio and

eledronic applications.

Lightweight universal aircraft electric
slarters with a heavyweight punch, capable
of cranking the largest engines, yet Ii'ghf

enough for smaller engines.

f%x Sl Jack & Heinty is o1 He /M/ JACK & HEINTZ PRECISION INDUSTRIES, INC., CLEVELAND 1, OHID

ELECTRONICS — May 1946

J & H Electronic Gages. Such as the widely used com-

parator that measures to millionths of an inch.

J & H Engines. Now undergoing tests. Will be suitable
for automobiles, trucks and stationary usages, and will
deliver more horsepower per pound or cubic inch dis-

placemenat than any comparable engine on the market.

PRECISION INDUSTRIES INC./

——=lPe—
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Number one on your dial

The UCINITE CO.

Division of United-Carr Fastener Corp.

Z s

50 70 8f100 120 140 160,
—

7

(

44 i

dials. The standard body design shown above is the result of 10 years of experiment
and experience. It’s readily adaptable for use on an inverted track

Here's a mighty versatile pointer we’re currently producing for slide-rule type radio

supplied in any form to meet your specifications—any length
round or flat . .

. suitable for
attachment of fluorescent-impregnated plastic materials. The pointer wire can be

. any color . . .

. bent to any required shape or mounted with a white back-
ground for use with transparent dials.

This jack-of-all-pointers is but one instance of the many flexible standard assemblies

we’ve developed for a wide variety of electronices uses. One or more of them might
be just what you need to give added impetus to your production schedules.

Newtoﬁville 60, Mass.

LAMINATED BAKELITE ASSEMBLIES
CERAMIC SOCKETS

* BANANA PINS &
JACKS - PLUGS * CONNECTORS -

ETC.
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Desi . .
ef&gm:s of 'moblle equipment and amateur vhf enthusiasts asked
oin Z nlts ctlrlver tube. The 2E30 (outgrowth of the Hytron deleo
ype HDS59) is a filamentary-type beam tetrode. StanIc)lby

curr is elimi i
1ent is ehmmatfed. Yet the 2E30 is ready to operate a second aft
electrode potentials are simultaneously applied "

In vhlf 'eq.ulpment, th.e 2E30 is ideal as a class C oscillator, frequenc
m121 I;;%hz, aort ) :udp f.requency amplifier. Important ,to you—z’he
i nsml.ttfmg tubf:*not just a re-hashed receiving type.
' its versatility and its many features. Quite possibl i
discover that the 2E30 was built to order for you too e =

HYTRON TYPE 2E30
Instant-Heating Miniature Beam Tetrode
GENERAL CHARACTERISTICS
Filament . .o ooesrosri it Oxide coated
Potential, a-cord-c.. ..o 6.0 & 10% volts FEATURES THE 2E30 OFFERS YOU
Current......»...........,........0.7ampere m— o
Grid-plate capacitance .. ... 0.5 mmfd o Designed, manufactured, and tested for transmitting
t 'tnce.....l..........l...10.0mmfd K . . —
g?\)t‘;u:aci?)c;ciance ... 50 mmfd o Special testing controls assure interchangeability
5 i . . -
1\1&2’; 3"1’:;?;{: Pyt .Zé by o Oscillator, frequency multiplier, or a-f amplifier
Base . .. .cocoocc T-514 min button 7-pin o Filament power is fully adequate for transmitting
ABSOLUTE MAXIMUM RATINGS .
D-c plate potential . . . ..o 250 volts max e 1/10 watt driving power for 4 watts output at 80 mc
D-c screen-grid potential ..o 250 volts ma o 10 watts plate dissipation—asurplus reserve for vhf
D-cplatecurrent...........‘...4.... . 60 ma max
D-c screen-grid input power . -+ - 21‘(5) Wa:ts max » Miniature bulb saves space and has low base losses
Plate dissipation .. .. ..ot watts max ) ) .
OUTPUT—TYPICAL OPERATION o Low lead inductance and capamtance-—ldeal for vhf
Output, class A1 power amplifier. .- = & Vi o High efficiency at low plate potential—2 50 volts
Output, class C oscillator . ... .- oo 7.5 wattst ) )
Output, class C doubler (80 to 160 me) . . . - 3 wattst o Instant-heating flament—approximately one second
t delivered to lo d under normal circuit L .
ngiis;il‘:cﬁoerg:af‘;)tlg?e pgu‘l‘:roulp(:.\t (ai‘ncluding power actually *For example’ characterlstlcs are tested at posmve
Jost in circuit and by radiation) is at least tWo watts higher. . i
grid potentials.

2E30

2E30

: .
Oscillator
6.8mc

Doub/e

i
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...don’t let moisture soak up your profits

Unnecessary motor maintenance cxpense and Puc profits back—where they belong. lnvesti-
reduced production efficiency soak up profits. gate the use economies of Fiberglas Electrical Insu-
One easilvavoidable loss—motor failures caused lation in your mMOtOrs.

by excessive moisture is being minimized by
using Fiberglas® High-Safety -Factor Electrical
Insulation. Properly impregnated, Fiberglas re-
sists the effects of moisture and also provides
“extra protection’’ against the other principal
causes of motor failure, such as overloads, heat,

For additional information, con-
sult your Fiherglas Distributor.
Descriptive catalog data may be
obtained by writing Owens-Corn-
ing Fiberglas Corporation, Dept.

FIBERGLAS

oil and corrosive vapors. 860. Toledo 1, Ohio.
For example, a midwestern concern uses a 14 In Canada, Fiberglas Canada Led.,
hp., 440-volt, 3-phase, 1750 rpm motor to drive OshawsOarasia

agitator paddles in an annealing tank. Moisture
and high heat caused failure of the organicinsu-
lation and burnouts occurred approximately
every six months. The motor was rewound with
Fiberglas Electrical Insulation and has been in
operation for over three years, on a 24-hour, 7-day
a week schedule.

OTHER FIBERGLAS PRODUCTS: THERMAL INSULATION MATERIALS . DUST-STOP* AIR FILTERS . FIBERGLAS YARNS AND CLOTHS . FIBROUS GLASS MATS
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hese Distrbt_ltor_s can
;Iake Fast Deverles of

ical
Fiberglas Eectr!c
Insulation Materials

ATLANTA, GEORGIA DETROIT, MICHIGAN PORTLAND, OREGON
Insulation & Wires Inc. lnsuloﬁon & Wires Inc, Electrical Specio"y Co.,

BLUEFiELD, WEsT VIRGINIA HOUSTON, 1Exag SAN FRANCISsCO, CALIFORNIA
Nationaj Electric Coil Co. Insulation & Wires Inc. Electrical Specia“y Co
BosToN, MASSACHUSETTS Triangle Pacific Company

lnsuloh'on & Wires Inc. LOES’ A,N.GE,lgs, C_A:"":?:RN'A Tri-State Supply Corp
; ectrical Speciq y Co.
Hrlcoclonsl;:.c:"oroc'o. Triangle Pacific Cornpany SEAT"'E.' WASH'.NGTON
CHicaA o NOJ§ Tri-State Supply Corp Electricql Speclo“y Co.
In.sulohon Mifrs, Corp, Tri-State Supply Corp
Mica Insulator Co. MINNEAPOUS, MINNESOTA
Prehler Electricql Insulation Co. Insulation Mfrs, Corp. ST LOUI?, M,SSO.UR'
CLEVELAND OHlo Insulation & Wires Inc
' NEwW YORK, NEw YORK White Supply Co

Insulation Mfrs, Corp.

Mica Insulator Co.
Mica Insulator Co. A i TRAFFORD, PENNSY[VANIA
tchell R ! lat " g d

Prehler Electricq) Insulation Co. Mitchell Rang "viation Co., Inc Weshnghouse Electric Corp,
COLUMBUsS, OHIO PHILAPFLPHIA, leNN_SYLVANlA WH.UAMSPORT, PENNSYLYANIA

Nationgl Electric Coil Co. Nationat Electric Coil Co, Lowry Electric Co., Inc.
DAU.AS, TEXAS PITTSIBURGH, PENNSYLVANIA WES‘HNGHOUSE ELECTRIC CORP.

Summers Electric Cornpony Ear! B Beach Co. Branches in Principol Cities

e
T

OWENS-CORNING

FIBERGLAS

TM O0EG US PA

YARNS—TAPES—CORDS—SLEEVINGS

. ial
ire, Lead wire, Speci
: Magnet wire, L mbinations,
e e b anT lshed tobings, Pres.
wires, Varnishe ted sleevings, v°'-m| roducts.
Laminates, s:",';:smva tapes, Special p
sure-
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' FOR SAFE, ECONOMICAL, AUTOMATIC
- Pwer Goitiol A .

GET ADLAKE
PLUNGER-TYPE RELAYS! /}

ERE’S WHY Adlake Plunger-Type Mer-
cury Relays assure safe, economical, auto-
matic power control under any condition:

All contact mechanism is hermetically sealed
in armored glass or metal cylinders so dirt,
dust, moisture or oxidation can’t possibly in-
terfere with operation.

Liquid metal mercury is positive in action,
chatterless, silent, impervious to burning, pit-
ting or sticking.

They're absolutely safe, and since they’re
hermetically sealed, Adlakes perform without
servicing or maintenance—no periodic clean-
ing of contacts needed.

And Adlakes are dependable—simple in de-
sign and principle, no complicated parts to
wear out or get out of order!

There’s an Adlake Relay for every need.
May we suggest the type best suited for yours?
Write today for free bulletin.

Model 1040 (for A. C. operation). Quick action
available with contact ratings up to 50 amp.,
A. C. Either quick or time delay action, normally
open or closed.

L A 3 BPRCSSU: S

Gl

TRADE MARK

Tue Apaus & WESTLAKE CoMPANY

ESTABLISHED IN 1857 ELKHART, INDIANA NEW YORK = CHICAGO

Manufacturers of Adlake Hermetically Sealed Mercury Relays for Timing, Load and Control Circuits
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AND TRANS\TE ASBEST

gBONY {0
|NSULATING VARNIS

FIBERGLAS TAPES AND TYING CORDS

£s OF ALL KINDS

DUXSEAL PLUGGING COMPOUND
RUBBERSEAL CLOTH AND TAPE

=
-
<L
=
—
@2
=
]
=T
(-~

-

- FOR 57 YEARS

MITCHELLSRANDEINSULATIONECOMPANY TN C

51 MURRAY STREET COrtlandt 7-9264 NEW YORK 7, N.Y.

ELECTRONICS — May 1945




One more step i MERTRN CARE

i

Vacuum impregnation helps to stabilize the performance 'I'he
characteristics of AmerTran-Transformers. Each unit is sub- AmerTrqn
jected to both heat and a vacuum process to withdraw all trudemurk is

moisture. While still in the vacuum chamber, the compound
found on...
Audio Transformers

and Reactors
Modulation Transformers

is introduced and forced into every interstice and around all
surfaces of the windings.

This process eliminates trouble from deterioration of insula- (fo 500 KVA)
tion and corrosion of windings due to moisture. It insures Hernietically Sealed
continuous conduction of heat to outer surfaces, resulting in a Transformers
. . " Plate Filament
cooler unit—or a smaller transformer for a given ‘t¢émperature ate and ©
' , ) i Transformers
rise. It provides permanent protection from moisture. Filter Reactors

Wave Filters, High
Voltage Rectifiers

Microphone and Inter-
stage Transformers

AMERICAN TRANSFORMER co, | Transtat A. C. Voltage =,
Regulators

ME'; 178 Emmet t., Newark S,N.J. | b+ Flectronic and
RA

Industrial Transformers

ol S

MANUFACTURING SINCE 1901 AT NEWARK, N. J.

Pioneer Manufacturers of Transformers, Reactors and |

Rectifiers for Electronics and Power Transmission

78 May 1946 — ELECTRONICS



Not jet propelled...

P

yut just as NEW!

RESTO'S newcst furntable . . . for highest quality master

or instantaneous recordings. The 8-D features instan-
taneous change of cutting pitch. An improved cutting head
provides higher modulation level, more uniform frequency
response and retains its calibration under all normal
temperature conditions.

The heavy cast-iron turntable and mounting base insure
exceptionally low background noise. Adjustable feet permit
accurate leveling on bench or stand at a height to suit
the operator.

The belt on step pulleys slips instantly to any ]
position to set cutting pitch at 96-104-112-120- (- I Il |

128 or 136 lines per inch. Other pitches available R
on special order.

RECORDING CORPORATION
242 West 55th Street, New York 19, N. Y.
WALTER P. DOWNS, Ltd., in Canada

WORLD’S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT AND DISCS
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To avoid damage
from Oxidation. ..

protect with NITROGEN

LINDE has offices in

LINDE Nitrogen provides an ideal means of protection
against oxidation and corrosion by air. For packaging
dehvdrated foods; for deacrating, processing, storing
and packaging fats and oils of all kinds; or for pro-
viding an inert atmosphere, free of impurities, for the
complete protection of practically any material sus-

ceptible to oxidation, use LinvkE Nitrogen.

LINDE Nitrogen is 99.79, pure, but is also available
bone dry and at higher purity for special applica-
tions. It is supplied as a compressed gas in cylinders
containing 244 cu. ft. each, or in bulk in tank-truck
and tank-car lots as a liquid which is converted into
gaseous nitrogen as required. LINDE Nitrogen in bulk
offers remarkable savings in cost and eliminates cyl-

inder handling.

Write or call the Linde office nearest you.

THE LINDE AIR PrRoDUCTS COMPANY

Unit of Union Carbide and Carbon Corporation

30 E.42nd St.,New York 17.N.Y. . Offices in Other Principal Cities
The words "Linde” and “Prert-O-Lite™ are registered trade-marks.

HYDROGEN - NITROGEN - OXYGEN

ARGON : HELIUM . KRYPTON - NEON
XENON — j/)zeato,[de ACETYLENE

Principal Cities

Eastern States
Baltimore, Md:
Boston, Mass.
Buffalo, N. Y.
Charleston, W. Va.
New York, N Y.
Philadelphia. Pa.
Pittsburgh, Pa.

Central States
Chicago, Il
Cincinnati, Ohio
Cleveland, Ohio
Detroit, Mich.
Indianapolis, Ind.
Milwaukee, Wis.
Minneapolis, Minn.
St. lL.ouis, Mo.

Southern States
Atlanta, Ga.
Birmingham, Ala,
Jacksonville, Fla.
Memphis, Tenn.
New Orleans. La.

Southwestern States
Dallas, Texas

Denver, Colo.
Houston, Texas
Kansas City, Mo.
Tulsa, Okla.

Western States
Butte, Mont.

El Paso, Texas

Los Angeles, Calif.
Phoenix, Ariz.
Portland, Ore.

Salt Lake City, Utah
San Francisco, Calif.
Seattle, Wash.
Spokane, Wash.
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There is a

DRIVER-HARRIS ALLOY for Every
Electrical Resistance Requirement

NICHROME* & NICHROME V for v.inding large
value résistors where apate factoss call for com-
pactness in design without sacrificing dependa-
bility. Available in all shapes and sizes drawn
down to the extremely fine gauge of .001”
diameter — 67 miles 10 the pound.

— AMAM

Also the time-tested standard alloys for all vit-
reous enamel resistor requirements due to the
complete absence of occluded gases. NICHROME
V is particularly recommended when a more
constant resistance at variable temperatures is
specified.

MANGANIN for p-ecs bobbins, Wheatstone
Bridges,Decade Res:srance Boxes, Potentiometers
and National Bureau of Standards type resistance
standards which require fixed stability and con-
stant resistance under normally variable operating
conditions and negligible thermal e.m.f. against

copper.

ADVANCE* for winding precision resistors used
in electric meters and laboratory testing devices.
In finersizes its negligible temperature co-efficient
of resistance (4-.00002) combined with high re-
sistivity makes it the most desired alloy for thisuse,

*Trade Mark Reg.

U.S. Pat. Off.

BRANCHES:

HARRISON .

Chicago

Dvriver-Harris

Detroit

In addition tothese we man-
ufacture over 80 different
electrical he
sion-resistant glloys. If your
resistance requirements are
different tell us about them
and depend on it...Driver-
Harris will develope the
alloy best suited to your
specifications.

Nichrome is made only by

COMPANY

Cleveland e Los Angeles

and corro- .

NEW JERSEY

San Francisco

Seattie



Data for all designers
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LOOK FOR THIS

“GETTER TRAP”
on all UNITED TUBES

Forecasting Higher Input
and Efficiency Ratings

It is the consensus of opinion among electronic
engineers, as a result of war experience; that graph-
ite is superior to metal for internal anode tubes be-
cause of unsurpassed thermal and non-warping
properties.

Heretofore, the enormous heat dissipating capacity
of graphite anodes has been impeded by the use of
free getters which deposited heavily on the bulb and
tube elements. -

The development of the Isolated Getter Trap
by United has finally eliminated this long standing
barrier to the full utilization of the supenor features
of graphite.

Gas content of these new United graphite anode
tubes average lower than that of any metal anode
tubes of comparable size, and no 8as can be Iib-
erated even on severe overloads.

Available now with this new construction are
types; HV-18, KU-23, 849, 838, 204A, 949A, 949H,
V-70-D, 812H, and all of the diathermy types.

Orderdirect or from your Electronic Parts Jobber

UNITED ELECTRONICS CO.

NEWARK, 2 S E== Lew JERSEY

Transmitting Tubes EXCLUSIVELY Since 1934

AN _‘&mﬁ ™ ..;.g-Madjrz".-
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CALLITE DEVELOPED KULGRID to
meet the need for a stranded wire
that does not oxidize nor become
brittle at the high temperatures nec-
essary in beading, stem-making,
sealing-in and exhaust. Kulgrid is
a composite wire having an inner
core of copper alloy bonded to a
nickel sleeve. Kulgrid welds readily
to itself and to nickel, copperclad,
tungsten, molybdenum and other
related metals. It has 70% of cop-
per’s conductivity, plus nickel’s
strength and resistance to oxidation,

ELECTRONICS — May 1946

We will be glad to discuss applica-
tions of Kulgrid and send samples.
It will pay you to investigate our
specialized abilities and complete
facilities for all kinds of metallur-
gical components. Callite Tungsten
Corporation, 544 Thirty-ninth St.,
Union City, New Jersey. Branch
Offices: Chicago, Cleveland.

e
@

callite kulgrld leads in tne “eye” of the
*FARNSWORTH TELEVISION CAMERA

* Farnsworth’s Television Camera
dissects each picture it takes into
as many as 350,000 separate
pieces. Then it picks up the pieces
one by one and sends them to the
receiving set. There they are laid
down so swiftly that your eyes see
a complete picture all at once. The
Farnsworth image-dissector tube,
with its extraordinary step-up de-
vice called the electron multiplier,
uses Callite Kulgrid Leads,

Hard glass leads, welds, tungsten and
molybdenum wire, rod and sheet,
formed ports and other components for
electron tubes and incandescent lamps.

Kulgrid ig covered by U.S. and foreign patents.



BEAT
FREQUENCY
GENERATOR

TYPE 140-A

This instrument has found universal acceptance because
of its wide frequency coverage from 20 cycles to 5 mega-
cycles. A five step decade attenuator provides a means
by which extremely small output voltages can be accu-
rately set and a six position switch enables any one of
a variety of output impedances to be quickly selected.

SPECIFICATIONS:

FREQUENCY RANGE: 20 cycles to 5 megacycles in two ranges.
Low range: 20 to 30,000 cycles.
High range: 30 kc to 5 megacycles.

FREQUENCY CALIBRATION: Accuracy 12 cycles up to 100 cycles,
+2% above 100 cycles.

STABILITY: About 5 cycles drift below 1000 cycles. On low range,
drift becomes negligible percentage with increasing frequency.
On high range, drift is 3% or less.

ADJUSTMENT: High and low ranges have individual zero beat
adjustments. Low range may be checked against power line
frequency with front panel 1 inch cathode ray tube.

OUTPUT POWER AND IMPEDANCES: Rated power output: One watt,
available over the low frequency range from output impedances
of 20, 50, 200, 500, 1000 ohms, and over both high and low
frequency ranges from an output impedance of 1000 ohms.

DISTORTION: 5% or less at 1 watt output, 2% or less for 12 voltage
output.

VOLTMETER ACCURACY: +3% of full scale reading.

For further details write for Catalog C £ .

QX-CHECKER TYPE 110-A

This production-test instrument is specifically designed to compare
relative losses or Q simuftaneously with inductance or capacitance in
one operation and with a single setting. Built to laboratory precision
standards, the QX-Checker is o sturdy, foolproof instrument for use in
production work by any usual factory personnel.

SPECIFICATIONS:
FREQUENCY RANGE: 100 kc to 25 mc in 6 ranges using plug-in coils.
ACCURACY OF COIL CHECKS: May be checked against standard to within

about 0.2% with coil vaiues of 10 microhenries to 10 milijhenries and
Q of 100 or greater.

CAPACITANCE RANGE: Capacilance values ranging between approximately
2-1000 mmf may be checked against a standard to an accuracy of a few
tenths of one mmf if the Q of the capacitor is high.

- i
i ]

DESIGNERS AND MANUFACTURERS OF T 0 Dl o
THE Q" METER ... QX-CHECKER - BOON A

FREQUENCY MODULATED SIGNAL GENERATOR */t_
BEAT FREQUENCY GENERATOR
AND OTHER DIRECT READING TEST INSTRUMENTS

5

86

BOONTON - N-J- U-S-A /Wo@( o

i

A
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LITTLE COMPONENT*

... THANKS TO

MYCALEX

THE “PERFECT” LOW LOSS INSULATION

The problem was to mold insuvlating material of
exceptionally low loss factor and high dielectric
strength into a closely integrated bond with a metal
inseri of high conductivity. The difficulty was acute,
for both materials had to have virtually the same
coefficient of expansion in order to insure an effi-
cient electrical and mechanical seal. High resistance
to arcing in the insulator was also imperative. It had
to be moisture-proof and heat-resistant.

MYCALEX 410 (Molded Mycalex) proved to be the
only solution after many other insulators had been
tested and rejected . . . because MYCALEX has the
ideal combination of electrical and mechanical

MYCALEX CORPORATION

properties for today’s high frequency applications.

Have you a problem involving the sealing of high-
est type insulation with metal? Are your specifica-
tions particularly exacting? More than 25 years of
leadership in solving the toughest high frequency
insulating problems make MYCALEX a “natural”
to solve yours. Our engineers will be pleased

to cooperate.

*PANEL JACK

L)

IHE INSULATOR
TRADL MARK REG. U. 8. PAT. OFF.

“"Owners of ‘"MYCALEX’ Patents’’

Plant and General Offices, CLIFTON, N. J

Executive Offices, 30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y.

OF AMERICA
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You can’t put the squeeze |
o “Sealdtite” Capacitaes

’[;ke a genuine "Sealdtite” capacitor and try to squeeze it. No “'soft spots.”
Why? Because this Solar capacitor has its high purity paper-and-

foil-winding ingeniously molded into a cylinder of solid wax.

No atmospheric moisture can penetrate this protective
housing to attack the capacitor element. In genuine
wax-molded “'Sealdtite” capacitors, there just is

no possibility of those twin omens of trouble —

soggy cardboard tubes and moisture-filled hollows.

For real reliability, specify Solar “'Sealdtites”

for your new designs.

OLA

SOLAR MANUFACTURING CORPORATION

285 Madison Avenue ® New York 17, N. Y.
D 10004
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HOUSING
CAN COST TOO MUCH

people, and particularly our war veterans, well

housed quickly. Almost everyone, we believe,
likes the vigor and imagination with which Wilson W.
Wyatt, the housing expediter, is going about the job
of mobilizing our housing resources.

No one, however, wants the veterans, or anyone
else, to get a lot of severe economic headaches along
with the housing. As it stands, the emergency hous-
ing program runs unnecessary risks of having such
results.

Here are the reasons:

1. The principal opportunity the program offers
to the veteran is that of buying a high-cost house
where a chance to rent would, more often than not,
meet his needs much better.

2. At the worst possible time, the program adds
substantially to the dangers of a runaway inflation
of the sort that inevitably ends in a crash.

3. Little is done to try to reduce the arbitrarily
high costs of building, such as those resulting from
restrictions imposed by labor unions and anti-
quated building codes.

4, By giving overriding priorities to unattainable
goals of home construction, the program endangers
a volume of industrial construction necessary to
sustain full employment.

Needs of Veterans

First on the needs of the veterans. What many, if
not most, veterans need is a chance to rent a place at a
reasonable rental while they are getting shaken down
in their postwar careers which in many cases are in-
evitably unsettled at this time. Essentially, what the
“Veterans Emergency Housing Program” gives them
is a chance to buy, for about $6,000, a house built
along conventional lines and padded with much
unnecessary labor and material cost.

But what are the alternatives? There are at least
two. One is to put far more emphasis on more effective
use of existing housing than the Wyatt program has
thus far. The other is to see that the proportion of new
rental units is much stepped up.

Incredible as it may seem, there are at present more
than 2,000,000 vacant dwellings in the United States.
Many of them should be demolished. But many per-
mit of relatively satisfactory temporary use. Many
more single dwellings can readily be converted into
comfortable multiple dwellings. The emergency pro-
gram assumes that only 350,000 dwelling units can be

EVERYONE in the United States wants our

provided this year by these expedients, but it does not
seem unreasonable to assume that this figure might
be doubled by a vigorous drive. The result would be
a better balanced emergency housing program, be-
cause it would provide more rental housing immedi-
ately and save critical building materials.

Of the new housing units contemplated by the
Wyatt program, it is estimated that only about 20 per
cent will be for rent. Before the war more than half
of the homes in the United States were rented. That
means that unless the Wyatt program is to create little
less than a revolution in the terms on which homes
are occupied, it must be revised to include a much
higher proportion of rental units.

To secure the result in the face of present high
building costs special inducements will be required.
They might be provided by allowing accelerated tax
amortization of, say, half the construction cost over
the next five years, together with rent ceilings high
enough to make this form of investment attractive.
This would, of course, call for higher rents, but the
actual price to the veteran, in woe as well as money,
might well be much less in the long run than if he
bought an over-priced house now:.

Too Easy To Pay Too Much

One of the mysteries of the Wyatt program is its
general emphasis on measures to increase the supply
of money with which to buy houses when the demand
for houses is already at an all-time high. Some vet-
erans may need special financial help, but the plan
to give 90-95 per cent mortgages generally on new
homes is not only unnecessary but positively dan-
gerous. By providing up to $3.5 billions of govern-
ment-guaranteed credit for homes this year, and
almost twice as much in 1947, the program will re-
lease an equivalent amount of individual savings to
create further demand for goods and services. All that
such generous mortgage terms will accomplish with
certainty is a dangerous lengthening of the odds that
we will not avoid a boom and bust cycle of inflation.

If building codes were brought up to date and ar-
bitrary union working restrictions were eliminated,
the way would be paved for reductions in the price
of standard houses which, it has been estimated,
might run as much as 20 per cent. This would both
give the buyer of a new house a far better run for
his money, and also reduce the inflationary pressure
created by the super-generous credit arrangements
involved.



Getting anything done along this line is difficult,
particularly because the restrictions are imposed by
tens of thousands of separate localities and organiza-
tions, Some headway is being made. The local emer-
gency housing committees being set up under the
Wyatt program provide a means of doing much more.
Far more steam must be put behind this aspect of
the program, however, if its greatest potentiality for
permanently constructive accomplishment is to be

realized.
Crippling Essential Industrial Production

The goals set for emergency housing construction
—1,200,000 new homes started this year and 1,500,000
started in 1947—are higher than any qualified au-
thority thinks can be met without crippling other
essential construction. The reasons commonly as-
signed for such optimistic goals is that they are in-
spiring to those in the industry and soothing to those
who want something tremendous done about housing.

Under normal circumstances, relatively little dam-
age might be done by such excessive goals which are
a common feature of most Washington programs try-
ing to elbow their way to the center of the national
stage. However, the emergency housing program car-
ries with it top priorities for the materials to be used.
Consequently, other essential construction will have
to get along on whatever share of critical building
materials will be left after all demands of home build-
ers have been satisfied.

The Civilian Production Administration estimates
that output of important materials will fall far short
of needs. It forecasts a 15 per cent deficit in lumber,
18 per cent in bricks, and 52 per cent in cast iron
radiators. Hence, unless building materials output
can be stepped up far more rapidly than now seems
possible, a prohibitive squeeze will be put on indus-
trial building to provide the materials needed for the
Wyatt program. This would complicate unbearably
the problems of sustaining full employment and get-
ting the flow of production so important in avoiding
the boom and bust route.

Perspective on the Housing Shortage

What is needed is an aggressive drive to get full
production of building materials as rapidly as pos-
sible. Such a drive should concentrate on measures
aimed at helping the industry remove the obstacles
to all-out production rather than on such measures
as the subsidy plan which seems quite likely to suc-
ceed only in enmeshing the industry in more gov-
ernment controls. After making due allowance for
the materials outlook and the needs for essential
non-housing construction, housing goals should then
be set as high as feasible. As matters stand, by set-
ting construction goals before feasible material goals
are determined, the cart is put before the horse.

There can be no doubt about the acuteness of the
housing shortage and the necessity of a program

commensurate with the magnitude of the problem.
It also remains true, however, that the housing short-
age for the nation as a whole is not quite as desperate
as those who want the country to drop everything
and go to building houses would have us believe.

During the war 3% to 4 million new dwelling units
were built or created by remodelling in other than
farm areas. The number of families living in such
areas increased by less than 3% million. Even though
some of this housing was located in remote places
as an adjunct of war production works, the wartime
increase permitted a margin for more housing per
family at this time. Indeed, it has been estimated that
the rate of doubling up is only about one-third as
great as in 1940. The margin did not begin to suffice,
however, to meet the needs of those millions of people
particularly in the lower income groups.who, thanks
to rapid increases in income, can afford to have and
insist upon having better housing than they have ever
had before.

A rising standard of income which makes possible
a new standard of housing for many people is a fine
thing. Above all, it is important to see the veterans
get the best possible break in housing.

But Housing Can Cost Too Much

The Wyatt program has many good features. The
emphasis on prefabrication, though perhaps over-
optimistic, is hopefully modern. The emphasis on local
collaboration in solving housing problems which are
inevitably in large part local should lead to per-
manently valuable results. The vigorous mobiliz-
ing of 300,000 temporary dwellings to meet at high
speed some of the most desperate shortage is all to
the good.

The main trouble with the program is that it does
not pay enough attention to the economic havoc
which may be created in the process of trying to
meet its excessive goals. As a nation, we should be
and are willing to pay a high price to get adequate
housing. But the price will be too high if we:

1. Give the veteran a bad bargain by selling him
an over-priced house.

2. Cripple industrial production needed to create
good jobs for veterans, and

3. Touch off a disastrous inflationary sequence in
the process.

These pitfalls can be avoided. All of us, includ-
ing the veterans, have a common interest in seeing
that they are avoided.

President, McGraw-Hill Publishing Co., Inc.
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Tests Prove 1007 Longer Life

in this New &A% 3.750A2

made possible by:
NEW COOLER OPERATING PLATE
NEW NON-EMITTING GRID
NEW FILAMENT STRUCTURE

Tuwo Eimac 2-750A2 Tubes undergoing life tests
in the Eimac testing laboratory

Rgpcated tests of the new Eimac 3-750A2 in the Eimac
testing laboratory show 1009 longer life than previous
madels operated under the same conditions.

This increase in life expectancy is a result of continuing re-
search, culminating in this new version of the 750TL triode.
Among its many new features are a2 new cooler operating
plate, new non-emitting grid and a new filament structure.

The new 3-750A2 is a /mwer triode, interchangeable with the
previous mo:/(/ 750TL, and is but one example of the constant
effert made at Eimac to furnish better tubes at lower cost. For
Sfurther information and complete engineering data on Eimac
tukes, write divect or contact your nearest Eimac representaltive.

Foilow the leaders to

EITEL-McCULLOUGH, INC,, 1102 E San Mateo Ave., San Bruno, California

Plant lacated at: San Bruna, Califarnia
Export Agents: Frozar and Hansen, 301 Clay St., San Francisco 11, California, U.S. A.
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Typical of the outstanding performance of thisnew triode is its
high power gain. With 5000 volts on the plaie, the new Eimac
3-750A2 will deliver 2000 waitts output with only 50 watts
driving power, ut a plate efficiency of 75%. (See above chart.)

ELECTRICAL CHARACTERISTICS

Filament: Thoriated tungsten

Voltage 7.5 volts
Current . .o e 21.0 amperes
Amplification Factor (Average) o5 o ene p vy
Direct Interelectrode Capacitances (Average)
Grid-Plate « '« p! s 5 3 © @ = (2 W 3 A C 5.8 vuf
Grid-Filament & o o o @ & @ & @@ ¥ £ a 8.5 vuf
Plate-Filament . . . g 8 1.2 vuf

Transconductance {(Ip=1. Oamp Eb 5000 ec——100) 3500 umhos
Fregquency far Maximum Ratings o &'k 40 mc

CALL IN AN EIMAC REPRESENTATIVE FOR INFORMATION

ROYAL J. HIGGINS (W9AI10),600 S.
Michigan Ave., Room 818, Chicago 5,
Ilinois. Phone: Harrison 5948.

VERNER O:JENSEN CO., 2612 Second

ADOLPH SCHWARTZ (W2CN), 220
Broadway, Room 2210, New York 7,
New York. Phone: Courtiand 7-0011.

HERB BECKER (W6QD), 1406 S. Grand

Seattle 1, Washington. Phone: Ave,. Los Angeles 15, California.

Elhon 6871 Phone: Richmond 6191
M.B.PATTERSON (W5CI), 1124 Irwin-
Keasler Building, Datlas 1, Texas.
Phone: Central 5764, i

TIM COAKLEY (WIKKP), 11 Beacon
Street, Boston 8, Massachusetts.
Phone: Capitol 0050.
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You can, of course, order special contacts if you
need them for your new equipment. And you
can depend on it that Mallory’s experience in
creating more than 5,000 special designs in the
past twenty-five years will produce exactly what
you want.

But why order “specials’> when the chances
are nine out of ten that a Mallory Preferred
Type Contact will do the
job just as well — perhaps
even better ?

Mallory Preferred Contacts
are eight basic types which

MALLORY CONTACT CATA-
LOG — Complete information about
the Eight Basic Types of Preferred
Contacts, including Range Charts as
indicated above. Yours for the asking.

See “Mallory on Parade”

T -Comggsne Contact

- 520 500 Type 5—1258 - |
w 40 750 Type 5—1257 |
» 632 -500 Type 5-—1565
" 612 750 Tyoe 51967
L] 10-32 500 Tyoe 515105
Al 1032 750 Type 3—15107
- 832 500 Typa 5=1885
LY 832 750 Tyoe 51887
. 10132 500 Type 5=18105
e 1032 750 Type 518107
Y 1032 .500 Type 5—2110%
N 1032 750 Typo 5—21107
Yo 1032 500 Type 525105

/K Type 52510

a quarter of a century has shown meet most
requirements. They include the composite screw
contact—Type 5—shown at the upper right,
and available in a large variety of sizes. They can
be ordered by catalog number . . . delivered
without delay or the expense of special tooling.

So before you go too far with that post-war
product, check the Mallory Contact Catalog
first. A copy will be sent you without obligation.
Engineers who write on company letterheads
may also have a free copy of the Mallory
Contact Data Book, the new authoritative text
on contact fundamentals, designs, materials
and applications.

Booth 36 P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA

Chicago Radio Parts Show
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PTOUCH}’E . « « The howl of anguish with which the
broadcasters greeted the March 7 FCC 139-page report
on the “Public Responsibility of Broadcast Licensees”
indicates that blood has been drawn. If so, it is a
blood letting in the interests of the broadcasters them-
selves and may relieve the pressure sufficiently to avoid
more serious repercussions of the progressive deg-
radation of the fine broadcast tradition.

From time to time this column has voiced one man’s
personal distaste for present-day trends in broadcast-
ing. This opinion has gathered courage from the in-
creasing number of dirty digs aimed at commercials
by the cartoonists and by the criticism for the paucity
of good programs and of the lack of originality on
the air written by radio columnists whose very bread
comes from broadcasting and whose only axe grinding
is for better radio entertainment. The FCG report
clinches the matter: the broacasters must renew their
earlier acquaintance with a sense of public responsi-
bility. Otherwise a very nice golden goose may be
seriously maimed if not completely knocked out.

The FCC report shows that station owners will
promise practically anything and everything to get a
license or a renewal; that having got their piece of
paper they promptly say pfui to the commission and
to the public by disregarding all their promises.

The report shows that the share of income devoted
to technical or program expenses has gone down
steadily; that the time devoted to sustaining programs,
local talent, to public issues decreases right along.
Paraphrasing one of the daily paper radio writers that
Mr. So-and-So never allows a program to interfere
with a plug, one might come to the conclusion that net-
work affiliates will never permit a sustaining program

TALK

to go on the air if they can get a local advertiser to pay
for a home-town commercial.

The report confirms the suspicion that soap operas,
the form of “entertainment” that costs the station and
advertiser least, get more and more of the daytime
hours. In January 1940 92 percent of the weekly
sponsored daytime programs were soap; in September
1945 NBC and CBS together devoted 9 hours a day
Monday through Friday to soap thus completely up-
setting good program balance. One either listens to
drama (sic), tries to get something else, or (more
than likely) turns off the radio and saves time, juice
and tubes.

The report shows that the broadcasters’ plea that the
industry itself should set the rules of good service
does not seem to work. The trade organizations have
advisory functions only and no power to enforce good
practices. Indeed, on reading the report one cannot
help but believe that the members of the trade organ-
ization make suggestions for improving the service in
the front office and then rush to the back room where
they think up new devices for thumbing their noses at
the public. Recordings by FCC indicate that “the NAB
standards are honored as much in the breach as in
the observance.”

The FCC report shows a great deal more statistically
and by station call letters. It is rather disgusting read-
ing. Anyone who can take more of it without throwing
up should spend some time with the thick volume re-
cording the November-December 1943 hearings before
the Senate Committee on Interstate Commerce on
S. 814, a bill to amend the Communication Act of 1934.
Here the station operators themselves say their pieces
and quite a bit of it is not so hot.
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PATENT

By COL. DONALD K. LIPPINCOTT

ABOUT THE AUTHOR

Colonel Lippincott was, before the war, a partner in the San
Francisco firm of Lippincott & Metcalf, patent attorneys. Dur-
ing the war he successively held the positions of Patent and
Inventions Counsel to the Signa] Corps and, more recently,
Chief of the Legal Division, a position just relinquished to return

to civilian life

HE AFTERMATH OF WAR has pre-
Tsented the electronics industry
with a first class puzzle all its own.
It is a puzzle that must be solved if
the industry is to prosper and ad-
vance in research, development and
production. The puzzle: How shall
the microwave patents be handled?

Wartime development resulted in
the filing of some 6,000-odd appli-
cations for patent in the field of elec-
tronics, The inventions to which
these applications are directed were
largely classified, so that practically
all of them were placed under patent
office secrecy orders. As a result very
few have issued, and no one knows
who will .control what. The normal
adjustments that might have taken
place gradually have been prevented.
The individual inventor could not
sell his rights, for he could not even
talk about them. Companies with
conflicting claims could not make
compromises or  cross-licensing
agreements. Interferences between
conflicting applications were not de-
clared.

The government required speed in
development, and encouraged com-
panies which had never before done
active development work to do so.
Government employees made inven-
tions under which they retain the
commercial rights while the govern-
ment holds a free license. Finally,
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the government itself holds eomplete
title to over 1,000 patent applications.

Situation Coming to Head

The issuance of these applications
into patents will bring the problem
to a head. Before the war a manu-
facturer of radio or other electronic
equipment could reasonably insure
himself against infringement suits
by securing one or two general li-
censes, four at most if his manufac-
ture covered practically the whole
field. The prospect of dealing with
ten or 20 corporate licensors, plus an
indefinite number of individuals, is
one that cannot be faced.

The solution might be simpler if
the inventions were limited to radar,
but they are not. Although many of
them came from radar developments
the same techniques are applicable to
pulse communication, television, ra-
dio relay, f-m, and no one knows how
many other branches of the art, old
and new, and hence it is impossible
for a few manufacturers of special-
ized equipment to get together and
cross license. Everyone in the indus-
try is involved.

Government Owned Patents Baflling

One possible solution would be for
some one company to set out to
corner the market in electronic pat-
ents. However, under our antitrust

laws it is probable that no company
would dare attempt this. Nor could
a number of companies make a con-
certed effort to divide the field, for
that would be conspiracy. Moreover,
neither of these solutions take into
account the government-owned pat-
ents, which introduce a number of
baffling problems of their own.

During the war the armed services
acquired title to inventions, and filed
applications for patent on them, for
one primary purpose; to prevent
others from patenting those inven-
tions and demanding royalties
thereon. If other inventors make im-
provements on government-owned
inventions the patent defines their
starting point, and prevents their
claiming the basic invention instead
of merely the improvement. Few
have offered serious objections to the
government taking out patents for
this purely defensive purpose.

Two Schools of Thought

Two lines of thought, that govern-
ment-owned patents pass automati-
cally into the public domain, or, on
the contrary, that they are an asset
of the government, have ardent sup-
porters. No court has passed on the
question, and no act of Congress has
clarified the issue.

Some 22 years ago the then at-
torney general rendered an opinion
to the effect that the government
could hold patents as any other pro-
prietor could, and that the heads of
executive departments could grant
non-exclusive  revocable licenses
thereunder without express Con-
gressional authority.

In the absence of statute law or
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PUuzzLE

Over 6,000 patent applications covering microwave apparatus were filed during

the war. Few were issued, due to military classification, so removal of restrictions

signals the beginning of a postwar game for high stakes. The industry, the gov-
ernment, and many individual engineers hold blue chips

judicial decision to the contrary, an
opinion of the attorney general is
binding on the executive depart-
ments. The opinion still stands and,
no matter what legal theorists may
think of that opinion, for the War
and Navy Departments it represents
the law and they must conduct them-
selves accordingly. But legislation
now pending may reverse this, and
dedicate government patents to the
public, free for the use of everyone.
For the present no one can forecast
what the result may be.

Any solution of the patent puzzle
must therefore take account of the
thousand-odd patents which the gov-
ernment owns outright, and which
its officers and agents are bound to
administer for the best interests of
the government, unless or until Con-
gress says otherwise.

It is doubtful if anyone in either
Army or Navy believes that the “best
interests” in this case is a question
of revenue. Both services consider
the national security to be infinitely
more important, and both believe
that a healthy, aggressive electronics
industry, free of all curbs on techni-
cal advance, is essential to such se-
curity.

One Suggested Solution

Though the government may be
precluded for the moment from tak-
ing active steps toward solving the
problems, industry is not. No mat-
ter what Congressional action may
be, industry’s problem will remain.
Any satisfactory pooling plan must
take account of all holders of pat-
ent rights, If a workable plan can
be set up at all it should be possible
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to set up a pool which could open to
receive the government’s patents and
to give the government a voice in
their administration. Directly or in-
directly governmental influence is
certain to have weight with a pool in
any event, for it already holds a
large number of free licenses under

the patent applications of the poten-.

tial corporate members, and, pos-
sibly more important, it can exercise
a certain degree of control over
the administration of its employees’
rights.

Patent Pool Requirements

Any workable pooling plan for the
electronics industry should meet
some very severe conditions. Prob-
ably no two proponents would agree
as to which of these conditions are
absolutely prerequisite, which prac-
tically necessary, and which merely
desirable. It is possible, however, to
set down some on which there might
be general agreement.

A workable pool must take full
cognizance of and be compatible with
the antitrust laws. Licenses under
it must be available to all who need
them. It must safeguard the inter-
ests of all, the great corporation no
less than the hole-in-the-wall manu-
facturer, the “attic inventor” no less
than the organized research labor-
atory.

A workable plan should preserve
the incentive for research and in-
vention. It should make effective re-
search profitable, and its royalty
rates must be high enough for this
purpose but not high enough to put
a burden on sales and reduce con-
sumption by excessive prices. On the

other hand, it should not attempt to
guarantee profits to all research, nor
should it set a premium on securing
mere numbers of patents.

A workable pool would have to be
simple enough to be operable by a
limited staff. That would mean ac-
ceptance, at the outset, of a system
of rough justice, instead of exact
accountancy in determining contribu-
tion to the art, distribution of royalty
income by approximate formula
rather than by exact extent of use.
There is no doubt that such a system
would result in some inequities, but
those inequities would be minor com-
pared to those met under present con-
ditions, Any inequities should be in
the formula and not its administra-
tion.

Other Solutions more Difficult

These do not exhaust the desirata
to be met, but they do include most
of the major ones. To formulate such
a structure will require the best ef-
forts of the ablest brains in the in-
dustry, plus a concerted and whole-
hearted effort by all concerned to
make it work. The requirements
stated may seem idealistic, perhaps
to some even Utopian. Yet they are
no# impossible of fulfillment, given
the same degree of cooperative effort
as was used by the industry in meet-
ing its wartime problems.

If some such attempt is not made
the alternative would seem to be
chaos; delay in development and pro-
duction, waste of money and energy
in litigation, quite conceivably the
breakdown of our entire patent sys-
tem. If the task seems appalling,
the other choices are worse.
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Measurement of Ocean Waves
Generated by Atomic Bombs

Bikini Atoll test plans include the use of radio-controlled switches, electronic echo-sounders,

recording instruments of many kinds, and television. All of this equipment must operate

despite blast, heat, and ionizing radiation

HE FORTHCOMING Bikini Atoll

tests of the effects of the
atomic bomb explosions on modern
warships require a very large-scale
program of instrumentation for the
measurement of the many phenomena
which will accompany the bursts.
The difficulty of exactly calculating
the effects of an atomic bomb explo-
sion against ships at sea is such that
only large-scale experiments can pro-
vide sufficiently useful information
on what this country must do to pro-
tect its naval arm in the event of
future atomic warfare.

Whether an atom bomb is exploded
over barren land or over a complex
system of islands and water, floating
surface ships, and surfaced and sub-
merged submarines, the measure-
ment of the many effects of the burst
is a difficult problem, particularly
when using electronic equipment. The
unique environment of great blast,
heat, and ionizing radiation in which
some of the instruments must oper-
ate poses problems not usually con-
sidered in electronic equipment de-
sign. =

The instrumentation problems
faced by the Technical Section of

By NORMAN J. HOLTER

Senior Physicist

Joint Tusk Force 1, Oceanography Section
Navy Department
Washington, D. C.

Joint Task Force One, the fleet cre-
ated under the command of Vice Ad-
miral Blandy for the determination
of the vulnerability of modern navies
to atom bomb attack, are being solved
on a wide front and on a crash design
basis, because of the limited time
available before the tests. (Ed. Note:
Scheduled to begin in July.) The
experience of Army Manhattan Dis-
trict scientists in explosion measure-
ments at New Mexico, Hiroshima,
and Nagasaki has been combined
with that of naval scientists with
broad sea experience, to produce a
cooperative and workable instrumen-
tation plan under the overall techni-
cal direction of Dr. R. A. Sawyer, an
outstanding Navy ordnance expert.
Of the effects to be measured, some
are new, since atom bombs have never
before been exploded at sea. One
such effect is the production of sur-
face water waves, particularly in the
second test when a bomb will be ex-
ploded in the water. Fortunately,
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the action of ocean waves and break-
ers was intensively studied during
the war, so that instruments are al-
ready developed to the point where
they can, with but little modification,
be adapted to the study of waves pro-
duced by the explosions over and
in the lagoon of Bikini Atoll. The
instruments were first designed to
measure the height, wavelength and
other characteristics of wind waves
in the open ocean, and to measure
breakers on beaches. Data obtained
enabled civilian laboratories, work-
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FIG. 2—Maechanical detail of strain-gage
wave-recorder unit developed by the Uni-
versity of California. Water pressure act-
ing via the diaphragm and bellows is
recorded on shore through the three-wire
cable. Wave heights are calculated from
the resulting record of pressure on the sea
bottom below the wave

FIG. 1—Typical wave record from a rec-

ording echo-sounder installed on a ship at

anchor in 82 feet of water. Waves are
seen to be from 1 to 4 feet high
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FIG. 3—Moving-coil type wave-pressure measuring unit developed by Woods Hole Oceanographic Institution, shown (left) with the cover
removed, and disassembled, with the moving coil and magnet at the lower right

ing under contract to the Bureau of
Ships and the Hydrographic Office of
the Navy, to work out a method for
predicting the height of surf on
enemy-held beaches.

The program of the wave-measure-
ments group is only a small part of
the total instrumentation work of the
Task Force, but will serve to illus-
trate the magnitude of the overall
plans for comprehensive scientific
documentation of the Bikini tests.
Other groups will measure blast,
heat, radioactivity, electromagnetic
and many other effects.

The wave instruments planned for
use in the tests are not all electronic
but are included in this discussion for
the sake of completeness. (Electronic
niceties have, in fact, been intention-
ally sacrificed wherever possible in
the interest of simplicity and rugged-
ness.) The waves at considerable dis-
tances from the burst are not ex-
pected to be unusually large and in-
struments which are used for meas-
uring ordinary waves will be em-
ployed at such points. Near the ex-
plosion, where waves might vary
from small values to a few hundred
feet in height, the instruments will
be capable of recording a greater
range. No one type of instrument is
being relied upon, because of many
unpredictable factors. Approximately
100 separate instruments of about a
dozen different types will be installed
on the ocean bottom, on islands, on
ships, and on airplanes, for the re-
cording of the surface disturbances.

The following types of instruments
are to be employed.:

Portable recording echo-sounders,
mounted on target ships
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Standard ship-type recording echo-
sounders, on target ships

Buoy-mounted recording
sounders

Bottom - mounted self - contained
wave-pressure recorders

Bottom - mounted shore - connected
wave-pressure recorders

Tower photography

Aerial photography

Recording television

Radio-link wave buoys

Maximum water-height recorders

Water-level recorders

echo-

Echo-sounder Wave Recorders

The echo-sounder is a familiar elec-
tronic instrument. Its principal com-
ponent is an underwater transducer,
usually a magnetostriction type,
which is pulsed by a series of capaci-
tor discharges. Each electric pulse to
the underwater transducer provides
a  supersonic sound pulse which
travels to the ocean bottom, is re-
flected, and returns to either the same
or a separate receiving transducer.
The echo signal picked up by the re-
ceiving transducer is amplified and
recorded on a moving chart. The suc-
cession of pulses produces a record
which is calibrated in terms of the
time required for the sound pulse to
travel to the bottom and return. The
net result is a continuous record of
the distance to the ocean floor. (180
feet in Bikini lagoon.)

On a moving ship such a record
shows the hills and valleys in the
bottom. On a stationary ship in quiet
water, the record is essentially a
straight line, indicating tidal range.
But waves cause the ship to move up
and down, so the varying distance

from the bottom is recorded and pro-
vides a record of wave height, as
shown in Fig. 1. The wavelength of
the water waves created by atom
bombs is expected to be great enough
so that a ship, which represents a
body subject to an oscillatory force,
will have essentially a 100 percent
response to the applied periodic force
of buoyancy. In other words, ampli-
tude will equal wave amplitude.

Some echo-sounders are being
mounted on special buoys because of
the fact that some of the ships may
have a tremendous roll and the sound
beam may be tilted too much to give
a satisfactory record. The buoys are
designed for minimum roll, and are
expected to rise nearly straight up
and down under wave action.

Self-contained Wave-Pressure Recorders

Self-contained wave-pressure re-
corders are mechanical instruments
which will be mounted on the bottom
of the lagoon and spaced at various
distances from the explosion point.
Those closest to the explosion may be
destroyed by blast pressure but most
of them are expected to withstand
the high underwater pressure from
the explosion and immediately after
the blast to record the low pressures
produced by waves passing over the
instruments. (The water pressure
caused by an ocean wave decreases
with distance below the wave, becom-
ing negligible for most purposes at
a depth equal to one half the length
of the wave. Knowing the length of
the waves, such pressure records can
be corrected to provide wave heights.

These instruments consist of a
shock-protected  sylphon  bellows
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which compresses with pressure and
moves an arm which records on a
clock-driven smoked chart. A heavy
steel case houses the assembly and a
mechanical frequency-filter protects
the bellows from shock. Some of the
instruments will have the clock
started before the unit is lowered
into position; others will contain a
mechanism to start the clock when
the underwater blast-wave arrives.

Shore-connected Wave-Pressure
Recorders

Electrical types of wave-pressure
units have obvious advantages over
mechanical types for ordinary usage.
They can be connected by cable, often
several miles long, to recorders on
shore where sea conditions can be
observed continuously and without
having to retrieve the unit. Record-
ers will be installed at Bikini in stra-
tegic locations some distance from
the blast.

There are many types. embodying
all of the usual means of translating
motion into electrical current. Wave
pressure can be used to compress a
bellows whose motion can be trans-
mitted to a coil in a magnetic field,
to a simple variable potentiometer, to
a strain gage, to a variable-reluctance
element. The output may be presented
in numerous ways; on a panel meter,
ink-recording meter, or optical-
photographic system. Two of the
many possible types of pick-up units
are illustrated in Figs. 2 and 3. Most
such instruments incorporate a sec-
ondary pressure-chamber with a slow
leak such that the pressure changes
caused by slowly lowering to depth
or by tides produce no net deflections
of the =sensitive element, whereas

FIG, 4—Optical recorder for determining
wave pressure, developed by Woods Hole
Oceanographic Institution. The unit is seli-

contained and readily portable. It is used
in connection with the moving-coil unit
of Fig. 3
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wave pressures cause a deflection
since they have too high a frequency
for the slow leak to have any effect.
ELECTRONICS readers will note that
high and low frequencies as applied
to ocean waves are in an unfamiliar
range, where one talks of a low fre-
quency of 1/25th cycle per second
and a high frequency of 1 cycle per
second.

Figure 4 shows a recorder for use
with a moving-coil pickup. The cur-
rent from the sea unit is fed into a
fluxmeter whose deflections are re-
corded photographically. Figure 5
shows the tvpe of curves recorded.

Tower Photography

Towers on a number of islands in
the Atoll will house cameras, both
still and movie. Extremely rapid pic-
tures will be taken by those groups
studying bomb behavior and ship ef-
fects. For wave measurements, still
pictures will be taken at approxi-
mately one-second intervals from
each tower. All the cameras will be
operated synchronously by radio
pulses, and the results will enable
stereoscopic calculations to be made
for determination of wave character-
istics.

Some of the cameras are to be quite
distant, in order to help protect the
film from radioactivity fogging, and
will not provide much data unless
the waves are quite high and the at-
mosphere is clear. Lead shielding
will be used to protect the film in the
interval during which it is unsafe
for personnel to re-enter the atoll and
retrieve the films. (If time was avail-
able, equipment would be built to au-
tomatically process the films before
personnel could re-enter the area,
thus decreasing the probability of
radioactivity fogging of the film.)

Aerial Photography

Three planes, flying prescribed and
timed courses, will take still photo-
graphs of the area. The cameras will
be operated by the same radio pulses
which operate the tower cameras
mentioned above. Thus a wide va-
riety of combinations of synchronous
rhotographs will be available for
stereoscopic examination.

Photoelectric cells with associated
circuits will be paralleled with the
radio circuits so that if the radio
pulses which are scheduled to start
just before the bomb explodes should

fail to operate, the brilliant flash of
the explosion will trip all the cameras.

Recording Television

Waves are expected to arrive at
the shore of some of the Bikini Atoll
islands with sufficient height to pro-
duce breakers. Bressures could be
recorded on the bottom below these
breakers but would be of little value
since the exact relation between
breaker height and pressure below
the breaker is not known. Breaker
height can be readily measured by
means of a sighting instrument de-
veloped during the wartime study of
surf prediction but this requires the
presence of an observer. As the en-
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FIG. 5 Sample records of laboratory-gen.

erated waves, illustrating the ability of

the electrical unit shown in Fig. 3 to re-

produce complicated waveforms accurately

by comparison with records obtained with

a Bourdon gage and optical recording
system

tire Atoll will be evacuated before the
explosion this method cannot be used.
Two towers will therefore be erected
on one of the islands and used to
house television cameras and video
transmitters in the 200-mc band.
These cameras will televise wave ac-
tion at a range which is definitely un-
healthy for humans but not so close
but what the iconoscope will continue
to function in the presence of ioniz-
ing radiation and the great actinic
output of the bomb.

Television receivers are to be in-
stalled in two airplanes and their
cathode-ray tube screens will be pho-
tographed by movie cameras. In ad-
dition, one receiver will be observed
directly by a wave expert who will
record his subjective qualitative im-
pressions of what occurred. Selected
press representatives and others will
also view television receivers tuned
to the tower transmitters.

Several buoys, such as the one
shown in Fig. 6 and 7, will be planted
in the lagoon at various points and
will radio the desired data to a re-
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cording unit in one of the photo-
graphic planes. These buoys will be
anchored with a taut line so that they
will not move up and down under
wave action. The water level relative
to the buoy will change as waves pass
by. At the bottom of the buoy, a small
echo-ranging transducer sends super-
sonic pulses upwards to the water
surface. The travel time of these
pulses is transmitted by a radio in
the buoy and recorded. The record
can be converted to wave heights.

This equipment, and television,
have the advantage that data will be
obtained very soon after the explo-
sion without having to wait until it
is safe to re-enter the lagoon.

Maximum Water-height Recorders

Simple maximum water-height re-
corders are expected to provide data
with a minimum of design and manu-
facturing effort. Approximately ten
sturdy pipes will be driven into the
ocean bottom near the shore of one
of the islands, as shown in Fig. 8. On
each pipe will be mounted a series of
electrical contactors which will be
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FIG. 6—Sketch illustrating principle of

operation of a radio-equipped buoy which

transmits wave data to a remote receiver-

recorder. It was developed by the U. S,
Navy Electronics Laboratory

shorted out by any sea water which
rises to their level. Each shorted set
of contactors will blow a fuse through
a simple battery circuit contained in
a compartment inside the pipe, and
by counting the number of blown
fuses after the explosion, the height
of the water at that point will be
known. In case the water goes over
the top of the pipe, another pipe back
of it and on higher ground will record
the maximum water level.
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Water-Level Recorders

As waves emanate outward from
the explosion point they will decrease
in height and increase in wavelength.
At a safe distance from the burst, in-
stallations of simple laboratory-type
float recorders will be made for ob-
taining data on these changes in the
waves. Floats will ride up and down
with the water and actuate an ink-
writing pen mounted on a piling. The
pen motion will be recorded on a
clock-driven drum of chart paper to
provide wave height and length data.
Such data can be extrapolated back
tc points closer to the explosion for
comparison with data obtained there
by other instruments.

Instrument Timing and Programming

Nothing has been said so far about
the procedure for actually putting
each type of equipment into opera-
tion. All instrumentation groups face
the difficulty of having some circuits
or recording gear which cannot be
started until just before the explo-
sion. As all personnel must evacuate
the area many hours before measure-
ments actually start, clock or radio
remote-switching methods must be
nused.

Several switches may have to be
closed at different intervals for the
same equipment. A large number of
radio receivers with tuned relays in
the output are being made available
to the instrumentation groups by the
Los Alamos Laboratory of the Man-
hattan District and a master trans-
mitter will send coded signals at
prearranged intervals before the ex-
plosion. Each receiver will close two
circuits and any two of the standard
signals can be chosen to suit the
needs of the unit being turned on.

Other means available and satis-
factory in certain cases for actuating
electric circuits are the effects of the
bomb itself, such as its light output
or blast wave. The light will be util-
ized for turning on some of the wave
cameras and the underwater blast
will be used for starting the clocks
of some of the wave-pressure record-
ers.

In all of the echo-sounder record-
ers, an accurate timing-signal is re-
guired in addition to starting and
stopping signals. Timing signals are
to be recorded at intervals of a few
seconds on the wave-record chart to
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enable accurate wave length and
wave-speed data to be obtained. The
fathometers will be turned on by a
simple mechanical alarm-clock type
of switch just long enough before the
explosion to allow for circuit warm-
up. Those equipments still function-
ing after the blast will be turned off
by the same clock about 30 minutes
after the last possible hour of the
bomb drop.

All timing arrangements must take
into account the fact that the bomb-
ing time may be postponed up to a
few hours from the scheduled hour
on D-day. The radio-controlled
switches have a provision for recycl-
ing by a third signal, which opens
all circuits, which are then ready to
begin the program again. Also to be
considered is the possibility of post-
ponements of one day at a time in
case of adverse weather for accurate
bombing or winds adverse for carry-
ing off the dangerous products of the
explosion. These possibilities must
be kept in mind in connection with
power-supply requirements for var-
ious instruments. Power sources will
include diesel generators of auxiliary
ships, portable gasoline-driven gen-
erators, storage batteries, and dry
cells. Some instruments will still be
operative after delays of several days,
whereas others will have to be re-
visited after the first evacuation to
replace exhausted batteries or to re-
fuel generators. Not all types of
equipment can be satisfactorily oper-
ated by remote switching and some

FIG. 7—Radio-buoy shown in Fig. 6 under-

going sea tests off San Diego. The re-

ceiver-recorder was in a plane several
miles away
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will have to be turned on and adjusted
by the last to leave. It is these types
of equipment (television, for ex-
ample) which have a power-supply
problem in case of bombing delays
greater than a few hours.

Power Supplies

Present plans for powering the
wave-measuring instruments are as
follows: The portable-type echo-
sounders will be powered by storage
batteries both for the external ship
mounts and the buoyed projectors;
the standard ship echo-sounders will
be powered by auxiliary ships supply.
If the test is postponed by a day,
ships will be boarded and the clocks
reset for the following day. Batteries
will not have to be replaced unless the
test is delayed by two or more days.

The bottom-mounted pressure re-
corders contain clocks which will run
for three days. Each clock will be
started at the time the instruments
are planted on D—1. If postponement
is more than two days, each instru-
ment will be retrieved and rewound.
Some of the instruments will have
the clock started by the underwater
blast and will therefore require no
servicing in case of delays.

The television transmitters will be
turned on manually and adjusted
through radioed instructions from
the receiving planes. They will con-
tinue to televise the scene after evac-
uation and if still operative after the
blast will continue to transmit until
batteries are exhausted. Some pro-
visions for trickle charging may be
arranged for these transmitters but
they will have to be readjusted in case
of one or more days delay.

The tower and aerial wave photog-
raphy will not be affected by delays.

For the shore-mounted maximum-
water-height recorders, a special type
of programming is necessary. If these
instruments were operative over any
more than the time required for the
explosion waves to reach them, they
would operate from wind waves or
the tide. Since the waves may not be
very high at these instruments, it
would not be possible to distinguish
wind waves or tide waves from waves
caused by the atom bombs. This
will be prevented by utilizing the
standard 2-second radio signal to
close a switch which will render the
circuit operative. The circuit will be
rendered inoperative about 30 min-
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utes after the blast by the use of a
separate mechanism. The 2-second
signal will not be sent unless the
bomb is to be dropped, so that no
postponement problems arise.

The water-level recorders are clock
driven and will be started by hand. If
delay is more than two days the area
will be entered to replace the chart
paper.

The radio-repeating wave buoys
will be started by hand and adjusted
at a late hour before evacuating the
region. The internal battery-supply
will provide transmission over a pe-
riod of several hours but not for a
day. To facilitate battery replace-
ment if it becomes necessary, an aux-
iliary float may be provided so that
the entire buoy will not have to be
raised.
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FIG. 8—Maximum water-height recorder
which blows fuses corresponding to wave
heights when water shorts the contacts.
The blown fuses constitute a record which
may be examined later, in the case of the
Bikini Atoll atomic-bomb tests after danger
of radioactivity subsides. A radio-con-
trolled switch may be installed to place the
recorder in operation when the tests are
about to start

The cable-connected pressure re-
corders will be supplied with two
radio signals, one to close the heater
circuits and the later one to start a
chart motor. These will be turned off
by radio so that no delay in servicing
will be necessary.

Advance Planning

A program such as the above would
end in hopeless confusion if every
step was not planned in advance and
put into action on almost a military-
discipline basis. A special staff of
about 30 oceanographers, physicists,
electronic engineers, and technicians

Las been recruited from the U. S.
Navy Electronics Laboratory, San
Diego, the University of California
Engineering Dept., Berkeley, Calif.,
and the Woods Hole Oceanographic
Institute in Massachusetts, and is
proceeding en masse to Bikini with
all equipment. Officers in charge will
be Comdr. Roger Revelle, Vice-Ad-
miral Blandy’s oceanographer. Lieut.
Comdr. F. G. Morris, former des-
troyer skipper, has been made Pro-
ject Officer. Technical coordination
is by the author, Norman J. Holter.
Among the others going to Bikini for
wave work are Dean M. P. O’'Brien,
Head of the University of California
Engineering Department, and Prof.
Alexander Forbes, of the Harvard
Medical School, a world*authority on
photogrammetry.

Several weeks are expected to pro-
vide time for installation of fixed
equipment and planning for installa-
tion of gear which must be set up at
the last minute. Personnel will be
assigned to specific duties and the
entire operation will be rehearsed,
including the actual operation of in-
struments and taking of records.
Starting about 48 hours in advance
of the explosion, each man will know
just where he should be, what he
should be doing, how he is going to
get there and back, etc., for each of
his waking hours up to the time of
the blast. Fifteen walkie-talkie SCR-
300’s will be available for coordinat-
ing the carefully timed movements of
personnel and boats during this int-
erval. Courses will have been laid out
in advance and marked with buoys to
indicate where each bottom recorder
is to go on D—1.

The first atomic bomb exploding
300 to 600 feet in the air may not
provide as much wave information
as the second burst on the water sur-
face. It will nevertheless be very valu-
able even if wave production is
smaller than expected because it will
be a real dress rehearsal for the sec-
ond shot.

A special electronics repair ship is
being outfitted to house the personnel
and provide laboratory and repair
facilitied. As soon as it is found to be
safe to reenter the lagoon, records
will be retrieved, processed and stud-
ied to provide data on what modifica-
tions of programming or instrumen-
tation are desirable for the water
burst.
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Engineering Approach
to Wave Guides

Practical considerations in the choice and fabrication of wave guides are considered from

the engineering viewpoint. The advantages of hollow, rectangular guides are described by

comparison with coaxial cable characteristics at super high frequencies

o

TE| 0 DOMINANT MODE
4 Ac=2a

—— L} o — —

FIG. 1—The distribution of the transverse electric (solid) and transverse magnetic

(dashed) waves in wave guides of various rectangular cross sections. The geometry

of the guide is usually such that only the dominant mode (TE, )} is above cutoff. A
few of the higher modes are shown

TABLE I—Comparison of Transmission Lines for 5.000 mc

Rectangular Rigid
Type of line wave guide Coaxial line Flexible cable
Army-Navy typeno. ... .. | RG49/U RG-76/U | RG-9/U
outside dimensions. ... ... .. 2 X lin. 5/8 in. diam i 0.420 in. diam
conductor material. ... .. .| brass brass inner conductor
7/21 AWG silvered
copper
outer conductor
double braid, inner
silvered copper, ouler
copper
|
S ' — —
surface finish......... .. ... | silver silver | silver
dielectric. .. ......... ... .. | air air polyethylene
—_—_—— |
weight b per ft I 1.10 0.292 ; 0.150
attenuation db per fl } 0.011 ‘ 0.035 0.23
recommended power rating.| 1.2 megawatts| 0.3 megawatts| 4,000 volls rins max
’ 66 watts continuous
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By THEODORE MORENO

Sperry Gyroscope Co., Inc,
Research Laboratories
Garden City, N. Y.

NTIL A FEW YEARS AGO, wave

guides were a type of trans-
mission line having considerable
theoretical interest but little practi-
cal utility. The basic physical prin-
ciples governing their operation were
developed and published beéfore the
war,” > * ‘ but widespread use during
the last few years has reduced their
seemingly complex behavior to a set
of engineering principles, sufficient
for most microwave transmissions.

Choice of Conductor

When a transmission line is to be
chosen for microwave frequencies,
the choice must usually be made be-
tween rectangular wave guide and
coaxial line. The coaxial line may be
either rigid line or flexible cable, but
both are operated with the principal
mode (TEM) carrying energy, along
with the first of the higher order
modes (TE, ,) that will be able to
carry energy as the wavelength is
reduced. The cutoff wavelength of
this higher mode is given to a good
approximation by A, = 2nvVe(b +
a) /2, where a is the outside diameter
of the inner conductor and b the in-
side diameter of the outer conductor.
A coaxial line is normally operated
below cutoff for this higher mode.
For a given operating frequency, a
maximum limit is therefore set on
the transverse dimensions of the line.

A practical wave guide is usually
rectangular in cross section and is
operated with the first of the higher
order modes carrying energy. This
is the TE, , mode, also known as the
dominant mode in rectangular wave
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guide. It is illustrated in Fig. 1,
along with some of the possible
higher modes. To carry energy in
the dominant mode, a rectangular
wave guide must exceed certain min-
imum dimensions, but to avoid the
higher modes, must not exceed cer-
tain maximum dimensions.

Circular wave guides are usually
avoided because there is a very nar-
row frequency range over which any
given size of guide is above cutoff
for the dominant (TFE,,) mode but
will not carry energy in any of the
other higher modes. Furthermore,
any ellipticity or obstacle in the wave
guide is likely to elliptically polarize
the traveling wave, making it diffi-
cult to handle at the output.

Sometimes the TM, , mode in cir-
cular wave guides is used because it
combines circular symmetry with
high power-carrying capacity, but
care must be taken to avoid the lower
modes, especially when the guide is
long and resonances are likely to be
encountered. Other odd shapes of
wave guide offer possibilities of
smaller size or greater bandwidth,
but to the present time rectangular
guides have been most widely used,
and the suhsequent discussion will
be confined to guides of this type.

Low Attenuation.In Guides

One of the principal advantages

offered by rectangular wave guides

This wave-guide structure comprises a
directional coupler, barretter mount, cavity
wavemeter, magic tee, crystal mount, and
tuning screws for impedance maiching

is their low attenuation. The losses
in a rigid, air-dielectric coaxial line
will usually be at least half again as
great as the losses in a wave guide,
and the losses in standard coaxial
lines are usually about three times as
ereat as in standard wave guides op-
erating at the same frequency. A
flexible cable with polyvethylene di-
electric has even greater losses,
usually about twenty times the loss
in a wave guide.

High-Power Capacity

An additional advantage offered
by wave guides is their high power-
carrying capacity. The power-carry-
ing capacity of a wave guide will be

from three to ten times as great as
in a standard coaxial line, if the limit
is set by the dielectric strength of
the insulator. A large flexible cable
will be able to handle peak powers
that are comparable to those handled
by an air-dielectric coaxial line, but
the average power is greatly limited
by the heating of the inner con-
ductor, and will be several thousand
times less than the capacity of a
wave guide. .

A still further advantage of wave
guides is their mechanical simplicity.
This arises chiefly from the fact that
with a coaxial line it is necessary to
support the center conductor. This
can be a severe mechanical problem
if the support must -at the same time
have good mechanical strength and
not interfere with the electrical prop-
erties of the line,

The advantages that are offered by
a wave guide may be offset by its
size. For a given operating fre-
quency, there is a minimum limit set
on the dimensions of a wave guide,
while no such restriction applies to
coaxial lines. At frequencies much
lower than 3,000 mec, the size and
weight of wave guides become pro-
hibitively large for all but certain
limited applications. At higher fre-
quencies wave guides lose their
awkwardness, and above 10,000 me,
their size becomes an advantage.
Methods of fabrication approaching
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FIG. 3—Wavelength characteristics of a
rectangular wave guide operating in the
dominant mode. The ratio of wavelength
in the guide to wavelength in space (ordi-
nate) is plotted against the ratio of wave-
length to the wider dimension (abscissa)

jewelers’ techniques are needed for
coaxial line structures operating un-
der similar conditions.

Disadvantage of Limited Bandwidth

Another great disadvantage of
wave guides is their restricted band-
width. A given wave guide is limited
by theoretical considerations to a
2:1 frequency range, if both cutoff
and higher modes are to be avoided.
The practical necessity of avoiding
the high attenuation region near cut-
off still further lowers this figure,
and in practice it is necessary to
limit a wave guide of fixed dimen-
sions to about a 1.5:1 frequency
range. A coaxial line, on the other
hand, can be operated, in theory at
least, at any frequency for which the
higher modes are below cutoff. But
this range is usually restricted be-
cause supports must be provided for
the center conductor. A  flexible ca-
ble, in which the center conductor is
continuously supported by the flex-
ible dielectric, does not encounter the
same limitation, but when air dielec-
tric is used, dielectric beads or stub
lines must be used for support. A
broad-band stub support is usually
not operable over much greater than
a 1.5:1 frequency band, and paired
or multiple bead supports are even
less satisfactory at microwave fre-
quencies. Undercut dielectric beads
have been designed which are satis-
factory at all frequencies below sev-
eral thousand megacycles, but they
offer mechanical difficulties in long
lines.
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FIG. 4—Theoretical aitenuation of copper
wave guides over their operating fre-
quency rande for the dominant mode.
Dimensions are outside measurements and
wall thickness, Curves show the extreme
ranges possible with each type of gquide

Cables, by their flexibility, have
advantages over wave guides, but to
offset this, a variety of designs of
wave guide have been developed
which are usually flexible enough for
most practical applications, and have
attenuation that is not greatly in ex-
cess of the rigid guides.

For purposes of comparison, the
properties of a typical rectangular
wave guide, rigid coaxial line, and
flexible coaxial line at a frequency

of 5,000 me (6 cm wavelength) are
summarized in Table I.

When a rectangular wave guide is
chosen for a particular frequency or
band of frequencies, the larger in-
side dimension of the guide must be
greater than a half free-space wave-
length for the lowest frequency sig-
nal to be passed, if the dominant
mode of transmission (TE, ,) is to
be above cutoff. But that dimension
must not exceed a full wavelength or
one of the higher modes (TE, ,) will
also be above cutoff.

Dimensions vs Application

The smaller of the inside dimen-
sions of the guide should be kept be-
low a half wavelength or another
mode of transmission (TE,, ;) will be
above cutoff. There is no minimum
limit on this dimension of the guide,
for the cutoff wavelength of the TE,, ,
mode is independent of the smaller
dimension of the guide. It is desir-
able, however, to make this dimen-
sion very nearly a half wavelength,
as the attenuation will then be kept
at a minimum and the power-carry-
ing capacity maximized. Attenuation
will be an inverse function of the
height of the guide, and power-
carrying capacity a direct function.

The wall thickness of the guide is

An assembly of wave-guide measuring instruments used to determine the effect of
load impedance upon oscillator power and irequency. From leit to right are:
a reflex klystron, impedance meter, impedance transformer, directional coupler (with
a cavily wavemeter this measures frequency) barretier mount for power measure-
ment, and high-power matched load. All the rectangular gquide shown is 2 X 1 inch.
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determined solely by considerations
of strength, weight, and ease of fab-
rication. Wall thicknesses 4n common
use vary from 0.040 in. for the
smallest guides to 0.081 in. for the
larges‘lc'.

Standard Sizes In Use

A number of sizes of wave guide
have been picked as standard guides
by the Army-Navy R-f Cable Coordi-
nating Committee. The frequency
ranges over which these guides can
be used are shown in Fig. 2, along
with the more recent allocations of
the microwave spectrum by the Fed-
eral Communications Commission.
Although the standard guide sizes
overlap and cover the spectrum con-
tinuously, bands which have been
allocated are not completely covered
by any one size of guide. This is un-
fortunate in that more sizes of wave
guide will have to be brought into
widespread use.

Wave Guide Materials

The material most commonly used
for wave guides is cold-drawn rec-
tangular brass tubing. Different
alloys have been used, but a red brass
alloy of about 90 percent copper and
10 percent zinc is usually preferred
for reasons of strength and corrosion
resistance. Brass has been found
suitable, for its mechanical strength
is combined with good machineabil-
ity and ease of fabrication, and its
electrical properties, though gener-
ally satisfactory, can be readily im-
proved by electroplating. The tubing
is not free of stresses, and unless
annealed may warp seriously when
slotted.

Rectangular brass tubing is avail-
able in a wide varietv of sizes and
dimensions from a number of manu-
facturers. But most of this tubing
has heretofore been used primarily
for decorative purposes, and is held
to no tolerances. The dimensions are
likely to vary widely from sample to
sample, and the tubing will be unsat-
isfactory for any applications that
are at all critical. Most of the stand-
ard wave guides listed in Fig. 2 are
generally available at manufacturing
tolerances that are sufficiently close
for most microwave applications.
These close-tolerance guides are gen-
erally called radar tubing because
they were first developed for radar
applications. They are available for
only slightly greater cost, and should
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be used for microwave work when-
ever possible. The tolerances vary
with the particular dimensions and
with the guide sizes, but the dimen-
sions are generally held to within
0.005 in. or less.

Aluminum tubing has been rather
widely used because its weight is
less than a third that of the corre-
sponding brass tubing. But this
lightness is gained at a sacrifice in
ease of fabrication. Methods of as-
sembly such as dip brazing which
assure a strong mechanical bond are
carried out at such high tempera-
tures that the wave guides will usu-
ally warp. Various methods of join-
ing pieces at lower temperatures are
also used. For example, an anodized
aluminum guide may be copper
plated and soft soldered. But these
low-temperature techniques are in
general more difficult and less satis-
factory than the corresponding tech-
niques for brass guide.

Solid silver guide has been used at
very high frequencies for applica-
tions where low attenuation is im-
portant, but its cost is generally pro-
hibitive. Other types of construction
have been proposed, such as plated
plastic tubing, but these have not
been extensively used or tested.

Metal Finishes

The electrical properties of a brass
or aluminum wave guide may be
considerably improved by the type
of finish applied which may also
greatly improve the corrosion resist-
ance of the guide. The skin depth in
most metals is so small at microwave
frequencies that if one metal is
plated on another to a depth of less
than a thousandth of an inch, essen-

tially all of the conduction current in
the metal will flow in the plated sur-
face. The guide losses will then de-
pend upon the plated surface metal
rather than the base metal. For this
reason a silver plate is often used,
because silver’s exceptionally high
conductivity is coupled with good
resistance to corrosion. But both the
electrical and mechanical properties
depend to a considerable extent upon
the type and quality of the silver
plate, and the type of plate that
gives the best electrical character-
isties is not necessarily the most sat-
isfactory from the standpoint of
appearance and resistance to corro-
sion.

Plating Techniques

It has been found that the resist-
ance to corrosion of a silver-plated
surface is greatly improved and the
electrical properties essentially un-
changed if the silver is in turn
coated with a flash plate of palladium
or rhodium. These rare metals have
poorer conductivity than silver, but
when they are applied in an exceed-
ingly thin plate, much less than the
skin depth, essentially all of the con-
duction current flows in the silver
underneath, and the losses are corre-
spondingly low. The thin flash plate
greatly improves the ability of the
wave guide to withstand salt spray
without corroding.

A gold plate has also been exten-
sively used. Although gold has some-
what poorer conductivity than silver,
the losses in gold surfaces are very
little different from the losses in
silver-plated surfaces, and the corro-
sion resistance of gold is very good,
but its cost is relatively high.
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TABLE II—Weights of Standard
Brass Wave Guides

TABLE III — Relative Attenuation
in Metals at High Frequencies

Weight Attenuation

Outside dimensions X | in pounds relative

wall thickness in inches | per foot Metal to copper
3 11/2%0.081. ... .. 2.63 Alofinum. . ... ........ 1.28

: Brass................. 2
2X1X0.064. ... ...... 1.40 Cadmium.............. 2.09
Chromium............. 1.23
11/2 X 3/4X0.064....| 1.03 Gold.................. 1.19
Tead.................. 3.57
11/4 X5/8 X 0.064.....] 0.848 Magnesium. . .......... 1.63
Manganin. . ........... 5.05
1 X 1/2X0.050....... 0.531 Palladium. ..... ... ... 2.52
—| Phosphor-bronze . . . .. .. 2.47
3/4X3/8X0.064...... 0.168 Platinum. . .. ...... ... 2.41
| Rhodium.............. 1.71
1/2%X1/4X0.040......| 0.198 Silver................. 0.97
g LT 2.58
716X 1/ X 0,050 .. L 0.217 Zine. oo 1.89
In general, the effective resistivity the losses will not be greatly

of a plated surface is somewhat
higher than the low frequency resist-
ivity of the metal, and the losses will
therefore be somewhat greater than
predicted by theory. This effective
resistivity will vary greatly with the
plating solution and rate of deposi-
tion, as well as with the type of base
metal and its surface finish. The
losses are also affected by ageing,
tarnishing, and corrosion, and for
these reasons, exceptions may be
drawn to almost any general state-
ment about losses in plated surfaces.
But the following remarks are usu-
ally applicable.

Losses in Plated Surfaces

The difference between theoretical
and measured losses will usually in-
crease with increasing frequency.
But at even the highest frequencies,
the losses in a plated surface of high
quality will usually be less than half
again as great as predicted by the-
ory, and will seldom exceed twice the
theoretical value. If the plating is of
poor quality or has corroded, the
losses may be much greater. To get
minimum losses in a plated surface,
the thickness of plating should be
many times the skin depth. For ex-
ample, at 9,000 me, 0.5 mils minimum
thickness of silver plate is recom-
mended—this is more than one hun-
dred times the theoretical skin depth.

If the surface of a wave guide is
coated with a thin, protective layer
of insulating material, the conduc-
tion current in the surface will flow
in the metal under this protective
layer, and the attenuation will not be
greatly affected. For example, if
aluminum wave guide is anodized,
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changed, and may even be less than
in the unanodized guide which has a
very thin layer of nonconducting
aluminum oxide on the surface. And
the inner surface of any wave guide,
brass or aluminum, can be coated
with a protecting lacquer which will
not affect the attenuation but will
greatly improve the corrosion re-
sistance,

The weights of the various stand-
ard wave guides of Fig. 2 are listed
in Table II. The weights given are
for brass guide, aluminum will
weigh about 31 percent as much as
brass.

Velocities in Wave Guides

Because a wave guide does not
operate in the principal (TEM)
mode of transmission, the wave-
length in the guide X, will in general
be greater than the wavelength in
free space A. The wavelength for any
mode in any air-dielectric wave guide
is given by %, = /1 — (3/2)% For
rectangular guide the cutoff wave-
length of the dominant mode is
X. = 2a, when @ is the larger inside
dimension. For this mode, the ratio
%,/% is plotted as a function of the
ratio »/a in Fig. 3.

The fact that the wavelength in
the wave guide is greater-than the
wavelength in air may lead to the
erroneous conclusion that the electro-
magnetic energy travels through the
wave guide at a rate exceeding the
speed of light. Actually, the phase
velocity v, is greater than the speed
of light ¢ by the factor 2,/3, but the
energy travels through the guide
at the group velocity, v,, given by
v, = €/V,.

The attenuation of the various
standard wave guides of Fig. 2 is
plotted as a function of frequency in
Fig. 4. It is interesting to note that
although the losses are greater in the
higher frequency wave guides, the
losses in any particular wave guide
will actually decrease with increas-
ing frequency over the normal fre-
quency range. The values given in
Fig. 4 are all theoretical values for
copper wave guide, and represent
minimum limits that are approached
to a greater or lesser extent by actual
guides. If the wave guide is con-
structed of, or plated with some
metal other than copper, the losses
in the guide will increase as the
square root of the ratio of the resist-
ivity of the metal to that of copper.
The relative attenuation of the vari-
ous metals compared to that of
copper is given in Table IIL

Power Limitations

The theoretical power-carrying
capacity of a rectangular wave guide
is P =385 ab(3/3,)10° watts when
the dimensions of the guide, ¢ and b,
are in inches. This equation assumes
a breakdown potential of 30,000 volts
per em for the air dielectric, a value
that has been experimentally checked,
and also assumes that there are no
standing waves in the wave guide.
If there are standing waves present,
the power-carrying capacity of the
guide will be reduced by a factor rep-
resenting the voltage standing wave
ratio in the wave guide. The recom-
mended maximum power to be car-
ried in a wave guide is about one-
fourth the theoretical maximum.

Breakdown at High Aititude

The breakdown potential in air
will be lowered if the air pressure is
decreased, and if a wave guide is
operated at high altitude without
pressurization, its power-carrying
capacity will be greatly reduced. The
reduction factor is given as a funec-
tion of altitude in Fig. 5.
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Where COLOR

L4

A point-by-point comparison of the color and black-and-white systems, equipments, and
standards. Suggestions for needed research, intended to clarify the technical factors behind

an important controversy

HE DEMONSTRATIONS of color

television by the Columbia
Broadcasting System reported re-
cently in these columns® have brought
into sharp focus a controversy re-
garding the future plans of televi-
sion, a controversy which cannot be
ignored,

Reduced to simple terms, the argu-
ment is this: Spokesmen for CBS
state that in their opinion the pres-
ent system of black-and-white tele-
vision, exemplified by the standards
of the Federal Communications Com-
mission, is not adequate for public
use. CBS argues that if color were
added to the picture, its other aspects
remaining substantially the same,
the capabilities of the system would
be so enhanced that public accept-
ance would be assured. The CBS
demonstrations were intended to
show that it is feasible to add color
to the pictures, in the present state
of the art, without undue additional
expense to the public. Certain fea-
tures of the system, particularly the
direct pickup of high-fidelity color
images from live subjects in the
studio, have not yet been demon-
strated, and other aspects of system
performance, such as propagation of
500 to 1000-mc signals, have not yet
been thoroughly explored. CBS ar-
gues that the remaining work can
be accomplished in a few months.
They ask the rest of the industry to
assist in the program and urge that
no further public participation in
black-and-white telecasts be encour-
aged pending full availability of the
color system.
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The opposed point of view, held by
a majority in the television industry,
is this: Color added to the present
picture will promote public accept-
ance to a very great degree, other
factors being equal. But other fac-
tors are not equal at present and
cannot be made so for a period of
years, the range of opinion covering
from two years to ten years. In some
such period, it is agreed, present
objections to the introduction of
color may be removed by technical
advances and field testing. In the
meantime, it is held that black-and-
white television should not be with-
held from the public. It is stated
that the present black-and-white
picture has quality intermediate
between 8-mm and 16-mm home
movies and that this quality has al-
ready found favor in the home. The
monochrome system has been thor-
oughly field tested. Finally, the
black-and-white system proponents
state that if television does not re-
ceive public support under the favor-
able economic conditions of the pres-
ent its future progress, including the
ultimate introduction of color, may
be seriously retarded.

Time—The Important Dimension

The difference of opinion is one of
time. Nearly all observers agree that
if an adequately tested and econom-
ical system of color television could
be offered to the public before the
end of 1946 the black-and-white sys-
tem should be abandoned. If the
arrival of such a color system is
going to be delayed for several years

the majority argues that best in-
terest of the public and the industry
will be served by proceeding with the
present system.

But if the decision is taken to pro-
ceed with black-and-white and the
color system becomes available as
soon as its proponents predict, a con-
siderable investment on the part of
the public and the broadcasters may
be jeopardized by obsolescence. Faced
by the knotty question of how to
proceed, the managements of the in-
dustry and the FCC must turn, first,
to the engineer for technical opinion
on the relative positions of the two
systems. This technical information
must be supplemented by considera-
tion of economic factors and indus-
try relatiowships of a non-technical
nature.

System Similarities

Several items are readily disposed
of as being essentially the same in
the two systems.

The method of picture synchro-
nization is the same (except for the
omission of preparatory pulses in the
color system, a minor difference);
both systems can be expected to offer
substantially the same synchroniza-
tion performance for a given signal-
to-noise ratio. The polarity of trans-
mission is negative in both systems
(upward modulation produces de-
creasing picture brightness), and
the modulation percentages (25 per
cent for syne, 75 per cent for picture
information) are identical. The
aspect ratio (four units wide by
three units high) is the same, and
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TELEVISION Stands

the polarization of the transmitted
wave is horizontal in both cases.
Finally, and perhaps most signifi-
cant, the number of lines in the pic-
ture is the same, 525. This does not
mean that the vertical resolutions of
the two systems, as viewed by a sub-
jective observer, are the same, be-
cause the presence of color offers an
apparent (subjective) improvement
in resolution.

System Differences

The most important difference in
the systems as a whole is the element
of color itself. The realism of repro-
duction is greatly enhanced and the
subjective detail of the image is im-
proved by adding color, all other
aspects of the image remaining the
same. The extent of the improve-
ment must be evaluated by appeal to
the viewer, on a statistical basis.
The indicated avenue of research is
a disinterested examination of what
viewers prefer, comparing the pres-
ence of color with other qualities of
the image such as contrast, flicker
and definition.

The objective detail of the color
image is the same as that of the
black-and-white in the vertical di-
mension (since both are 525-line
images) and somewhat superior in
the horizontal dimension, assuming
full use of the system bandwidth in
both cases and terminal equipment
capable of utilizing the bandwidth.
The ratio of improvement in hori-
zontal resolution is about 10-to-8 in
favor of the color image. The sub-
jective detail in both dimensions is
enhanced by the color aspect, but the
degree of improvement has not yet
been definitely established.

The flicker of the two systems is
difficult to compare because of the
several repetition rates (120 fields
per second, 60 frames per second, 40
color frames per second, and 20 color
cycles per second) inherent in the
CBS color system. The flicker in-
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creases to a great degree as the
brightness of the image increases.
Other factors being equal, as we
shall see later, the overall brightness
of the color image is about one sev-
enth that of the corresponding black-
and-white image, due to light ab-
sorption in the optical filter seg-
ments. Thus if the same picture tube
and accelerating voltage are used,
flicker will be less evident in the
color picture. But if the same peak
brightness is demanded in the two
pictures, solid colored areas in the
color picture may display more
flicker. Thus this question, which is
one of the critical technical ques-
tions, cannot be settled until it is
decided how bright the color picture
must be to give satisfaction equal to
that of a black-and-white picture
when both are viewed in ambient
illumination typical of home use.
This is another avenue which should
be explored on a quantitative basis.

Another system difference is the
matter of interlacing. The two sys-
tems use the same method of inter-
lace, two sets of interlaced lines. The
difference is in the field repetition
rate. This is 60 per second in the
black-and-white system, versus 120
per second for color. The latter figure
is not synchronous with the 60-cps
power supply assumed as standard
for domestic receivers. In fact, it
has been found necessary to install
120-cps generators as the basic pri-
mary power source for the sync
generator in the color television
studio to assure rigid interlace. To
avoid pairing of the interlace in
home receivers, care must be taken
to provide adequate filtering against
hum in certain critical circuits.

A basic difference in the two sys-
tems is the bandwidth employed and
its effect on the signal-to-noise ratio.
The bandwidth is 4 mec, approxi-
mately, in the black-and-white sys-
tem as against 10 mc in the color
system. This implies a noise-to-

power ratio of 2.5-to-1, to the detri-
ment of the color system, if only
thermal and shot-effect noise sources
are considered. Manmade interfer-
ence of the impulse (ignition) type
is also enhanced, provided that this
type of noise is present in the same
degree in the two systems. Actually,
ignition noise is far less prominent
in the uhf band (color) than in the
vhf (black-and-white) band. Thus it
may appear that in quiet, remote
locations, where thermal noise de-
termines the limit, the signal-to-
noise ratio of the color picture, for a
given received-signal amplitude, may
be about 4 db worse than in the cor-
responding black-and-white picture.
But the subjective effect of noise on
the satisfaction derived from a color
picture has not yet been established,
so no definite conclusions can be
drawn. Here, again, is an avenue of
research worth pursuing.

The method of transmitting sound
is another point of difference in the
two systems. F-M on a separate car-
rier is used in the black-and-white
system. Frequency-modulated pulses
or bursts, sent during the blanking
interval and imposed on the picture
carrier, transmit the sound in the
CBS color system. Here the differ-
ences are relative fidelity of repro-
duction, the relative effect of
reflected signals, and the cost of
equipment, The separate carrier
used in the monochrome system can
be modulated readily up to the limit
of audibility; 15 kc is the FCC re-
quirement, The f-m burst system
can reproduce high-quality sound up
to a frequency less than half the
pulse repetition rate. Practical con-
siderations (removal of images)
limit the upper frequency value to
about one third. Thus in the CBS
color system, using 30,150 f-m bursts
per second (equal to the number of
blank vertical retraces in the pic-
ture), the upper limit of fidelity is
about 10 ke. Whether this is suffi-
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cient for high-quality sound repro-
duction is one of those moot ques-
tions. Certainly the separate carrier
system has the potential advantage
of a wider band, and the more faith-
ful reproduction may be appreciated
by many listeners. The effect of
wave interference on sound trans-
mission is another matter requiring
study. Selective distribution has
been observed on conventional f-m
sound transmission when the direct
and reflected waves are of compar-
able magnitude and when the path
difference between them produces
beats corresponding to the audio
modulation. Similar effects are to be
expected in the f-m burst system and
their presence may be more serious
because the intelligence is trans-
mitted in a discontinuous fashion.

Studio Equipment

Studio equipment is, of course,
more complicated in the color system
than in the black-and-white system.
The additional complication can be
tolerated if it merely represents ini-
tial and maintenance costs, since
such costs are usually a small part
of the total expense of broadcasting.
We are here interested rather in
differences in studio equipment
which impose limitations on the type
of pickup or the fidelity of trans-
mission. One item of great impor-
tance is the seven-times greater
illumination required for the color
system to overcome the absorption
of light in the color wheel. In film
pickup the necessary additional
light can be obtained from arc
sources, but direct color-pickup is
not possible under illumination levels
quite adequate for black-and-white
transmission. The loss of light in
the color wheel is fundamental to
the trichromatic method of transmis-
sion, and while it may be reduced by
the development of more efficient
optical filters, the advantage will
always remain with black-and-white
transmission when the available
illumination is marginal.

An important difficulty in the
direct pickup of color images is the
storage on the mosaic of the camera
tube. Non-storage camera tubes are
used for film pickup because plenty
of illumination is available. But for
direct pickup, the storage type of
tube is essential. Here the difficulty
appears. The entire mosaic plate, is
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exposed to the image through a
given segment filter and so becomes
charged through photoemission in-
duced by light of the corresponding
color. The cathode-ray beam in the
camera tube scans the image in
interlaced fashion and so removes
the charge only from alternate lines.
The remaining charge persists into
the next exposure, which takes place
through a filter segment of different
color. The net charge remaining is
thus produced by light of two colors,
which dilutes the color purity of the
reproduction resulting from the sub-
sequent scanning. This trouble is
purely one of apparatus. It can be
solved by discharging the unscanned
lines before the ensuing exposure.
One method is to defocus the scan-
ning beam to twice its normal size
so that it passes over both of the
adjacent lines in each pair, thus dis-
charging them simultaneously. But
this method reduces the detail of the
image, in the horizontal dimension,
by a factor of two. Another method
is to employ a mosaic having a very
thin mica plate as the dielectric,
which will discharge rapidly. But
the smaller capacitance thus em-
ployed has a corresponding effect in
reducing the sensitivity of the
camera. Until some satisfactory
method of overcoming this stored-
charge problem is developed, it ap-
pears that the color system will per-
form better on film, as to color qual-
ity and detail, than on direct pickup,
even when the illumination problem
is not considered.

The remaining differences in the
studio equipment have to do with
apparatus. The color system requires
a considerably more complex sync-
signal generator, as well as such
auxiliaries as color mixers, gamma
controls, and 120-cycle primary
power. Aside from its cost, this ad-
ditional equipment may impose some
increase in the size and weight of
portable pickup equipment.

Closely allied with the studio
equipment are the video program
lines and networks. Here the differ-
ence is one of bandwidth, in the ratio
of 10 to 4. The wider band for color
can be obtained only at the cost of
lower gains per repeater stage and
consequently, smaller spacings be-
tween repeater stations, other factors
being equal. Since repeater input
levels must not be permitted to fall

to the noise level, and since the noise
power is greater by some 4 db over
a 10-mc band than over a 4-mc band,
the power levels of the repeater out-
put must be higher. These require-
ments of increased gain and power
level can be met, of course. The
question is one of cost.

Transmitters and Radiators

The transmitters of the two sys-
tems differ in the modulator and the
r-f amplifiers. The color modulator
must provide the necessary modulat-
ing power over a 10-mc band with
flat amplitude and time-delay char-
acteristics. This requires a larger
number of tubes, with heavier plate
current drains and associated power
supply than the corresponding black-
and-white transmitter which modu-
lates only to 4 me. When the cost of
the additional stages and power sup-
ply is accepted, there is no other
fundamental difference. The r-f
amplifiers differ, however, by a whole
order of magnitude in frequency.
The black-and-white system occupies
6-mc channels from 54 to 216 mc; the
color system occupies 16-mc channels
from 480 to 920 mc. Thus the color
transmitter’s final amplifier must be
modulated over nearly three times as
wide a band, at a carrier frequency
from 5 to 10 times as great. The
upshot of this requirement is that
not as much peak r-f power may be
developed from available tubes at
any stage of the art in the color sys-
tem as in the black-and-white system.
The present ratio of generated peak
power is about five to one in favor of
the black-and-white system, consid-
ering transmitters at 60 mc and 490
mc, respectively. At the upper ends
of the spectra, 216 and 920 mec, an
even higher ratio may be expected,
although no equipment has been built
to demonstrate the facts.

This advantage of generated power
in the monochrome system is more
than counter-balanced by the fact
that highly-directive radiators ecan
be built conveniently on the uhf
bands, with power gains in the
vertical plane of the order of 10 or
more. To obtain the same antenna
gain at the vhf frequencies, for the
black-and-white system, would re-
quire a structure some 5 to 10 times
as large in vertical dimension, or
about 100 to 200-feet high at 60 me.
Such a large radiator, supported on a
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still higher tower, might be built for
vhf use, but it would be vastly easier
to build for uhf use. The net result
is that the horizontally-radiated
power is actually higher in the CBS
uhf transmitter than in the majority
of vhf television transmitters now
operating,

Propagation Effects

The comparison of propagation on
the vhf and uhf bands is difficult to
make, for lack of comparative test
data. Fundamental diffraction theory
shows that the shadows cast by ob-
stacles in the path of uhf waves are
sharper than those of vhf waves.
This indicates that the coverage
should be more uniform over hilly
country and large cities when the
lower frequencies are used. But this
is a theoretical deduction only. It
has been supported by measurements
only up to 100 me. That this problem
is a real one is shown by the differ-
ence in propagation reported between
the old f-m band, 42 to 50 me, and the
new band, 88 to 108 mc. When the
frequency is further extended to
between 480 and 920 mec, marked re-
duction in the marginal coverage
radius is to be expected. This is cer-
tainly the case if low-gain receiving
antennas are used in the two cases.
But, as in the case of the transmit-
ting radiator, high-gain receiving
antennas can be constructed within
reasonable space in the uhf band,
and the gain may readily make up
for the propagation losses.

One factor in propagation is read-
ily misunderstood. The field strength
in microvolts-per-meter, produced by
a given radiated power, increases
directly with the frequency. But the
effective height of a receiving an-
tenna of given configuration de-
creases in the same proportion, so no
net advantage is obtained at the high
frequencies unless an antenna of
higher gain is erected.

The propagation question is one
which, above all others, cannot be
resolved without thorough testing
over a reasonable period of time and
over many types of terrain.

Closely associated with propaga-
tion is the relative effect of ghost
reflections. There is no theoretical
reason to suspect that the energy
reflected from a surface should
change with the frequency of the
wave, except when the extent of the
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surface is of the order of a square
wavelength. Since most reflecting
objects (buildings, hills, etc.) are
many wavelengths across even at the
lowest frequencies, the reflected
power should not be markedly differ-
ent in the two cases. But the visible
effect of reflections may be expected
to be worse in the color system for
a number of reasons. First, the speed
of scanning across each line in the
image is twice as great, so the dis-
placement of the ghost image from
the main image is twice as great.
Ghost reflections which are not dis-
cernible as such in the Dblack-and-
white picture thus may become vis-
ible in the color picture. Secondly,
the definition of the color picture is,
as we have seen, superior to the
black-and-white on two counts. Such
improvement in quality, as in the
case cf sound systems, makes any
aberration more noticeable. The
ghost problem should be investigated
in the propagation study previously
recommended.

The final aspect of propagation is
long-range propagation effects; iono-
spheric transmission, meteor bursts,
and tropospheric transmission. The
first two should be virtually absent
in the uhf band, although they are
present on the lower channels of the
vhf band. Tropospheric transmis-
sion should be present in both cases,
with a probability of higher inci-
dence in the uhf case, since trapping
layers of low height (capable of
trapping high-frequency radiation)
are more common than layers of
higher altitude.

Receivers

The final element is the television
receiver, the most important from
the standpoint of economic factors,
because a large public investment is
involved.

The color receiver, having a wider
acceptance band, has more noise at
its input, and it may also have a
lower noise figure (although radar
receiver design has proved that the
noise figure attainable at 1000 mec
is only a few db worse than that at
200 mec. The receiver must have more
stages of i-f amplification because
at the wide bandwidth the gain-per-
stage is lower.

The color-receiver scanning sys-
tem must be very carefully filtered
and shielded at critical points to

avoid pairing of the interlace and
hum patterns on the image. This isa
substantially more difficult problem
than in the vhf black-and-white re-
ceiver, but fully capable of solution.
The color wheel and synchronous
drive, necessary in the color receiver,
have no counterpart in the black-and-
white receiver. A sevenfold loss of
image brightness occurs in the color
receiver. But the effect of ambient
illumination is substantially reduced
by its double passage through the
filter disec. This latter effect also im-
proves the apparent contrast of the
color image, and requires less peak
brightness to display a given range
of tonal values.

The sound system of the color re-
ceiver is simpler in some respects
and more complicated in others. No
separate i-f amplifier for the sound
is required, because the sound is
transmitted on the picture carrier.
This also eliminates the need for pre-
cise tuning of the r-f end of the re-
ceiver. But pulse-detection circuits
and a low-pass filter must be provided
in the color receiver. The relative
costs of these components have not
been announced, but it seems certain
that the cost differential in the sound
systems of the two receivers will be
small compared to the cost of the
color wheel and drive and the asso-
ciated filtering and shielding.

Summary

It will appear from the foregoing
that the color system requires a num-
ber of additional elements, of appre-
ciable cost, and that there are sev-
eral important uncertainties in sys-
tem performance. The question re-
maining is the time required to as-
sess the additional costs and resolve
the system uncertainties, The edi-
tors of ELECTRONICS take no position
in the matter except to point out that
the costs can be assessed and the
questions resolved by a straightfor-
ward engineering approach. What-
ever the time required to do so,
there is no point in delaying these en-
gineering studies. The larger ques-
tion of whether to wait until the
studies are complete or to proceed
with one system or the other at once,
must be decided by the industry.

REFERENCE

(1) Color Television on Ultra High Fre-
quencies, ELECTRONICS, p 109, April 1946.

107



Edge-gluing press connected to 2-kw electronic generator for seiting glue in core lumber to be used in veneered furniture

ELECTRONIC HEATING

in the Furniture Industry

HE SUCCESSFUL APPLICATION of
Telectronics to the heating prob-
lems of the furniture industry calls
for a distinct appreciation of the
economics of high-frequency heating
as well as a general understanding
of the available methods for gener-
ating the high-frequency power and
applying it effectively to the work
load. Before taking up specific appli-
cations in which dielectric heating
can be used economically and suc-
cessfully, it will be in order to review
briefly the fundamental rules for
generating the power, bringing it to
the load, and shaping the electrodes
to concentrate the heat where it is
needed.

Generator Circuits

Three generator circuits com-
monly used for dielectric heating
systems are shown in Fig. 1. Though
Hartley circuits are indicated, both
Hartley and Colpitts circuits are
used with identical results. In Fig.
1A, the tank capacitance is that of
the load itself and the frequency of
the oscillator varies considerably in
accordance with changing material
properties as it heats. With this ciy-
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cuit, the maximum voltage obtain-
able on the load is approximately 70
percent of the d-c voltage used on
the tube, or twice that voltage if a
push-pull circuit is used.

In Fig. 1B, a fixed capacitance is
used in the tank circuit to provide a
relatively fixed frequency. A vari-
able capacitance is used in series
with the load to provide adjustable
coupling, and a tapped inductor is
used to resonate the load and inci-
dentally to boost radio-frequency
voltage beyond that possible with an
untuned load. With this circuit,
voltages on the load much in excess
of the d-c voltage are practical.

In Fig. 1C, a fixed tank frequency
is again used and coupling is ad-
justed by means of a variable induct-
ance in series with the load. The
absence of a series capacitor in the
load circuit permits working into
lower power-factor loads (materials
otherwise difficult to heat). A thyra-
tron-controlled motor operates the
variable inductance automatically,
and the thyratrons are controlled by
plate current of the tube. This con-
trol provides approximately constant
power output of the generator, re-

gardless of changing properties of
the load material.

It is important that stray capaci-
tances, other than that of the load
itself, be minimized. The effect of
unnecessarily large electrodes, or of
too close proximity of the shielding,
is shown in Fig. 1D. In order to pro-
vide the same voltage across the load
material, it is apparent that addi-
tional current is required through
the tuning inductance and the tank
circuit in order to take care of the
additional reactive current through
the stray capacitance. While there is
no actual power loss in the stray ca-
pacitance (this applies as well to air-
gap electrodes), there is nevertheless
unnecessary I°R loss in the tuning
inductance and in the tank circuit,
which results in lowered efficiency.

Many occasions arise where elec-
trodes are required at a position re-
mote from the generator itself.
Transmission-line technique used for
this purpose is illustrated in Fig. 1E.
Generally the load is either parallel-
resonated (Fig. 1E) or series-
resonated (Fig. 1F) to obtain a
satisfactory impedance into which
the transmission line may work.
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Fundamentals of generating and applying high-frequency power to set bonding-glues em-

ployed in producing plywood. joining core-lumber for veneered furniture, and assembling

joints of furniture, and discussion of economic aspects of woodworking industry applications

In general, it may be said that the
lower the power-factor of the load,
the more difficult it will be to get sat-
isfactory performance at the end of
long transmission lines. The effect of
a transmission line is to add kva to
the load circuit in proportion to its
length. When this total kva becomes
nearly equal to that in the tank cir-
cuit itself, generator operation Dbe-
comes unstable. Installations are in
operation with electrodes as far as
20 feet away at 27 mc and up to 40
feet away at 10 me, with satisfactory
operation. The maximum transmis-
sion line length, however, depends
directly upon the properties of the
material to be heated.

Obtaining Uniform Heating

When two materials are placed
between electrodes in a dielectric
heating application, their relative be-
havior depends entirely upon their
placement. For example, in Fig. 2A
the three materials are in series as
far as current flow is concerned; in
Fig. 2B they are all in parallel. If the
center material is considered to be
quite thin (for example, merely the
thickness of the glue between two
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pieces of wood, as in Fig, 2C and 2D),
the identical principles apply. For
materials in parallel, the rate of tem-
perature rise depends upon the factor
KPF/HD, where the numerator KPF
is the well-known loss factor of the
material, K being the dielectric con-
stant and PF the power-factor. In
the denominator, H is the specific
heat and D the density of the ma-
terial. For materials in series, it is
seen that the loss factor does not
enter as such into the relative heat-
ing picture and heating rate is pro-
portional to PF/KHD.

For this reason a very moist glue
line will heat very much faster than
the wood when it is in parallel with
the wood, but the wood will heat very
much faster than the glue if they
are placed in series. It is decidedly
practical to take advantage of this
fact in so-called edge gluing by bring-
ing the glue line up to temperature
very rapidly to set it within 5 to 125
seconds, without wasting power to
heat much of the adjoining wood.

Incidentally, if pieces 1, 2, and 3 of
Fig. 2A were all the same material,
they would all heat at the same rate.
There is no standing-wave effect be-

tween the electrodes. If the elec-
trodes and their surroundings remain
cooler than the material as it heats,
there is some loss of heat from the
surface of the material by thermal
radiation and conduction. If fast
keat cycles are used, so as to minimize
the time for heat loss, or if the elec-
trodes and their surroundings are
kept at elevated temperatures, the
heating can be decidedly uniform.

Means of obtaining uniform heat-
ing in materials of nonuniform cross-
section are shown in Fig. 3. For ex-
ample, in Fig. 3A the left side would
heat faster than the right; in Fig.
3B the right would heat faster than
the left; in Fig. 3C there is a position
for the upper electrode at which uni-
form heating can be accomplished.
Adaptations of the principle to air-
craft and plastic lens manufacture
are shown in Fig. 3D and 3E.

Minimum Heating Time

When it is desirable to heat a ma-
terial dielectrically, but impractical
to get at both sides of the material
with electrodes, a grid can be used.
Alternate bars of the grid are con-
nected to each cide of the generator
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as in Fig. 4, and power flows from
one bar to the next through the
material itself.

For a given weight of various ma-
terials to be heated through the same
temperature rise, Table I shows the
minimum time in which they may be
heated without flashover. This is com-
paratively simple to compute on an
approximate basis. Any wood with a
considerable percentage of water in
it can be heated very rapidly—in fact,
so fast that the wood explodes be-
cause of the vapor pressure behind
the water trying to get out of it. Sea-
soned wood has a moisture content
in the vicinity of 5 to 10 percent, and
most of the species usually can be
heated through a 200-degree F rise
in ten seconds without flashover. Ex-
tremely good insulating materials,
such as polystyrene, require so long
a time to heat that the losses by radi-

at 27 me ‘could be heated in 10 sec-
onds can, at 1/4-inch thickness, be
heated through the same temperature
rise in only four seconds without
flashover.

As indicated previously, the mois-
ture content of the wood has an im-
portant effect upon minimum heating
time. In Table IV, note that for
a given piece of wood containing
10 percent moisture, whose mini-
mum heating time is 13 seconds, this
time increases to 41 seconds if all the
moisture is out of the wood. In other
words, when entirely dry, the wood
becomes a fairly good insulator.

Airgaps, that is, air spaces between
the material and one or both elec-
trodes, are rather commonly used in
dielectric heating. However, for max-
imum speed and efficiency, they are
always to be avoided if possible. Ir-
regular shapes, or variations in thick-

to be heated, it is only necessary to
place stubs every two feet along the
electrodes. Similarly, at 10 me, the
stub spacing for 90-percent tempera-
ture uniformity would be about six
feet. Electrically, a stub is merely an
inductance placed across a portion
or all of the load to resonate it. With
proper design electrodes have no
length limitations.

The data presented in Tables I to
V1 was computed on the basis of
maximum voltage gradient exper-
ience, with a reasonable factor of
safety. While individual minimum
heating times are very approximate,
their trends with respect to other
variables are accurate.

Furniture Industry Applications

Thus far the pfincipal interest in
dielectric heating in the furniture in-
dustry has centered around edge glu-
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FIG. 3—Electrode contours for securing uniform heating of nonuniform thicknesses

ation and conduction practically pre-
vent ever attaining a temperature
rise by dielectric means.

The much-discussed generator fre-
quency has a negligible effect upon
the efficiency and power requirement
to do a given job. In dielectric heat-
ing, the only significant effect of fre-
quency is to set a minimum time in
which a given material of given
thickness can be heated without flash-
over. In the large majority of appli-
cations it is neither necessary nor
desirable, as a practical matter, to
work anywhere near the minimum
heating time, so that frequency is
seldom a critical matter.

Table IT shows that seasoned wood
can be heated at 27 me in about 10
seconds without flashover. Raising
the frequency by about seven times
reduces the minimum time to about
one-seventh, all other factors remain-
ing the same.

If generator frequency and weight
of the material are kept constant, the
thickness of the material to be heated
has an effect upon the minimum time
without flashover. In Table ITI, note
that a one-inch piece of wood which
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-tribution along the electrodes.

ness or material properties, some-
times necessitate the use of an
airgap as a practical matter.

Table V shows that a one-inch
thick piece of wood can be heated in
about 10 seconds with contact elec-
trodes. As the airgap is increased
from zero to one inch, the minimum
time increases from 10 seconds to
more than two minutes.

Electrode Length Limitations

Occasionally one hears the state-
ment that with dielectric heating the
length of electrodes is limited to ap-
proximately 1/16 of a wavelength. If
connections are made merely between
the generator and electrodes, without
other tuning of the electrodes, there
is indeed a limitation. But for longer
electrodes, it is virtually always pos-
sible to add additional tuning stubs
to provide essentially flat voltage dis-
For
example, Table VI shows that at 27
me, 90-percent temperature uniform-
ity is produced by electrodes two feet
long. In order to provide the same
temperature uniformity for a longer
set of electrodes and longer material

ing to make core lumber and solid
stock. Core lumber is the name given
to the solid wood placed between two
pieces of veneer to make such large
flat surfaces as desk tops, doors, chair
seats, and table tops. In other words,
the process of making core lumber
is simply that of making big pieces
out of little ones, and the wood, be-
cause it is to be covered with veneer,
can be of a lower grade. The thick-
ness usually runs from % inch to
1% inches and areas from one foot
square to four by eight feet.

In Fig. 5, core lumber stock is
shown lengthwise on the left and end-
wise on the right. The two electrodes
are placed above and below the stock.
The object is to set the glue which
has been applied to the interface be-
tween adjacent pieces of stock. Be-
cause the glue line is in parallel with
the wood as far as current is con-
cerned, the glue line will heat a great
deal faster than the wood alongside
it. It is a common practice to apply
power in the range of 5 to 125 sec-
onds, which gives a glued board that
will fail somewhere else than at the
glue line even if stressed immediately
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after being pulled out from the elec-
trodes. This obviously makes for an
extremely high-speed and efficient
production process, readily adaptable
to continuous production of core
lumber.

It is not necessary to set up all of
the glue area when in the high-fre-
quency field. If, for example, 30 per-
cent of the glue face area is set up
in the machine, this will usually be
sufficient to hold the pieces of stock
together without further clamping,
so that a number of hours later the
remainder of the glue line will set
up cold, and the finishing operation
can follow.

The several electrode configura-
tions in Fig. 5A to HE provide var-
icus glue-set patterns and various
percentages of glue line set. There
are advantages and disadvantages,
from a practical standpoint, to each
of these, even though all accomplish
approximately the same result. The
same applies to the electrode arrange-
ments for scarf joints, shown in Fig.
5F, 5G, and 5H.

In general, a 15-kilowatt generator
has been found capable of handling
in the vieinity of 3,750 board feet per
hour on a continuous basis. A 2-kilo-
watt generator can handle about 500
board feet per hour, or 4,000 board
feet per day, on a continuous basis.
Where only one press is used per gen-
erator, duty cycles (to allow time for
unload and reload) generally run
about 75 percent, making production
that fraction of the generator capa-
bility.

Jigs for Joints

Where production volume justifies
the expense of setting up electrode
fixtures and jigs for specific corners
and joints in the article to be manu-
factured, high-frequency gluing can
provide decided economies through
increased production speed and con-
sequent lower labor costs. Figure 6
shows several commonly encountered
butt joint and corner configurations
and the placement of electrodes to set
the glue lines within a few seconds.
Either contact electrodes or airgap
can be used, but it is well to remem-
ber- that contact electrodes always
provide the highest speed and effi-
ciency if it is practical to use them.

The application of dielectric heat-
ing to set glue in the rounded cor-
ners of furniture, shown in Fig. 6G,
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TABLE V. Effect of Airgap
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thickness flashover ciency in 1 minute
Contact 9.6 sec 95.0% 20 kw
0.008in. 9.6 sec 94.8% 2.0 kw
1/16in. 19.5 sec 93.8% 2.0 kw
Ya in. 50.0 sec 90.5% 2 kw
lin. 2.2 min 80.0% —_

of material flashover ciency in 1 minute Minimum temp rise
0.0004 in, Forever* 94.9% — Moisture con- heating rate in Transfer Power required
0.004 in. 0.2 sec 94.9% 37.7 kw? tentin % of  time to avoid degF effi- toheatmoterial
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* Heat losses to cofder electrodes cause these results. * At212F, additional time ond power is u&uired for evaporation.
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for any length
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28014t
3&h
20h
6.2in
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is considerably faster than conven-
tional slotting and bending, and re-
quires no block to be glued and
clamped overnight. Several 15-kilo-
watt generators are now being used
to set laminated chair and table
frames in this manner, in about one
minute.

Plywood and Veneer Heating

The use of high-frequency heating
for setting the glue in molded ply-
wood radio cabinets is beginning to
come into its own. In Fig. 6H is
shown a die arrangement for molding
two cabinet sections simultaneously.
The central steel die is used as the
high-potential electrode, from which
current passes through the two ply-
wood forms to the two female dies
which are used as ground electrodes.
These are placed between the two
platens of the press and no further
insulation is necessary because it is

equivalent to a sandwich. The wood
and glue line are brought up to tem-
perature in about one minute, in com-
parison with 15 to 30 minutes if high-
frequency heating were not used.
Both the male and female dies are
steam-heated to avoid heat conduc-
tion losses from the wood after it is
brought up to temperature. The prin-
ciples involved in Fig. 6 are of course
applicable to all kinds of furniture.
In one application of high-fre-
quency heating to the manufacture
of bed foots and bureau tops, the net
saving per day was found to be $160
for materials and $112 for labor, due
solely to the change to high-fre-
quency heating. These figures con-
stitute a total saving of $68,000 per
year, confirming the statement often
heard that high-frequency equip-
ment, if properly applied, will easily
pay for itself in a year.
Resin-impregnated and compressed




wood is known to the trade as com-
preg. If resin-impregnated only, it
is called impreg. These woods have
found a number of war applications,
one of which has been the production
of propeller blades for aircraft. Com-
preg propellers are reported to have
strength per unit weight in excess of
that of steel.

The manufacturers of compreg and
impreg envision considerable use of
the material, particularly in the form
of veneer for such things as table
tops and general furniture finishing,
because it is extremely hard, almost
impossible to nick, and comparatively
impervious to alcohol and other
stains.

House Construction Applications

While there has been compara-
tively little evident application for
dielectric heating by individual con-
tractorsIn the fabrication of a house,

the studs as well as the glue lines,
but is by far the most flexible from
the standpoint of variable stud spac-
ing and panel size.

Dielectric heating is of course ap-
plicable to the various cabinets and
bookcases which are being built into
the newer homes. The above com-
ments concerning furniture construc-
tion are also applicable in this field.

Prefabricated panel insulation,
made chiefly from rock, glass, or fiber
materials, is generally a very good in-
sulator and difficult to heat with elec-
tronic equipment.

At regular intervals someone pro-
poses dielectric heating of homes—
or rather of the occupants of the
home, without actually heating the
house. The idea always gets imme-
diate publicity, much to the embar-
rassment of the manufacturers of
electronic equipment. For perhaps
$50,000 to $100,000 it might be pos-

PINCH GRID

FIG. 4—Arrangement of grid electrodes for heating material from one side, and use
of pinch grid for continous heating of moving material

there has been a great deal of inter-
est in the manufacture of pre-fabri-
cated wall panels.

Such panels are normally made up
of f- to #-inch plywood placed on
each side of 1 x 3 or 1 x 4 studs, the
space between being filled with in-
sulating material. The panels are
made in various shapes up to about a
4 x 8-foot rectangle, according to the
contractor’s or panel fabricator’s
scheme of fitting the panels together
in the ultimate variety of houses.

Various means of applying elec-
trodes to individual studs are shown
in Fig. TA. Because it is more con-
venient to put the thermal insulation
in place before laying the top panel,
it is ordinarily not very practical to
use inside electrodes. Because of its
high stray capacitance the arrange-
ment of Fig. TB is more difficult to
couple and tune, and requires heating

iz

sible to install a heating system for
a five-room house. Of course the
warmth imparted to the occupants of
such a home would depend upon
whether they were sitting or stand-
ing, had their arms outstretched or
at their sides, and how many other
people happened to be lined up in
certain directions in the room. Di-
electric heating of homes is not perm-
anently out of the question, but the
complexity and poor economy of the
application certainly throws it out
for many years to come.

Kiln Drying of Lumber

Among lumber mills and lumber
associations, perhaps the most fre-
quently considered application of di-
electric heating is its use in kiln dry-
ing. To everyone who has knowledge
of the problem of seasoning lumber,
which might be defined as the re-

moval of most of the water without
checking or otherwise harming the
wood, the several days to several
weeks of conventional drying time
appears to indicate a natural appli-
cation for dielectric heating. In gen-
eral, lumber containing 25 to 75 per-
cent moisture is placed in large ovens
or kilns with controlled humidity and

‘temperature, so that the water is

driven out slowly from the inside of
the wood and the surface of the wood
is prevented from becoming too dvy
during the process. It is the humid-
ity control that preserves the surface.

It is true that dielectric heating
can bring the interior of a large
piece of lumber up to the temperature
of the boiling point of water in an ex-
tremely short time, compared to a
kiln. After the wood reaches 212 F,
however, dielectric heating appears
to provide no advantage whatever
over other forms of heat, because the
process becomes a function of the
time it takes the water to make its
way slowly out of the pores of the
wood without harming the wood.
Also, dielectric heating has the dis-
tinet disadvantage of higher initial
and operating cost than kiln heating,
considering the practice of most mills
of burning waste sawdust to provide
fuel for kiln heat.

Thus, while there are a number of
distinct exceptions to the above gen-
erality, we have yet to see a large-
scale lumber drying application for
dielectric heating which can be justi-
fied economically. The exceptions oc-
cur where the part to be dried is ex-
tremely small, as it would be in the
case of seasoning such items as broom
handles, knife handles, smoking pipe
preforms, and the like.

Economics of Heating Plywood

On the other hand, one of the ap-
plications in the lumber industry that
has begun to be successful is the use
of dielectric heating for veneer patch-
ing. Figure 8A shows the three plies
of conventional plywood, in which a
knot-hole or other imperfection has
been found in the top veneer. A piece
is cut out of the top veneer surround-
ing the knot-hole. The piece is of ex-
act shape to match an available pre-
cut patch, which is then laid in place.
The sketch shows the plywood with
the new patch in place. A portable
tool, upon which are mounted two
round electrodes as shown, is held
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FIG. 5—Electrode arrangements for gluing core lumber

against the top veneer and the cur-
rent, as in the case of edge gluing,
flows through the glue line in a very
short time. With only a few hundred
watts of power, such patches can be
set in five to fifteen seconds.

Veneer splicing as it can be accom-
plished with dielectric heating in two
to ten seconds is illustrated in Fig.
8B. Here the problems are predom-
inantly mechanical, most of which
have been solved in conventional
veneer splicing practice.

The manufacture of plywood in
large batches has come in for consid-
erable attention and at least one in-
stallation in the United States has
been in operation for some time. IFig-
ure 8C shows the sefup wherein two
batches of 4 x 8-foot plywood, each
hatch one to two feet in height. are
heated simultaneously, with rather
high-power generating equipment. A
sandwich is used so that both stacks
are heated equally, Because the ma-
terials run in series in this configu-
ration, the glue heats primarily by
heat-conduction from the wood. The
wood in turn must receive most of the
dielectric energy. Thus it is neces-
sary to heat wood and glue alike up
to full setting temperature, in con-
trast to edge gluing where only the
glue need be heated.

In comparison with the use of mul-
tiple-platen presses, the dielectric
heating method requires almost as
much handling. The dielectric process
is somewhat limited to the manu-
facture of medium-grade plywood,
where a flat surface is not required.
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As a general guide, it may be said
that the dielectric heating of thinner
materials offers less of an economic
advantage than dielectric heating of
thicker materials. The plywood appli-
cation is rather critically affected by
this generality and for thicker vari-
eties of plvwood the use of dielectric
heatine can be economical.

‘ ENERATOR ENERATOR bt yw00D
h}'}'_' hl'—ﬂ ; -
— -~ ; =¥
y ] ;

(A 0

STUDS -7

D —

! )
[(,{Nﬁmoe] [c,mf RAwi

1
_{(;ENERAYORI

__ELECTRODE

FIG. 7—Electrode arrangements for s-tling
glue in production of prefabricated panels
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FIG. 8—Three successful applications of
high-frequency heating to plywood and
veneer pieces

FIG., 6—FElectrode arrangements for setting glue in joints

High-frequency heating has been
used extensively in the manufacture
of aircraft wing spars, PT boat gird-
ers and ribs, boat keels, and other
comparatively large items. The sand-
wich method is used and electrodes
and presses 20 feet long are entirely
practical. Now that the war is over,
extensive use of dielectric heating is
expected in the manufacture of pre-

fabricated laminated girders and
arches for auditoriums, hangars, and
stages.

Similar installations were used

during the war to manufacture many
sections of wooden airplanes and
skiis. High-frequency heating has
also been employed to glue such prod-
uets as balsa wood life rafts, lead
pencils, and shuftle boards.

Conclusions

Perhaps most important of all is
the necessity for close cooperation
between the user of high-frequency
heating and the industrial electronic
engineers employed by the equipment
manufacturers. To most of the users,
electronic equipment is new and
strange, and high-frequency current
behavior seems to bear utterly no re-
lation to that of 60-cycle current.

The degree of success or failure of
most high-frequency installations de-
pends largely upon skillful electronic
application engineering. In fact, the
competitive advantage enjoyed by a
high-frequency user bears a direct
relationship to the efficiency of his
application as compared with that of
his competitor.
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Type M-312 water-cooled 10-cm transmit-

ting magnetron employed in Japanese
naval search radar

By MARVIN HOBBS

Consulting Radio Engineer, Chicaga, Ill., For-

merly Operations Analyst, Far Fast Air Forces

Y interrogating the technical and
B research personnel of the Jap-
anese Army and Navy radar and
communications laboratories as well
as engineers employed by the three
leading manufacturers of vacuum
tubes in Japan, it was possible to de-
termine recent design and research
trends and the accomplished results.

Although Japanese Army and
Navy engineers set forth the re-
quirements for their apparatus and
thus influenced tube design either
directly or indirectly, the actual
developments of new types was left
to the more advanced tube designers
employed by the three leading manu-
facturers, namely Sumitomo, Tokyo
Shibaura, and Nippon Musen.

All of the tubes employed in the
IBwer-frequency radio and radar
equipment were of quite conven-
tional design, and in almost every
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instance comparable types were in
existence in the United States before
the war. Some modifications had
been made for the sake of standard-
ization or to fit Japanese production
methods, but in general no new de-
velopments of importance were ap-
parent in apparatus functioning out-
side of the microwave region. It was
only in the field of microwave appli-
cation and research that the Jap-
anese engineers had gone in a somre-
what different direction, even if
somewhat behind our own.

Microwave Transmitting Types

During the few months immedi-
ately before the end of hostilities,
the best efforts of vacuum-tube re-
search groups in Japan were directed
toward the improvement of mag-
netrons capable of generating centi-
meter waves. The earliest practical
transmitting magnetron used in
production radar equipments was the
M-312 type, employed in a Navy
search set. This tube was developed
sufficiently early to permit the pro-
duction of about 300 complete equip-
ments before the end of the war. It
has a four-cavity water-cooled anode
and is completely enclosed in a glass
envelope. Peak power rating was
said to be 6 kw at 10 ¢cm, but the com-
plete equipment was rated at only

‘electronics
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2.5 kw. The Nippon Musen Co.,
which had been sponsored by the
government to specialize in the
manufacture of magnetrons during
the war, produced the tube.

Work in the 10-cm range was con-
fined principally to developing a bet-
ter transmitting magnetron of the
air-cooled variety, known as the
type M-314, which was said to be
capable of delivering a peak power
of 17 kw. Actually two types of 10-cm
four-cavity magnetrons were de-
veloped ; one was the M-314 with all
of its elements totally enclosed in a
glass envelope, and the other an ex-
perimental type of the so-called
metal-enclosed construction having a
central anode structure enclosed in
a metal container and with filament
and coupling leads brought out
through glass stems sealed to the
metal anode structure. Although
this second type appears to be an at-
tempted reproduction of our method
of construction, any inference that
the design might have been copied

C,'):.

Type M-60 low-power 10-cm receiving magnetron and its cast housing that serves both
for shielding and protection. This tube was used in conjunction with the type M-312
for Japanese naval search radar equipment




MAGNETRONS

Status of progress at war’s end, with details of experimental tubes as well as those placed in

production. Only magnetrons were used as local oscillators in radar receivers. One experi-

mental 20-cavity tube oscillated at 0.7 cm with 2-kw peak power

was usually steadfastly denied.

Other magnetron developments by
Nippon Musen included 5-cm (18-kw
peak) and 3-cm (22-kw peak) types.
Also, attempts were made to develop
a 1-cm tube, with the result that one
experimental unit oscillated at 0.7
em with 2-kw peak power.

The 0.7-cm type was said to have
had a 20-cavity anode. The research
engineer who made the power meas-
urements for this type said that he
was not certain that the output was
not higher, because he had not had
available a suitable load for this fre-
quency.

Magnetron anodes having as many
as 12 cavities were seen in incom-
plete assemblies at the Sumitomo
vacuum-tube research establishment.
However, they did not appear to
have progressed as far as Nippon
Musen in obtaining higher peak
power levels. Tokyo Shibaura had
produced an experimental metal-en-
closed 10-cm magnetron similar in
appearance to one of the Nippon
Musen types.

Microwave Receiving Types

As is well known, one of the main
requisites of a microwave receiver
is a satisfactory local oscillator.
Toward this end the Japanese em-
ployed their type M-60 magnetron in
the 10-cm range. Since peak power
output is of minor importance in the
receiver application the anode was
made of thin plates rather than a
copper core. The entire structure is
enclosed in a glass envelope, which is
sealed into a metal shield container
for protection and to prevent radia-
tion. A four-segment anode with a
relatively low voltage is employed.
Nippon Musen also made experi-
mental models of a 3-cm unit known
as the M-2643, which used an anode
voltage about twice that of the M-60

The material in this paper is based on data
contained in an uneclassified Operations Analy-
s8is Report, “A Survey of Recent Japanese
Vacuum Tube Developments’, prepared by the
author and issued by the Advance Echelon,
Far East Air Forces, Tokyo, Japan,
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and a magnetic field almost six times
as great.

It is rather surprising that only
magnetrons were developed and used
as local oscillators. However, there
is little evidence of any great prog-
ress with small klystrons except in
the work of Sumitomo engineers.
They developed experimental kly-
strons capable of oscillating in the 3-
to 5-cm range. It was claimed that
about one-half of the power available
at the fundamental could be obtained
at the second harmonic. This de-
velopment was completed about three
months before the end of the war.
Another interesting Sumitomo de-
velopment was a 10- to 20-cm r-f os-
cillator-amplifier of the parallel-plane
type, similar to the American light-
house tube construction but about
three times as large. It was stated
that this tube would provide a gain
of 10 db as an r-f amplifier in the
range of 600 mc and that it would
deliver 1 kw of peak power as an os-
cillator at 3,000 me. External cav-
ities were associated with this unit
to tune it to the required frequency.

Anode structure of type M-312 magnetron,

with water-cooling tube attached. Perfo-

rated plates are placed on both sides of

the anode to provide capacitive coupling
to the antenna system

Table I—Characteristics of Japanese Magnetrons

Transmitting Types | Receiving Types
Type

M-312 | M-314 | S-60 8-51 M-60 | M-2643
Plate voltage (volts).. ... 11,000 | 11,000 | 8,000 | 12,000 210 540
Plate current, peak. .. ... 2amp | 5amp | 7amp | 6 amp | 1.7 ma | 1.5 ma
Filament voltage (volts) . . 10 12 2 IO N P
Filament current (amp)...| 19.5 1o ||| cragaath canesin || tozms || mozea=s
Input power, peak (kw).. 22 65 60 92 | ......
Output power, peak (kw*)l 6.6 17 18 22 | oo e
Allowable anode loss (w).| 2,000 50 30 30 0 seiia || dIeesems
Magnetic field (gauss)....| 1,000 | 1,000 | 2,100 | 2,250 690 4,000
Wavelength (cm)........ 9.875 9.875 5.2 3.15 9.83 3.0
No. of annde splits. . . . .. 4 | 4 10 10 | 4 | gezzaes

*Pulse durations of approximately 1 microsecond were common in Japanese radar.
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Recording CAA
Traffic Control Instructions

Using automatic recording equipment, the Civil Aeronautics Administration records both

sides of conversations between control center operators and aircraft pilots. Machine using

flexible. plastic recording belts that can be stored in conventional filine cabinets is described

LECTRONIC EQUIPMENT of many

kinds plays an essential part in
present-day control of air traffic.
This article describes some of the
methods " used by the Civil Aero-
nautics Administration for air traffic
control and, in particular, recording
equipment.

The particular type of recording-
reproducing equipment to be de-
scribed was used to a great extent
by the armed forces during the war.
The machines are now used in gov-
ernment and commercial installa-
tions, in airport control towers, in
radio communication stations, and
with railroad train traffic control.

Air Traffic Control Centers

When pilots can see and be seen in
time to avoid collision, little airway
traffic control is required. On the

FIG. 1—Dictaphone Belt Electricord re-
corder-reproducer records for one hour
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By K. M. MaclLVAIN

Erecutive _\asistant
Dictaphone Corporation
New York, N. Y.

other hand, if this condition does not
exist, positive control by a ground
agency is necessary. Ground control
of airway traffic is exercised by
offices (airway traffic control cen-
ters) each of which controls all air
traffic within specified areas (airway
traffic control areas).

Airway traffic control centers must
have sufficient data pertaining to
the movement of all air traffic within
their control areas to provide a com-
plete and accurate picture of traffic
flow within the area at all times.

The center is the focal point for
controlling air traffic. The tower is
in radio contact with planes during
take-offs and landings, and when

planes are within a few miles radius
of the tower. Outside this radius,
and until planes are within contact
with the tower at their destination,
radio communication -stations are in
contact with the planes.

Each commercial air line has its
own radio communication station
which relays instructions from the
airway traffic control center to its
pilots. The CAA also has radio com-
munication stations to contact mili-
tary, private, and other aireraft not
under supervision of commercial
companies.

Instructions Recorded

All flight instructions emanating
from the airway traffic eontrol cen-
ter, as well as replies from pilots,
are recorded. A recorder is associ-
ated with each airway traffic con-

ey

3 g
e B i
2 e e
-~ = e

i

»
i
e
ks
-

FIG. 2—Controls are set for desired recording characteristics when amplifier is
installed. Plug connections facilitate servicing and replacement
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At La Guardia airfield traific contrél center in New
tions between pilots and traffic control operators are made for filing, and for improving safety and operating ‘procedure

troller’s position. When the controller
initiates a telephone call or answers
an  incoming call, he operates a
switch which starts the recorder as-
sociated with his position. Both sides
of the conversation are recorded. At
the termination of the call the con-
troller switches off the recording
machine.

All of the records from a partic-
ular controller’s position are placed
in an envelope at the end of each
day and filed in a standard file cabi-
net for future reference. Beyond
this, because each record has the
time it was removed from the ma-
chine marked on its inside, it is a
simple matter to find any particular
recording in this file of records.

The records are invaluable in case
of accident or air traffic conflict, for
establishing what was said and who
caid it. They are also used by chief
controllers for making spot checks to
promote operating efficiency. A batch
of records are checked each day at
random. When errors in operating
procedure are observed, the chief
controller notes the spot on the rec-
ord and at a time convenient to
himself and to the controller making
the error reviews the record and sug-
gests corrections in procedure.

Many of the recordings serve sim-
ply as a file copy of telephone con-
versations, but on occasion some
recordings become vitally important
because it is only through them that
responsibility may be established
and future safety enhanced.

Recording Equipment

The recording-reproducing ma-
chine described here is a complete
unit designed for reference record-
ing (logging purposes) and to afford
continuous recording and simultane-
ous (or separate) reproduction, em-
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York,

ploying a permanent recording
medium. This machine was designed
to produce the greatest amount of
recording in the smallest amount of
space, with good intelligibility, and
at a minimum cost for recording
media,

Figure 1 is a photograph of this
machine with the cabinet doors open.
Two separate, identical recording
and reproducing machine units, in-
terlocked with an automatic electro-
mechanical change-over mechanism
to provide sequential operation, are
mounted on top of the cabinet. Un-
interrupted recording is provided
because there is a 30-second overiap
during the changeover period, the
end of one record having the same
recording as the beginning of the
next.

The mounting plate for these two
units, called the unit plate, is hinged
at the rear edge and is secured by
four holding screws, one at each
corner. When these four screws are
removed, the unit plate can be ro-
tated up and back on its hinges,
making  recording motors and
switches which provide automatic
and safety controls accessible for
servicing.

Amplifier Controls

Inside the cabinet, resting on the
bottom as shown in Fig. 2, is the
recording and reproducing amplifier
with its associated power supply. In
the middle of the front of the cabinet
there is a combination loudspeaker
and control panel. A meter, to show
the recording level, is mounted at the
top frent of the machine cabinet, and
a signal light above the meter indi-
cates when 110-volt, 60-cycle power
is applied to the machine.

Two controls on the loudspeaker
panel are for switching the recording

operated by personnel of CAA., complete records of conversa-

machine motors on and off, and for
adjusting the volume of reproduc-
tion. Two telephone jacks on this
panel provide monitoring outputs for
the recording and reproducing am-
plifiers.

Two recording tone controls are
located at the left front of the am-
lifier chassis. One control medifies
the high-frequency end of the ampli-
fier characteristics; the other modi-
fies the low-frequency end. The
high-frequency tone control circuit
consists of a 0.1 megohm variable re-
sistor and a 0.005 microfarad capaci-
tor. The reactance of the capacitor
varies inversely with frequency; the
higher the frequency, the lower the
reactance. Thus, high frequencies
are attenuated by this circuit, and
the degree of attenuation depends on
the amount of resistance in the cir-
cuit, The greater the value of the
series resistance in the circuit, the
lower the amount of high frequency
attenuation.

The low frequency tone control
circuit consists of a 1.0 megohm vari-
able resistor and a 0.001 microfarad
capacitor, as shown in Fig. 3. Bear-
ing in mind the fact that the react-
ance of a capacitor is high for low
frequencies and low for high fre-
quencies, it is apparent that this ca-
pacitor will attenuate low frequen-
cies and have very little effect on
high frequencies in the input circuit
of the output tube. The variable re-
sistor paralleling this capacitor con-
trols its effect. The higher the resis-
tance in the circuit, the greater the
effect of the capacitor.

Amplifier Circuits

The amplifier system is composed
of a recording amplifier, a reproduc-
ing amplifier, and their common
power supply. all mounted on one

17
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FIG. 3—Recording and reproducing amplifier circuit.

Automatic volume compression, and

high and low frequency compensation improve intelligibility of low velocity recordings

chassis. The recording amplifier is a
four-stage compression amplifier.
The reproducing amplifier is a stand-
ard three-stage linear amplifier.

The recording amplifier is designed
to provide satisfactory recording at
input levels of from minus 50 db to 0
db (where 0 db equals 6.0 mw). It is
of the compression type to maintain
volume level perspective, and at the
same time to compress the signals
supplied to the input of the machine
to such a degree that they can be re-
corded within the volume range af-
forded by this type of equipment
(dynamic range of the flexible, plas-
tic recording belt used in the machine
is about 35 db).

This amplifier also provides means
for modifying the frequency char-
acteristic of the applied signal to
provide a recording that can be re-
produced with the greatest intelli-
gibility. In recording speech it is
customary to accentuate the fre-
quencies between 1,000 and 3,000
cycles to improve the sibilance.

There are three audio inputs to the
machine, namely, a 500-ohm and a
5,000-ohm (bridging) screw-termi-
nal input, and a 500-ohm telephone-
jack input. There is a power supply
input receptacle and a terminal board
for connecting a remote signal light
if desired. The foregoing comprise
the external connections. There are

(E]

plug-in type internal connections to
facilitate servicing and replacing
the amplifier.

Recording Technique

The input level control on the rear
of the machine, and the recording
amplifier volume control at left-front
of the amplifier chassis, are adjusted
until normal indication is shown by
the power level meter. The recording
amplifier high and low tone controls
are adjusted for satisfactory record-

ing and reproduction intelligibility.

Recording is done at constant-tone
groove speed by swaging (emboss-
ing) a lateral tone groove in the re-
cording medium. Two hundred tone
grooves are recorded per inch, thus
the tone groove pitch is 0.005 inch.
Because the thin, flexible, plastic re-
cording belt is 3% inches wide and
has an 3-inch margin on either side,
the recording area is 3% inches wide.
Each record provides 30 minutes of
continuous recording.

°)
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FIG. 4—Electromagnetic recorder head (A) and crystal reproducer (B) can be

operating simultaneously on the flexible recording belt
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The linear, tone-groove velocity
is 21.66 feet per minute, which is 4.33
inches per second. This low linear
velocity is used to provide maximum
recording time in minimum record-
ing space and subsequently provide
minimum recording medium cost and
minimum filing and storage space.

The lower the linear tone-groove
velocity, the more difficult the prob-
lem of recorder stylus tip design,
because the problem of faithfully re-
cording the higher frequencies be-
comes more acute, For instance, even
at a linear tone-groove velocity of 40
feet per minute, only eight inches of
tone groove pass under the recorder
stylus each second. Therefore, there
is only 0.008 inch (8 mils) in which
to trace one complete cycle of a 1,000
cps signal. In other words, there is
0.004 inch of tone groove in which to
trace one alternation from zero to
maximum amplitude in one direction
and back to zero again.

From these numbers it is easy to
see how small the recorder stylus tip
must be to faithfully trace speech
modulations. Beyond this, at a lin-
ear, tone-groove velocity of 20 feet
per minute, four inches per second,
the space for tracing each modula-
tion of the tone groove, at any parti-
lar frequency, is cut in half. Thus at
20 feet per minute we would have
0.002 inch to trace one alternation of
a 1,000 cps frequency. The foregoing
explains how a reduction in linear
tone-groove velocity reduces high
frequency response for a given con-
tour of recorder stylus tip. The

problem is solved in the case of this
particular machine by a specially de-
signed recorder stylus which makes
it possible to obtain satisfactory high
frequency response even at a very
low linear tone groove velocity.

The minutes of recording per
square inch of recording medium
used is 0.77. The minutes of record-
ing per square inch of total record-
ing medium area (including waste
space) is 0.71. Therefore, the effi-
ciency of recording medium usage is
93 percent. There are about 2.77 sec-
onds of recording per tone groove be-
cause each complete tone groove
spiral is 12 inches in length and the
tone groove velocity is 4.33 inches
per second.

The recorder shown in Fig. 4A is
of the magnetic type, consisting of a
cylindrical permanent magnet,
speech coils, stylus, and armature.

The reproducing head consists of
a crystal element in its bracket as-
sembly, as shown in Fig. 4B. The
reproducer stylus consists of a coni-
cal pointed sapphire having a 0.0015-
inch tip radius, mounted in a spring
suspension which is attached to the
end of the stylus shank. There is a
flat ground on one side of the stylus
shank to provide proper alignment
of the reproducer stylus in the re-
producer assembly. This type of
stylus minimizes the effect upon re-
production of any vertical motion
imparted to the stylus tip by the rec-
ord. At the same time, it provides
optimum reproduction of lateral
modulation in the tone grooves.

FIG. 5—Induction motors mounted underneath the unit plate drive the recording and
reproducing carriages and the recording belt
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There is a record-change switch
associated with each of the dual
units. This switch closes a signal
light circuit to indicate that the
record on the machine with which it
is associated is fully recorded and
should be changed. This switch  is
actuated when the recorder carriage
reaches a point within a few seconds
of the end of its right-hand limit of
travel.

Mechanical Control

When both ready-switches associ-
ated with each of the dual recording
units are operated, they close a series
signal light circuit to indicate that
the recorder carriage control levers
on both units are in the operate posi-
tion and the machine is ready for
uninterrupted recording.

A reproducer safety switch asso-
ciated with each dual unit is operated
when the reproducer carriage reaches
a point within 1/32 inch of its right-
hand limit of travel. When this
switch is operated, it opens the motor
circuit of the machine with which it
is associated, thereby protecting the
feed on the reproducer carriage
should the machine be left in the op-
erate position.

To facilitate finding a particular
conversation which has been re-
corded on the belt, a backspacer
mechanism is provided. When the
reproducer carriage control is moved
from neutral to operate, the repro-
ducer carriage moves back three tone
grooves, equivalent to about eight
seconds, before the stvlus is lowered
to the belt.

A control lever interlock prevents
ejection of a recording belt when
either carriage control is in the oper-
ate position, thus preventing damage
to either stylus. This interlock also
prevents operation of either carriage
control if the ejector is in the ejected
position, thus preventing lowering
the recorder or reproducesr stylus to
the recording anvil or drive mandrel
when there is no belt on the machine.
Operating the ejector removes the
recording belt from the machine.
This mechanism also injects the flex-
ible recording belt.

Because there are separate record-
ing and reproducing heads and am-
plifiers, the two can be operating
simultaneously. The reproducing
head can come within about one sec-
ond of the recording stylus.
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RADIOSONDE
Telemetering Systems

Technical details of modern meteorological radiosonde transmitters, which use ceramic tem-

perature-responsive resistors, an electric hygrometer employing a lithium chloride film on

polystvrene, and a new dry-pack perchloric acid battery. Both radar and radio d-f method-

of radiosonde tracking for winds-aloft observations are described

By V. D. HAUCK, J. R. COSBY, and A. B, DEMBER

Friez Instrument Divigion, Bendir Aviation Corp., Towson, Md.

radiosonde is the precision,
low-cost balloon-carried meas-
uring and transmitting end of a
radio telemetering system used in
the determination of temperature,
humidity, pressure, cloud height,
wind direction and speed, and other
characteristics of the upper atmos-
phere.
Radiosondes are carried to heights
of 15 miles or more by hyvdrogen or

helium-filled balloons. During flight,
sensitive measuring elements react
to variations of air pressure, tem-
perature, humidity, etc, causing
equivalent changes to occur in the
modulation of the transmitter. On
the ground, special equipment is pro-
vided to receive and record informa-
tion from which accurate determi-
nations of air temperature, relative
humidity, wind speed and direction

Radio set SCR-658, used for radiosonde tracking to determine wind speed and direction
(Signal Corps photo)

at the various altitudes may be

made® * * *°
Air-Borne Transmitting Equipment

Probably the most widely used
radiosondes to date are the Army-
Navy type AN/AMQ-1D and U. S.
Weather Bureau type 506-WB, all
representing improved models of the
Diamond-Hinman  audio-frequency
modulation system originally devel-
oped by the National Bureau of
Standards for use in the aerological
branch of the U. S. Navy Depart-
ment. These radiosondes consist of
a ventilation chimney containing
temperature and humidity-measur-
ing elements, together with an aner-
oid switch, battery, and electronic
unit assembled in a highly reflective.
cellophane-surfaced, water-resistant,
corrugated paperboard container ap-
proximately 4 x 8 x 9 inches in size
and with a total weight of approxi-
mately 2.8 pounds. A suspension
ring is fastened to the top of the
container to provide an easy method
of attachment to parachute and bal-
loon. As the balloon ascends to the
stratosphere, it continuously grows
larger until it finally bursts, at which
time the attached parachute opens,
permitting usable measurements to
be made on the descent and also pre-
venting damage to life or property
on landing.

Transmitter Circuit
A single type 3A5 miniature duo-

triode vacuum tube is used. Triode
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Radiosonde in flight

section VT, is employed as a one-
megacycle tuned-plate tuned-grid r-f
oscillator having a variable relaxa-
tion frequency in the audio range,
and triode section VT, serves as a
72-megacycle modulated r-f osecil-
lator, as shown in Fig. 1. Advantage
is taken of the mechanical movement
of the aneroid pressure measuring
unit to perform the various circuit
switching funections in conjunction
with the relay, in order that the
temperature and humidity-sensitive
resistors, reference resistors, etc,
may be sequentially inserted into the
grid circuit of VT, to give various
relaxation (oscillator blocking or
quenching) frequencies in the range
from 10 to 200 cycles.

The frequency at which the 1-me
oscillation is interrupted is thus
made alternately a function of the
temperature, humidity, and refer-
ence resistors that are shunted
across C,, and the sequence in which
this switching is performed is used
as the indication of air pressure at
the time of switching. These data
are obtained as a function of atmos-
pheric pressure, accurate to 5 milli-
bars, as the expanding aneroid cell
of the barometric switch causes the
contact arm to travel across the
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commutator consisting of 80 contact
segments.

Humidity measurements are made
on all contacts except those noted
below, with resistors R, R., R, and
humidity-sensitive element R, con-

nected into the grid circuit by the .

3-volt relay.

Whenever the contact arm is on an
insulating segment, the relay drops
out and the grid circuit is completed
through R,, R, and temperature-
sensitive element R, for temperature
measurements.

At every 5th contact up to the
55th, except the 15th, 30th, and 45th,
the grid circuit is completed through
fixed resistors RK; and R, in series
(R, is now grounded at both ends
and hence shorted out), resulting in
a generation of a low reference fre-
quency of 190 cycles which serves as
a4 means of correcting for frequency
drift in the entire transmitting and
receiving system, as well as provid-
ing definite identification of specific
contacts on the commutator.

Contacts 15, 30, 45, 60, 65, 70, 75,
and 80 are termed high reference
contacts, connecting only R, into the
grid circuit and causing a frequency

5 cycles above low reference fre-
quency to be generated, which fur-
ther identifies the position of the
contact arm during flight of the in-
strument.

Humidity measurements are not
made above contact 59, as such data
is not essential at high altitudes be-
cause of the extremely small amounts
of water vapor present at the low
temperatures encountered at these
altitudes.

Measurements are not based on
absolute frequencies, but on fre-
quency ratios which are equivalent
to resistance ratios, with the result
that certain variable characteristics
of the transmitting and recording
equipment are largely eliminated
from consideration.

Relaxation Oscillator Operation

In the one-tube radiosonde trans-
mitter there is a period when the
72-me r-f oscillator is operating and
the audio relaxation oscillator is
blocked, followed by a period during
which the relaxation oscillator is
functioning and the 72-mec oscillator
is blocked. This transfer of the re-
laxation rate from the 1-mec oscil-
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lator to the 72-mc oscillator results
in a transmitted carrier having a
pulsed or keyed characteristic, the
frequency of which is determined by
the resistance of the meteorological
elements or reference resistors,

Referring to Fig. 1, during the
period when the audio relaxation os-
cillator is blocked, the negative
charge on C, leaks to ground through
R, and R, and then either through
humidity-sensitive resistor E, and
shunt R., through temperature-sensi-
tive resistor R,, or through the con-
tact arm of the barometric switeh.
As C, discharges and the grid volt-
age of V'T, increases in a positive di-
rection, a condition finally is ob-
tained where VT, begins to conduct
and oscillate at about one megacycle,
causing a voltage drop across I?
which is applied by means of C. to
the grid of triode section VT, stop-
ping it from oscillating. Capacitor
C. thereupon discharges through R,
causing the r-f oscillator section VT,
to remain off. The current through
R. does not become small enough to
allow the transmitting oscillator to
start oscillating again until the re-
laxation oscillator blocks itself by
the accumulation of a negative
charge on C,. At this time C, and C;
charge toward 490 volts, reducing
the current through R. and thus re-
establishing conditions for oscilla-
tion of transmitting oscillator VT..
This brings the cycle back to its
starting point.

The reference frequency is estab-
lished by padding the value of C.. All
transmitter frequenecy caliprations
are based on a temperature-stabi-
lized electronicallv-driven tuning-
fork multi-frequency standard, which
is checked daily against WWYV,

The frequency-resistance rela-
tionship of the audio relaxation os-
cillator may be obtained from

1

A YV Ay ey M)
where R, is the resistance being
measured while connected in series
with reference resistors R, and E; by
the barometric switch, R, is the ef-
fective resistance introduced by the
vacuum tube, L, and other constants,
and K is a constant. In the fre-
quency-resistance relationship shown
in Fig.2,the resistance plotted is the
total resistance R,+ R.+ R.+ E,.
With C, fixed, the R,-vs-frequency
relationship depends on the values of
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meter. The element is sealed in a glass
vial for protection against dust. fumes.
high humidity, and other deteriorating in-
fluences prior to use, and is removed from
the vial and installed in the radiosonde at
the time that the batteries are activated

reference resistors R,, R;, and R,.
Making R. adjustable over a limited
range permits compensating for tube
and circuit variations affecting R,.

The adjustment of grid current at
the reference frequency is accom-
plished by positioning the iron slug
of coils L, and L. (Fig. 1), thereby
maintaining the proper audio-fre-
quency resistance relationship. The
carrier frequency may be adjusted
from 70 to 74 mec by means of a trim-
mer. The coupling to the antenna
and, therefore, the transmitter car-
rier output may be changed by ad-
justing L..

In the past, radiosondes have been
operated on various frequencies, the
most widely used being 72.2 me. Ra-
diosondes are under development at
the present time for use on frequen-
cies of 490 me and higher.

Ground Recording Equipment

In a ground station, the audio
component of the carrier is used to
actuate a recorder which utilizes a
10-inch wide continuous strip chart

having 100 equal divisions from left
to right. The paper travels between
a typewriter ribbon and a drum car-
rying a spiral ridge over which a
tapper bar is situated so that dots
representing zero to full scale are
printed on the chart, depending upon
the position of the spiral ridge at
the time the tapper bar strikes the
typewriter ribbon.

An electronic frequency meter con-
verts the audio frequency to a value
of direct current, proportional to
frequency, which deflects a specially
constructed meter, the pointer of
which is svnchronously scanned by
a light beam and phototube. After
the light beam has passed the meter
pointer, the phototube is suddenly
re-illuminated, causing a triggering
of the circuit actuating the tapper
bar magnet. Thus, the left-to-right
displacement of the recorder print-
ing is a direct measurement of the
position of the meter pointer and
consequently of the received fre-
quency. This record may be evalu-
ated in definite terms of temperature,
relative humidity and pressure by
means of standard calibration data
arranged in the form of slide rules
and graphs.

Pressure and Temperature Elements

The barometrically operated switch
1s the only mechanically operated
measuring unit in the radiosonde.
The high order of accuracy (within
5 millibars over the entire range of
pressure and temperature, 10 fto
1,060 millibars and +60 to —90 C)
is achieved by the use of a bimetallic
temperature compensator, heat and
cold-treated diecast frames, and heat-
treated and specially aged beryllium-
copper aneroid cells.

Until recently electrolytic temper-
ature-responsive resistors were ex-
tensively used for radiosonde air
temperature measurements. The
ceramic resistor now used has higher
speed of response, greater stability,
freedom from polarization effects
and high physical strength. These
ceramic resistors have a negative
temperature coefficient of approxi-
mately 2.5 percent per degree centi-
grade at 20 C and a resistance-
temperature characteristic as in Fig.
3, permitting determination of tem-
perature between 460 and —90 C
with an accuracy of 1 degree over
most of the range. New experimental
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types with a resistance change as
high as 4.5 percent per degree centi-
grade at 20 C have been developed
and are usable up to +250 C.

Electric Hygrometers

The humidity-measuring elements
in the most widely used radiosondes
are essentially humidity-responsive
resistors, highly developed and im-
proved versions of electric hygrom-
eters” " ® with faster response than
hair hygrometers previously used.
The modern hygrometer element con-
sists of a polystyrene strip coated
with a hygroscopic film containing
lithium chloride as the active agent.
Thin layers of tin deposited on both
edges serve as electrodes. The re-
sistance is a function of the amount
of absorbed atmospheric moisture
and of temperature, resulting in a
relative humidity calibration like
that in Fig. 4.

When subjected to direct current,
the electric hygrometer exhibits a
counter emf or polarization effect
which depends to a degree on the
current density, and causes the ap-
parent resistance at fixed humidity
and temperature to vary with time
during the period of conduction. In
order to minimize this effect and
evaluate humidity with optimum ac-
curacy, the a-¢ current with a d-c
component in the radiosonde circuit
is adjusted to approximately 250 mi-
croanmperes at the reference fre-
quency.

Perchloric Acid Battery

In order to combat difficulties in
distribution and problems of storing
dry cells at remote meteorological
stations, the dry-pack acid battery
shown in Fig. 5 was developed, based
on experimental units first produced
by the National Bureau of Stand-
ards. It consists essentially of a
honeycomb polystyrene case having
49 B-section cells and two large
rectangular cell cavities for the A
section.

The battery is filled by an evacua-
tion process whereby the acid is
forced through capillary holes at
the top of the battery case. When so
prepared for use it will develop 15
milliamperes at 88 volts and 0.3
ampere at 3.6 volts, for approxi-
mately 3 hours, which is more than
adequate for a complete radiosonde
flight. The electrolyte is a solution
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of perchloric acid, with electrodes
consisting of lead and lead dioxide
plated onto suitable conductive base
materials. Since the electrolyte is
injected into the battery at the time
of use, no storage deterioration is
experienced, and the batteries may
be kept- under severe conditions of
temperature and humidity for years.

FIG. 5—Dry-pack acid battery used in
radiosondes

Barometric switch used in radiosondes

Chassis of radiosonde transmitter, showing

3AS tube and 3.volt relay (at top)., adjust-

ing screws, and antenna terminals (at
bottom)

Winds-Aloft Observations

Several methods of radiosonde
tracking have been used in order to
determine the speed and direction of
the wind at various altitudes. The
systems employed or contemplated
fall in two general categories: (1)
radar methods for tracking free bal-
loons with or without special reflec-
tive structures and thus without de-
pendence on indications of the alti-
tude measuring barometric switch;
(2) determination of the position of
the balloon-carried radiosondes by
vertical and horizontal radio direc-
tion-finding methods, together with
indications of the pressure switeh,
so that position may be determined
by a knowledge of one side of the
triangle (altitude), the opposite an-
gle (angular elevation), and the
azimuth.

Future Trends

The trend in design and develop-
ment of future radiosonde equip-
ment is toward the use of rapid se-
quence systems, in which a motor is
used to select measuring elements of
the system rapidly, to permit the use
of faster ascension rates and to ob-
tain a more detailed analysis of the
atmosphere through which the equip-
ment is to pass.

In general, the radiosonde of the
future will operate at extremely high
carrier frequencies, will be arranged
to permit tracking by means of au-
tomatic recording ground equipment,
and will encompass measuring sys-
tems of greater accuracy and lower
cost than those heretofore available,
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Pulse-Modulated
Radio Relay Equipment

Pulse-position-modulated, time-division-multiplex equipment provides eight voice channels
between terminals. Links two hundred miles long can be constructed. Two similar equip-

ments are described, one having 100-microsecond frame, the other a 125-microsecond frame

By JOHN J. KELLEHER

Engineering and Technical Scrvice
Office of the Chief Signal Officer
Washington, D. C.

ULSE-MODULATION relay sets are
the latest additions to the series
of military radio equipment designed
for use with or in place of single or
multiple-channel wire telephone and
telegraph circuits. This type of
equipment was originally intended
to satisfy a long-standing need for
convenient means to bridge such
obstacles as gorges, swamps, and
rivers, and to span areas where in-
stallation of wire was impractical
either because of rugged terrain or
because the area was subject to
enemy action.
Radio relaving has not only been

Microwave relay terminals are quickly

erected as communication facilities are re-

quired. Enemy controlled or naturclly im-

penetrable terrain is spanned by sharp

beams which require little power and im-
prove security

electronics

wak hepoRT | | e e

Components of radio set TRC-5 include—
in addition to spare units and test oscil-
loscope—transmitter, multiplex unit, com-
mon frame, receiver, and power supply
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Transmitter and receiver of TRC-6 are mounted at antennas so that super
high frequency circuits will be short

employed with great success for
these purposes, but has proved so
dependable and versatile and has
afforded such substantial savings in
both men and materiel, that this
equipment is now employed exten-
sively as complete replacement for
important wire circuits. Among its
many advantages in this respect are
the remarkable reduction in weight
and bulk of equipment required per
circuit mile, its rapidity of installa-
tion, the comparative ease with
which circuits can be re-routed or
completely re-sited to meet changing
conditions, and the fact that faults

are localized at points where trained
troubleshooters are instantly avail-
able. Moreover, the frequencies em-
ployed are little affected by natural
phenomena such as magnetic storms,
which at times render long wire
circuits unusable.

Military Development of Radio Relay

When the war began, work was
already under way toward adapting
military and civilian radio sets for
use with four-channel wire terminal
equipment normally used with spiral-
four cable. At the same time, Signal
Corps engineers on duty with Allied
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Antenna of the TRC-5 consists of two dipoles with para-
bolic reflectors atop a guyed fifty-foot pipe

Force Headquarters in North Africa
designed and installed what is prob-
ably the first radio relay system used
in combat military operations. This
system, which at one time extended
from Algiers to Malta, was composed
of revamped commercial, vhf fre-
quency-modulation equipment of the
type employed in many American
police radio systems.

Attempts to convert existing
equipment to radio relay were not
generally satisfactory, however, and
it was decided to design new equip-
ment especially for this purpose. By
February 1944, production lines were
turning out the first of the series,
radio terminal set AN/TRC-3 and
radio relay set AN/TRC-4, f-m
equipment operating on 70-100 me.
The TRC-3 is used at the terminals
of the radio portion of a communica-
tion system and, because transmis-
sion at these frequencies is limited
to line-of-sight distances, the TRC-4
is employed at intermediate points to
receive and retransmit signals from
adjacent stations. Average separa-
tion between stations is 35 to 50
miles. Such circuits can be extended
several hundred miles, their length
being limited mainly by distortion
introduced at each additional relay
station.

Many

hundreds of these units

The TRC-6 consists, from left to right, of a

common frame, spare radio, operating

radio, multiplex frame, spare multiplex,
and test oscilloscope

125



_______________ — were used in both European and
B B O STV RR e R “_} .Pamﬁc Theaters with such outstand-
| ing results that General Bradley
| | said, in September 1944, “Our rapid
|
|

|

|
| -t drive across France was dependent
{ S UL on a shoe string. That shoe string

| po— F / | was radio link”.
| BUZZER = gl AY r“‘ osc [*TIMO0 1) Meanwhile, communication engi-
| f o neers turned their attention to the
| vouncel lcommen]  [2stace] | microwave portion of the spectrum,
| REGULAT I REGULAT ACP:I-}]:’PL ] as the lower frequencies were al-
| B ready overcrowded and there was
o e P b s <P e TOF eI e e kg ~ urgept peed for more radio com-
| & TR1|P_ e S | munlcat.lon channels. In ‘Sefptember
| DIs- TRIP- PING [l PULSE [ PULSE ] 1942, Signal Corps technicians, ac-
' CHARGE PER 05C | A | GEN | A |NUECT [ companied by engineers from the
l ; [____i A TSNS | RCA and Bell Telephone Laborato-
STEP 4 PULSE | ries, visited England to examine a
|| Sur- ‘;JCSH-‘;\ERZE#TNOJESE 1 %Cs"éc ouT- > [ newly developed, microwave radio
- \ P iUT f relay—employving pulse-modulation
| L] M VL ! W"‘H | and time-division multiplex tech-
| SP::SER C,: Egéff | niques—capable of transmitting and
i 470 MULTIPLEX UNITS FOR CHS 2-8 \ CH 2-8 | receiving eight conversations simul-
U Ran s R e [ T T iy taneously. Their reaction was en-
: cH oL TSO‘BVTV;* PULSE | I CLIFPER | J.ly____f\,v-_ I thu§iastic. It was decided to develop
SELECT] A| ‘cen | A GEN AMPL | similar equipment in the United
i & ol g1 =g AI §————— CHIVOICE N | States without delay. In view of the
I mMuLTiPLEX UNIT MOD f4— YOISE i RINGER j#— 20 CPS RING l B O oo ) O ERRE By
{ FOR CHANNEL | AMPL | tion above 3,000 mc it was considered
P ATI=i il wmiel 1 el e g et TG T ety e e ey 3| advisable to design equipments in
both the uhf and shf ranges, one for
Transmitter functions of TRC-5 operation at about 1,500 me, the
other for the vicinity of 4,500 mec.

r ___________ S T g = 1 & | In January 1943, Signal Corps

Laboratories at Fort Monmouth
completed development specifications
and contracted with RCA Laborato-

e s

2 X

l | ;
| [ |
: okc L] osc |3 [marker RKE ! |
MARKER | 3 - IMIin e
Lo L IPPER en | R AREER by | | ries for preliminary models of t}}e
| IMon1TOR | 1,500-mc set (now known as radio
l « p—sy | | 4 | set AN/TRC-5) and with the Bell
{ s \\“ [ > | Telephone Laboratories for the
it POSITION T ] | 4,500-mc version (now identified as
: MoD s e radio set AN/TRC-6). Models of
CHT £ 0sC B both sets were delivered in the
: AT DoTER] p&%TDION = P : b ﬁﬁ'%: Spring of 1944, and by June of that
[ o (HFoyie T il e e ! vear laboratory and field tests at
(i e > posITION & AMPL | Nk | Fort Monmouth had progressed to
f AN MoD [ L s . q .
| P [ [ wipe- el [ the point where it was decided to pro-
| > CHS o B | urmrmum | cure additional service test models of
| ‘\F~—~—»)1 MOD [— | ¥ | both types for further tests and per-
| P - YI ;’ﬁg' | sonnel training. Rauland Corpora-
I T ™1 POSITION|__ | ampi | tion was chosen to manufacture radio
I 10D ey L i | set TRC-5, and Western Electric
| H2 LT 1 B e e — Company was awarded a contract for
| EXCITER VNS 3 | radio set TRC-6.
FOR " y| ooo WIDE-
B Y b= CLIPPER 4 BAND : Time-Division Multipl
L s o Fosiion vAMPL |/ AMPL ime-Division ultiplex
( e MOD .
‘[ e ku—' B % Major components of both sets are
| d.d shown in the photographs and block
! POSITION| _} (INDIVIDUAL INPUT VOICE AMPLIFIERS | . n
| MOD FOR EACH CHANNEL NOT SHOWN) | diagrams, except for the primary
e | B et o = Tl (SISt T e vue v RN TS BT = power source, a trailer-mounted, 5-
kilowatt, a-c generator driven by a
Transmitter components of TRC-6 four-cylinder four-cycle gasoline en-

126 May 1946 — ELECTRONICS



gine. As can be seen from these
photographs, the antenna structures
of the sets differ considerably; in the
case of TRC-5, the transmitting and
receiving  antenna  arrays are
mounted atop a 50-foot tubular steel
mast. Connections to transmitter
and receiver are made with high-
grade coaxial cable. In the case of
the TRC-6, the transmitter and the
receiver converter are located imme-
diately behind the parabolic antenna
reflectors at the top of the 50-foot
tower. This arrangement was used
because of technical problems, one
of which was that the use of coaxial-
cable feeders at 4,500 me would en-
tail prohibitively high losses. Coaxial
cables carry the 60-me, i-f output of
the receiver converter and the wide-
band input to the transmitter.

The most noteworthy departure
from convention in both sets is the
time-division-multiplex system used,
which is radically different from fre-
quency-division-multiplex techniques
generally employed in wire terminal
equipment. In frequency-division
systems each channel to be trans-
mitted is placed in a different portion
of the audio-frequency spectrum by
means of fixed-frequency carriers so
chosen that, after filtering, the lower
sidebands of each channel can be
transmitted simultaneously. For ex-
ample, if the bandwidth of each voice
channel is 200 to 2,800 cycles and a
6,000-cycle carrier is employed, the
lower sideband will lie between 3,200
and 5,800 cycles (the speech is, of
course, inverted as a consequence of
the modulation process). Similarly,
lower sidebands of 6,200 to 8,800
cycles and 9,200 to 11,800 cycles re-
sult when 9 and 12 kilocycle carriers
are utilized.

In time-division-multiplex, each
channel to be transmitted is con-
nected to the line in rapid succession,
either electronically or by means of a
rotating commutator, thus the multi-
channel signal is composed of inter-
laced samples of the several channels
being transmitted. A large number
of these samples are transmitted per
unit of time to permit reconstruction
of the original signals at the receiv-
ing apparatus, where they are sep-
arated by another electronic or me-
chanical commutator synchronized
with that at the transmitter. Time-
division-multiplex systems have been
in use commercially for many years
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FIG. 2—(A) Signal is periodically sampled.

{B) Instantaneous signal amplitude modu-

lates pulses by displacing them about their
normal position

to transmit several telegraph or tele-
type signals over a single circuit, but
radio sets TRC-5 and TRC-6 repre-
sent the first practical application of
these techniques in the transmission
of several voice signals simultane-
ously. The specifications of these
two sets are summarized in Table I.

Circuit Function

The following illustrates, in gen-
eral, the manner in which radio set
TRC-5 functions. When no modula-
tion is present in any of the eight
voice channels, the transmitted car-
rier is as shown in the solid lines of
Fig. 1. A two-microsecond synchro-
nizing pulse is followed by eight
channel pulses, each of 0.4 micro-
second duration, the first of which
occurs about six microseconds after
the synchronizing pulse with the re-
maining seven following at about 12
microsecond intervals, The synchro-
nizing pulse recurs about six micro-
seconds after the eighth channel
pulse, and the cycle is repeated. Each
group of nine pulses constitutes a
frame, which has a duration of 100
microseconds; hence, 10,000 frames
are transmitted in one second. Audio-
frequency signals transmitted in this
manner can be regenerated at the
receiver without appreciable distor-
tion if the sampling rate is approxi-
mately three times the highest audio-
frequency to be transmitted; in this
case, 3,000 cycles.
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In the unmodulated condition,
each of the eight channel pulses
recurs in the exact center of a ten
microsecond time interval allotted to
that particular channel, as indicated
by the dotted lines in Fig. 1. Modu-
lation on any channel varies the
time of occurrence of the channel
pulse, with respect to its unmodu-
lated position, a maximum of plus or
minus about five microseconds, the
extent of the deviation depending
upon the instantaneous amplitude
and polarity of the modulating sig-
nal, hence the term pulse-position-
modulation. Because the channel
period is only about ten microsec-
onds, and the interval between adja-
cent channel pulses is approximately
12 microseconds, there exists a two-
microsecond guard band between
channels which greatly reduces the
possibility of interchannel crosstalk
caused by excursions of a pulse into
an adjacent channel.

The relative positions of the nine
pulses which occur for a given chan-
nel during one cycle of a 1,250-cycle
sine wave are illustrated in Fig. 2.

Considering channel 2, in Fig. 2B,
pulse A occurs at a time when the
wave has neither amplitude nor
polarity; hence, it is centered in the
ten-microsecond channel. Pulse B,
occurring approximately 100 micro-
seconds later, is retarded 0.707 X 5
microseconds, corresponding to the
amplitude of the wave at 45 electrical
degrees. Pulse C samples the peak
amplitude of the wave and is re-
tarded five microseconds, and so on.
Pulses F, G and H are advanced,
rather than retarded, indicating the
polarity reversal of the modulating
signal.

At the receiver, the synchronizing
pulse is separated from the channel
pulses and is utilized to generate
eight ten-microsecond gates, syn-
chronized in time with the channel
assignments at the transmitter,
Each gate is connected to the input
of a different channel demodulator,
so that the channel is operative only
during the expected time of arrival
of a pulse for that channel.

After being separated in this man-
ner, the position-modulated pulses
for each channel are converted to
width-modulated pulses, from which
the original modulating signal can be
recovered quite simply by means of
appropriate lowpass filters. This con-
version is accomplished by using the
opening of the channel gate to trig-
ger flip-flop multivibrator, which then
conducts and continues to conduct

Weather has little effect on system performance
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until the incoming pulse arrives. Be-
cause pulses may arrive at any time
during the ten-microsecond interval
that the gate is open, the pulses
passed by the local circuit vary in
length from ten microseconds when
a pulse arrives five microseconds
late to only one microsecond when
the pulse occurs five microseconds
early.

Although these sets have been in
production in limited quantities since
the Fall of 1944, they are still con-
sidered to be in the development
stage, and extensive tests are now
under way on the West Coast of the
United States, under conditions ap-
proximately those encountered in
actual military service. These tests,
which are being conducted under the
direction of the Chief Signal Officer,
are being closely supervised by both
engineers and tacticians with the ob-
jective of exploring to the fullest ex-
tent the capabilities and limitations
of both sets from the military and
technical points of view.

There are a number of advantages
to be gained from the use of TRC-5
and TRC-6 equipment in radio-relay
communication systems. Their traf-
fic-handling capacity is twice that of
the TRC-3 and TRC-4 combination.
Use of microwavelengths permits de-
sign of high gain parabolic-mirror
antennas of reasonable dimensions.
Time-division multiplex affords very
low interchannel crosstalk. Up to the
extreme range of the set, signal-to-
noise ratio in the individual voice
channels is considerably better than
the ratio of average signal and noise
powers at the input of the receiver.
Finally, the audio distortion is neg-
ligible with properly designed cir-
cuits, so that the practical length of
a system is limited by the cumulative
effects of individual equipment fail-
ures rather than by cumulative dis-
tortion.

Advantages afforded by pulse-
modulation and time-division multi-
plex are outweighed to some extent
by the required bandwidth, which is
several times greater than that
needed to transmit an equivalent
amount of intelligence by an a-m or
f-m c¢ontinuous carrier. At present
the minimum channel separation at
these frequencies is determined more
by oscillator stability, receiver se-
lectivity, and calibration accuracy
than by bandwidth. However, the
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TABLE [. Specifications of Military Pulsed Radioc Communication Sets

Characteristics

Net duty factor. ... ... .

Antenna

Beam width at half power, deg

Avg range of radio link, miles

Power supply

Receiver i-f, mc. . .

Channel pulse-length, microsec

Voice freqechnnl. ... ... ... ... ... ...

Multiplexing. .............. ... .. .. ...

Avgtranswatts. ... ... ... ... .. ... ..

Peak trans watts. .............. ... ...

radiator.................. ... .. .....
reflector. .. ........ ... ... ..., .. ... ..

Net power concentration into beam, db. .

Antenna support height, ft. ... ... . .

volts. ..o

Nominal power drain, watts....... .. ...
Generator, kw. . ................. . ....

Carrier freq, me.................. .. ...

Svynchronizing pulse, microsec. .. ... .. ..

Frame repetition rate, ke.......... ... ..

Voice freq, eps. .......... .. ... .. ...

Voice line input impedance, ohms. , . . ...

Voice line input connections, . ... ... .. ..

Ringinput.cps.......................

Ring output,cps......................

Weight, with two trailer generators, 1b. . .

Transportation.. ... .................

AN/TRC-5 AN/TRC-6

|
short pulses
pulse time
8.

time division

20 0.2
100 2.0
5.2 9.6%
dipole slotted waveguide
parabola
14 27
15 2.5
50
25-50
115 or 230
50- 60
1,500
5
1,350-1,500 1,300-1,900
16 60
0.4 1.0
2.0 ‘ 4.0
10 ‘ 8
300-3,000
600

2 wire or | wire
20 or 60 20
20
8.200 10,100

two 2.5 ton
trucks

one 2.5 ton
truck

day is not distant when increasing
use of microwaves for nationwide
telephone and telegraph trunks,
broadcasting and television-relay
systems, and aircraft navigation will
require more economical use of this
portion of the spectrum. This need
will foster design improvements
which will necessitate frequent re-
view of the relative merits of pulsed
carrier time-division and continuous-
carrier frequency-division systems.
Consequently, no one can now pre-

dict accurately whether or not pulse
equipment will figure prominently in
future military and civilian commun-
ication systems.

Regardless of the eventual destiny
of pulse-modulation time-division
systems it is an incontrovertible fact
that timely action by Signal Corps
Engineers in adapting already de-
veloped techniques and components
provided practical microwave radio
relay equipment far earlier than
would otherwise have been the case.
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Design Data for

By . R. COX

Andrew Company
Chicago, Illinois

Symbols Used
Zo = characteristic impedance
measured at midpoint between
adjacent insulators
b = inside diameter of outer con-
ductor in inches
a = outside diameter of inner con-
ductor in inches . o
k= average dielectric constant BEADED COAXIAL LINE 1S one In
A = dlelgf!rilc (clgnStaé’tootf instl/‘alﬂ‘.i{‘a‘; which the inner conductor is sup-
materia L = a or steatile . .
W = effective width of insulating ported within the outer conductor by
material in inches per foot of line means of insulating beads, washers,
B =2m/% s inserted at regular intervals
Yy = 1/Zy= characteristic admittance or pegs inserte g .
measured at midpoint between throughout the length of the line.
* fli(/ljlg%enll mSlﬂat/or)S L Such lines are sometimes called air-
> = 0810 a) = character- s PR T
istic admittance of line without dielectric lines, because most of th,e
beads space between the two conductors is
= conductor resistance (inner plus occupied by air or some other gas.
outer) in ohms per foot . e
@] *='shunt conductince due, Uo Hint Beaded lines, utilizing conductors
Ferfect insulators, in mhos per made of rigid or semiflexible copper
oot : 3 _
/= frequency in me tubing, have long been used in b'ro‘ad
R, = 1/G = shunt resistance in one cast, police, and other transmitting
(fiQOll (t)f’ line due to imperfect installations, and now are being in-
electric .
Rs = )'(Z/Rp; equivalent -series re- stalled in hundreds of new f-m and
sistance corresponding to R, television stations, During the war,
C =735 X 107%/logy (b/a)-=capaci- beaded lines were extensively used in
tance per fool without beads - . . ] ds
P. = power factor of dielectric ma- conjunction with high-power radar
P t]erlal R BATRTT T 10 transmitters and in communication
= relfgtfu;ce (>fue io81'};at p?frtionbf stations transmitting relatively high
1 foot of line which is occupied powers.
by insulation . . Compared to solid-dielectric cables,
L; = KP; = loss factor of insulation .
s = heat emissivity in watts per | = Peaded lines offer the advantages of
square inch higher transmission efficiency, par-
L = length of line in feet ticularly at uhf and vhf, and higher
25— ; — 1 : T
[ | ATTENUATION, PERGENT ELECTRIC FIELDl AT SURFACE
INCREASE ABOVE MINIMUM " 0F INNER CONDUCTOR, PERGENT
‘ INCREASE ABOVE MINIMUM
20 — P — ———
‘ | |
] ~--PERCENT DECREASE IN POWER
Z 5| | RATING FOR FIXED TEMPERATURE —
z w RISE IN INNER GONDUCTOR .
x | |
2 x = | l - |
S 25 L x
el ——— e Q0 —‘—iﬁ — 1]
w = a
o [e] P® o
” L2 u
1 b @
sl \ A\ | | - _l d .
A | & | |
| i N
i l i /
| | I
1. ! 1 X | i
i 15 2 2.5 3 3.5 4 45
DIAMETER RATIO

FIG. 1—Effect of diameter ratio b/a (which determines characteristic impedance as
set forth in Eq. 1) on attenuation and on power-handling capacity as limited by flash-
over and by temperature rise. (Temperature-rise curve calculated from data compiled
by H. P. Thomas of the General Electric Co.)
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power-carrying capacity. Also, their
superior resistance to heat makes
them applicable to certain shipboard
and aircraft installations. However,
lack of flexibility and the inconven-
ience of having to maintain an in-
ternal gas pressure combine to make
the beaded line undesirable in port-
able military equipment. For this
reason, solid-dielectric Ilines have
recently enjoyed a temporary advan-
tage.

During the war years, approxi-
mately 215 million feet of Polyethy-
lene-insulated r-f cables were pro-
duced, while production of beaded
lines amounted probably to less than
10 percent of that figure. In the next
few years, it seems likely that at least
on a dollar basis the production of
beaded cables will exceed that of
solid-dielectric lines,

Characteristic Impedance of
Beaded Lines

In a beaded line, the regularly
spaced inner-conductor supports in-
troduce reflections whose effects de-
pend on insulator spacing and fre-
quency, and on the size, shape, and
electrical characteristics of the in-
sulators. When the bead spacing is
small compared to a wavelength, it is
a simple matter to calculate an aver-
age capacitance per unit length and
an average characteristic impedance
and thus reduce the analysis to that
of a uniform transmission line. As
the bead spacing approaches a quar-
ter wave, however, the recurrent dis-
continuities due to insulators cannot
be averaged uniformly in respect to
length, and a more involved analysis
is necessary.

Characteristic impedance is nor-
mally defined as the impedance look-
ing into an infinite length of line. In
a beaded line, the characteristic im-
pedance is defined only at the mid-
points between insulators. At all
other points, the characteristic im-
pedance includes a reactive compon-
ent. The impedance may be calcu-
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Beaded Coaxial Lines

Determination of characteristic impedance, optimum insulator spacing, attenuation, and

maximum power ratings.

Choice of insulator materials and shapes for beads. Standard

attenuation curves for 70-ohm broadcast lines and 51.5-ohm f-m and television lines

lated from Eq. 1 below, provided the
proper interpretation is given to k,
the average dielectric constant:

Zy = 138 k7172 logs (b/a) (1)
When the bead spacing is less than

2 percent of a wavelength, the factor
k& may be determined from

k=W (K-1) + 12]/12 (2)
Optimum Impedance Values

Any choice of a standard charac-
teristic impedance must be a compro-
mise between mechanical conven-
ience, attenuation, power-handling
capacity (flashover), and tempera-
ture rise. The relation between these
factors and the diameter ratio is
shown in Fig. 1. The curves suggest
the following optimum impedances:
for maximum power-handling capac-
ity as limited by flashover, 30 ohms;
for maximum power-handling capac-
itv as limited by temperature rise of
inner conductor, 38 ohms; for maxi-
mum transmission efficiency, 77
ohms.

In practice it has become common
to use 70-ohm cables in standard
broadcasting and 51.5-ohm cables in
f-m and television broadcasting.
These two impedances are also stand-
ard for solid-dielectric lines, and
hence it is possible to connect rigid
and solid-dielectric lines together
without matching sections.

Tolerances on characteristic im-
pedance are not very important in
standard a-m broadcasting, where
the lines are short and standing
waves are frequently ignored. 1In
contrast, television requirements are
severe, and a 10 percent standing
wave is thought to be the maximum
allowable for proper system perform-
ence. Since variations in antenna im-
pedance over the television channel
may account for most of the 10 per-
cent, it is thought desirable to hold
the characteristic impedance of the
line to within plus or minus 2 per-
cent.

The effect on characteristic im-
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Cutaway views of coaxial cable with centering bead (leit) and large-diameter line
employing cross-pin construction

pedance of variations in conductor
dimensions and dielectric constant
of the insulatifig material may be
determined by differentiating Eq. 1
and 2 above, treating the differen-
tials as increments.

60 AD
AZ =— 3
vk b ®
60 Aa

AZ=— —- 4
vk a @

 WZ,AK
_\Z———————24k (5)

Insulator Spacing

Two contradictory requirements
influence the determination of in-
sulator spacing. Close spacings are

desirable for censtant impedance and
te make the line as uniform as pos-
sible. Large spacings are desirable
to minimize insulator loss. The prac-
tical solution to this dilemma has
been to keep insulation loss down by
making the insulators as small as
possible consistent with mechanical
strength. The spacing is then se-
lected so that the impedance at the
highest operating frequency differs
from the low-frequency value by not
mcre than 2 or 3 percent. This prin-
ciple has led te spacings of 12 inches
in lines used for f-m and television,
at frequencies from 44 to 216 mec.
At standard broadcast frequencies
insulator spacing is not very impor-
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Table I—Design Equations for Beaded Coaxial Line

d . . nd
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tant, and may be determined from
mechanical considerations alone.

A mathematical expression for the
impedance of a beaded line, in which
insulators are spaced 2 percent or
more of a wavelength apart, is easy
to formulate but difficult to solve
rigorously. To begin, it is conven-
ient to write the familiar imped-
ance transformation equation in
terms of admittance

Y, cos Bl + jYesin gl
‘L Yeccos BI+ ;Y sin Bl
In the above, Y, is the characteristic
admittance of the line without any
bead effect. The problem is illus-
trated in Fig. 2, in which Y, is an
arbitrary load admittance. The char-
acteristic admittance of the line with
beads is, by definition, that value of
Y, which appears unmodified at
point P after transformation by two
sections of line of length d/2 with
the capacitance due to a bead con-
nected across their junction (at
point B,).

Y=Y

(®

Graphical Solutian

The admittance at B, is the admit-
tance of the bead (Y, = joC) plus
the admittance due to Y, after trans-

formation by d/2, as in Eq. 7 (Table
I). The admittance at point P is then
given by Eq. 8, and the characteris-
tic admittance Y, of the line with
beads is obtained by inserting the
value of Y, from Eq. 7 into Eq. 8 as
is done in Eq. 9. Since Y, must be a
pure conductance, the desired solu-
tion is that value of Y, = Y, which
causes the reactive term on the right-
hand side of Eq. 9 to vanish. The
characteristic impedance is then
Zy=1/Y,s (10
By using the Smith transmission
line chart' a graphical solution of
Eq. 9 is possible. Figure 3 shows a
center section of the chart, on which
have been drawn several lines cor-
responding to steps in the solution.
The following example is illustrated:
Outer conductor 3.125 OD x 3.027 ID
Inner conductor 1.200 OD x 1.130 ID
Width of ceramic bead 0.375 inches
The characteristic impedance and
admittance, omitting bead effect, are
calculated from Eq. 1, using k = 1,
b = 8.027, and a = 132, as Z, = 5b.5
ohms and Y, = 0.018 mho. The added
capacitance due to the addition of a
bead of dielectric constant K = 6.0 is
calculated from electrostatics to be

&

L/ﬂ Yo v:

R L g i e B il

FIG. 2—Beaded coaxial transmission line terminaied by an admittance

132

2.86 micromicrofarads. Bead sus-
ceptance Y, corresponding to this
capacitance is then calculated and
normalized by dividing by Y. =
0.018, giving the following suscep-
tance and half-bead spacing (d/23)
values for three frequencies

Freq 50 me 100 mc 200 me
Y 70.000898 ;0.001796 j0.003592
Ys/Yc Jj0.0499  ;j0.0998  jO.1996
d/2\ 0.0254 0.0508 0.1016

Since any acceptable value of Y,/Y,
must be a pure conductance, all pos-
sible values of this quantity lie on
the vertical axis of the chart. Look-
ing into the line at the first bead,
however, the admittance values on
the vertical axis appear to be ro-
tated through an angle d/2x = 0.1016
(at 200 mc), so that all possible solu-
tions now lie on the line AA’. To all
points on AA’ we must now add the
normalized susceptance Y,/Y, of the
first bead, just as in Eq. 7. Line BB’
represents the sum of these two ad-
mittances, and corresponds to Y, in
Eq. 7. To transform the admittance
Y, into the admittance Y, at P, the
ends of BB’ are rotated through an
angle d/2» = 0.1016 forming a new
line CC’. The intersection of CC’
with the vertical axis at the point
Y:./Y. = 1.106 corresponds to the
value of Y, which causes the reactive
term in the right-hand side of Eq. 9
to vanish. Multiplying this solution
by Y. = 0.018 and inverting, we get
an impedance of 50.2 ohms. Similar
procedures give impedances of 51.4
ohms for 100 mc and 51.5 ohms for
50 mec.

It is also possible to determine
characteristic impedance by assum.
ing open and short-circuit conditions
at the end of the line and calculating
back to the midpoint between beads,
using Eq. 6 a total of four times.
This method is less tedious than solv-
ing Eq. 9, but is not as rapid as the
graphical solution.

Insulator Materials

Steatite is commonly used for in-
sulator beads because of its excellent
electrical and mechanical properties.
Various grades are available, the less
expensive grades being entirely suit-
able for use at standard broadcast
frequencies where insulation loss is
an insignificant part of the total loss.
Comparative efficiencies of 3%-inch
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FIG. 3—Use of inner portion of Smith transmission line chart to obtain a graphical
solution of Eq. 9, for determining the characteristic impedance and admittance of a
beaded coaxial line at 200 mc for the example set forth in the text

diameter, 500-foot lines with bead
spacing of 12 inches an Z, = 51.5
ohms are given below for two insu-
lator materials (Alsimag 196 is the
cheaper, and use of the more ex-
pensive Teflon is justifiable only at
uhf)
Loss Eff Eff

Malerial factor at 1 mec at 200 me
Alsimag 196 0.012 98.89, 67.8Y%
Teflon (Poly 0.0004 98.89, 82.59,

F-1114)

Because creepage distances are
small, steatite line insulators must
be impregnated to prevent surface
moisture films due to condensation.
Waxes were used for this purpose un-
til the recent appearance of water-

repellent low-volatility silicone fluids.
Ingulators treated with these solu-
tions maintain a high surface resis-
tivity even in a moist atmosphere,
and the impregnant is not volatilized
when heated (as in soldering). Sur-
face glazing is occasionally used on
large cable beads, but only because
of the ease of cleaning which a glazed
surface affords. Glazing is expensive,
and offers no measurable improve-
ment in surface resistivity.

A few thermoplastic materials
have been successfully used for in-
sulators in radar cables. Although

some of these plastics, notably Poly- -

styrene, Polyethylene, and Teflon,

display superior electrical properties,
there are still mechanical difficulties
to overcome.

Insulator Shapes’

A few commonly used insulator
shapes are illustrated in Fig. 4. For
low-loss uhf operation (30-300 mc)
it is desirable to minimize the dis-
continuities introduced by inner con-
ductor supports so that insulators
may be kept far apart. Discontinui-
ties are minimized in the first four
bead shapes by reducing the volume
of dielectric material as much as pos-
sible. The scheme shown in Fig. 4A
is good electrically because excess
dielectric material has been removed
from the region around the inner
conductor where the electric field,
and hence the capacitance per unit
volume, is greatest. Temperature
rise due to insulator loss is also
greatest in this region; consequently,
mechanical fracture due to large tem-
perature gradients is less likely with
the configuration of Fig. 4A.

The cross-pin construction in Fig.
4D is useful principally in large-
diameter lines. In Fig. 4E the sides
of the bead have been made concave
to increase the flashover rating of
the cable., This design is used at
broadcast frequencies, and is just
the opposite of what is needed for
low-loss constant-impedance opera-
tion at ultrahigh frequencies.

Theoretical Attenuation

Attenuation is defined as the loss
in decibels per hundred feet at a
specified frequency and at a tempera-
ture of 25 degrees centigrade. Both
conductor loss and insulation loss
contribute to attenuation, and these
terms may be computed separately
and added together to obtain total
attenuation. In terms of resistance
R in ohms per foot and conductance
G in mhos per foot, the attenuation is

(A)

O\ o o)

(D)

(E)

FIG. 4—Typical insulator shapes used in beaded coaxial transmission lines
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db per 100 ft = 434 73— + G Zy) an
]

For radio frequencies Russell’s ex-
pression® for resistance R may be
used, so that the conductor loss only
becomes

0.432f172 (a + b)
abZy
Equation 12 assiimes that both inner
and outer conductors are made of
chemically pure copper, which al-
though commercially available is
quite expensive. Ordinary conductor
copper has a conductivity of 95 per-

db per 100 ft = (12)

cent. When this is used, Eq. 12
becomes
dbper 1005t = LA @+ B g

abZ,

The principal problem in deter-
mining insulator loss is that of eval-
uating the shunt conductance G. This
quantity is the reciprocal of the par-
allel resistance R, due to the imper-
fect dielectric in one foot of line. If
we let B; be the corresponding equiv-
alent series resistance due to dielec-
tric losses in one foot of line, and X
be the reactance due to that portion
of a single foot of line which is
occupied by insulation, then

s T ¢ P i
1 Py
SRk i

Pr2xfX1F KCW (15)

12

The insulation loss is obtained by
inserting Eq. 15 into the second term
of Eq. 11, letting L. (loss factor)
equal the product of dielectric con-
stant K and power factor P, and
using Eq. 1 for the characteristic
impedance

db per 100 ft = 0.231 k12 L, Wi  (16)
By applying Eq. 2, Eq. 16 may be
written in another form

27T PrfK(k—1)
WA (K = 1)

For solid dielectric, K = k and the

insulation loss becomes 2.77 P fK:.

db per 100 ft = (7

Analysis of Equations

Several approximations have been
made in deriving Eq. 16 and 17, In
practical cases, however, it happens
that for frequencies less than 200 me
the conditions under which the ap-
proximations become poor ones are
those for which the insulation loss
is a relatively small part of the total,
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Table II. Maximum Power Ratings of Coaxial Lines in Watts

| A-M | F-M Television
Diam { - i —
m —50 | 1
inches ’ me ‘ 50 me 100 mec | 200 mc | 50 mc 100 mic | 200 mc
3/8 500/ | axinae | mesnsan'| Drmasas b osnmem e | wwzes . .
7/8 3,000 2,600 1,700 1,100 [ 4,100 2,700 1,800
15/8 12,000 9,100 5,700 4,000 14,500 9,100 6,300
31/8 50,000 ‘ 36,000 L 24,000 15,000 58,000 38,000 24,000
6 1/8 | 150,000 | 134,000 ; 95,000 67,000 | 214,000 | 151,000 | 107,000
so that no substantial error in the facter of 0.004 at 100 mc. A de-rat-

total attenuation is produced.

The importance of having good
insulation in lines used at ultrahigh
frequencies can be seen by compar-
ing Eq. 16 and 13. Since insulation
loss increases directly with fre-
quency, while conductor loss in-
creases only with the square root of
frequency, the former term may
easily account for a substantial part
of the total attenuation at 200 or
300 me. At 200 me, for instance, in
500 feet of 33-inch coaxial line, the
difference between a steatite bead
costing 10 cents and one costing 31
cents is the difference between an
efficiency of 77 percent and one of
68 percent. Also, while conduetor
loss is roughly inversely propor-
tional to diameter, insulator loss is
independent of diameter, provided
the relative volume and distribution
of insulating material remains the
same for all diameters. This fact has
imposed a limiting factor on the
development of vhf solid dielectric
cables, because no matter how large
a diameter is used no improvement
in insulation loss can be obtained.

Measured Attenuation

In a complete transmission line
system, containing connectors and
other cable fittings, the measured
attenuation is usually slightly
greater than that predicted by Eq.
13 and 16. To allow for this dis-
crepancy, standard attenuation rat-
ings have been made 10 percent
greater than the theoretical values.
Standard attenuation curves for the
nominal 70-ohm cables used in the
broadcast band are given in Fig. 5,
and curves applying to the 51.5-ohm
cables used for f-m and television
equipment are given in Fig., 6. The
latter curves are based on the use of
copper having 95-percent conductiv-
ity and insulators with a dielectric
constant of 6.0 and a maximum loss

ing factor of 1.1 was applied to give
the required 10-percent increase of
attenuation above theoretical values.
Efficiency may be obtained from at-
tenuation by using the equation

100
L X db per 100 ft)
1,000

Eff =

(18)
antilog

Transmission line loss is increased
by standing waves, due to improper
termination, and by elevated tem-
perature. An enclosed line, operating
at f-m or television frequencies with
restricted air circulation and carry-
ing the maximum rated power, may
suffer a temperature rise of almost
40 C. TUnder these conditions, the
insulation loss is increased approxi-
mately 50 percent and the conductor
loss is increased approximately 13
percent. At standard broadcast fre-
quencies (500-1500 ke¢) coaxial lines
develop only negligible amounts of
heat, so the attenuation ratings are
approximately the same for maxi-
mum power as for low power.

Coaxial transmission lines are
occasionally connected in parallel, to
form an unbalanced line of half the
original impedance, or in series, to
form a balanced line of twice the
original impedance. No improvement
in attenuation is obtained from these
special arrangements, and it is easily
shown that the overall efficiency in
either case is the same as it would
be if only one line of the same diam-
eter were used.

Power-Handling Capacity

Maximum power ratings for co-
axial lines used at frequencies above
50 mc have been calculated on a
theoretical basis, using a tempera-
ture rise of 40 C in the outer con-
ductor as a limiting factor. At lower
frequencies, voltage breakdown be-
comes a limitation, and ratings must
be based on experience because
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breakdown usually occurs at lower
voltages than theoretical considera-
tions would indicate.

The following procedure is used to
determine a power rating based on
temperature rise:

(1) The efficiency of a length L
(feet) is determined from attenua-
tion figures in which copper loss has
been increased 13 percent and insula-
tion loss 50 percent.

(2) A power in watts which will
produce a 40 C temperature rise in
the outer conductor is calculated by
multiplying the total surface area of
the given length of conductor by the
heat emissivity factor p and dividing
the result by 1 — efficiency.

(3) A maximum power rating for
unity standing wave is obtained by
dividing the result of step 2 by a
factor of 2.

(4) A maximum power rating for
any standing wave ratio other than
unity is obtained by dividing the
result of step 3 by the proposed ratio.
For ordinary a-m broadcasting, the
ratio may be 2.0, for television it
may be 1.1, and for f-m broadcasting
it may be 1.75.

Suggested maximum power rat-
ing’s for various services and fre-
quencies are given in Table I1. These
are maximum ratings, based on tem-
perature rise or flashover. Except
when lines are very short, they
should not be operated at maximum
power because of attenuation.

In step 2, it is assumed that after
equilibrium is attained all of the
heat generated inside the line is de-
livered to the outer conductor, where
it is radiated into space (the process
involves both radiation and convec-
tion). The factor p is the heat emis-
sivity of the surface of a copper tube,
in watts per square inch for a 40 C
temperature rise. This factor, which
depends somewhat on diameter, has
been studied by power transmission
engineers who frequently use copper
tubes for busses. An average value
is 0.25 watt per square inch.

In step 3, a safety factor of 2 has
been applied because tubes enclosed
in buildings or ducts or placed
against walls suffer a loss of heat
emissivity.

The inner conductor operates at a
much higher temperature than the
outer conductor, and a rise of 75 C
may occur for a 40 C rise in the outer
conductor. The difference between
inner and outer conductor tempera-
tures causes differential expansion,
which must be accommodated in
suitable expansion joints. The insul-
ators also generate heat (4.5 watts
per insulator in a 33-inch line carry-
ing 25,000 watts at 200 me) and are
further heated by thermal energy
received from the inner conductor.
Temperature gradients exist in the
insulators, and can cause fracture if
power ratings are exceeded.

Large-diameter lines are produced
in hard-temper rigid lengths of 20

feet,.which must be interconnected
on the job by suitable couplings.
Soft-temper coaxial cables of $-inch
and §-inch diameter are produced in
continuous 100-foot coils which may
be factory-spliced to any desired
length and shipped under gas pres-
sure with end terminals attached.

The method of attaching insulators
to the inner conductor varies with
diameter, but in general an attempt
is made to perform the attachment
without seriously degrading the
flashover characteristic. Any small
deformation of the inner conductor
encourages concentration of charge,
and sharp corners or edges on
crimped or swaged inner conductors
must be carefully avoided. In 13-
inch diameter and larger cables, in
which the inner conductors are
tubular, a good fastening may be
made by inserting a spinning tool
inside the inner conductor and spin-
ning a ridge on both sides of the
bead.

Coaxial lines must be pressurized
with a dry gas to prevent condensa-
tion of moisture on insulator sur-
faces. Air and nitrogen are both
used for this purpose. There is noth-
ing critical about the amount of
pressure, and anything from 1 to 30
pounds is satisfactory.

REFERENCES

(1) Smith, P. H.,, Transmission Line Cal-
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(2) Russell, Alexander, Effective Resist-
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TWO-TERMINAL

THE PHASE REVERSAL which ex-
ists between the input and
output of a vacuum-tube amplifier
operates as somewhat of an incon-
venience in design of an oscillator
circuit. The requirement of phase
inversion which is required to pro-
duce the proper feedback for oscilla-
tion has been met in various ways.
The most common is the use of a
coupled circuit between the plate and
grid which furnishes the phase re-
versal as well as the tuning elements.

Another means of setting up oscil-
lations is by means of a negative
transconductance tube, or -circuit,
which does not give the usual phase
reversal between the input and out-
put. The dynatron, transitron, and
multistage amplifier are examples® of
this type. These circuits have the
advantage that they may be con-
nected as oscillators by merely con-
necting a simple two-element tuned
circuit between two points in the
circuit,

The circuit to be described? is the
multistage amplifier type in which
two stages are connected in cascade
amplification to eliminate the phase
reversal effected by a single stage.
The method of coupling between
stages has many advantages over the
prior types.

Basic Circuit

Figure 1 shows the fundamental
circuit. A twin triode is connected
with one triode acting as a cathode
follower driving the cathode of the
second triode through coupling

OUTPUT

Lo

FIG. 1—Basic circuit of the oscillator. Tube
T, operates as a cathode follower to
drive T,
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effected by the common cathode
resistor R,.

A positive voltage applied to the
grid of T, causes more current to
flow in the plate circuit of 7, and
consequently more current through
the common cathode resistor. The
increased current through the cath-
ode resistor raises the potential of
the cathodes in the positive direction.

An increased positive potential on
the cathode of T. is equivalent to an
increased negative potential on the
grid of T.. Thus a positive voltage
applied to the grid of T, is converted,
by the coupling system, to an equiv-
alent negative potential on the grid
of T.. This phase reversal, together
with the phase reversal effected be-
tween the grid and plate of 7,, forms
a complete 360-degree phase rota-
tion, so that the input is in phase
with the output.

The transconductance between in-
put and output is therefore negative,
so that all that is required for oscil-
lation is to place a tuned circuit in
the output plate circuit and couple
it back to the input grid circuit.

Characteristics

Figure 2 shows the plate-current-
grid-voltage characteristics obtained
between the grid of T, and the plate
of T.. It will be noted that the slope
of the transconductance is negative,
and that both positive and negative
saturation are obtained in the nega-

FIG. 2—Characteristics of the plate current
of T; and the grid voltage of T,
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tive-grid region. In other words, the
circuit operates as a class A limiter
which does not draw grid current.
For this type of operation, the grid
of input triode T, is biased to point
a on the characteristic.

The operation of a class A limiter®
is as follows: The negative half
cycles of the input wave are limited
by negative cutoff at the grid of T..
Positive half cycles on the grid of T,
are converted to negative half cycles
on the grid of T, by the phase inver-
sion existing due to the cathode cou-
pling. Hence, the positive half cycles
are limited by negative cutoff on the
grid of T,. The result is negative
cutoff limiting of both half cycles
of the input wave. This is accom-
plished without grid current as long
as the input is made less than a peak
voltage which draws current on the
positive half cycles at the grid of T,.
In the usual limiter arrangement,
grid current is not drawn until the
input is of the order of 50 volts rms.

Values of Components

Figure 3 shows how the feedback
connection is made to form the oscil-
lator circuit. Capacitor C, couples
the output to the input and acts as
a blocking capacitor to keep the
plate voltage off the input grid. The
value of C, is chosen to provide a re-
actance which is small in comparison
to either R, or the reactance of the
input capacitance of 7. Resistor
R, is a grid-return resistor (0.5
megohm or less) and, for low fre-
quencies, may consist of the output

FIG. 3—Capacitor C, provides feedback to
the grid of T, and also blocks the plate
voltage
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OSCILLATOR

Negative transconductance provided by a two-stage amplifier gives the phase reversal neces-
sary for circuit oscillation. Only two points in the circuit are needed for connection of a

simple tuned circuit to provide several oscillator arrangements

potentiometer. Cathode resistor R,
may be varied to control the ampli-
tude of oscillation. Maximum output
is usually obtained with an R, of
about 500 ohms with dual-triode re-
ceiving tubes.

The 6J6 miniature dual triode is
perhaps the most ideally suited, espe-
cially for the higher frequencies, but
tubes of the 6SN7GT, 6SL7GT, 6N7
and similar types may also be used.
Frequencies as high as 130 mega-
cyeles have been obtained with the
6J6, but it is felt that frequencies
much higher are possible.

Factors controlling the maximum
oscillation frequency are the magni-
tude of impedance inserted in the
output plate circuit, and the degree
of shunting effect of the cathode-to-
ground capacitance on the cathode
resistor. The cathode-to-ground ca-
pacitance of the 6J6 is approximately
seven micromicrofarads. When a
500-ohm cathode resistor is used
with the 6J6, the cathode-to-ground
capacitance does not become appre-
ciable until frequencies above 50
megacycles are obtained.

As an audio oscillator, this circuit
generates a waveform which has
substantially less harmonic content
than that obtained with conventional
oscillator circuits. This is especially
true for the higher values of common
cathode resistor, R.. Values of the
order of 10,000 ohms may be used.
These higher values also result in
reduced output voltage.

Applications

The circuits of Fig. 4 are various
arrangements taken from the au-
thor’s U. S. Patent 2,269,417. Figure
4A is a multivibrator circuit in
which resistance and capacitance
take the place of the tuned circuit.
This multivibrator circuit has the
advantage that its output waveform
is a true square wave, and does not
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FIG. 4—Five useful circuit arrangements for the two-tube oscillater

have the exponential decay at the
top of the square wave as is charac-
teristic of the usual multivibrator
circuit. Hence, it may be used for a
square waveform generator. Fre-
quency control may be obtained by
varying resistor R, and capacitor C..
Locking voltage may be applied to
potentiometer R, to hold the oscilla-
tions in step with an external oscil-
lator. The percent mark or duty
cycle, of the square-wave pulse may
be controlled by feeding positive or
negative voltage to potentiometer R..

Figure 4B shows how fundamental
frequency oscillation may take place
in tuned circuit A, while harmonic
output is obtained from tuned circuit
B. The cathode-follower action of
triode T, is not affected by tuned cir-
cuit B, because B is tuned to a
harmonic.

Figure 4C shows how a crystal
may be inserted as the fundamental
oscillating element of the circuit of
Fig. 4B. Such an arrangement has
obvious advantages in crystal oscil-

lator operation where harmonics are
usually desired.

Figure 4D shows the original os-
cillator circuit with an inductance L
inserted in the common cathode cir-
cuit to form a peaking coil to extend
the frequency range limited by the
cathode-to-ground capacitance of the
common cathode circuits.

Figure 4E shows r-f and a-f twin-
triode oscillators arranged to provide
either r-f output, a-f output, or mod-
ulated r-f output. Modulation applied
as shown in the circuit diagram is
quite linear up to the point where the
overall gain is modulated below an
amount sufficient for oscillation.

This circuit was developed while
the author was in the employ of RCA
Laboratories.
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Radar for Blind Bombing

Part I

Technical details of H2X, the airborne microwave radar that enabled AAF bombers to knock
clouds in a single mission. Both the APQ-13 and APS-15

two-part paper, with emphasis on new circuits employed

out Wilhelmshaven through

versions are covered in this

N November 3, 1943, the largest

force of bombers employed to
that date by the United States Eighth
Air Force took off to bomb a target
in Wilhelmshaven, Germany. This
was the eighth time that the same
target had been their goal, but as yet

Radar operator’s position at APQ-13 bombing radar installation in a B-29,

it had not been hit squarely enough
to be destroyed. On this day, as wing
after wing swept over the target,
they found it completely obscured by
clouds. Nevertheless, on a signal
from the wing leader, each wing re-
leased its bombs. Reconnaissance
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unit is on Ywer deck of rack. while the synchronizer and a low-voltage power supply
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photographs taken several days later
showed that the target had been vir-
tually destroyed.

The device that made possible this
successful raid on Wilhelmshaven
was the H2X microwave radar. De-
signed primarily for the purpose of
bombing through clouds, this radar
proved an invaluable navigational
aid and was used for sea search and
patrol duties as well.

The British had been using a
somewhat similar bombing radar,
the H2S, for some time prior to the
first United States radar mission de-
scribed above, but the Eighth Air
Force had experimented with H2S
on only a very small scale. In June
of 1943, however, it was realized that
the European weather precluded con-
tinuous large-scale visual bombing.
If this country were to carry out the
large bombing program to which it
was committed, some other type of
bombsight had to be developed. The
H2X radar bombing system was the
first answer to the need for a bomb-
sight that could operate when the
target was obscured by smoke or
clouds or darkness.

The accuracy that could be ob-
tained with an H2X system was
much discussed and investigated.
Combat tests have shown that under
equal conditions the circular error
to be expected of the radar is at least
five times greater than that expected
of the visual bombsight. Thus the re-
sults achieved in the mission de-
scribed above were due more to the
size of the bomber force used than to
the accuracy of the radar bombsight.

History of H2X

In July of 1943, Philco, Beil Tele-
phone Laboratories, and the Radia-
tion Laboratory, MIT, were asked by
the Services to commence the devel-
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opment and design of the H2X bomb-
ing system for manufacture by
Philco and Western Electric. Be-
cause of the urgency of the program,
Bell Telephone Laboratories used as
the basis of their design the SCR-
717, a 10-cm airborne search system
produced by Western Electric. Philco
used the ASG, also a 10-cm airborne
search system. The three organiza-
tions pooled their efforts and suec-
ceeded in producing systems in a re-
markably short time. This pooling
of design efforts resulted in two sys-
tems, the APQ-13 produced by West-
ern Electric, and the APS-15 pro-
duced by Philco, which were very
similar in design and performance.

To bridge the gap until production
started, the Radiation Laboratory
was requested to build enough sys-
tems to equip one squadron of bomb-
ers. Aircraft from this squadron led
the raid on Wilhelmshaven in early
November and continued to lead the
Eighth Air Force on 80 percent of
its missions until Philco production
equipment started to arrive in Eng-
land in February of 1944,

Before the end of the war in
Europe, approximately 20 percent of
the bombardment aircraft of the
Eighth and Fifteenth Air Forces
were H2X equipped. In the Pacific
theaters of war, every B-29 was
equipped with bombing radar, the
great majority being equipped with
the Western Electric H2X systems.
The remainder were equipped with a
system of considerably higher resolv-
ing power known as Eagle.

General Description

The H2X radar is a 3-cm system
designed for use in aircraft to locate
and make possible the identification
of objects on land and sea, to bomb
targets that cannot be seen visually,
and to aid in the navigation of the
airplane. It is equipped with an an-
tenna employing a 29-inch diameter
reflector shaped to give a beam three
degrees wide in a horizontal plane
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Operator’s position at APS-15 installation in a B-17, with range unit and control box
at the right of the receiver-indicator with its built-in ppi scope and a small A-scope

and fanned in the vertical to give
coverage of the ground nearly under
the plane when the plane is at high
altitude. This antenna can be con-
tinuously rotated through 360 de-
grees and can be tilted to any angle
between +20 degrees and —20 de-
grees.

The echoes received by the radar
are presented to the operator on a
ppi screen, with the north direction
indicated by a vertical line from the
center of the tube, regardless of the
heading of the aireraft. The aircraft
heading is displayed as a bright elec-
tronically produced radial line
(termed the lubber line) originating
at the center of the tube. This type
of indication is known as an azimuth
stabilized ppi.

A- relatively crude bombing com-
puter system suitable for bombing
from altitudes greater than 15,000
feet is provided. An electronic com-
puter provides a range mark indi-
cating the range at which the bombs
should be released. When the target
and the release marker coincide, the
bombs are released by a manual
switeh,

Radar Beacon Facilities

The H2X system is equipped for
reception of radar beacons. These
beacons, located on the ground, are
equipped with antennas that radiate
in all directions. When they receive

electronic

_WAR REPORT

H2X Specifications

Wavelength. . ... .. 3.2 centimeters
Frequency......... 9,375 megacycles
Reflector. . ........ 29 in., modified
paraboloid
Pulse power........ 50 kw peak
Pulse width. .. ... .. 14,1, or 2 micro-
seconds
Pulserate......... 1,300, 650, or 325
pps
Receiver bandwidth. 2 to 3 mc
Receiver noise...... 15 db above
theoretical
Beam width....... 3 degrees

Scanrate.......... 12 or 24 rpm

Azimuth range..... 360 degrees

Elevation range. ... —20 to + 20.de-
grees

a pulse of two to four microseconds
duration in the airborne search radar
frequency band, they respond with a
set of pulses in the beacon band, at
a different frequency. The spacing
and number of these returned pulses
provide a code to identify the beacon.
By means of these beacons, a radar
operator can determine from the ppi
his position relative to a known
point.

Radar beacons can be received at
high altitude at distances up to 250
nautical miles. To receive beacons,
provision must be made in the radar
to switch from normal search condi-
tions, where the pulse is shorter and
the receiver is tuned to the transmit-
ting magneiron’s frequency, to bea-
con conditions, where the pulse is
from two to four microseconds long
and the receiver is tuned to the bea-
con frequency. The beacons are
equipped with discriminators so that
they respond only to pulses of the
proper duration. This is to prevent
the overloading of the beacons by
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FIG. 1—Block diagram of Western Electric APQ-13 version of H2X bombing radar

planes that are engaged in normal
search.

The H2X systems are capable of
detecting from high altitude large
cities and land masses at a range of
100 nautical miles, which is the long-
est-range sweep provided. Large
ships may be seen at 70 miles, sub-
marines at 30 miles, single fighter-
type aircraft at 5 miles, and other
ships and aircraft at intermediate
ranges depending upon.their size.

Operating Principles—Transmitting

The component parts of the two
H2X systems are shown in Fig. 1 and
2. The sequence of operation starts in
the range unit. By means of a crys-
tal oscillator operating at 80.86 ke
and two dividing stages whose ratio
can be switched, modulator and indi-
cator triggers are provided at about
1,300, 650, and 250 pulses per sec-
ond (slightly different values are
used in the two systems). A narrow
trigger is fed to the modulator
driver, which generates a square
pulse with a width that can be
switched to about 3, 1, or 2 micro-
seconds (slightly different in the two
systems). The combinations of pulse
repetition frequency and pulse length
are chosen to maintain constant av-
erage power. The square pulse from
the driver is amplified by the pulse
amplifier and applied to the cathode
of the magnetron oscillator. R-f
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pulses of 50-kw peak power at a fre-
quency of about 9,400 mc are pro-
duced. This r-f power passes down
the wave-guide transmission line to
the antenna, where it is radiated.
On the way, the energy passes the r-t
box and the t-r box, which are reso-
nant cavities filled with a low-pres-
sure gas and containing spark gaps
which break down due to the high
r-f field transmitted by the mag-
netron. The t-r box is used to pre-
vent the high transmitted power
from destroying the crystal mixer.
The r-t box is used to switch imped-
ances on transmitting and receiving
so that the magnetron does not ab-
sorb a large amount of the received
energy.

Operating Principles—Receiving

The reflected energy is received by
the antenna and passes down the
wave guide. The t-r and r-t boxes
have ceased conducting by this time
and have so switched impedances
that the received energy passes into
the crystal mixer. There it is mixed
with power from the signal-beating
oscillator for echo reception or with
power from the beacon-beating oscil-
lator for beacon reception. Thus it is
converted to a 60-mc signal in the
case of the APQ-13 and a 30-mc sig-
nal in the case of the APS-15, ampli-
fied, detected, amplified again as a
video signal, then fed to the ppi grids

and, in the APS-15, to the vertical
plates of an A-scope.

The indicating™ circuits are sup-
plied with a trigger from the range
unit. This trigger can be delayed to
follow later than the r-f pulse. When
an airplane flies at high altitude, the
ground immediately below the plane,
which is the first signal following the
transmitted pulse, may be several
miles removed. To avoid serious dis-
tortion of the map on the ppi the
sweep is started at the instant the
first signal (usually called the alti-
tude signal) is received. Proper
sweep delay is obtained by rotating
an altitude dial on the computer to a
position coincident with the altitude
of the plane.

Another type of indicator trigger
delay is produced to permit delaying
the start of a fast sweep in accurate
10-mile steps from 10 to 190 miles,
This is provided to permit accurate
measurement of range to distant ob-
jects and de-coding of beacon signals.

The remaining function of the sys-
tem is to provide a bomb-release
marker. This marker is obtained by
setting information on bomb type,
air speed, ground speed, and altitude
into the computer. The computer in
conjunction with the range unit pro-
vides a pip which follows the trans-
mitted pulse by the proper amount to
indicate the slant range to the target
at which the bomb should be released.
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This pip from the range unit is mixed
into the video to appear as a range
circle on the ppi.

The Bombing Problem

In order to understand the purpose
of the range unit, a brief discussion
of the bombing problem is necessary.
In dropping bombs, the resistance
of the air will cause the bomb to lose
velocity and strike the ground behind
the aircraft by an amount known as
the trail of the bomb. In the pres-
ence of wind, two other problems are
introduced. The component of the
wind parallel to the heading line of
the aircraft will reduce or increase
the speed at which the aircraft closes
on the target, termed ground speed.
The problem is illustrated in Fig. 3.
The cross component of the wind will
cause the plane to drift so that the
plane must head at an angle, the drift
angle, to the line of sight to the tar-
get in order to have its path along
the ground, or ground track, pass
through the target.

The solution of the bombing prob-
lem is now rather simple. The plane
must be steered so its ground track
passes through the target, and the
bombs must be released when the
ground range (horizontal component
of the line of sight or slant range)

of the target equals V,t, —T, where
V, equals ground speed, %, equals
time of fall, and T equals trail. The
trail and time of fall are found em-
pirically for each type of bomb. They
are dependent on the air speed and
altitude of the plane. It is possible
to plot curves of line-of-sight release
range to the target versus altitude
for various values of ground speed
for a given type of bomb and fixed
air speed.

Computer

The H2X computer employs a
graph for solving the release prob-
lem, using a separate line on the
graph for each ground speed in ten-
knot steps. A separate sheet is used
for each bomb type and air speed.
These latter two factors are known
before the start of a mission and the
proper sheet may be selected. These
sheets are wrapped around a drum
so that altitudes as the ordinates of
the graph are parallel to the axis
of rotation of the drum. A cross hair
is provided.

Moving the altitude-set knob on
the computer moves this cross hair
parallel to the axis of the drum to
the proper altitude setting and at the
same time rotates a linear potentiom-
eter. The drum is then rotated by the

speed-set knob until the cross hair
intersects the proper ground speed
line. The curves are so plotted that
the drum has thus been rotated an
amount proportional to the slant
range to the target at which the
bomb should be released. Rotation
of the drum moves a second linear
potentiometer. The voltages from
the two linear potentiometers go to
the altitude and range delay circuits
in the range unit and are there con-
verted into short video pulses which
are delayed the proper amount after
the transmitted pulse to indicate the
range to the ground and the release
range.

Range Unit

The range unit provides the tim-
ing function for the system. The
APS-15 version employs the circuit
of Fig. 4 to provide a modulator trig-
ger, an indicator trigger, and a
bomb-release marker. The range
units of the APQ-13 and the APS-15
are very nearly identical, so that a
description of one will suffice for the
other.

For accurate timing, a crystal os-
cillating at 80.86 kc is employed (at
this frequency a pulse will make a
round trip to an object 1 nautical
mile distant in one cycle). This oscil-
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lator is operated highly class C so
that plate current flows through a
small angle. The pulses of plate cur-
rent pass through one winding of a
pulse transformer and are coupled
to the grid of a blocking oscillator.
The pulse transformer provides suf-
ficient coupling between plate and
grid of the oscillator tube so that
plate current flow will drive the grid
considerably below cutoff in less
than one cycle. The grid will remain
below cutoff a time dependent upon
the RC value in the grid circuit. The
blocking oscillator is capable of run-
ning free; however, if the time con-
stant of the grid circuit is such that
the free-running frequency is lower
than that of the triggering pulse, the
oscillator will synchronize with the
trigger provided the trigger is of
sufficient amplitude to raise the grid
above cutoff.

The one-mile mark blocking oscil-
lator is coupled to a second blocking
oscillator which has a grid-circuit
time constant long enough so that
once the oscillator has fired, the grid
does not begin to approach cutoff
until ten one-mile marks have been
produced. Thus every tenth mark
triggers it off. In this manner a 10
to 1 division is obtained, giving pips
with a ten-mile spacing.

Similarly the next blocking oscil-
lator is employed to give 25 to 1 or
8 to 1 division. The time constant in
the grid circuit is changed by means
of a relay to change the dividing
ratio. The output of this oscillator
is fed through a cathode follower to
the modulator. The cathode follower
is employed to avoid affecting the
blocking oscillator by changes in the
length of cable going to the modu-
lator and to isolate it from the pulse-
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FIG. 3—Geometry of bombing problem

forming amplifier in the modulator.

The modulator trigger pulse also
triggers the altitude, range, and trig-
ger-delay phanastrons.

Phanastron Circuit Principles

The general characteristics of a
phanastron time-delay circuit are
well illustrated by the range phanas-
tron circuit in Fig. 5. In the steady-
state condition, the control grid of
the phanastron is held near zero bias
by grid current since it is tied
through a high resistance to +250
volts. The screen grid is positive
with respect to the cathode. Grid
number 3 is negative with respect to
the cathode since its voltage is set at
about 420 volts by the voltage di-
vider and the current flowing
through the cathode resistor sets the
cathode at about -+40 volts. Since
the number 3 grid is negative with
respect to the cathode, it cuts off the
current to the plate. The cathode cur-

rent is essentially all sereen current.
Since the plate resistor value is high,
the plate voltage is held by conduc-
tion of the diode to a value equal to
the voltage set on the diode cathode.

As a negative trigger pulse is fed
to the cathode of the diode from the
computer, a negative pulse will be
developed in the plate circuit. This
negative pulse is applied to the con-
trol grid of the 6SA7 through the
capacitor connected between these
two points. This will decrease cath-
ode current and decrease the voltage
drop across the cathode resistor.
Thus, the number 3 grid becomes
less negative with respect to the
cathode and will allow plate current
to flow. Plate current flow causes the
plate voltage to drop, stopping the
diode (left half of the 6SN7) from
conducting and applying the drop at
the plate to the control grid through
the capacitor.

The above action takes place so
rapidly that the capacitor does not
have time to change its initial charge
appreciably. Since the grid is con-
nected to +4-250 volts, the capacitor
starts to discharge, raising the con-
trol grid voltage. This increases the
plate current, decreases the plate
voltage, and tends to decrease the
control-grid voltage. Since the two
actions oppose each other, the result
is a very slow decrease in plate volt-
age and increase in cathode voltage.

This effect continues until the
plate and screen voltages are so low
that further increase in control-grid
voltage does not increase plate cur-
rent. This occurs at a plate potential
of about 40 volts. The control grid,
and consequently the cathode voltage
continues to rise for a short time,
with the screen taking the increase

~
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FIG. 4—Circuit of range unit that provides accurate timing
pulses for the Philco APS-15 system
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FIG. 5—Range phanastron circuit and suc-
ceeding stages in APS-15 system
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in cathode current. At this point
grid pumber 3 begins to cut the
plate current off, with a consequent
rise in plate voltage. This plate volt-
age rise is fed back to the control
grid, increasing the effect, and bring-
ing the circuit back to normal. It is
this sudden rise at the end of the
cvele that is amplified, differentiated,
and used to trigger a blocking oscil-
lator.

Thus, the time interval between
the initiating pulse and the end of
the cycle is the time for the plate
voltage to drop from its steady-state
value as set by the voltage applied
to the diode cathode to the minimum
value (about 40 volts). The greater
the diode cathode voltage the greater
the delay.

The phanastron circuit has the
virtue of providing a delay that is
closely lnear with control voltage.
It is relatively insensitive to changes
in supply voltages. The altitude
phanastron circuit in Fig. 6 and the
trigger delay phanastron in Fig. 7
operate in essentially the same
manner.

One-Shot Multivibrator

A second type of delay circuit, em-
ployed to give a fixed delay or a fixed-
length square wave, is a triggered or
one-shot multivibrator. The altitude
mark delay stage in Fig. 6 uses a
circuit of this type. The grid of the
second section of the multivibrator
is tied to +250 volts so this section
is highly conducting. Since the
cathode resistor is common to both
sections, the voltage developed at the
cathode cuts off the first section.

The incoming trigger is negative
and causes the second section to be
sharply cut off. With the removal of
the cathode voltage, the first section
conducts, dropping its plate potential
and thus driving the grid of the sec-
ond section highly negative through
the capacitor. The circuit will re-
main in this condition until the ca-
pacitor discharges, permitting the
second section to start conduction,
when it will return very rapidly to
its original condition. A square
wave is produced with a duration de-
pendent upon the time constant of
the grid circuit of the second section.

With the trigger-delay phanastron
stage of Fig. 7, a cathode follower
is employed. This is necessary to get
the extremely long delays with suffi-
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cient linearity. The trigger-delay
phanastron is employed to provide
precise delavs in the indicator trig-
ger frem 10 to 190 miles.

Since the phanastron cannot be
depended upon for extremely accur-
ate delays of such great length, a
method of improving the accuracy
is emploved. The output of the pha-
nastron is amplified, differentiated,
and used to trigger a one-shot multi-
vibrator which produces an 8-mile
long gate. This gate is fed to the
grid of the coincidence amplifier.
The ten-mile marks are fed to the
cathode. The coincidence amplifier is
normally cut off by the control-grid
bias. The square gate on the grid is
almost enough to start it conducting.
When a negative ten-mile mark ap-
pears on the cathode, at the same
time as a positive 8-mile gate on the
grid, the amplifier passes the 10-mile
mark. The amplified mark then trig-
gers a blocking oscillator. Thus, the
phanastron need be only of sufficient
accuracy to select the proper ten-
mile mark which is accurately ob-

tained from the crystal oscillator.

The coincidence amplifier, in con-
junction with the indicator amplifier,
is also emploved in calibration, By
means of the calibrate switch, it
may be connected to show coincidence
between one-mile marks and the
range or altitude mark. Coincidence
of two marks causes a decrease in the
average plate voltage of the coinci-
dence tube, a decrease in grid voltage
of the indicating amplifier, and a
reduction in the brilliancy of the
neon bulb.

The count mixer in Fig. 4 is em-
ployed to mix the one-mile and ten-
mile marks so that they may be
viewed together on an oscilloscope to
assist in adjusting the ten-to-one
divider for the proper count.

The second part of this paper, in
an early issue, will complete the
presentation of H2X circuits by tak-
ing up the modulators, scanners, r-f
svstems, receiver-indicator units,
and synchronizers used in the two
versions of this famous bombing
radar.
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FIG. 1—(A) Pulses produced when «a

magnetized projectile passes through the

two coils of a chronograph and (B) the

same two pulses modified by wave-shap-
ing networks

(B) —

COILS

59 (0]
| 0SCILLATOR
X
| GATE

WAVE - ' !
SHAPING
NETWORKS COUNTER

FIG. 2—Block diagram illustrating the
basic elements of a chronograph

T 1S THE PURPOSE of this article to

describe a simple switching cir-
cuit by means of which a succession
of pulses derived from a given cir-
cuit may be used to cause sequential
operation of another circuit.

During the writer’s work, too much
time-out-of-service had occurred on
certain chronograph units. The par-
ticular circuits most frequently out
of order were multivibrator switch-
ing units, together with thyratron
lockouts and non-linear vacuum-tube
relays. As much time was lost on ac-
count of these six-tube systems as
on the circuits of the rest of the ap-
paratus, involving from 30 to 100
tubes. The present switching circuit
was devised to eliminate the troubles,
and the effectiveness of the remedy is
reflected in substantially zero out-of-
service repair time over a period of
five months.

In order to give the buackground
of one application, the general layout
of a chronograph system will first be
discussed.

The Counter Chronograph

The counter chronograph is an
electronic stop watch used for meas-
uring time of flight of projectiles
over a measured distance, from which
data the velocity of the projectile is
determined.

The chronograph system comprises
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a pair of solenoids through which a
magnetized projectile is fired. As the
projectile goes through first one coil
and then the second coil, a pair of
pulses is generated. Such a pair of
pulses is illustrated in Fig. 1A. By
means of suitable wave-shaping net-
works, these pulses are reshaped as
in Fig. 1B. The two pulses are im-
pressed on tube grids in such a man-
ner that two multivibrator tubes are
successively tripped. When the first
tube trips, an oscillator is caused to
feed a counting circuit, and when the
second tube trips, the oscillator is
turned off. Thus the counting system
counts up the oscillations, thereby
giving an indication of the elapsed
time between pulses and hence the
time of flight. A crystal-controlled
oscillator on 100 kilocycles is usually
employed.

A Dblock diagram, shown in Fig. 2,
illustrates the principle by which the
wave-shaping networks feed the
pulses from the coils, suitably altered
in shape, to a gate circuit which con-
trols the oscillator which feeds the

.

counter during such time as the gate
is open. The wave-shaping network
ordinarily includes a series of ampli-
fier stages, a clipping circuit, and a
differentiating circuit.

The counter chronograph has not
been widely discussed in the litera-
ture, but several pertinent articles
have appeared.”* **.

The Gate Circuit

It is with the gate circuit, or
switching unit, that the present dis-
cussion deals. Figure 3 shows one
recommended arrangement. This fig-
ure shows in detail the circuit as set
up and operated from the pulse
shaper of a typical chronograph. The
gate shown was simply substituted
for the existing gate of the chrono-
graph.

Values of applied voltage, or varia-
tions in voltage within the circuit,
are indicated by numbers preceded
by a plus or minus sign. Thus +300
indicates a d-c voltage of 300 volts
to chassis or ground. Likewise, —150
indicates that the designated point

INPUT ——47 "
500,000 250,000

-150

100,000 70,000

+ 300 ey

l RESET
100,000 NEON
. 40,000 [—\/\/\@-[p
b AN NS +300
500,000 500,000

C, 100000 (-19) — 73] — [+14] Ts ot T
-, — PUT
o 500,000 ¢ 100000 100,000

{ |
E INPUT FROM
b----5 OSCILLATOR

-57)— - [-33]

—

FI1G. 3—The gate circuit discussed in the text, substituted for a more elaborate circuit
originally employed in a typical chronograph
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FOR CHRONOGRAPHS

Two thyratrons provide a simple switching system that permits amplification in a succeed-

ing amplifier when the first pulse is received, blocks the amplifier when the second pulse is

received. Readily substituted for more complicated gate circuits

in the circuit is 150 volts negative
with respect to chassis or ground.

Operation is as follows: The first
pulse from the shaper with a 430
volt positive crest ignites thyratron
T,, the control grid of which is biased
to —30 volts, but fails to ignite thy-
ratron T, whose grid potential is
—82 volts. When T fires, its cathode
potential jumps to +73 volts, which
after a time delay through R; and C,,
biases the grid of T. to —32 volts so
that the second pulse of +30 volts
from the shaper can ignite the sec-
ond tube.

The action can be followed by not-
ing that the voltages at various
points in the circuit before T, fires
are indicated in parenthesis, the volt-
age at the same points after T, fires
are indicated in boxes and after both
tubes, T, and T., have fired by brack-
ets. Arrows between these numerical
values indicate the ignition of one or
the other thyratron.

Tubes T, and T, are gas thvratrons
such as type 2050 or 2051 which, once
fired, continue to glow until plate
voltage is removed by opening the
reset switch. The neon lamp may be
a type 991 and is used to indicate the
condition of the circuit. The lamp
glows when the circuit is reset and
is ready to function.

The conditions at the grid of vac-
uum tube T, are such that, before
T, has ignited and after 7T, is ignited,
the voltage is sufficiently negative to
prevent amplification in T,, When T,
has igrited but before T, has ignited,
the grid voltage is sufficiently posi-
tive to permit amplification.

Circuit Details

Figure 4 shows a modification
which has been applied to a chrono-
graph of another type, in which the
gate circuit output voltage is applied
to the suppressor grid of a pentode
tube. This circuit is basically the

C, 100,000

INPUT
Gy

100,000

200000

+300

100,000 NEON

500,000
(-4)—[+130] — [+14]
w 4

oQUTPUT

20,000

FIG, 4—Modification of the gate circuit, in which sulficient output voltage is developed
to operate the suppressor grid of a pentode in another chronograph
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same as that of Fig. 3, differing
chiefly in that the level of the control
voltage delivered is raised to approxi-
mately 130 volts during the gate-
open part of the operating cycle.

In both Figs. 3 and 4, R, and C,
should be designed to give the desired
delay so that the control grid of T.
will become armed or ready to be op-
erated after the proper time interval.
In the case of the chronographs used
for measuring time of flight of pro-
jectiles, a preferred coil spacing is,
say, 30 feet, so that a 3000-foot-per-
second velocity will exhibit a time of
flight of 0.01 second, or 1000 cycles
of the 100-kc oscillator. The arming
time under this condition should be
about 0.001 second, so values of R,
and C, should yield a time-constant
product of R,C, = 1000 microsecond.
Thus suitable values are By = 100,000
ohms and C, = 10® farad or 0.01 mi-
crofarad. These are the values which
were employed in the experimental
model and later installed perman-
ently in three chronograph instru-
ments.

Capacitors C, and C. may be any
suitable size, dependent upon the
shape of the pulses from the control
input line. In the chronographs to
which these circuits were applied,
C, = (C, = 0.00025 microfarad.

While the accent has been placed
upon application of this type of cir-
cuit to chronographs, there are ob-
viously numerous other applications
in which a device such as that de-
seribed can be used.

The writer wishes to acknowledge
the cooperation of Major P. W.
Klipsch, under whose general super-
vision this work was done.
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HEIGHT

RATE OF PRODUGTION OF
FREE ELECTRONS

FIG. 1—Chapman curve showing vertical
distribution of free electrons

HE ionosphere is usually defined
Tas “that region of the earth’s
atmosphere which is ionized suffi-
ciently to affect the propagation of
radio waves.” For practical purposes
it may be thought of as all the at-
mosphere above the stratosphere, or,
more specifically, the atmosphere be-
tween 30 and 300 miles above the sur-
face of the earth.

The atmosphere at such heights
consists primarily of the same con-
stituents as at sea level, nitrogen and
oxygen. Above 60 miles the oxygen
presumably exists in atomic rather
than molecular form because the ul-
traviolet light from the sun disasso-
ciates the atoms much faster than
they recombine. Nitrogen may be
disassociated at, say, 200 miles but
the evidence for that is less clear.

There is little to indicate that the
heavier elements settle out at the
lower altitudes. Probably all the com-
ponents of the atmosphere are quite
well mixed, except for the change
from molecular to atomic oxygen at
60 miles. It may be that hydrogen
and helium escape into space; there
is no strong evidence that theyv form
much of the upper air.

The pressure at which these gases
exist decreases exponentially with in-
creasing height to very small values.
At 60 miles it is about one millionth
of the sea level pressure, while at 200
miles it is probably thousands of
times again as small. The mean free
path, at 60 miles height, may be
taken as one centimeter while at 200
miles it may be as much as a mile
or more. This mean free path is the
distance a particle—molecule, atom,
heavy ion or electron—iwill travel, on

*This paper is based on work done for the
Office of Scientific Research and Development
ander Contract OEMsr-262 with the Radiation

Laboratory, Massachusetts Institute of Tech-
nology
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the average, before it collides with
another particle. It is a very im-
portant quantity.

The temperatures in the iono-
sphere are high. This does not mean
that there is much heat in the upper
air, because there are very few parti-
cles to contain heat, but it does mean
that the particles travel rapidly. At
sea-level temperatures the air mole-
cules travel at about 0.5 kilometer
per second, while at 200 miles alti-
tude they move several times as fast.
The temperature, after falling to
about —70 F in the stratosphere, in-
creases to nearly the sea-level value
at about 80 miles. Then there is a
sharp drop to about —140 F at 50
miles. Above that the temperature
(velocity of particles) rises rapidly
to somewhat more than 80 F at 60
miles and to perhaps 1,400 F at 200
miles.

Production of lonization

If a certain wavelength of solar
ultraviolet light excites one of the
electrons in an atom so that it breaks
away from the atom and exists alone,
the atom is ionized. The electron may
be called a negative ion and the posi-
tively-charged remnant of the atom
is called a heavy or positive ion. The
electron is small and light. It will
travel, independent of the heavy ion,
at great speed until it finds another
heavy ion with which it can unite or
until it finds an atom or molecule
to which it can stick temporarily.

Let us assume that ultraviolet
light of some ionizing wavelength is
falling upon the atmosphere. There
will be, in general, enough energy at
this wavelength to penetrate some
distance into the air but not enough
to reach the surface of the earth
before it has all been expended in
icnization. At several hundred miles
above the surface very little ioniza-
tion will be produced because there
are very few atoms there to absorb
the energy. The ionization will there-
fore increase as the height decreases

because there is more and more ma-
terial which can be ionized. As the
height decreases further, however, a
substantial fraction of the original
ultraviolet energy has been used up
so that, although the number of
atoms continues to increase very rap-
idly, the number of electrons set free
does not increase so rapidly. At still
lower heights the number of free
electrons actually begins to diminish
and, lower yet, decreases to zero
when all of the suitable incoming
energy has been used up.

This behavior can be calculated,
under certain simplifying assump-
tions, and gives a curve of the shape
of Fig. 1 which is known as the
Chapman distribution. The height at
which the free electrons are produced
and the thickness of the layer of elec-
trons depend upon the kind of ioniz-
ing energy, the kind of atoms which
are ionized and the temperature of
the air. The number of free electrons
produced depends upon the same
things but especially upon the total
energy available in the ionizing ul-
traviolet light.

The true picture of the vertical
distribution of free electrons is much
more complicated. A separate dis-
tribution, of the form of Fig. 1, is
produced for every combination of
ionizing ultraviolet wavelength and
atomic constituent in the atmosphere.
Many of these distributions: overlap

*HEIGHT IN KILOMETERS

i

% 500000 LOOQO0OO 500,000
FREE ELECTRONS PER CUBIC CENTIMETER

FIG. 2—Night and day distribution of free

electrons showing disappearance of the D

layer' and combination of the F, and F:
layers at night
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Transmission

A simplified review of present ionospheric knowledge and a critical survey of the informa-

tion resulting from an empirical use of the night-time E layer.

Its relative stability, as

disclosed by loran operations, is little affected by ordinary disturbing phenomena

each other but some are quite well
separated. Furthermore, these Chap-
man curves define the rate at which
free electrons are produced. There
is some diffusion from the heights
at which they are produced and the
electrons at lower levels recombine
faster than those above. Both of
these factors operate to cause the
heights at which the density of ion-
ization is maximum to be greater
than the heights at which the elec-
trons are set free most rapidly.

Formation of Layers

Figure 2 shows the approximate
distribution of free electrons as they
exist by day and by night. The maxi-
mum at about 250 km is called the F
layer, or Appleton layer. The small
bump on the lower side appears only
in the day time in the summer, be-
cause it recombines quickly at night
and is swamped in the body of the F
layer in the winter. When it appears
it is called the F, layer and the re-
mainder of the F region is known as
the F, layer. The F layer varies
greatly in height, thickness, and
density of ionization.

The E, or Kennelly-Heaviside layer
at about 100 km, is much more stable.
Its density of ionization follows the
altitude of the sun quite closely, ex-
cept that some ionization remains
throughout the night when the sun-
light does not fall on the layer. We
shall be primarily concerned with the
FE layer.

The tail of the E layer, perhaps at
about 70 km above the earth, some-
times shows a small maximum which
is called the D layer. The density is
low, so that only low frequency waves
can be reflected from it. The D layer
is primarily of importance because it
absorbs energy from radio waves.

Reflection
If a radio wave penetrates
obliquely into the ionosphere the

phase velocity, which determines the
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FIG. 3—A simplified representation of an

ionospheric layer showing the effects of

rays enftering at different angles. Ray A

has left the earth at too steep an angle to
be turned back

5
/
B

FIELD STRENGTH IN MICROVOLTS PER METER |

. l:’?sf D/S

e

b

A

\chl
~4

Y/

3

POCKY[ ™
CROUND

s

]

' 1(;*' ; \ W
0 30 100 300 1000 3000
DISTANCE IN NAUTICAL MILES

FIG. 4—Field strength as a function of
distance from a 100-kw transmitter, over
sea water and rocky ground. The l-hop E
sky waves can not be safely used beyond
1,400 miles because their strength falls
rapidly below those of the 2-hop E

direction of the wave front, increases
as the index of refraction decreases.
At the same time the group velocity,
which is the velocity with which the
energy travels, decreases in the same
ratio. Thus the upper part of the
wave front travels faster as the wave
penetrates into an ionized layer be-
cause the density of ionization is in-
creasing. The wave is therefore re-
fracted so that it curves back toward
the earth, but it travels more slowly
while being refracted.

In Fig. 3 we have postulated an
ionospheric layer whose density
(number of free electrons per cubic

centimeter) is roughly indicated by
the density of dots. Three rays of
radio frequency energy are shown
entering the layer. If the frequency
is such that reflection can occur at
oblique incidence but not at vertical
incidence on the layer the behavior
will be as shown. A ray C departing
at a small angle to the horizontal will
only require a modest amount of re-
fraction before it is turned parallel
to the surface of the earth. It will
therefore not need to penetrate far
into the layer and will span a long
range in a single hop. Another ray,
B, departing more steeply from the
earth will penetrate the layer more
deeply because it must be turned
through a greater angle. If the re-
quired bending cannot be achieved,
because the frequency or departure
angle is too high or the density of
the layer is too low, the ray A will
penetrate the layer, traveling on a
path which is concave downward
until the height of maximum ioniza-
tion is reached and concave upward
beyond that height. This ray, of
course, leaves the earth completely
unless it is turned back later by a
higher layer. The effect of the pene-
tration is to establish the well known
skip distance within which sky-wave
signals are not received. Outside a
layer, ravs travel straight lines.

Single-Hop Limit

There is a definite maximum range
which can be spanned by single hop
transmission. This is the distance
covered by a ray departing horizon-
tally (or as nearly horizontally as
antenna radiation can be effective)
and is about 1,500 miles in the case
of E-layer transmission. At greater
distances the signal is cut off by the
earth itself. This shadow effect can
be seen clearly in the sharp drop in
the 1-hop sky-wave field-intensity
curve of Fig, 4.

A rough diagram indicating the
typical action of both E and F' layers
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FIG. 5—Typical behavior of rays at various frequencies in the E and F layers.
At the higher frequencies the rays are less affected by the ionosphere

is given in Fig. 5. Here we have as-
sumed a number of rays at different
radio frequencies, all departing from
a transmitter along the same path.
The medium frequencies shown, 500
ke and 2 me, are both reflected by
the E layer, but the 2-me ray pen-
etrates much more deeply and travels
somewhat farther. At 5 me, the ray
is refracted strongly in the E layer
but does penetrate it, and is easily re-
flected by the F layer. The 15-me ray
is less affected by the E layer and pen-
etrates more deeply into the F layer,
but the general behavior is much the
same as at 5 me. Thirty me, how-
ever, is too high a frequency to be
returned, under the conditions we
have postulated. The ray passes the
F layer with very little refraction,
and is refracted strongly by the F
layer but without being turned back
toward the earth. The energy at this
and all higher frequencies, such as
300 mc, escapes into space. As the
frequency increases the deviation of
the ray in the layers decreases until
at microwave or optical frequencies
the effect of the ionization is not at
all perceptible.

The whole structure of Fig. 5 de-
pends upon the density of ionization
in the lavers and upon the angle of
departure of the original rays. At
a lower angle the 5-mc ray might
often be reflected from the E layer
while the 30-mc ray would be re-
turned from the F region.

The reflection of radio waves in
the ionospheric layers is only half
of the process of radio transmission
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by sky waves. The absorption of
energy from the waves is of at least
the same importance.

Absorption

Some mention was made above of
the mean free path of an electron
(or other particle) in the upper at-
mosphere. This quantity, or more
properly the inversely-varying col-
lisional frequency, controls the en-
ergy lost by a radio wave. While
there may be a million free electrons
per cc in a highly ionized layer there
are typically a million times as many
neutral atoms or molecules with one
of which an electron may collide at
any instant. Suppose, for example,
that on the average an electron can
move freely only for a millionth of
a second before bumping into a heavy
atom. If the electron is being vi-
brated by a radio frequency field at
1 me there is only about one chance
in two that the electron can complete
a cvele of oscillation before its mo-
tion is interfered with.

The collision is important for this
reason. Some energy is abstracted
from the radio wave to provide the
kinetic energy contained in the mov-
ing electrons. This energy is, in ef-
fect, lost to the radio wave only for
a half cvcle because the moving elee-
tron, since it constitutes a moving
charge, reradiates an electro-mag-
netic field whose energyv is equal to
the energy absorbed by the electron.
As the radio wave passes through
the ionosphere the energy rervadiated
by all the electrons adds in phase to

constitute a wave traveling in the
same direction as the original wave.
If the electrons can move freely, tiny
elements of the energy in the wave
flow back and forth between electro-
static and kinetic states, but the total
energy in the wave remains the same.

Energy Lost by Collision

If, however, an electron rebounds
from an atom while temporarily car-
rving some of the energy two things
happen. One is that the direction
of motion of the electron is changed.
The energy is then reradiated in a
different orientation, so that the
phase relation with the radiation
from other electrons is damaged.
Even more serious is a real loss of
radio frequency energy because the
atom is accelerated slightly and car-
ries off part of the kinetic energy
which had been loaned to the electron.
This energy is completely lost to the
radio wave and remains in the atmos-
phere in the form of increased kinetic
energy, or heat.

If the probability of collision and
loss of energy is high enough the
radio wave will be completely atten-
uated in the ionized layer. The de-
gree of absorption is less as the fre-
quency is increased because the
electrons are more likely to be able
to complete their half cycles of oscil-
lation before a collision occurs. In
the F layer there is little collisional
friction because the mean free paths
are long and the collisional frequency
is low. In the E layer collisions are
frequent enough so that waves of
frequency below 2 or 3 mc are com-
pletely absorbed in the daytime. At
night the density of ionization in the
E layer decreases to perhaps a tenth
of the daytime value. The absorption
goes down to low values because the
chance of a collision between an elec-
tron and some other particle is
similarly reduced.

We may summarize the situation
thus: Tonization is needed to reflect
radio waves but ionization at low
heights in the atmosphere absorbs
energy from the waves. The higher
the frequency the stronger the ioniza-
tion required for reflection and the
less the absorption.

Little lonization at Night

Since most ionization in the atmos-
phere is produced by the action of
ultraviolet light from the sun there

May 1946 — ELECTRONICS



is little new ionization created at
night. The free electrons recombine,
but slowly enough so that a sub-
stantial number of them remains
throughout the night. Thus the max-
imum ionization occurs at or soon
after noon and the minimum at sun-
rise. Similarly the ionization is more
intense in summer than in winter be-
cause the sun shines more perpendic-
ularly upon the atmosphere and the
ionization increases as does the tem-
perature.

Whether radio transmission is bet-
ter by day or by night, in winter
or in summer, is a question of fre-
quency. At high frequencies, say
20 me, the weak ionization may pre-
vent sky-wave transmission com-
pletelv in the winter or at night,
while in summer or daytime the
stronger ionization will support
transmission when absorption is so
small as to be unimportant. At
broadcast frequencies, absorption is
complete in the daytime so that only
ground wave ranges are useful. At
night, long distance transmission is
possible, and the decreased absorp-
tion in the winter makes communica-
tion better than in the summer.

2-mc Sky-wave Loran Transmissions

During the war, much practical
information was obtained from the
use of E-laver transmissions which
extended the night-time range of the
loran navigational system. The bal-
ance of this paper describes some of
the phenomena encountered.

Figure 6 shows typical variations
of the critical frequencies (which are
proportional to the square roots of
the maximum densities of ionization)
in the E and F regions throughout
the day. Recombination is slow in

CRITICAL FREQUENCY IN MEGACYCLES
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FIG. 6—Critical frequencies for the E and
F layers at various times of the day.
These plots are particularly important in
showing that ionization in the E layer is
not entirely dependent upon solar radiation
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the F region that the maximum oc-
curs well after noon although all of
the ionizing energy appears to come
directly from the sun. The smooth
decrease throughout the night is
another manifestation of the fact
that some free electrons have life-
times of many hours in the F layer.

The behavior of the E layer at
night is not understood. At the
height of the E layer complete
recombination takes only a few
minutes, so that the density of ioniza-
tion adapts itself very quickly, in the
daytime, to the amount of energy
being received from the sun. The E
layer curve of Fig. 6, between sun-
rise and sunset is nearly proportional
to the fourth root of the cosine of
the sun’s distance from the zenith.
This is so exactly true that without
question the ionization would go al-
most to zero at night if ultraviolet
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FIG. 7—Delay in reception of a sky wave
after reception of a ground wave from the
same transmitter is shown as a function
of distance of the receiving point from the
transmitter. The curve has been calculated
to distances beyond ground-wave reception
in terms of the travel time of radio waves

light from the sun were its only
source.

The energy brought into the
earth’s atmosphere by meteoric bom-
bardment may possibly be enough to
sustain this night-time ionization.
In any case, meteoric effects are
definitely perceptible and certainly
cause many of the variations in the
density and distribution of free elec-
trons in the E layer even though they
are probably not the major cause
of the ionization. The random varia-
tions in the density of the E layer
are of the first importance in the
propagation of loran signals by sky
waves, because they control the er-
rors of the system.

Sky-wave Delay

The transmission time of a sky
wave is greater than the transmis-
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FIG. 8—Apparent deviation of a line of

position with time using signals reflected

from the E and F layers. As a result of

this study, the E layer was chosen for loran
work

sion time of the ground wave, pri-
marily because of the greater dis-
tance traveled but also because the
wave travels more slowly during the
process of refraction. The difference
between the two times is called the
sky-wave delay. The delay observed
at a point very near the transmitter
(if penetration does not occur) is
essentially equal to the transmission
time of the sky wave. As the dis-
tance increases the transmission time
of the the sky wave increases but
the transmission time of the ground
wave increases more rapidly. The
delay therefore decreases as the dis-
tance of transmission increases and,
in fact, becomes very nearly constant
at distances of a thousand miles or
more. Figure 7 shows the standard
delay curve for loran, which is drawn
for reflection from the E layer. The
curve is a mean for night conditions
at a frequency just below 2 mec. It
is never drawn back to zero distance
because a 2-me wave nearly always
penetrates the night-time FE layer
at short distances and because the
delay becomes more variable as the
distance decreases. At distances less
than 1,200 u sec (about 200 nautical
miles) the delay is completely unre-
liable. Fortunately for loran the
ground-wave service of the system
is ordinarily available at distances
up to those at which the E-layer
transmission becomes satisfactory.

The stability of the reflection be-
comes greater at longer distances
partly because grazing reflection is
better than reflection at a steep angle,
but primarily because a change in
the height of reflection does not
greatly change the total distance
traveled by the ray. At a distance of
a thousand miles the length of the
sky-wave path increases only 1.78
miles for a change in the height of
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FIG. 9—The porous character of the night-

time E layer is illustrated by the reflec-

tion at long ranges, the penetration at
short distances

reflection of 5 miles. This is a change
in the time of transmission of less
than 10 psec or about one-fifth of the
corresponding change at a short dis-
tance,

Large-area Layer Variation

Variations of five miles in the
height of reflection are rare but do
occur at times. Their effect upon
standard loran is not too large be-
cause such an extreme variation is
likely to exist over a large area. It
will therefore operate to increase (or
decrease) the transmission times
from both stations of a pair so that
the time difference measured by the
navigator does not vary as much as
the individual delays.

The discussion in the last few para-
graphs has been specifically applie-
able to the ¥ layer. Only this layer
is used in loran because the F' layer
is too variable to permit prediction
of the times of transmission with
the necessary accuracy. A compari-
son between the layers is given in
Fig. 8 which shows the apparent
variation of the line of position
through a point in Bermuda. These
cbservations were made as part of
first experiments on loran. For ob-
vious reasons work involving the F
layer was discontinued after that
time. The example shown is typical
of the behavior of both layers al-
though the time of day was not fa-
vorable to maximum stability of
either. The average deviations of the
line of position are 18 miles for the
F layer and 2 miles for the E. The
distance was 625 miles from the sta-
tions, so that the equivalent average
errors in the bearing of Bermuda,
as seen from near New York, were
1.7 deg for the F-layer experiment
and 0.2 deg for the E-layer.

As will be seen from the notation

on Fig. 8, the layer can be selected
by proper choice of frequency. At
the time of these experiments 7.7 mec
penetrated the E layer while 3.0 me
did not. The loran frequency is
chosen as one which will be reflected
by the E layer at all times at all dis-
tances which will not be adequately
served by ground waves. It is pos-
sible that frequencies as high as 2.5
mec might satisfy this criterion, but
both ground-wave range and sky-
wave stability are improved by using
lower frequencies. (The lower limit
of frequency, incidentally, is that at
which it becomes too difficult to gen-
erate and radiate a sufficiently short
pulse for loran purposes. With the
criteria adopted for standard loran,
this frequency is probably about
1 me).

Choice of Loran Frequency

It should be noted that the last
paragraph did not state that signals
at the loran frequency would not
penetrate the £ layer. They almost
always do penetrate at short dis-
tances and part of the energy usually
penetrates the layer at long distances.
This seems to be because, in contra-
diction of what has been suggested
above, the E layer is not really a
smooth homogeneous layer at night,
although it is in the daytime. At
night the layer is porous, even gauzy.
It seems to consist of many nuclei
or clouds of ionization chiefly at
about the same height—a little below
the height of the daytime or nor-

mal F layer—with either spaces or
patches of sparse ionization between
them. The density of the ionization
in the clouds is not very great so that
2-me rays pass vertically through the
layer partly because of penetration
of the clouds and partly by passing
between them. At more grazing an-
gles the probability of passing
through the spaces becomes smaller
and usually goes nearly to zero for
transmission over the longer dis-
tances. A diagram showing this ef-
fect is given in Fig. 9.

In general some energy will be
reflected by the porous night-time E
layer and some will pass through it
and be reflected from the F layer.
Multiple-hop transmission is possible
in both cases so that the pattern of
received pulses may be very complex.
The structure of some of these com-
ponents of the received pattern is
shown in Fig. 10A. The way the cor-
responding signals look on a linear
time base is indicated at B. This
diagram is idealized.

The spotty character of the night-
time E layer gives rise to pulses
whose shape is not the same as that
of the pulses when they leave the
transmitter. Several of the small
clouds of ionization in the neighbor-
hood of the midpoint of the-trans-
mission path may reflect the pulse.
While each reflection may be a com-
plete and perfect reproduction of the
transmitted pulse, the overlapping
components arriving at the receiver
may combine to give a very complex

TRANSMITTER
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FIG. 10—Multiple-path transmissions occu.

r in many combinations, only a few of which

are shown. Their appearance on th® loran indicator scope is suggested at B. Only
the ground wave, G, and the l-hop E will have any semblance of stability over a
period of time
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form indeed. This is particularly
true at very short distances, say up
to 100 miles, where often a family
of ten or a dozen contiguous or over-
lapping pulses may be seen. As the
range increases the weak multiple
pulses move toward each other and
coalesce into a single strong pulse
which occasionally has a more or less
serious distortion of its shape. Fig-
ure 11 shows some of the typical re-
flection patterns received between,
say, 100 and 400 miles from a loran
transmitter. The reason for not
using sky waves at very short dis-
tances is clear.

The Delay Curve

The standard technique in loran
is to measure to the first visible com-
ponent of a pulse even though the
pulse be complex. As seen in Fig.
11B this may be quite different from
measuring to the dominant compon-
ent. This decision was first made on
theoretical grounds and was based
on the belief that if a pulse should
be simultaneously reflected from a
number of clouds of ionization the
part arriving first must travel by
the simplest and most direct path
and should therefore be the most re-
liable. This thesis has been amply
confirmed by experiment, as measure-
ments made on the first component
exhibit smaller mean deviations than
those made in any other way.

At the start of the loran program
the night-time E layer was scarcely
known to exist and its properties
could not be predicted. It was neces-
sary, therefore, in the interest of
speed, to determine the necessary
factors empirically. More than this
has not yet been done. Fortunately
the layer was found to be remark-
ably stable. That is, its character-
istics change very little from one
hour of the night to another. More
surprisingly, the properties of the
layer seem to be essentially the same
at all latitudes, and to vary only
simply and moderately between win-
ter and summer. These auspicious
discoveries greatly facilitated the use
of sky waves for loran.

The delay curve already cited was
determined by making loran obser-
vations on sky waves at accurately
known points and comparing the ob-
served readings with time differences
calculated (for the locations where
they could not be directly measured)
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in terms of ground-wave transmis-
sion.

Charts and tables for Standard
loran are computed in ground-
wave time differences even though
the distances are so great that
ground waves cannot be received.

Sky-wave Corrections

A correction must be applied when
sky waves are used. The correction
can be read from the sky-wave delay
curve if the distances to the two sta-
tions are known. Suppose that ¢, in
Fig. 7 represents the distance of the
navigator from the master station
while £, is the distance from the slave.
The first-hop E layer sky wave from
the master will arrive A, usec after
the ground wave and the correspond-
ing slave pulse will be Ay psec later
than its ground wave. Since the navi-
gator measures the time difference
between the M and S pulses his sky-
wave reading will differ from his
ground-wave reading (if he has
made cne) by (Ay—A) psec. This
amount is the sky-wave correction.
In this case (closer to the master
station) the sky-wave reading is
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FIG. 11—Within 100 miles of a transmitter
the pulses reflected from the E layer are
complex and useless for accurate timing
techniques. At 300-400 miles, the pulses
hawve achieved sufficient stability

smaller than the ground-wave read-
ing. The correction is therefore called
positive, so that when it is added to
the sky-wave reading the ground-
wave time difference, which is shown
on the charts, will be obtained.

The sky-wave corrections cany of
course, be calculated easily at the
time the charts are prepared. They
are ordinarily exhibited on the charts
as small numbers printed at the in-
tersections of the whole degrees of
latitude and longitude. The mag-
nitude of the corrections is small so
that interpolation by inspection is
adequate. On the centerline of the
pair and at long distances from both
stations the corrections are zero be-

cause the master ang slave delays
cancel each other.

The delay curve was constructed
through study of many thousands of
loran sky-wave readings made at
various distances from the stations.
At short ranges both sky and ground
waves could be received. Measure-
ments of both against the ground
wave of the other station of the pair
gave two average readings whose dif-
ference was the delay at the distance
of the station whose sky wave was
used. Points derived in this way are
shown at A, B, and C of Fig. 7. For
longer ranges, where ground waves
could not be used, an inverse process
had to be employed. The sky-wave
readings of a pair were averaged and
compared with the calculated ground-
wave reading at the monitor station.
The discrepancy (e; or e. in the fig-
ure) was, of course, the sky-wave
correction. Since the two distances
were known, the correction gave the
slope of a chord of the delay curve,
as shown at D, — D, or E, — E,. Many
lines of this slope could be drawn in
an effort to find the vertical position
of the line which would fit its end
points into a smooth curve with the
end points of other similar lines at
other distances. If enough observa-
tions are available, at enough dis-
tances, the curve can easily be con-
structed.

Empirical Formula for Delay

The curve which, after three years
experience in various latitudes,
seems to be the best average approx-
imation to the true values has been
shown in Fig. 7. This curve is de-
seribed by the equation: delay in
pnsec

7,000 — )3
= D+0'3(T_:U[) +
/7,000 — t\1
0.18 X 107¢ —1,0%—

D is the minimum sky-wave delay

which varies between 65 psec in

the winter and 75 psec in the

summer

t is the transmission time of the

ground wave in usec

This formula applies for distances
less than about 1,130 nautical miles
(where t = 7,000). For greater dis-
tances the delay equals D. This equa-
tion has no mathematical justifica-
tion.

As shown by the variation of the
quantity D, the layer height is some-
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what greater in the summer. How-
ever, the delay curve, for all practical
purposes, simply moves upward so
that .the correction, which is always
the difference between two delays,
is not affected. There is an error in-
troduced by this change in two cases;
when the navigator may occasionally
wish to measure the time difference
between a sky wave and a ground
wave, and in the case of the synchro-
nization path in SS Loran*?® which
will be discussed below.

The only significant latitude effect
which has been isolated is that the
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FIG. 12—As shown by the three sets of
observations, the average sky-wave delay
diminishes as distance from the transmitter
increases and the spread of readings
decreases proportionately

delay curve may be used at shorter
distances at low latitudes. That is,
near the equator fairly reliable op-
eration may be had at as little as 150
nautical miles, while at 45 deg lati-
tude about 250 miles is the minimum
safe distance. The curve itself does
not seem to vary appreciably over
the range from 25 N to 63 N within
which it has been carefully checked.

Variation in the Sky-Wave Delay

Since we propose to examine
closely the averages and the mean
deviations of the sky-wave delay and
sky-wave corrections, it is necessary
to test the accuracy with which trans-
mitter synchronism can be main-
tained. An example, somewhat better
than normal, is given by readings
from a pair of stations in the North-
west Atlantic Chain observed at a
monitor station where the computed
reading was 3510.6 usec. The mean,
as is usual, agrees with the compu-
tation within 0.2 or 0.3 usec, and
the average deviation is of the order
of 0.6 usec. A series of sky-wave
readings usually shows an average
deviation at least four or five times
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as great. It is, therefore, nearly al-
ways satisfactory to assume that the
synchronism of the transmitting sta-
tions is rigid and that any deviations
observed are the result of variations
in skv-wave propagation. Exceptions
to this assumption are usually ob-
vious.

Three distribution curves of ob-
servations of the skv-wave delay are
given in Fig. 12. The curves are
drawn to have the same area and ex-
hibit clearly the two important facts
of sky-wave transmission for loran,
The average delay diminishes as the
distance increases, as shown by the
delay curve, and the spread of the
readings also decreases in about the
same proportion. The probable er-
rors in this set of observations are:
9.9 pseec at 240 nautical miles, 9.0
psec at 290 nautical miles, 5.8 usec
at 450 nautical miles. The first two
are somewhat below the normal scat-
ter at these distances.

Layer Height Correlations

At long distances it is impossible
to measure delay directly. Distribu-
tion curves of the sky-wave reading
(not delay) compared with the com-
puted reading at distances of 870
and 1,350 nautical miles show that
the corresponding probable errors
are 2.1 and 2.4 psec, although a
smaller error would be expected at
the greater distance. These are er-
rors in the sky-wave correction. As
remarked above, major changes in
the height of reflection of a sky wave
may be expected to affect both trans-
mission paths in the same way and
therefore to cancel to some extent.
In other words, there should be a
correlation between the two delay
patterns, and the errors of a sky-
wave measurement would be smaller
than if the two reflection points be-
haved independently. For instance,
the probable error of delay at a thou-
sand miles averages about 3.9 usec.
If every point in the reflecting layer
varied independently, the probable
error of a sky-wave reading would
be about V2 X 3.9 usec, or 5.5 usec.
Actually, for base-line lengths of
about 250 or 300 miles, the probable
error of a reading is usually between
1.5 and 2.0 psec for a thousand-mile
range. This indicates a fair degree
of correlation in the behavior of the
layer at points separated by a hun-
dred miles or more.
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FIG. 13—Probable error of delay has been

determined by actual observations at

monitor stations of various pairs of trans-
mitters

The probable errvor of delay is
shown in Fig. 13 as determined from
monitor station readings on many
different pairs of stations. The points
for ranges greater than could be
served by ground waves were de-
termined during the American trials
of the SS Loran system.” * The equa-
tion given on the diagram defines the
smooth curve but has no other sig-
nificance.

If no correlation existed between
the layer heights at the two points
of reflection, the probable error of
a sky-wave reading would be found
by taking the square root of the sum
of the squares of the two values of
probable error of delay for the two
distances involved. Since there is a
correlation, an estimate of the prob-
able error of a reading can be made
by multiplying the no-correlation
value by a factor smaller than unity
which can be obtained by experiment.
This factor is given in Fig. 14 where
it is plotted against the electrical
length of the base line. The positive
slope means simply that the greater
the separation of the stations the less
the variations in delay tend to cancel
each other. The factor, *“Probable
error of synchronization”, is given
in the equation on the figure because
sometimes, as in SS Loran, the abso-
lute accuracy of synchronism cannot
be assumed. In SS Loran, of course,
the probable error of synchronization
is equal to the probable error of de-
lay at the distance separating the
stations.

Sky-wave Accuracy Patterns
The accuracy (or average error)

with which a sky-wave loran reading
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can be made can be estimated by the
method of the preceding section.
This average timing error may or
may not correspond to a significant
number of miles depending upon the
distance from the stations and their
orientation with respect to the navi-
gator.

Ordinary geometrical methods per-
mit the calculation of the number of
miles corresponding to a change in
reading of one microsecond. These
formulas may be combined with the
methods of this article to yield the
average error of a sky-wave reading
in miles.

The probable error of a sky-wave
line of position (in nautical miles)
varies over the service area of a loran
pair, whether standard or SS. It is
of special interest to note that the
errors increase very slowly with dis-
tance along the center line of the
pair. This is because the timing er-
rors are nearly inversely proportional
to distance-and almost cancel the in-
creasing geometrical error. Beyond
the 1,400 mile limit or within 250
miles of the stations it is not safe
to use sky waves because of ambig-
uity in the first case and erratic be-
havior in the second.

The accuracy of SS Loran is
greater than the sky wave accuracy
of standard loran, because the long
base lines greatly improve the geo-
metrical accuracy, or miles per psec
of timing error. The timing error it-
self is not so good as in a standard
loran, primarily because of sky-wave
variations on the synchronizing path,
but the timing error is not increased
as much as the geometrical factors
are improved. The total area served
by an SS pair is not so great but the
errors are smaller and more constant
except along the base line extensions.

Sporadic E-Region lonization

One of the outstanding anomalies
in the F region is the existence of
sporadic ionization. This takes the
form of clouds of free electrons, at
a very constant height, which are
sporadic in both time and space. They
may appear at any time, day or
night, and last for a few minutes or
for hours. Their size may be any-
thing up to hundreds of miles across.
They sometimes appear to move with
very great velocities and at other
times they seem nearly stationary.
The density of ionization is often low
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but occasionally is very great indeed
—even greater than is ever observed
in the F' layer. On at least one ocea-
sion the density has been observed
to be enough to reflect signals up to
110 me over a thousand-mile path.

These clouds are probably caused
by corpuscular bombardment of the
atmosphere by particles shot off by
the sun, in much the same way that
northern lights are formed. While
sporadic E-region ionization may ap-
pear at any time, it is most likely in
the summer and at times of sunspot
maximum., It is most probable at
high latitudes and is very seldom if
ever observed at the magnetic equa-
tor—again like the aurora.

In the early days of loran it was
feared that signals from one station
of a pair might be reflected from a
cloud of sporadic E ionization while
the other signals would be trans-
mitted by the normal night-time F
layer, thus leading to large and un-
predictable errors. Fortunately this
is not the case, apparently because
the normal reflections occur at a
height somewhat below that of the
sporadic F, so that the signals never
are propagated by the sporadic
clouds.

At very short distances sporadic E-
region ionization frequently does
cause strong steady reflections. Since
the height of reflection differs from
the normal, this contributes to the
unreliability of sky-wave transmis-
sion at short distances at 2 me.

The best evidence to this effect is
given in the table which exhibits the
average value and probable error of
sky-wave readings when sporadic E
ionization is and is not present. These
data were taken in Ottawa, Canada,

 'PROBABLE — >
ERROR -V + 25 2
o T PEmu PE s+pz _
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FIG. 14—The increasing value of the
correlation factor, K, Indicates that as the
separation of transmitters increases. varia-
tions in delay tend to cancel less. This
also shows that over great distances the
ionosphere does not move uniformly

by the Canadian Navy, in May, June,
and July, 1943, the season of maxi-
mum sporadic ionization, During
this period the sporadic E layer ap-
peared about one-third of the time
at Ottawa. Of course there is no
proof that sporadic ionization existed
at the points of reflection at the same
time they were observed at Ottawa,
but it is more likely to have existed
there then than when it was not ob-
served at Ottawa. As the table shows,
there was no significant change in
the loran reading at times when
sporadic E-region ionization was ob-
served, The probable errors (or aver-
age errors) of the readings were
actually smaller at those times, but
the difference is not large enough to
be significant except in the sense that
it may be taken as proof that the er-
rors were not larger in the presence
of sporadie ionization.

Effect of Sporadic E on Loran Readings

Normal
No. of Mean Probable
Pair Observations Reading Error
¥
MF 561 2932.1 3.2
MB 422 3816.3 4.4
DB 368 1342.5 3.7
1351
During Sporadic E
ot Computed
No. of Reading
Obser- Meéan Probable
Pair vations Reading mot
T
MF 305 2932.6 2.9 2932.4
MB 256 3816.8 3.6 3814.7
DB 206 1341.8 3.1 1342.4
167

Magnetic Activity

The effect of sudden or large varia-
tions in the earth’s magnetic field
upon loran transmissions is known,
but will not be discussed in this
paper. It seems, however, that none
of the ordinary phenomena which
disturb radio transmissions have any
appreciable effect upon the accuracy
of loran sky-wave readings, although
the reliability of the service may suf-
fer in operating too near the mag-

netic pole.
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Circuits for

SUB-MINIATURE TUBE

Electrical and mechanical characteristics of sub-

miniature triode suit it for use in audio and radio-

frequency stages of compact commercial equipment.

Circuits are suggested and design data presented for

very high frequency line oscillators.
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1—Physical dimensions of small,

baseless 6K4

N applications where bulk, and

weight of electronic equipment
are limited, a physically small tube
has the advantage of compactness
over other tubes. The dimensions of
one such midget tube, or midgetron,
are shown in Fig. 1. In addition, the
mechanical characteristics of the Syl-
vania 6K4 fit it for use in locations
subject to vibration. Thus it is ex-
cellent for use in aircraft, railroad
rolling stock, and factories.

The leads are brought straight
through the button stem, thereby
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simplifying tube assembly and con-
tributing to its high frequency per-
formance. The tube has the electrical
characteristics listed in Table I,
which enable it to be used in an oscil-
lator at frequencies well into the
hundreds of megacycles. The cath-
ode provides the high plate current
necessary for high mutual conduct-
ance.

Audio Amplifier

For operation at the lower fre-
quencies, the 6K4 plate and transfer
characteristics shown in Fig. 2 and 8
are average. From them circuits can
be designed in the usual way and
performance predicted. Table II
gives typical circuit values for a con-
ventional resistance-capacitance cou-
pled amplifier.

Table I—Electrical Characteristics
of the 6K4

Direct Interelectrode Capacitances
(No Shield)

Grid to Plate 2.2 puf
Grid to Cathode 2.4 puf

Plate to Cathode 0.85 puf

Maximum Electrical Ratings
(Open Air)
Plate Potential 250 volts max
Plate Dissipation 3.0 watts max
Heater to Cathode
Potential
Cathode Current

100 volts max
20 ma max

Actual-size photograph of 6K4 triode illus-
trates its small size

In a multivibrator circuit, the 6K4,
because of its relatively low amplifi-
cation factor and high plate current
at zero grid bias, provides a large
square-wave voltage and is not crit-
ical to loading. Thus the tube can be
used in timing and counting circuits,

For connection, the tinned, flexible
leads of the tube are soldered directly
into the circuit. Although the tube is
sufficiently strong mechanically to
survive any normal dropping or vi-
bration, it should be held in position
by a grommet or mounting shield. A
convenient mounting method is to
wedge the top and bottom of the tube
envelope into grommets that are not
quite large enough to slip over the
envelope. The grommets can be
mounted on angle brackets or in the
chassis. Another mounting method
is to form a metal strap around the
tube. The strap acts as both support
and shield. In severely vibrating lo-
cations to reduce microphonics, the
tube can be wrapped in rubber be-
fore being clamped by the strap. The
tube leads themselves should not be
relied upon for support, and should
be slack enough to permit normal
tube motion in its support.

Radio-Frequency Oscillator

The 6K4 was designed to have an
amplification factor of the order of
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Full-size picture of the circuit diagrammed in Fig. 4 shows use of rubber grommet for
shock mounting and compactness of circuit

twenty and relatively high mutual
conductance with low input loading.
These characteristics allow the tube
to perform efficiently as an oscil-
lator and have good output power at
low plate voltages, of the order of 100
volts, without it being necessary to
use excessively low grid resistances.

Because of the small size of the
tube elements themselves, and the
possibility of making short, direct
connections to the circuit compon-
ents, the 6K4 will oscillate in a

lumped-constant circuit in the two
meter amateur band as well as in the
frequency modulation and lower tele-
vision bands. Because a tube will
amplify at any frequency at which
it will oscillate, the following discus-
sion centers on the characteristies
of the 6K4 as a power oscillator. It
can be similarly operated as a radio-
frequency amplifier.

Using the simple Hartley oscillator
circuit shown in Fig. 4, tests have
shown that one can obtain stable os-

cillations of nearly constant ampli-
tude over the tunable range as illus-
trated by the graph. The grounded-
cathode Hartley circuit proves more
efficient than the cathode-tap Hart-
ley because, although in it the tank
capacitor is hot on both sides, it does
not require radio-frequency chokes
in the heater leads. If a superregen-
erative oscillator is required, a grid
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FIG. 3—Transfer characteristics
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Table II—Resistance-Capacitance Coupled, Self-Biased Amplifier
OS2 AT T o i
Ce §7< o
O gy 1 st
1 o027 Mes e T o
&E\ﬁl‘o . ; Rey. 4 }
‘ SIvS P S Egp 3
v &S T
Epz = 100 Epz = 200
R3 0.047 0.10 0.27 0.047 0.10 0.27
Rx 1200 1500 2200{ 3300( 8200]/10, 000, 680 820{ 1500( 2200 5600 6800
Is 1.38] 1.28] 0.715| 0.64f 0.26] 0.244{] 3.10 2.96| 1.53] 1.41] 0.56} 0.535
Ec —1.62|—=1.92|—1.57|—2.11| —2.13| —2.44|{ —2.11{ —2.43| —2.29| —3.10; —3.14{ —3.64
Es 36.51 39.8 23,5_ 36.0|29.8|34.1|54.2)61.0|47.0( 59.5( 49.0| 55.8
Rer 0.10] 0.27| 0.10] 0.47| 0.27[ 1 0.47} 0.10] 0.27} 0.10| 0.47] 0.27] 0.47
Esro 0.66] 0.89( 0.62) 1.00/ 1.00{ 1.21 1.014 1.25| 1.14] 1.69] 1.71f 2.05
Eour 8.3 11.3 7.6 12.4(11.6 | 14.2 |} 14.1 | 17.7 | 15.0 | 22.3 | 20.6 | 24.7
GAIN 126 {12.7112.2 | 12.4 | 11.6 | 11.7 14.01 14.2 ( 13.2 | 13.2 | 12.1 | 12.1
% DIST. 4.8 4.7 4.3 45 5.0 5.0 4.5 4.8 4.8 4.7 4.8 4.7
be ppliec that i the simus abova which 15 oussada I8 saserommpers: 15 i mampacss By wad
onlo"g;; lgmn;s volts; Cx assumed large enough_to neglect degereration, and Cc large enough to neglect

resistor considerably larger than the
one shown here is used.

The graph of Fig. 4 gives meas-
ured characteristics of this particu-
lar oscillator. In taking these data,
the tank tap and loading were ad-
justed for optimum output at 100
megacycles. The plate supply was ad-
justed to produce the maximum rated
cathode current of 20 milliamperes.
These adjustments were then fixed
while the oscillator was tuned
through its range.

A Dbalanced circuit will provide a
wider tuning range than a single-
tube, unbalanced circuit. For exam-
ple, the push-pull circuit of Fig. b
can be continuously tuned from ap-
proximately 90 to 150 megacycles
with a constant strength of oscilla-
tion similar to that shown for the
single tube circuit. About 1.5 watts
output can be relied upon over the
entire range. At a fixed frequency,
at which the circuit can be adjusted
for optimum operation, 1.75 watts
can be obtained. Voltages fed back
to the grids from taps on the tank
inductor counteract those voltages

186

fed back by interelectrode capaci-
tances within the tube, thereby giv-
ing good high-frequency perform-
ance. Although neutralization is not
usual for circuits of low power, it
becomes necessary where the circuit

is to operate at the highest frequency
of which the tube is capable.

For oscillation in the ultra high
frequency range, transmission-line
tanks should be used. Figure 6 shows
the layout and circuit of such an os-
cillator. Under laboratory condi-
tions, oscillations at 350 megacycles
have been obtained with an output
power of about 0.35 watt, sufficient
for driving a radio-frequency am-
plifier. For mixer driving purposes
the tube can be used at somewhat
higher frequencies.—F. R.

FIG. 5—Push-pull circuit increases tunable
frequency range and output power over
that obtainable with circuit of Fig. 4
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% ... IT'S THE NEW
CINCH SUPER MINIATURE SOCKET
Extensive research on JAN Wartime Standards f

of miniature tubes and sockets and more recent commercial

developments has shown the necessity for a miniature

socket combining the best qualities of the warti ersion and - __
the oid commercial type. The Cinch super miniature
socket is our answer. Write for sample and further details. \\
/ A
/
MINIATURE / \

SOCKET

No. 53C 12136
{ACTUAL SIZE)}

CINCH CORPORATION

2335 W. Van Buren Street, Chicago 12, lllinois
Subsidiary of United-Carr Fastener Corp., Cambridge 42, Mass. I
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Phase-

Shifter

NOMOGRAPH

E:2Eg
Ry <R, = /2 YTFC

EXAMPLE : El°
Ry *R) =02 MEG
Eg = 5VOLTS
DESIRED PHASE SHIFT Q- I1g®
SOLUTION: G=0.002 s F | FROM
Ry=0.12 MEG }W,‘?“P“ AND
X *KR)

Ec

FIG. 1—Bridge-type phase-shifting net-
work, and vector diagram for the example
set forth

By RAYMOND E. LAFFERTY

Englewood, New Jersey

HE bridge-type network shown

in Fig. 1 is useful for shifting
the phase of the output voltage to
any desired value between 0 and 180
degrees with respect to the input
voltage. The amplitude of the output
voltage remains constant at one-half
the input voltage value for all de-
grees of phase shift.

In practice, a fixed value of C is
employed and the value of R, is
varied between infinity and zero
ohms. When R, is infinity, the phase-
shift angle ¢ is 0 degrees; when R,
is equal to R,, ¢ becomes 90 degrees;
when R, is zero, ¢ is 180 degrees.

The accompanying nomograph fa-
cilitates determining the value of R,
required to provide a desired phase
shift angle with a particular set of
values for R,, C, and frequency. A
straight-edge is placed on the known
values of f and R,, and the required
value of capacitance for C is read on
the C scale. This nomograph is based
on the fact that the reactance of C
must equal the resistance of R,, mak-
ing C equal to 1/2xfR,. Next, on the
¢-K column read the value of K
corresponding to the desired value of
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Bridge-type phase-shifting network covering the full range

from zero to 180 degrees has many applications even

though it requires ground isolation. The nomograph reduces

design calculations to one reading with a straight-edge and a

simple arithmetic calculation
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phase shift ¢. Since K = R./R,, the
required value of R, is readily com-
puted as R. = KR,.

For the example set forth in Fig.
1, the nomograph gives the value of
C directly as 0.002 pf and, for ¢ =
118 degrees, gives K = 0.6. Multi-

ELECTRONICS REFERENCE SHEET

plying this value of K by the 0.2-meg
given value of R, gives 0.12 meg as
the required value of R.. The vector
diagram in Fig. 1 illustrates the
phase relations of the various volt-
ages in the network for this particu-
lar example.
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plastic end cap

improves appearance

simplifies installation

Three “PLUS” Features of the Type “I’”
Mallory Motor Starting Capacitor

) ETTER than the standard cardboard insulated aluminum can
capacitor? You bet! Better in at least three different ways: Send for It Today!

- The moisture-proof plastic case eliminates all insulation difficulties.

p s

The plastic end cap improves appearance—makes it unnecessary to
use padding to prevent rattling.

9+ The handy new mounting bracket speeds up installation—rules out
the need of insulating tubes, metal end caps, grommets and other
extra parts. Two screws mount this capacitor to the motor frame—
quickly and permanently!

Available in all popular ratings, Mallory Type P Motor Starting Capacitors
are interchangeable with standard aluminum capacitors in old style

Everything you want to know about
Mallory AC Capacitors. Pictures, draw-
ings, electrical characteristics.

mountings. We will be glad to send you further information—and our

engineers, as always, are ready to help with special problems.

See
“Mallory on Parade”
Booth 36
Chicago Radio
Parts Show

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA
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INDUSTRIAL CONTROL

Metal Detector for Conveyor Belts
GCA for Control of Commercial Aviation...................
Radiation from R-F Heating Generators. . ...................
Thyratron Pulser Tube for Industrial Microwaves. ..........
Rapid Moisture Testing of Granular Material. ...............
Automatic Flying with Electronic Equipment................

Metal Detector for Conveyor Belts

FOR PROTECTION OF QUALITY and pre-
vention of machinery damage and
lost production time in industrial
plants, an automatic metal detector
employs a high-frequency field set up
by induction coils embedded in plas-
tic panels at top and bottom of an
aperture. Metallic particles passing
through the aperture produce im-
pulses that are electronically ampli-
fied to light a warning lamp, ring a
bell, stop a continuous process, mark
the contaminated object, or deflect it
into a special channel or receptacle
for rejects. The material under test
is passed through the inspection
aperture on an endless conveyor belt
or by means of a chute. The con-
veyor speed is about 600 feet per
minute without impairment of in-
spection efficiency.

Developed by RCA Victor engi-
neers, the unit will detect any kind
of metal or alloy such as iron, cop-
per, brass, lead, aluminum and stain-
less steel, and will react to minute as

well as larger pieces of metal. Its
discrimination can be adjusted to fit
conditions for each installation. Op-
eration is independent of the depth
to which the particle may be imbed-
ded in the product being inspected.

The equipment is insensitive to
nearby metal objects, electrical ap-
paratus and operating personnel and
is not affected by normal building
and conveyor vibration. It is sealed
against dirt, lint and dust and per-
mits scrubbing and hosing where
required by purity standards. It is
unaffected by normal humidity and
temperature changes, and an auto-
matic voltage regulator assures free-
dom from effects of line voltage fluc-
tuations.

There are no exposed electrical con-
nections, and it is easily operated by
regular factory employes. The oper-
ator need only check the adjustment
of one simple control, and that is
normally necessary only about once
a day.

Plastic blanks are inspected for metal particles to prevent damage to dies used in
pressing or molding. The blanks on the conveyor belt pass through an aperture
where coils are embedded in surrounding panels
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GCA for Control of
Commercial Aviation

ONE WARTIME DEVELOPMENT that has
peacetime importance is radar land-
ing control. This device was hur-
riedly perfected to meet a desperate
need in the days when we were try-
ing to bomb Germany to her knees.
American and British Air Forces
Headquarters were greatly disturbed
by the fact that our planes were
incurring as many casualties on re-
turning to base and attempting to
land in darkness and bad weather as
they had suffered over enemy targets
due to flak and Nazi fighter planes.

Manufacturers were authorized to
proceed with the development of a
mobile radar device which came to
be called Ground Controlled Ap-
proach (GCA). This military version
of radar landing control (Ground
Controlled Approach for Aircraft,
ELECTRONICS, p 112, Nov. 1945) con-
sisted of a search radar system and
a precision radar system. Both of
these features are retained in the
commercial model.

The search system employed by
Gilfillan Brothers, Los Angeles, uses
a radar beam covering a radius of 30
miles in every direction, enabling the
operator to actually see, upon a tele-
vision-like indicator, every airplane,
mountain, building, or other ob-
struction in the entire area. Through
radio communication with the pilot,
the operator directs the plane to a
particular position about 10 miles
from the airport. When the aircraft
has been brought to this point, the
operator turns to the precision radar
scope. Two shdrply defined radar
beams present an expanded view of
the approach area upon the precision
scope, showing the aircraft’s exact
position in elevation, azimuth, and
distance with respect to the pre-
scribed runway.

By carefully watching the plane’s
progress upon the map-face of the
precision indicator, the operator
guides the approaching aircraft
safely past obstacles, corrects the
pilot as to course, elevation and
speed, and ‘“talks him down” to a
safe landing upon the runway.

Of paramount importance to air-
line companies, pilots and passen-
gers, and to private pilots as well, is
the fact that the radar landing con-
trol requires no special equipment in
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HAS BEEN ADDED TO
IRC DISTRIBUTOR SERVICE...

NEW INDUSTRIAL SERVICE PLAN GIVES YOU
QUICK DELIVERIES ON STANDARD RESISTORS!

Now, IRC Distributors are better prepared than ever before to give
manufacturers quick, complete and intelligent service. The IRC
Industrial Service Plan, developed by IRC in cooperation with its
more than 300 distributors, gives you ‘“just around the corner’
sources of supply for the resistance units you need in experimental
'work, pre-production models, pilot runs, smaller production runs and
for service and maintenance!

The IRC Catalog #50 lists standard IRC products stocked by
distributors. By aiming toward standardization of your resistor
requirements on these items, you will find that reasonable quantities
can be delivered quickly by local distributors. In addition, the wider
use of standardized items will eventually result in lower unit cost,
it will provide better emergency service for your products when in
use, and your customers will benefit by a more dependable piece
of equipment.

FOR BETTER-THAN-STANDARD QUALITY ... Standardéze on IRC
WRITE TO DEPT. 1-E FOR IRC CATALOG #50 AND NAMES OF LOCAL DISTRIBUTORS
[

INTERNATIONAL RESISTANCE (0. |

401 N. BROAD ST., PHILADELPHIA 8, PA.

Canadian Licepsee : Intefhational Resistance Co., Ltd., Toronto
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30 MI. SEARCH INDICATOR

T

= ¥ GUIDE PATH

PLANE

y

PRECISION INDICATOR

The scopes of the Gilfillan system are located in the airport control tower and show
the exact location of the mountains, planes, power lines, buildings, and smokestacks =«

in the area.

2,800-square-mile area once every ten seconds.

The 30-mile beam sweeps in a 360-degree circle covering the entire

The precision scope shows only that

sector of the airport through which the plane approaches the runway, and is 6 miles

in length.

On the precision indicator, the elevation information is shown in the

upper half and the azimuth dotted in the lower half

the airplane except the usual two-
way radio communication. Of equal
importance is the fact that the pilot
needs no prior training or periodical
practice approaches to be success-
fully talked down to a safe landing.
Finally, because the radar landing
control operates in all types of
weather and is accurate under all
conditions, a pilot is able to land on
split-second schedules with complete
assurance and safety.

Radar landing control will help
solve the ever-increasing problem of
how to control traffic around con-
gested airports in good weather as
well as under conditions of zero-vis-
ibility. By enabling the control
tower to direct planes to straight-in
approaches in rapid sequence, it will
also obviate the necessity of stacking
planes. Recent tests with all types of
planes established the record of
landing them on dual runways at the

SAFETY CONTROL FOR TUBE-STEM PRESS

Workers that operate presses used for forming the leads of radio tube stems
at RCA have their fingers safequarded by photoelectric equipment. The
amplifier is mounted behind the press so that the lightbeam, shown by the
white dotted line, travels between mirrors at either side of the press before

returning to strike the phototube.

If the girl’s fingers are dangerously close to

the dies, the interruption of the lightbeam locks the press open. Failure of the
light source or any component of the electronic amplifier also locks il
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rate of one every thirty seconds—
120 an hour. In making instrument
landings, with ceiling at 500 feet,
planes are normally landed—without
radar—at the rate of four an hour,
or one every 15 minutes.

Radiation from R-F
Heating Generators
By ARTHUR G. SwaN

INDUSTRIAL USERS of electronic heat-
ing equipment that have encountered
problems in minimizing the amount
of radiation from the units can bene-
fit by the work done in Hawaii for
solving a similar problem.

During the war, the military gov-
ernor of the Territory found it ad-
visable to control the use of dia-
thermy equipment by licensing for
use only diathermy equipment whose
radiated signals were sufficiently at-
tenuated. Details of the control were
passed to a board of Army officers,
who, with the cooperation of the
FCC, set up standards for maximum
allowable radiation, and vrecom-
mended a type of shielded room to
limit this radiation.

Tests showed that a room consist-
ing of two concentric shields, both
floating above ground, and having an
a-c service entrance filtered as in
Fig. 1, gave satisfactory results. The
filter box is grounded to the inside
room-shield. Access to the room was
by means of a door constructed with

Capacitors C; and C; were not always

necessary in the filter. All capacitor

values were 0.1 uf but lower values were

sometimes satisfactory. The inductors

marked L consisted of 20 turns wound on
a one-inch diameter form

shielding on both sides. When closed,
there was no interruption in the con-
tinuity of the shields throughout the
room.

Many such installations were con-
structed throughout the Islands, and
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SCOVILL WASHER ASSEMBLED SCREWS
MEAN SAVINGS FOR YOU

- These basictypes of SCOVILL
preassembled washers and
screws will cut your produc-
tion costs by meeting your
fastenings requiremenis with
faster and better work on any
job where washers are used.
Illustrated above are a few of
the many screw head styles
and screw and washer sizes.

These and every other type of SCOVILL washer assembled screws have three important advantages for you.
1 The washeris permanently fastened...yet free to rotate. No dropped or lost washers. No chance
of the wrong washer on the right screw.

2 The extra cost of hand assembly on the job—plus the usually slower driving t.me of tae hand
assembled screw—are eliminated.

3 Ordering and stock control are simplified...inventories balanced.

Washer assembled screws are another of the many fastenings products with which SCOVILL can lower your
fastenings costs. Talk over your needs with any one of the offices below.

ScoviLL MANUFACTURING COMPANY

SCREW

WATERVILLE o555 . DIVISION

WATERVILLE 48, CONN. | & TEL. WATERBURY 3-3151

NEW YORK, Chrysler Building . DETROIT, 64R0 Kercheval Avenue . CHICAGO, 135 South LaSalle Street . PITTSBURGH, 2882 W. Liberty Ave.
SYRACUSE, Syracuse -Kemper Insurance Building . LOS ANGELES, 2627 South Scto Street . SAN FRANCISCO, 434 Brannan Street
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The annoyance of off-nominal line voltage in production testing, laboratory
investigation and factory processes can be eliminated by use of POWER -

STAT Variable Transformers type LC ... LINE CORRECTORS. .. .

This equipment consists

Transformer in conjunction with a fixed ratio
auxiliary transformer for bucking or boost-
ing the line. With this equipment

high current loads can be eco-

nomically and smoothly

controlled. By sim-

O
>
-
@
-
-
-
-
-
-
~,
3
o~
=
®

AT TYPE "LC" «

b e
SRR SRR L < AR T DR

of a POWERSTAT Variable

ple adjustment of
the POWERSTAT the line
voltage can be conveniently
restored to the correct value. The
line corrector is also well suited for control

of voltages over limited range.

Consider the... POWERSTAT Line Correctors...whenever an
exceedingly smooth control of voltage is required over a.../limited

roltage range. .. Standard types are available for manual or motor oper-

ation and when nccessary special units can be designed to your specifications.

Send for Bulletins LE

SUPERIOR ELECTRIC COMPANY

705 LAUREL STREET, . . . BRISTOL, CONNECTICUT
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Specrfy C-D MICABOND

fo speed-up

ASSEMBLY ....

RMATURE assemblies fit when C-D MICA- joys from the many manufacturers of arma-

BOND insulating rings and segments are
used. They fit because C-D manufacturing stand-
ards assure close tolerance production of MICA-
BOND materials and parts. The consistent qual-
ity and accuracy of C-D MICABOND products
justify the confidence C-D MICABOND en-

tures who specify C-D MICABOND. When your
electrical insulating problem dictates “mica
C-D engineers will be glad to
help you to design to use mica to the best

possible advantage—and in its most usable
form —C-D MICABOND.

3

insulation,’

C-D PRODUCTS

MICABOND —Built-Up Mica
Electrical Insulation.

Standard and Special Forms

The Plastics
DILECTO—Thermosetting Laminates.
CELORON—A Molded Phenolic.
DILECTENE—A Pure Resin Plastic  Ayailable in Standard Sheets,
Especially Suited to U-H-F Insu- Rods and Tubes; and Parts
lation. Fabricated, Formed or

HAVEG — Plastic Chemical Equip- Molded to Specifications.
ment, Pipe, Valves and Fittings.

. Descriptive Literature
The NON-Metallics Bulletin GF gives Compre-
DIAMOND Vulcanized FIBRE

&WW&(W hensive Data on all C-D
! VULCOID—Resin Impregnated Vul-

Products. Individual Cata-
l canized Fibre.

(ontinental*Diamond

KYC-46
logs are also Available.

BRANCH OFFICES

NEW YORK 17 » CLEVELAND 14 « CHICAGO 11 e SPARTANBURG, S. C. » SALES OFFICES IN PRINCIPAL CITIES
WEST COAST REPRESENTATIVES: MARWOOD LTD., SAN FRANCISCO 3
IN CANADA: DIAMOND STATE FIBRE CO. OF CANADA, LTD., TORONTO 8

Gmw/mmzlwl:]_)imnmd FIBRE COMPANY

SEE\0
CATALOG IN §
TS

Established 1895.. Manufacturers of baminated Plastics since 191.1—NEWABK 16 « DELAWARE
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R-F HEATING GENERATORS {continued)

with proper attention to details and
some experimental modifications to
suit local conditions, all but a few
proved very satisfactory.

Attenuation was estimated by
listening to the diathermy signal on
a Hallicrafters S-29 receiver carried
out along radials from the diathermy
equipment, In most cases, the signal
was  undetectable at distances
greater than fifty yards from the
offending unit.

Construction

The type of shielding material
used was not critical. Copper fly
screening was best, but was hard to
obtain at that time. Ordinary steel
flv screening, or hardware cloth up
to half-inch mesh, worked satisfac-
torily. Wood spacers separated the
inside from the outside shields by
one or two inches and separated the
outside shield from any possible ex-
ternal ground. In a few cases a
ground on either the inside or out-
side shield helped, but in a large ma-
jority of cases attenuation was
greatest with both shields un-
grounded. No objection was found
to running as much a-c wiring as
was desired from the filter around
the inside of the room, but there
could be no exposed wire between the
filter and the a-c entrance to the
room. Radiation along the power
line outside the room was sometimes
troublesome, and in some cases could
be followed nearly a mile along pole
lines before proper shielding was ac-
complished.

A minimum number of doors
should be built into the shielding.
Best results were obtained where
only one door opened into the room,
and this, when closed, had to make
good electrical contact on all four
sides. The hinged side was provided
with several flexible straps to con-
nect the respective door shields to
room shields.

Wood used as insulation between
shields and between outside shield
and ground had to be thoroughly
dry. It was necessary to insulate be-
tween the outside ground and any
plaster, concrete, linoleum, etc.

The filter was mounted flat against
the inside shield directly over the
spot at which the a-c line entered the
room. The box was constructed of
heavy gauge metal with all seams
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Collins Speech Equipment

provides better program transmission and stronger signals

THE COLLINS 26W-1 audio limiting amplifier
is a product of the most advanced standards of
broadcast engineering. It effectively raises the
modulation level, yet prevents overmodula-
tion of the r-f carrier. The resulting stronger

signal assists materially instationareacoverage. -

Developed for high fidelity AM and FM
applications, the 26W-1 has a frequency re-

sponse flat from 30-15,000 cps, with a varia-

tion of less than 1.0 db. The compression ratio
above the verge of compression is 20/1 in db.
Harmonic and tone distortion are not-more
than 1.5% at any frequency, any setting of the
input and output levels, and with any amount
of compression up te 15 db. Hum and noise
are 70 db below the operating level. Output
range is —4 to 426 dbm.

Complete metering provides measuring fa-
cilities for individual tube currents, plate velt-

FOR BROADCAST QUAUTY, IT'S . . .

0 ¢ OVs 0020000000000 ¢00c¢OoTPOOONONLIESEE
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age, compression level, and output level. In-
side-out chassis construction gives immediate
access to all wiring and circuit components
upon removal of the slip-on dust cover. Oper-
ate and release times are independently ad-
justable,

Dimensions, for standard rack imounting,
19” w, 14" h, 9" d. Weight, 45 pounds. Avail-

- able in metallic gray or black wrinkle.

Collins speech equipment is thoroughly en-
gineered for highest performance. Reliable in
operation, accessible in maintenance, each unit
meets rigid inspection and tests before it is
approved for delivery. For your requirements,
write today to the Collins Radio Company,
Cedar Rapids, Iowa; 11 West 42nd Street,
New York 1§, N. Y.

b oooo
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An Unsolicited Letter
from the
WAR DEPARTMENT
Manhattan Engineer District

Becach-Russ Company
New York, N. Y.

Atention: Mr. C. A. Beach, President
Gantlemen:

I is desired to express the appreciation of this office for
the outstanding development and production work accom-
plished by Beach-Russ Company for the Kellex portion of
the Atomic Bomb Project performed under the supervision
of the New York Area Office of the Manhattan District.
When our design work indicated the need for large quan-
tities of precision built high range vacuum pumps, we
naturally turned to your company as a leader in the
vacuum pump field. Your record of performance and the
quality of your workmanship has proven that this was &
wise decision.

Your vacuum pumps have operated very satisfactorily
and were instrumental in the successtul operation of one
of the major Atomic Bomb plants,

This office is indeed appreciative of your cooperation
aad fine performance,

Very truly yours,
(signed) JAMES C. STOWERS

Lt. Col., Corps of Engineers
Area Engineer

Beach-Russ Company -

VACUUM PUMPS « AIR COMPRESSORS
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ACH-RUSS High Vacuum PUD
HELPED SPLIT THE ATOM

Our contribution to the success of the greatest under-
taking in scientific history was further recognized
when Beach-Russ Company was cited as one of the
prime contractors honored at the award dinner of the
Atomic Bomb Project at the Waldorf-Astoria Hotel,
New York City, on February 26, 1946.

While the whole story of this production miracle can-
not be revealed, the engineering and technical ex-
perience gained in meeting its extraordinary high
vacuum requirements is available for improving
chemical and allied processes today. To this can be

‘added the work of Beach-Russ Standard Rotary Piston

Pumps for high vacuum processes in the manufacture

-of chemicals, vitamins, penicillin, magnesium, etc., in

vacuim packing and in vacuum testing of electronic
and electrical devices and instruments.

For best performance in the field of high vacuum you
can depend on Beach-Russ Pumps. Write for our
complete catalog.

S0 CHURCH STREET
NEW YORK 7, N. Y.

» GAS BOOSTERS . LIQUID PUMPS
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TWAR CLEANER

cet R o>

it's new...it's plastic. .. it’s in color

THE EUREKA VACUUM CLEANER is depending on materials team-
work to maintain its position as one of the country’s leading
‘household appliances. This new and improved home cleaner
makes strategic use of both thermoplastic and thermosetting
plastics as well as light metals and other materials. Thus the
specific advantage of each material is utilized fo the utmost.

Celanese plastics: LUMARITH cA and LUMARITH EC supply
dent-proof toughness and surface permanence fo the injection
molded suction nozzles, hose connections, switch key, name
plates, handle and cord clip.

Because of plastics, the Eureka makes its postwar debut in
“technicolor” . . . The present model is a deep maroon—a color
that adds quality and distinction to the workmanlike design.

Celanese is headquarters for cellulosics — the most widely
used plastics for consumer goods. The technical service staff
can be depended upon for accurate and practical advice on
product planning of this type. Celanese Plastics Corporation,
a division of Celanese Corporation of America, 180 Madison
Avenve, New York 16, New York.

%k Cellvlose

FORTICELt Sefee, LUMARITH™ Sl
R ol CELLULOQID* Sfivose VIMLITE™ Zctc,
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YOU DON’T HAVE TO CODDLE
SHALLCROSS INSTRUMENTS

LOW PRICED
(RUG GED
ACCURATE

EASILY REPAIRED IN
CASE OF MISUSE

Shallcross Test Instruments are
built for hard, frequent use on any
job — for production line, field,
school or laboratory service. No
need to worry about how or by
whom they are used. They’re rug-
ged and dependable. In case of mis-
use, repairsare usually made locally.
These instruments are accurate
for every commercial and most lab-
oratory needs. Available in types,
sizes and ranges for every testing
BRIDGES — RESISTANCE STANDARDS ~ need — at prices to make their reg-
FAULT LOCATION BRIDGES ular use practical.
DECADE POTENTIOMETERS Write for engineering bulletins
HIGH-VOLTAGE TEST EQUIPMENT, efc. on any type.

SHALLCROSS MANUFACTURING COMPANY
Dept. E-56 Jackson & Pusey Aves., Collingdale, Pa.

Electrical Measuring In-
struments s AKRA-OHM Re-
sistorse Precision Switches
 Electronic Engineering
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| ‘R-F HEATING GENERATORS {continued)

soldered. Commercially built filters
were not satisfactory.

Close proximity of the room to
open house wiring had to be avoided
and installations on ground floors or
in basements worked best. Those in
frame buildings were hardest to at-
tenuate, The smaller the room, the
easier it was to attain good attenu-
ation. Care had to be exercised in
construction to see that no nails or
strands of wire shorted between

shields. All seams in shielding had to
make continuous electrical contact.

| Thyratron Pulser Tube for
| Industrial Microwaves

PULSED MICROWAVES for industrial
applications such as new methods of
heating, forming ‘and bending of
glass and plastics, high-speed weld-
ing and electroplating at increased
speed and denser platings are con-
trolled by the hydrogen thyratron
developed during the war as a modu-
lator or pulser tube for microwave
radar systems.

The first type of modulator devel-
oped for this purpose was a high-
vacuum tube that switched a charged
capacitor across the oscillator and,
after the required time of pulse,
rapidly disconnected the capacitor.
The capacitance stored from 50 to
100 times the charge that flowed
through the load during a single
pulse. The voltage developed across
the load decreases exponentially in
accordance with the time constant
of the circuit but the pulse duration
is so short that sharp rectangular
pulses are rapidly obtained. Re-
charging takes place during the time
interval between pulses. Voltage to
control the keying tube grid is ob-
tained by amplifying a pulse formed
at low voltage levels.

| Operation of Line Modulator

Need for higher power led to the
development of the line modulator.
If a charged open transmission line
is discharged by a rapidly closing
switch through a resistance equal in
magnitude to the characteristic im-
pedance of the line, a voltage pulse
is impressed across the resistor. The
duration of the pulse depends on the
electrical length of the line and the
voltage developed across the resistor
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Whether your television plans embrace direct-viewing, projection, or both, you'll
find RAULAND Cathode Ray Tubes adaptable to your needs. Research, continuing
from television's edrly beginnings to development of theatre-size screen projection,
has enabled RAULAND engineers to produce the finest direct-viewing and

projection type tubes, using either reflective or refractive optics.

Consult with our engineers about your television problems
with respect to Cathode Ray Tubes.

Be sure to visit Rauland Booth No. 83 while at Radio Parts and Electronic Show, Stevens Hotel, Chicago. May 13-16.

RADIO - RADAR - SOUND - 5 COMMUNICATIONS - TELEVISION]

Electroneering is our business
THE RAULAND CORPORATION e CHICAGO 4], ILLINOIS
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presenting the

DOUBLE

OSCILLOGRAPH

Mode! 339 D, B. OSCILLOGRAPH. PRICE £40 Net F.O.B.
PERFORMANCE DATA
TIME BASE 1 & + 5 — 250,000 c.p.s.
Frequency Band  Sensitivity

AMPLIFIER Gain in c.p.s, mVY.RMS/mm
1 stage 28 10— 100,000 43.0
2 stage High Gain 900 10— 100,000 1.3

Wide Band 106 10 — 2,000,000 10.0

Seven years after its appearance in 1938, the Cossor Double Beam Oscillograph is still unique. The
intrinsic value of the technique introduced by this instrument, which provides true simulfaneous indi-
cation of any effects on a common time axis, has long been proved in all fields of research and
production testing—both on recurrent and transient work. It is an understatement to say that prac-
tice has revealed no sphere of investigation where its use is not at least advantageous. Although of
enhanced performance, the instrument is in essence, an oscillograph of conventional design in which,
through the interchangeability of COSSOR single and double beam trapezium-corrected tubes, true
double beam technique has been provided without inherent limitations or distortions. These funda-
mental qualities have been responsible for its selection as the standard Oscillograph for most of the
Allied Nations' Armed Services. Thus precluded earlier from acquainting American users of the
"double beamer", we are now able to make good this omissi