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offers from 1 1o 6 circuits per section with 30 degree
indexing —from 1 to 3 circuits per section when
60 degree indexing is used. But that’s not the whole
story by any means.

The heavy self-supporting terminals of this switch,
for instance, are clinched to the stator and held
firmly without rivets or staples. Contact ends are
ball shaped, formed of high quality spring brass
material, and heavily silver plated.

The rotor contact member is made of solid silver,
insuring much lower contact resistance. The high
lift of the terminals makes possible a self-cleaning

F all circuit selectar switches manufactured by Mallory. this
RL unit is the most popular by far for low-power, industrial
applications. In a class by itself, the RL switch is the answer for
industrial electronic equipment requiring greater durability than
provided by the conventional radio circuit selector switch. It

U

* x 32 THD.
NSF. 2

5-40 YHD.Z

b

=R

ELEVATICN VIEW OF R L SWHCH

Ask for RL
Specification-Layout Sheets

Printed on thin paper to permit blueprinting. these
sectional drawings indicate standard and optional
dimensions—make it easy for you to order pre-
production samples of RL switches built to meet
your requirements exactly. Ask your nearest Mallory
Field Representative or write direct for a supply.

action which further improves electrical contact.
High quality Bakelite in the stator provides ample
insulation for general applications, yet is sturdv
enough to withstand rough usage.

These are only a few of many reasons why this RL
switch is found in radio instruments, test equip-
ment, and a wide variety of other applications. For
full information about this Mallory ““leader”, ask
for the RL Engineering data folder and specifica-
tion layout sheets. or see your Mallory representa-
tive. Standard Mallory Switches are obtainable from
your nearest Mallory Distributor.

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA
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ASK AMPEREX TO BRING iTS LONG EXPEP
TUBE QUESTIONS . . . YOUR ONLY OBLIGATION
YOUR PROBLEM.

TUBE SPECIALISTS SINCE 1925

E:AEIE'E\\{CEHL?)II %?l’aﬂ];glll%gﬂn

25 WASHINGTON STREET, BROOKLYN 1, N. Y., CABLES: ""ARLAB"
tn Conodo ond Newfoundlond: ROGERS MAJESTIC LIMITED, 622 Fleet Street West, Toronto 2B, Conodo
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AMPERES
RF.

WESTON

AMPERES R.F.

THERMO COURLE TYPL

onms BER VOLT
TR, 1 A (9, Ol R 185 A

... for the equipment you build!

There’s no more certain way to insure the efficient perform-
ance in your customers’ hands of the machines or devices you
build, than to equip their panels or controls with trustworthy
instruments. And for that very reason, the name WESTON
on a panel instrument helps build buyer acceptance and good-
will for the products on which they are installed.

WESTON instruments are available in all the types, sizes
and ranges essential for panel or built-in requirements. Com-
plete information, or engineering cooperation, is available on
request. Weston Electrical Inscrument Corporation, 666 Fre-
linghuysen Avenue, Newark 5, New Jersey.

Weston <2 zmenis

Alkany « Atianta - Besten - Buffalo - cnicuo « Cincinmati + Cloveland - Dallas - Genver - Detroit - Jacksoaville - Knoxville - Los Angeles - Meriden - Minneapolis - Newark - Now
Oriaans - Now York - Philadelphia - Phosnix - Pittsburgh - Rechester - San Franciscw - Seattie - St Louis - Syracuse « in Canada, Northern Electric Co., Ltd., Powerlite Devices, Ltd.
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Save Time! Save Money!

- 7 ,“»“

ROTOBRIDGE

Checks a Circuit a Second!

It checks wiring errors, resistance and reactance
values with robot-like fidelity.

Designed for continuous 24-hour duty, the Roto-
bridge is instantaneous and accurate. A 109,
resistance tolerance at one point or 25%, capacity
tolerance at another spot . . . Rotobridge gives it
to you—automatically and accurately.

An error detected? The Rotobridge stops then,
flashes a red blinking signal. which keeps on
winking until the defect is attended to.

The Rotobridge can be put tc work on several
small sub-assemblies or on a complete set, involv-
ing as many as 120 circuits. Want to inspect a
30 or 40 tube set-up? Two or three of these
robots, working simultaneously, will do the trick
...in five minutes flat!

Communication Measurements Lahoratory

120 Greenwich Street New York 6, N. Y.

4
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THE COVER

(See also page 58)

The illustration shows an electro-
lytic tank used to design multi-
stage wide band amplifiers for tele-
vision receivers in the Philco Lab-
oratories. Making use of a strange
but very accurate mathematical
similarity between the frequency
characteristics of electrical net-
works and the distribution of po-
tential in a tank of electrolytic, the
method makes possible the achieve-
ment of more nearly ideal charac-
teristics with high gain per stage.
Amplifiers designed by this proce-
dure may have very simple inter-
stage coupling networks, all aligned
somewhat differently so as coopera-
tively to produce an assigned overall
gain and phase versus frequency re-
sponse.

In the apparatus shown, a large
shallow pool of slightly salted water
is contained in a dielectric tray
with a round strip of copper around
the edge for a ground return. Equal
currents are fed to the water
through probes, at specific points
near the center of the pool, their
arrangement corresponding to the
arrangement in the complex fre-
quency plane of the resonances of
the several amplifier stages. The
potential in the water along a
straight line passing near to the
probes and corresponding to the
axis of real frequencies is a measure
of the gain in DB of the final am-
plifier, while the potential gradient
transverse to the axis gives the
slope of the phase versus frequency
curve. The “resonances” are moved
about at will until the required
characteristics along the axis are
obtained.

The theory of the method was
worked out and applied by the
Philco Research Laboratories in the
course of television circuit develop-
ment during 1939 and 1940. It has
since been extensively used on the
more exacting problems of wide
band amplifier design.—W. E. Brad-
ley, Director of Research, Philco
Corp.

Inky! Woof!

Know what an “inky” is? Or a
“scoop”? Or, for that matter, what
“woof” means? Definitions of these,
and some 250 other commonly used
television terms, are included in a
64-page cartoon-illustrated ‘“Tele-
vision Talk,” just published by the
National Broadcasting Co.

ELECTRONIC INDUSTRIES @ - March, 1946




G-E THYRATRONS excel when
measured by this
yardstick o

e
-
N

Performance-plus is built into General
Electric thyratrons! For example:

® Internal parts are strongly mounted
and braced, to withstand shock and
vibration. G-E twubes are sturdy!

® Grids are so placed as to minimize
any risk of damage from current-
surges.

® G-E thyratrons operate ‘‘cooler’.
Tube components are generously di-
mensioned, to give an ample tempera-
ture margin of safety.

GENERAL @3 ELECTRIC

TRANSMITTING, RECEIVING,

ELECTRONIC INDUSTRIES @ March, 1946

INDUSTRIAL,

TYPE F6-95

TYPE FG-17 $6

. . . Peak voliage inverse,
5,000 v—peak curreat 2
amp—avg current 0.5 amp

® The base and lead-connections are
solidly fastened to the tube envelope,
will not loosen in service. Cement-im-
mersion tests help to assure this de-
pendability.

General Electric built thyratrons first/
... Today G.E. builds the most thyra-
trons—builds them best—gets them to
you fastest!

Thyratrons aad other G-E tubes, in all
commonly used sizes and ratings, are
obtainable out of stock fromyourlocal
G-E tube dissributor or dealer. Phone

SPECIAL PURPOSE TUBES °

. . . Peak voltage inverse,
1,000 v.—peak curreat 15
amp—avg current 2.5 amep
(1,000 v, 30 amp, and 0.5
amp fur ignitor firing).

TYPE FG-172 $35

. . . Peak voltage inverse,
2,000 v—peak current 40
amp—avg current 6.4 amp
(75¢ v, 77 amp, and 2.5
amp for thyratron welding-
control service),

$16

this convenient supply source today!
Give your factory the benefit of spot
service on G-E top-quality, warranty-
covered elecironic tubes! Electronics
Department, General Electric Company,
Schenectady 5, N, Y.,

DISTRIBUTORS AND DEALERS EVERYWHERE,

BACKED UP BY ADDITIONAL G-E TUBE

STOCKS IN CENTRALLY LOCATED CITIES
FROM COAST TO CCAST

162-E5-8850

VACUUM SWITCHES AND CAPACITORS

5




, BORN AT
— WHITE HEAT |

ALSIMAG insulators tak‘-/
their final,strong,hard, rigid

form in furnaces at the white

heat of 2500°F. Such tem-
peratures would consume &
all inorganic macerials.
ALSIMAG cannot char and

is impervious to consctant
temperatures of 18000F.

-TI—A

HE radar experiment which resulted in the

first contact with the moon is still another
revelation of the brilliant advances made in
electronics during the war.

The high standards of radio, radar and other
war equipment for controls and communica-
tions, which called for extensive use of ALSIMAG
Steatite Ceramics, will be carried forward into
many peacetime products of QUALITY.

There will be no compromise with QUALITY
in the production of ALSIMAG insulators for

electronic and electrical uses. Write today for
technical literature.

AMERICAN LAVA CORPORATION
CHATTANOOGA 5, TENNESSEE

Original Award July 27, 1942
Secand Award Februory 13, 1943

\  Third Award September 25, 1943 i _L_—a—.an g
Fourth Award May 27, 1944

Fifth Award December 2, 1944 CERAMICS

43RD YEAR OF CERAMIC LEADERSHIP

|
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Radar’s miracle eye responds to no ordinary electric impulse such
as that which acruaces our radios. So fussy are radar signals that
they must often be piped through special hollow tubes called
wave guides,

Perhaps the most difficult type of wave guide called for a rec-
tangular mertal tube with no curvature in the comers. . .an
assignment that any worker in metals will tell you is almost
impossible! Yet it had ta be done, with top wartime urgency.

So Revere devised a way to do.it. on a production basis! And in
addition was able to hold inside dimensions to closest tolerances.
and to keep the inner surfaces of the tubes flat and free from twist.

This achievement of America’s oldest metal-working company
shows that, as a result of its 144 years of experience it has acquired
the priceless habit of questioning the obvious, of creating new
answers to new problems. Yet valuable as such Revere service
can be, it is surpassed by the day-to-day help Revere offers the
radio industry in the use of Revere's standard products. We have
merged the science of the metallurgist with the skill of the artisan
to help with your routine problems. Both the Revere Technical
Advisory Service and all Revere metals are ready to serve you now:.

- REVERE

COPPER AND BRASS INCORPORATED
Founded by Pasul Revere in 1801
230 Park Avenue, New York 17, New York
Mills: Baltimore, Md.; Chicago, Ill.; Detroit, Mich.; New
Bedford, Mass.; Rome, N. Y.—Sales Offices in Principal Cities.
Listen to Exploring the Unknown on the Mutual Network
every Sunday evening, 9 to 9:30 p.m., EST.

ELECTRONIC INDUSTRIES ® March, 1946




complete plastic production...
all under one roof

Printloid is a four-in-one out-

CASE “\STORY fit that brings you complete
No. 1 plastic fabrication in one
plant. Experts handle your
job from the initial design
through final assembly.
Results? No shopping
around, no wasted time. In-
stead, better design, uniform

control and lower costs with

ow P Y "”‘“’
not a'nlOlls 1'03“"“t -

lb
f i o CloSC

id’ nsive fect
I'g?gssftxtﬁ’as dc'Stgn:3 ,’
1mlil.l;d, drillfid, st:y[:(;{)e ,
“:)gi,shsedatf ;lsscmhl’gd,

00f-
keqll under one ”

Printloid engineering super-
vigion at every step of the job.

FORMING

PRINTING AND DIE CUTTING
Radio Dial windows are a Print-

loid specialty, and we have made
millions for the country’s largest
radio manufacturers. Printloid
has worked for

Limitless possibilities of print-
ing, from line cuts to four color
process printing, are yours at
Printloid. Die Cutting facili-

ties range from

every industry, (Z@,\ steel rule dies

producing fin .22/

s i “ to hydraulic
ished products 5 7 presses for
as well as sub- © ‘Ssh/‘/ heavy plastic
assemblies. 7 sheets.
|
_______________ I A
| =
MACHINING # ' . DESIGN AND
Printloid is ex- = wf) | ‘l i ASSEMBLY
perienced in pre- ;,}34 > A, | Ak Printloid ex-
cision work to '«\/ s perts work to
001 in all ma- I «

your specifica-
tions or execute your original de-
signs. Displays have been created
for leading national advertisers.
Our engineers invite you to con-
[ sult them on your problems.

PRINTLOID, INC.

93 MERCER STREET, NEW YORK 12, N. Y.

chining and finishing operations.
Typical of our complete facilities
is 212 inch through spindle lathe
capacity for machining.

DEPT. C

The new Printloid catalog tells the
story of complete plastic production un-
der one roof. Includes a useful Plastics
Glossary. Write for your copy.

(4 (4
e inc.
DLASTIC FABRICATION
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SYLVANIA NEWS

CIRcUIT ENGINEERING EDITION

MAR. Published by SYLVANIA ELECTRIC PRODUCTS INC,, Empormm, Pa. 1946

TINY T-3 TUBE
ASSURED A BIG
SUCCESS IN RADIO

New Wonder Tube
Developed by Sylvania
for Midget Portables

The development by Sylvania Electric of
the tiny T-3 radio tube is an important
factor in making possible light weight,
“vest pocket” radio sets.

Ever since the announcement of Syl-
vania’s development of a peanut-sized elec-
tronic tube for the famous “war secret”
proximity fuze, manufacturers and circuit
engineers have been busy making plans
for producing super-small radio sets and
walkie-talkies that would capture the pub-
lic’s imagination. Now that the Sylvania
T-3 (commercial version of the proximity
fuze tube) has been perfected, these revo-
lutionary radio ideas are becoming more
and more practical.

Future designs of this versatile tube will
permit a wide variety of applications, rang-
ing from sets no larger than a package of
cigarettes up to deluxe farm receivers. The
tiny tube features extremely small size with
feather-weight. It has a life of hundreds of
hours, is rugged and exceptionally adapt-
able to operation at high frequencies.

For further, interesting information, or

for the answers to any of your questions |

“Tiny but terrific’’ de-
scribes this amazing
electronic unit. The tube
is so rugged it will
bounce!

concerning this remarkable tube, write to |

SYLVANIA ELECTRIC PRODUCTS

INC., Emporium, Penneylvania.

T

SYLVANIA@’ ELECTRIC

Emporium, Pa.

MAKERS OF RAD10 TUBES; CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES; ELECTRIC LIGHT BULBS

ELECTRONIC INDUSTRIES @ March, 1946
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THE NC-2-40C

This superb new receiver reflects National's intensive receiver

research during the war period. Many of the NC-2-40C’s basic
design features stem from the NC-200, but to them have been added
circuit and construction details that set it apart as a performer.
Stability and sensitivity are outstanding. A wide range crystal
filter gives optimum selectivity under all conditions. The series-valve

noise limiter, the AVC, beat oscillator, tone control

and S-meter are among the many auxiliary circuits
that contribute toward the all-around excellence
of the NC-2-40C. See it at your dealer’s.

NATIONAL COMPANY, INC. || wsom

MELROSE
MALDEN, MASSACHUSETTS, U.S.A. , * kK K

10 ELECTRONIC INDUSTRIES o March, 1946
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NO MATTER WHA\T\\\\
ELECTRONIC TUBES ot o
YOU NEED FOR
RESISTANCE WELDING

WESTINGHOUSE
can sapply Hewe

All of these standard Westinghouse tubes are carried
in your local Westinghouse distributor’s stock.

For descriptive data on any of these tubes, write your .
nearest Westinghouse office or Electronic Tube Sales
Department. Westinghouse Electric Corporation,

Bloomfield, N. J. 3 e &
- /
-
-~ -
- - /
s /
e /
Pl
WL- WL- WL- WL-
651/656 652/657 655/658 681/686

Westinghouse
Etl i flber aZ Wik
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DESIGNERS

HERE 3 CAPACITORS

po TWICE THE WORK or 25

MANUFACTURER of induction heaters re-

placed 25 mica capacitors in his resonant (tank)
circuit with three General Electric HFP parallel-
plate, water-cooled capacitors. He saved nearly half
the cost and space, and more than doubled the kva.
Result: a more compact, more powerful, and more
efficient heater.

Class HFP capacitors, with their two sets of heavy,
sheet-aluminum plates, are specifically designed for
use in resonant circuits of high-frequency oscillators,
such as those employed in electronic heaters. Out-
standing features of Class HFP capacitors are
compact construction, and ability to operate at
high voltages and to carry heavy continuous cur-
rents at frequencies from 50 kilocycles up into the
megacycles. The special dielectric is a new, stable,
synthetic liquid which combines the desirable
characteristics of low loss, high dielectric constant,
and high dielectric strength.

A coil of copper tubing, for water-cooling the

capacitor, is installed inside the case in direct con-~ EU\

tact with the grounded pair of capacitor plates.
Couplings are provided for connection to 3g-in.
copper tubing. The cooling feature permits a com-
pact assembly and high current rating per unit
volume.

The cases are of nonmagnetic metal, hermetically

sealed, and flexible enough to take care of thermal Maximum Approximate
0 s 0 0 . Maximum Permissibie Dimensions
expansion of the liquid dielectric. Capacitance Permissible Microfarad Rms Working in Inches
tolerance is from plus 5 per cent to minus 5 per cent "";:;::‘."" Rating Current in Amp
of the rated capacitance at 25 C; Q factor is above ot 540 Kilocycles 8 ¢
2900 for full load operation at frequencies from 50 2000 27233 ;(7’2 167/32 21/2
kilocycles to one megacycle. Internal inductance is 0.034 230
low, which gives resonant frequencies from 3 to 9 3000 0.0165 168 167/3% 21/2
megacycles, depending upon the capacitance rating. 6000 0.0075 153 187/16| 4716
. . 0.01 204
Write for Bul%etm GEA-4365. Apparatus Dept., o 0.009 202 187/16| 4716
General Electric Company, Schenectady 5, N. Y. 0.0029 88
9000 0.005 153 187/16] 47/16
0.0056 ”n

5.
%
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LIGHT-WEIGHT TRANSFORMERS

o t/yﬁ ol

When size and weight are important
and weather resistance isn't, G-E core-
and-coil transformers solve a lot of
electronic-design problems. Uniform
coils, automatically wound over the finest-grade core
fominations, are of the same high quality and give the
same reliable performance as G-E cased transformers.

Standard core and coil units include 60 types and
ratings of plate transformers, 106 filament transformers,
34 plate-and-filament transformers, and 61 reactors.
Ratings up to 50 kva (physical size) are wound on
standard laminated cores; larger units can be built from
special parts. Write for Bulletin GEA-4280.

ﬁ,,wzéfomv IN 5%

Inside these G-Esmall panel instruments

are packed accuracy and reliability

usually associated with larger G-E instru-
ments. They have space-saving internal-
pivot construction. They respond quickly. Accurate read-
ings are easily made. The instrument weighs a mere 3
ounces and is just 1¥2 inches wide and less than 1 inch
deep. Either watertight or conventional construction is
available for direct-current, audio-frequency and radio
frequency applications. Write for Bulletin GEA-4380.

BRACKETS

CAPACITOR

A distinct advance in bracket
design simplifies the mounting of
rectangular-cased G-E capaci-
tors. A U-bend replaces the conventional L-shape and
provides a spring-washer effect for secure capacitor
mounting. At the same time, it reduces strain on both
capacitor and chassis, and compensates for tolerances in
capacitor case heights,

For either base or inverted mounting, U-bend brackets
are available for most G-E rectangular-case a-c and d-c
capacitors. Write for Bulletin GEA-4357.

ELECTRONIC INDUSTRIES o March, 1946
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Timely Highlights
on G-E Components

i i,

Capacitors ® Sensitive control and time-delay
relays ® Limit switches ® Motors, dynamotors,
amplidynes * Motor-generator sets ® Alnico
magnets ®* Small panel instruments ® Formex™
magnet wire®*Radio ansformers ®*Switchettes
e Selsyns ® Chokes ¢ also tubes, crystals, plastics
produdss, insulation materials, and many others

General Electric Company
Apparatys Dept., Sec. 642-10
S:hene:hdy 5, N Y.

Please send me the bulleting checked:

Chea., GEA-4365

........ GEA-4380 B 2::-:.:::
COMPANY
ADDRESS .
ciry. .
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HOW THEY WORK

ENERGIZED — Coil C pulls
plunger P down into mer-
cury M. Mercury thus dis-
ploced enters thimble T
through orifice O. Inert gos
in thimble grodvolly escopes
through ceromic plug CP,
thus producing time deloy.

ENERGIZED —Mercury now
fills thimble T, is completely
leveled off ond mercury-to-
mercury contoct estoblished
between electrodes E ond
EE. Degree of porosity of
ceromic plug CP determines
length of time deloy.

TRADE MARK

Iz

Model 1200 for D. C.
operation—Quick action
available with contact rat-
ings up to 10 amps. Either

» =%
f ' \|
quick or time delay action,
normally open or closed.

Model 1040 for A. C.
operation — Quick oc
tien available with con
tact ratings up to 50
awnps. Either quick or
time delay action, nor-
mally open or closed.

¢ Circuit Control with
ADLAKE MERCURY RELAYS

Contacts and break-offs are as quick as a wink because
Adlake Plunger-type Relays (models for A.C. or D.C.)
use fast-moving, liquid metal mercury ... positive in action;
silent and chatterless; will not burn, pit, or stick.

Under the most exacting conditions . . . heat or cold,
dirt, dust, or moisture they’re ready and prompt to per-
form. Mechanisms, encased in armored glass or metal
cylinders and then hermetically sealed, are impervious to
the elements and oxidation.

No cleaning, no inspection, no servicing . . . relax and
let an Adlake Mercury Relay work your timing, load, or
control circuits—automatically and trouble-free.

Our hulletin tells the complete story, write for it today.

Tne Apams & WesTiake Company

ESTABLISHED IN 1857

ELKHART, INDIANA NEW YORK - CHICAGO

MANUFACTURERS OF ADLAKE HERMETICALLY SEALED MERCURY RELAYS FOR TIMING, LOAD AND CONTROL CIRCUITS

ELECTRONIC INDUSTRIES @ March, 1946
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. . . this greatest of test instruments has
been tested into top ranking reputation

The Simpson 260 has out-sold and out-performed every other even
remotely similar test instrument in the electronic and electrical fields
ever since its introduction in 1939. Through the ensuing seven years,
covering the War period, circumstances gave it a gruelling test for
accuracy never visioned by its makers. It stands today as irrefutable
proof that Simpson design and Simpson quality produce accuracy
that stays in an instrument year after year.

The demand for the 260 from men who first used it in the Armed
Services (in laboratories of 300 government agencies and universities,
and on the battlefields the world around) has now been added to its
enormous popularity among radio servicemen. The Simpson 260 is
easily the world’s most popular high-sensitivity set tester for television
and radio servicing,

The basic reason for this out-selling and out-performing by ¢he
Simpson 260 is this: It out-values every other similar instrument in
the field. You cannot touch its precision, its useful ranges, or its
sensitivity in any other instrument selling for the same price or even
substantially more.

SIMPSON ELECTRIC COMPANY
5200-5218 W. Kinzie St., Chicago 44, IIl.

ELECTRONIC INDUSTRIES o March, 1946

SIMPSON 260, HIGH SENSITIVITY SET TESTER
FOR TELEVISION AND RADIO SERVICING

Ranges to 5000 Volts—Both A.C. and D.C.
20,000 Ohms per Yoit D.C.
1000 Ohms per Yoit A.C.

At 20,000 ohms per volt, this instrument is far
more seasitive than any other instrument even ap-
proaching its price and quality. The practically
negligible current consumption assures remarkably
accurate full scale voltage readings. Current read-
ings as Iow as 1 microampere and up to 500 milli.
amperes are available.

Resistance readings are equally dependable. Tests
up to 10 megohms and as low as V5 ohm can be
made. With this super sensitive instrument you
can measure automatic frequency control diode bal.
ancing circuits, grid currents of oscillator tubes
and power tube, bias of power detectors, auto.
matic volume control diode currents, rectified radio
frequency current, high-mu triode plate voltage
and a wide range of unusual conditions which can.
not be checked by ordinary servicing instruments.
Ranges of Model 260 are shown below.

Price, complete with test leads.................... $33.28
Carrying case . 4,78

Volts D.C. (At 20,000 Volts A.C. (At 1,000

ohms per volt) ohms per volt) Output
25 25 285V,
10 10 0 V.
50 50 50 V.
250 250 250 V.
1000 1000 1000 V.
5000 5000 5000 V.
Milli-  Micro-
amperes amperes Ohms
D.C.
10 100 0-1000 (12 ohms center)
100 0-100,000 (1200 ohms center)

500 0-10 Megohms (120,000 ohms center)
(S Decibel ranges: —10 to +-52 DB)

ASK YOUR JOBBER
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DEPENDABILITY IN ANY :;/VK

ELECTRONIC EQUIPMENT

FILAMENT

Hlustrated is an experi-
mental 3 KW FM caaxial
grounded grid amplifier
section with the Eimac
3X2500A3 in the socket.

EIMAC 3X2500A3

3500 watts (useful*) output
at 88 t0 108 mc

READY FOR FM NOW

The radical and efficient mechanical design of this new Eimac
external anode triode makes it ideal for usc in any type trans-
mitter circuit. For example, note in the illustration above

Typical Operation (110 mc., 1 tube)

how well the arrangement of the terminals enables it to fit D-C plate voltage 3000 volts
into a grounded grid amplificr. Its design features will be D-C plate current 1.6 amps.
very much appreciated in the cfficient layout of FM trans- XS LI e SRl
mitters—grounded grid or neutralized. In typical gr led O-C grid corrent . 20 ma.

! . g A 8 ¢ o ¢d. In typica g oun('c Driving Power (Approx.) 800 watts
grid operation at 110 mg, the Eimac 3X2500A3 will provide Plate dissipation (Approx.) . 1500 watts
32 KW of useful® output with only 3000 volts on the plate. Total power output (Approx.) 3800 watts
Furthcrmore, only 800 watts (approx.) of driving power are Useful power output . 32000watts

required for such operation. To get your FM transmitter on
the air quickly and cfficiently, use the new Eimac 3X2500A3
tube—tried and proven for the job. Complete technical data

CALL IN AN EIMAC REPRESENTATIVE FOR INFORMATION

is available now. ns
* Porwer actually delivered to the lnad.

FOLLOW THE LEADERS TO

EITEL-McCULLOUGH, INC

Plants lacated at: San Bruno, Calif.
and Salt Lake City, Utah

Export Agents: Frczar & Hansen, 301
Clay St.,San Francisco 11, Calif., U.S.A.

1151-H San Mateo Ave., San Bruno, Calif.

ROYAL J. HIGGINS (WPA10)... 600
S. Michigan Ave., Room 818, Chiccgo 5.
Illinois. Phone : Horrison 5948.

V. 0. JENSEN, General Sales Co.,
2616 Second Ave., Seattle 1, Washing-
ton. Phone: Elliatt 6871,

M. B PATTERSON (W5C1).. 1124
Irwin - Kessler Bidg., Dallas 1, Taxas.
Phone: Central 5764,

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

HERB BECKER (W6QD)...1406S.
Grand Ave.. Los Angeles 15, Colifornio.
Phone: Richmond 6191,

TIM COAKLEY (WIKKP).. .1} Beacon
Street, Boston 8, Massachusetts. Phone
Copitol 0050

CAUTION!

Check serial numbers an Eimactubes befare yau buy. Be sure

yau're getting newest types. Laak far latest serial numbers.




ELECTRICAL DATA

Amphenol “Twin-Lead'’ Transmission Line is
=8O~ available in 300 ohm impedance value. RMA
standardized on 300-ohm lead-in line for Tele-
vision as the most efficient over broadband
operation,
=13 dm= Amphenol also supplies 150 ohm twin-lead to
those interested in particular applications and
experimental work.
3= Designed especially for amateurs who operate
in very narrow bands of frequency or one par-
ticular frequency. Ideal for dipoles with a
nominal impedance of 72 ohms at the frequency
for which they are cut.
Dielectric constant of Polyethylene—2.29. Capacities (mmf
per ft.): *300"—5.8; "150"—10; “75"—19.
Velocity of propagation (approx.): ‘'300""—82¢;; 180" —
77%; “75"—699,
Power factor of Polyethylene—up to 1000 Mc—.0003 to
.00045. Attenuation—FM and Television Band.

300-0hm 150-ohm 75-ohm
Megacycles DB per 100 Ft. DB per 100 Ft. DB per 100 Ft.
25 0.77 9 7
30 0.88
40 1.1
60 1.45
80 1.8
100 2.1
200 3.6

ELECTRONIC INDUSTRIES @ March, 1946

4 Times Actual Size

"\

Greater Signal Strength

l/~3

Low-Loss, High Efficiency
Tops in Weather Resistance

Amphenol's "Twin-Lead'’ is a solid dielectric
line that transmits signals from antenna to FM
and Television receivers with extremely low
loss. It's tough . . . inexpensive . . . easy to
install . . . repels water . . . and is unaffected
by acids, alkalies and oils because the dielectric
is Amphenol Polyethylene.

In temperatures as low as —70°F. Twin-Lead
Transmission Line stays flexible and does not
become brittle after continuous aging in sun-
light. In such outstanding qualities Amphenol’s
“Twin-Lead'’ is a wire of exceptional efficiency,
life and utility.

AMERICAN PHENOLIC CORPORATION
Chicago 50, Illinois
In Canada ¢« Amphenol Limited ¢ Toronto




THORDARSON

TRANSFORMERS

TRU-FIDELITY AMPLIFIERS BETTER
FASTER
e MEISSNER  wox
COMPLETE
SALES COMPONENTS + KITS
SOURCE SERVICE EQUIPMENT SERVICE
@ . - @
oo RADIART
RESPONSIBILITY

VIBRATORS
RUST-PROOF AERIALS

ELECTRONIC DISTRIBUTOR AND
INDUSTRIAL SALES DEPARTMENT




THORDARSON TRANSFORMERS

Over fifty years experience in the manufacture of
quality-built transformers for all applications—replace-

ment, communications, sound amplifier, industrial, ex-

perimental and amateur. Thordarson also originated
Tru-Fidelity Amplifiers.

MEISSNER COMPONENTS
The Meissner reputation, gained and maintained by '

furnishing high quality components, including antenna,

R.F. and oscillator coils; standard and Ferrocart trans-

formers; windings, chokes and accessories. Meissner

also makes the finest in service equipments.

RADIART VIBRATORS

Radiart Exact Duplicate Vibrators are individually
engineered to meet the physical and electrical re-
quirements of each application. This assures longer
life, minimum R.F. interference, low hum level, etc.

Radiart also makes rust-proof aerials to fit all cars.

WRITE FOR COMPLETE INFORMATION TODAY!

MAGUIRE INDUSTRIES, INC.

936 NORTH MICHIGAN AVENUE, CHICAGO 11, ILLINOIS

ELECTRONIC INDUSTRIES @ March, 1946 19




JAPACITOR

ST man Y

® With tiny silvered micas, it's precision: capaci-
fance tolerances of 1%, with temperature coeffi-
cients and stability requirements to meet the
highest characteristics requirements of JAN-C-S;
excellent retrace characteristics; practically no
capacitance drift with time; exceptionally high Q.
Yes, Aerovox specializes in such precision capaci-
tors.

And at the other extreme are giant Type 26 oil-
filled capacitors for high-voltage requirements
such as in X-ray equipment, high-voltage test and
laboratory equipment, and for carrier-current cou-
pling. Again, Aerovox specializes in high-voltage

oil-impregnated, oil-filled capacitors.

But how, you ask, can one organization really
specialize in such totally different products? The
Aerovox answer:

The huge Aerovox plant is really several planis
in one. Micas are made in the Mica Depariment,
oils in the Oil Department, electrolytics in the Elec-
trolytic Department, and so on. Each has its owN
engineers, supervisors, trained workers.

Thus you are assured of that specialized crafts-
manship that insures the best in highly specialized
products, along with the convenience, certainty
and economy of ONE outstanding source of supply.

® Try us on that capacitance problem

Cable: "ARLAB

FOR RADIO-ELECTRONIC AND
INDUSTRIAL APPLICATIONS

' AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S.A. 7

SALES OFFICES IN ALL PRINCIPAL CiTIES » Export: 13 E. 40th St., NEW YORK 16, N. Y. g

"o InCanada: AEROVOX CANADA LTD., HAMILTON, ONT, ..

ELECTRONIC INDUSTRIES o
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urady Hydent

Indent Type

SOLDERLESS
ELECTRICAL
CONNECTORS

Its the one-piece construction of Burndy
HYDENT connectors that makes them elec-
trically stable in high frequency and other
circuits . . . prevents any effect on noise level,
or on the circuit constant. To their permanency
and electrical efficiency, however, also add
their outstanding economy, for one operator
can easily make more than 1000 HYDENT
connections per hour using a simple Burndy
Hypress. For complete information on
HYDENT connectors, and installation of
Hytools and Hypresses, send for the HYDENT
Catalog. Burndy Engineering Co., Inc.,107-K
Bruckner Blvd., New York 54, N. Y.

Burndy pneumatic HYPRESS
No. YIONCP makes 1000 or
more HYDENT connections
per hour—eliminates many of
the operations required for
soldered connections—elimi-
nates thelr disadvantages, too.

ELECTRONIC INDUSTRIES ® March, 1946

vl ""Courtesy RCA™

Headquarters For
CONNECTORS

\ .
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In Canada: Canadian Line Materials, 1%4,,
Toronto V3



OVER A THOUSAND DIFFERENT ] HE Ohmite stock of power rheostats, resistors

and tap switches is the largest and most complete
in existence . . . in variety and number!
Stock modecl rheostats are available in six differ-
ens a S’ ent sizes from 25 to 500 watts . . . each size car-
S~

T2 2 ricd in more than a score of different resistance
Resistors, Tap Switches
AT

values . . . some as low as 0.5 ohm and others as

high as 10,000 ohms.
®

Among the stock resistors are eight sizes of
wire-wound fixed resistors rated at 1, 10, 20, 25,
50, 100, 160 and 200 watts. Also seven sizes of
“Dividohm™ adjustable resistors rated at 10, 25,
50, 75, 100, 160 and 200 watts. All sizes are avail-
able in scores of resistance values, some less than
1 ohm, others as high as 250,000 ohms.

There are also three series of stock tapped re-

. sistors (ten-section “Multivolts™), three series of

OW a 2“‘Cé AW t& non-inductive resistors, two series of glass-enclosed

non-inductive resistors, five series of “Riteohm”

precision resistors, seven series of tap switches,

nine series of radio frequency chokes, and many
other units.

So great is the variety of Ohmite stock units
that a combination of them can be used to obtain
an endless number of resistances and wattage
capacities. Special units engineered and produced
to your specifications.

OHMITE MANUFACTURING COMPANY
4983 FLOURNOY STREET, CHICAGO 44, U.S.A.

z zoie wd O [HIMITE

RHEOSTATS * RESISTORS . TAP SWITCHES
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State size
and quantity
required!
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RUNZEL CORD & WIRE CO.

4723-31 MONTROSE AVENUE .. CHICAGO 41

= ':::1 3{? \"\\"
N : A
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ERIE RESISTOR has developed and manufactured a complete line of
Ceramic Condensers for receiver and transmitter applications; Silver-
Mica and Foil-Mica Button Condensers; Carbon Resistors and Suppres-
sors. Complete technica! information will be sent on request.

gp .D...

ERIE RESISTOR CORP., ERIE, PA.

LONDON, ENGLAND TORONTO, CANADA.

ELECTRONIC INDUSTRIES ® March, 1946




Look ahead “;,4 Radar by Sperry

o This year, Sperry Gyroscope Com-
pany introduces its new Radar
equipment for marine use,

Sperry Radar has been conceived
to function better in this funda-
mental service: To enable ships to
operate on schedule regardless of

__ visibility...through thick fog, heavy
rain, dense smoke, darkness.

As an aid to navigation it picks
up channel markers and buoys; as-
sists in making landfalls with assur-
ance; spots icebergs, floating dere-
licts and other hazards projecting
above surface. It also permits vessels
to enter harbors and proceed with

all due safety and caution through
fog. Another important feature:
Sperry Radar provides a Gyro-Com-
pass-controlled image and can be
operated by bridge personnel with-
out extensive technical background.

In design and construction, Sperry
Radar reflects this company’s many
years of experience in precision
manufacture of marine equipment—
as well as its outstanding achieve-
ments in the field of electronics. In
simplicity and dependalility, tlds
new Radar exemplifies again
Sperry’s ability to build superior
products for merchant ship service.

Sperry Radar Features:

® Designed to meet all Class A
specifications of the U. S. Coast
Guard.

® Maximum range 30 miles—
minimum, 100 yards.

® 10-inch picture on a 12-inch
screen.

® Images presented in true or
relative relationship at option
of operator.

® Gives accurate ranges read
from indicator instead of esti-
mated from scope.

® Backed by world-wide service.

SPERRY GYROSCOPE COMPANY' INC. GREAT*NECK.'N. Y.

=SFERRH

XX
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MAGNETS

MAY DO
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S | |

Heat Treating for Highest Magnet Efficiency

Proper techniques of heat treatment and cooling
must be applied to produce the highest magnetic

qualities in the various permanent mag-
net materials. The Alnico alloys, for
instance, require extremely high tem-
perarures and must be cooled at a care-
fully controlled rate, Alnico V being
placed in a strong magnetic field during
cooling, after which they must be drawn
at precisely controlled temperatures. Ex-
actness is imperative in these operations.

To provide the proper temperature
cycles, continuous electric furnaces are
utilized at The Indiana Steel Products

26

THE IN DIANA“ STEEL

6 NORTH ‘MICNIGIN‘:LV"]IIE, CHICAGO 2, ILLINCIS
LTS {

|
Permanent

Magnets May
Do It Better

A
i

An Alnico
Tachometer Magnet

Company. These furnaces were especially designed
to provide the necessary temperature zones to

produce highest magnetic quality. each
one being controlled separately by an
automatic pyrometer.

Our engineers will be glad to con-
sult with you on any problems on the
use and application of permanent mag-
nets. For information on permanent
magnet application. design and mate-
rials, write for the new technical “Per-
manent Magnet Manual.” The Indiana
Steel Products Company,6 North Michigan
Avenue, Chicago 2, Illinois.

Copvright 1946, The Indiana Steel Products Co.

PRODUCTS COMPANY

SPECIALISTS IN PERMAMENT MAGNETS SINCE 1910

IT BETTE

il
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BESIGNED AND ENGINEERED AT NO. 1 PLASTICS AVENUE

!

e A ————— e et e e

Maw CONTACT YOKE FOR HIGH-FREQUENCY
APPLICATION. MUST HAVE MECHANICAL
MOVING PART AND

BE D/MEMS‘/OIVA.{ LY STABLE.

|
R Y $ f ‘
l
l

G-E MYCALEX...FOR PRECISION-MOI.DED INSIII.ATION

@ This contact yoke was designed to drive a vital moving
part in a high-frequency application..\ flat and dimension- What is G-E Mycalex ?
ally stable part was required.

No. 1 Plastics Avenue was consulted. The problem was 1 :
solved by specifying G-E mycalex—compound of giass and a hard, gray-colored, stone-like material
powdered mica with a unique combination of properties. whieh is eslled mycalex.

Molded in G-E mycalex by new techniques, this contact
voke has everything required of a high- frequency compo-
nent—dielectric strength . .. low loss factor. .. stability . . ;
flatness . . . rigidity. lation:

G-E mycalex is now available to all industry in st‘an‘dard High dielectric strength: low power fac-
rods and sheets, or molded to your own design. G-I de- tor; prolonged resistance to electrical
signers and engineers will give you the benefit of their | . hemical stability leteri
experience in molding hundreds of G-E mycalex parts. | Rreing; chenncal slabliily —no deterio-
Write to Section T-8, Plastics Divisions, General Electric | ration with age; dimensional stability
Company, 1 Plastics Avenue, Pittsfield, Massachusetts. freedom from warpage and shrinkage;
imperviousness to water, oil, and gas:
resistance to sudden temperature
changes; low coefficient of thermal ex-
pansion; high heat resistance,

Fused glass and powdered mica produce

G-E mycaler possesses a untque combinu-
tion of properties for kigh-frequency insu-

GENERALU@ ELECTRIC

CD46-M8
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% %m'c % .. ENGINEERED

This is a special-purpose electronic part. Itis a plug-
receptacle assembly for use with rack-panel type of
mounting. Twenty-four silver-plated phospher-
bronze contacts 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 to improve many tvpes of elec-

TO A SPECIFIC NEED

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., LeRoy, N. Y,

ELECTRONIC INDUSTRIES @ March, 1946
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IN TRANSFORMER
DESIGN FOR POST-WAR
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The product Hlustroted typifies N-Y-T
compoct designs incepted by N-Y-T for
mobile, alrborne and podoble equipment.

= b 5? s

A consideration of time
and cost factors!

N-Y-1 engineers are now in a position to ex-
tend close collaboration in the solution of
transformer, choke and filter problems—from

“v: s bluegrint to finished product. They are pre-
=3 '°'i=%m:'¢~v~°~m ‘o 4 pared to design special components for specific
S W applications and produce them promptly at
low unit cost. This unique service is made pos-
sible by the specialized engineering and pro-
duction facilities of N-Y-T. Our engineers are
available for consultation.

NEW YORK TRANSFORMER CO
62 WILLIAMS ST., NEW YORK 5, N. Y.

ELECTRONIC INDUSTRIES @ March, 1946
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Ceramic Trimmers
Bulletin 69S

PRODUCERS OF C@D

Ceramic High Voltage Capacitors Bulletins 630 ond $86
Bulletin 814

field . . . @lways specify Centralab.

The initials “CRL” in the diamond
have identified Centralab products for
a quarter of a century. Due to new
techniques and production procedures,
this hallmark of quality will continue
to represent the latest developments
in components for the electronic

Variable Resistors

Bulletin 697 Tubular C.erumic Selector Switches
‘ Copacitors Bulletin 722

ELECTRONIC INDUSTRIES o
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CROCKER-WHEELER
ENGINEERED /’

A definite achievement in the electric motor

field, this SEALEDPOWER Motor (1 to 15 H. P.) idcorporates many

exceptional features in its design.
One of these features is the impregnation of the windings with a thermosetting
varnish to prevent vibration of wires and lengthen the life of the insulation

by reducing hot-spot temperatures. Exhaustive tests proved that DOLPH’S

“SYNTHITE” afforded all the necessary and exacting requisites needed in
an insulating varnish for this application. Don’t overlook this importanat phase

of motor design; insure winding protection with DOLPH’S “SYNTHITE”.

JOHN C. DOLPH COMPANY

1060 BROAD _STREET . NEWARK 2, N J.

%5%@477 Uity S mzyZ?
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Left Indicator Unit of
Type 248 Oscillograph

Below —Power Supply Unit
of Type 248 Oscillograph

PRECISION ACCURACY to the

Hecrorcond,

The Du Mont Type 248 Cathode-Ray Oscillo- NOTE THESE UNUsuAL §
graph was developed to meet the need for a e ) EATURES
precision-measurement insirument of laboratory- ‘cee;e:n:r;nc:lave” SWeep speeds which ex.
standard accuracy ... an instrument of such out- 2. Visual d Per microsecond,
standing performance and dependability that it has .whil::: p:::pl‘ay of non-repetitive transien
uce writing rates 45 fast as three o:

no rival in the commercial field. more inches per micr
osecond,

If your immediate or long-range program involves

pulses, iransient response, waveshaping circuits, ofar
. . . . a transi
video amplifiers or any problems which require the nsient or pulse,
- - 4, e .
unusual combination of a cathode-ray synchroscope f:r‘: :::tamed Irigger pulse oscillator -
and oscillograph, you'll find the Type 248 the perfect P€ applications, 2
answer to all your requirements . .. with accuracy to 5 :::’l"oaélv [provided fiming markers o 1
microsecond interyalg which ma,y lbOl
e

the MICROSECOND!

THE DU MONT TYPE 248 CATHODE-RAY OSCILLO-
GRAPH IS NOW AVAILABLE FOR IMMEDIATE DELIVERY !
FURTHER INFORMATION IS YOURS FOR THE ASKING.

© ALLEN B. DUMONT LABORATORIES, INC.

INC., PASSAIC, NEW JERSEY = CABLE ADDRESS: ALBEEDU, PASSAIC, N. J., U. §. A,

ALLEN B. DUMONT LABORATORIES,
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Myron E. Kluge, President of Kluge Electronics, Inc., proudly presents to
the radio amateurs of the world o new sensotion in radio history, The
CALIFORNIA KILOWATT—a “‘one package” 1000 wott amateur radio
station designed and engineered to bring amateur radio out of the
attic and the shack and into the living room.

About the size of an ordinary desk, the CALIFORNIA KILOWATT is
simply and beautifully designed to fit into your den or living room as
neatly and harmoniously as an additional piece of furniture with no
clutter or mess. It is completely self-contained with nothing to be added.

Kluge Electronics, Inc., is the first to conceive, design and produce this
remarkable contribution to modern radio. Among the special Kluge
features designed into the CALIFORNIA KILOWATT are:

1. A Cadlifornia Kilowatt transmitter with an amazing new tube devel-
opment—5 band operation with variable frequency control in each
band—phone or CW at the throw of a switch—110 or 220 volt operation;

2. Provisions for your choice make of receiver;

ELECTRONIC INDUSTRIES ® March, 1946

3. Built-in speaker — (high
fidelity remote speaker also
availoble);

4. Built-in frequency moni-
tor—all band crystal con-
trolled;

5. Built-in world time clock;

6. llluminated world map
with cork backing;

7. Price—the complete CALI-
FORNIA KILOWATT Station
costs far less than you would expect to pay for a transmitter alone.

Premiere showings of the Kluge CALIFORNIA KILOWATT will be held
in key cities soon throughout the notion by America’s leading whole-
sale distributors. For additional information about the CALIFORNIA
KILOWATT write to Kluge Electronics, Inc., Dept. AT,1031 N. Alvarado
Street, Los Angeles 26, Calif.

The CALIFORNIA KILOWATT
in closed position

A few territories are still available to qualified
distributors. Write or wire Kluge Electronics, Inc.
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The variable crystal filter
used in the “HQ-129-X"
and the “Super-Pro’’ is an
exclusive Hammarlund
patent. It provides wide
band crystal selectivity for
use in crowded amateur
phone bands and single
signal code reception.

Write For Technical Details

SHINE
/

\;;M—D;o THE HAMMARLUND MFG. CO., INC., 460 W. 347 ST., NEW YORK 1, N. Y.
o MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT
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otage Sicbitzers

INCREASE SALABILITY!

When you build-in a Raytheon Voltage Stabilizer—
or offer it as an accessory—you are adding an effec-
tive sales feature to your own equipment.

It stabilizes fluctuating voltage to within = 15%.
Thus it improves the operation, boosts perform-
ance, steps up the accuracy of wide varieties of elec-
trical equipment.

Inquire. There are three models to suit your in-
stallation or design requirements. . . cased, uncased
ar endbell. And if desired, Raytheon engineers will
design special stabilizers to meet the individual
requirements of your design. Write for Bulletin
DL 48-537.

RAYTHEON MANUFACTURING COMPANY
Waltham 54, Mass.

ELECTRICAL EQUIPMENT DIVISION

ELECTRONIC INDUSTRIES @ March, 1946

Get these principal -
operating advantages:

Controd of output valtoge ta within
+%%.

Stabilizotion ot ony load within roted
capacities.

Quick respanse. Stabilizes varying input
valtage within 1/20 secand.

Entirely autamatic. Na adjustments. Na
maving parts. Na maintenance.

Encellence ern Edectronics

ENDBELL
MODEL
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ToP
FREQUENCY STANDARD
(60 cycle) for use with
external power supply

CENTER

CHRONOGRAPH
Records time intervals
with resolution to 001 second

BOTTOM
FREQUENCY STANDARD
(120 cycles) with
self-contained power supply

These tuning forks which include
new engineering principles, pro-
vide irequencies from 120 to 1,000
cycles directly with an unquali-
fied guarantee of accuracy to 1
part in 100,000 over a wide tem-
perature range. (Better than 1
second in 24 hours). Closer tol-
erances are obtainable on spe-
cial order.

These tuning fork assemblies are
available only in single or multi-
frequency instruments of our
own manufacture which are de-

signed to test, measure or control
other precision equipment by me-
chanical, electrical accoustical or
optical means.

The dependability of these fre-
quency standards is being dem-
onstrated for myriad purposes
in all climates and under all
working conditions.

If you have need for low fre-
quency standards of exceptional
accuracy, your inquiries are in-
vited.

American Time Products, Inc.

580 Fifth Ave.

» 9 - . .,. e »
Dist. of Western Electric & s i Masrer  Warch-rate Recorders

SRS

New York, N. Y.
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LONG LIFE
FLAME RESISTANT

LOW MOISTURE
ABSORPTION

RESISTS OXIDATION

HIGH DIELECTRIC
STRENGTH

WIDE COLOR RANGE

Export Distributor:

ELECTRONIC INDUSTRIES @ March, 1946

Federal Telephone and Radio,

International Standard Electric Corporation

THERMOPLASTIC INSULATION

FOR SUPERIOR QUALITY AND SERVICE

Federal's light-weight, pliable, thermoplastic insulated hook-
up wire . . . fitted to your job . . . means better assembly with
wire possessing superior diclectric strength and exeeptional
mechanical stamina.

Resistant to flame, moisture and oxidation . . . this tongh
but flexible thin-walled thermoplastic insulation covers all
Federal’s hook-up wire and combats aging, water absorption,
abrasion, oils and greases.

Available in solid or stranded types ... for high or low
voltage needs in radio, clectronies, appliances, communica-
tions, and allied ficlds .. . these labor-saving light-weight
hook-up wires come in 11 brilliant colors and range in size
from 21 to 11.

Whether your meeds be large or small, get complete de-
tails . . . write to Federal now.

(Orporation
:\if; Newark 1, N. J.
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The RAULAND

10" Flat Face,Direct-Viewing Tube ...
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This Rauland R-6025 is a 10 inch, flat face, TYPICAL OPERATING CONDITIONS—R-6025
direct-viewing electromagnetically focused and Overall length & 2 3 4 4 . « 17.5" max,
Heater voltage . . . . . . . 6.3 volts

deflected tube. All necessity for lon Trap has Grid No. 1 . . . 45  volts*
been eliminated. Now ready for the industry GHdINo 2 gl Sl e ) 2508 volts
Arode . . . . . . 5000-11000 volts

. . . operating features given at right: P4 Screen—7 pin duodecal base

*cut-off voltoge

RADIO - RADAR - SOUND COMMUNICATIONS - TELEVISION

Electroueeri;zg is our business
THE RAULAND CORPORATION e CHICAGO 41, ILLINOIS
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PHENOLITE blades in this rota

inset shows blade construction.

Extremely resistant to hear, the

ry air

compressor ‘‘stand up” successfully and
long—even at discharge temperatures
of 300 to 320 deg. F. Cross-section and

Durable Light-Weight

PHENOLITE

LAMINATED PLASTIC

improves product performance and efficiency

For rotary air compressor blades—or
wherever a heat-resistant material is required
—Phenolite laminated plastic “stands up”
on every count . . . gives improved product
performance, efficiently and economically.

This outstanding property, plus its rare
combination of qualities, makes Phenolite a
“natural” for countless industrial applica-
tions. Light in weight (about one-half that
of aluminum), it is exceptionally resilient
and high in impact strength . . . is resistant
to abrasion . .. possesses excellent machina-

bility . . . resists moisture and changing

ELECTRONIC INDUSTRIES @ March, 1946

humidities . . . and is not affected by solvents .

and oils.

In Phenolite, you may find the answer to
your problems—in products or plant equip-
ment. Find out some of the many ways this
versatile material may serve you profitably.
Write for full information and the assistance

of one of our trained engineers.

NATIONAL VULCANIZED FIBRE CO.

Oftices in Principal Cities
WILMINGTON 99

DELAWARE

39
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THIS JOB

OUGHT TO BE A CINCH!

Who was it that scared the little Austrian
paper hanger to death? Who was it that busted the
Bulge? Who was it that brought the son of heaven
down off his white horse? Who gets the credit for

V-E Day?

Why, the brass hats and G. I. Joe. The financier be-
hind his polished desk. The nation’s industrialists who
converted their plants into arsenals of war. Labor
working three shifts, racing against time. The house-
wife wrestling with ration stamps. Junior and Little

Sister collecting waste paper and tin cans.

~+ ENERAL

© 1946, GENERAL INSTRUMENT CORP,

ELECTRONIC INDUSTRIES @ March, 1946

|
TIM POST-WAR

SR
c

' WAR-

R

et 4 o Ao ey
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It was all of them — all America working together for
a common purpose. It took a war to show us what we
could accomplish when we pooled our efforts. It sur-
prised us, and astounded our enemies, the rate we

could produce and the way we could fight.

A nation that can do a job like that, can certainly

solve its peacetime problems.

* VARIABLE CONDENSERS * ACTUATORS

* TUNING MECHANISMS * RECORD CHANGERS
* AND NOW— SPEAKERS

NSTRUMENT CORPORATION:

829 NEWARK AVENUE + ELIZABETH 3, N. J.

11




TUNG-SOL LAMP WORKS,
Sales Offices:

Many cldsters still remember the old
letter copying press and long hours spent in dim light
after other office workers had gone to their homes.
While carbon paper was indeed an emancipator of
office boys, it is but another example of the trend to
greater efficiency in miniature.

And so it is with TUNG-SOL Miniature Electronic
Tubes. The large type tube did do a job. But today,
especially in high frequency circuits. TUNG-SOI.
Miniatures do a more efficient job. The shorter leads
on the Miniature make for low lead inductance. low
inter-clement capacities, and high mutual conduetance,

INC.,

The smeller and lighter parts make

possible a rigid construction that is

more impervious to the effects of shock

and vibration. The size of the Minia-

ture makes it a factor in reducing the

overall size of radio equipment G

. ACTUAL SIZE

The manufacturer who wants his

cquipment to be “modern” must consider the use of
Miniatures. TUNG-SOL Engineers will gladly work
with you in planning circuits and in selecting tubes
with the sole objective of making your equipment as
efficient as possible. Your eonfidences will be strictly

respected.

TUNG-SOL

vilaleor-tested

ELECTRONIC TUBES

NEWARK 4, NEW JERSEY

Atlanta » Chicago » Dallas « Denver « Detroit « Los Angeles «- New York

Also Manufacturers of Miniature Incandescent Lamps, All-Glass Sealed Beurn Hradlight Lamps and Current Intermittors

42
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The answers are all bere in this new fact-packed book by
Woestinghouse . . . including full-color illustrations and 14
case histories of induction and dielectric heating ... brazing,
annealing, hardening, soidering, plastic molding, rubber
curing, plywood bonding. Write today for your copy on your
business letterhead, please. Ask for B-3020. Westinghouse
Electric Corporation, P. O. Box 868, Pittsburgh 30, Penna.

‘%stinghouse

PLANTS IN 25 CITIES (4 QFFICES EVERYWHERE

@ %Wﬂ?%ffm

43
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Chemical App2aT:
Flectrical Contacts
Instruments
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Check these General Plate
laminated Metal advantages:

It’s no trick to get precious metal performance at a
cost slightly bigher than base metals. . .not if you use

General Plate Laminated Metals. v/ Economy

These versatile metals . . . in sheet, wire or tube form )

...are combinations of precious metals to base v/ Better Electrical Performance
metals . . . permanently bonded together. The thin

layer of precious metal gives the precious metal per- +/ High Corrosion Resistance

formance requirements such as better electrical con-
ductivity or corrosion resistance — the heavier base

metal permits low cost plus workability and extra v/ Ease of Fabrication

strength.

Laminated base metals, also available, give you per- v/ Ease of Soldering
formance and mechanical and structural properties

not found in single solid metals. v/ Workability

Look into General Plate Laminated Metals. Our en-
gineers will gladly show you how you can benefit by L Lif
their performance and cost-cutting advantages. Write V' Long Life
for information and engineering assistance today.

GENERAL PLATE DIVISION

of Metals and Controls Corporation

50 Church St., New Yark, N, Y.; 205 W. Wacker Drive, Chicaga, 1li.; 2635 Page Drive, Altadena, California Grant Bidg., Pittsburgh, Pa.
Attleboro, Massachusetts

-~ ELECTRONIC INDUSTRIES ® March, 1946




KKAR® ueraL provuets co. inc.

126-30th Street, Brookiyn 32, N. Y.
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This new insulating material with the resins and glass
base developed for many war applications presents
many advantages.

Its power factor and dielectric consiant
closely approaches that of many ceramics
and other high quality insulators, and it can
perform many of the functions it was once
thought only ceramics could fulfill.

FORMICA

LAMINATED
PLASTICS

advantage of mechanical strength to

2 At the same time MF-66 has the special
stand up under sharp blows.

present where airplanes, ships, and

) 3 It withstands vibration that is so often
ground installations are concerned.

\ # MF-66 dimensions are stable under
4 changes of humidity.

It withstands changes of tempera-
5 ture.

MF-66 also resists the growth of
fungi as it contains no cellulose.

MF-66 has the characteristic Formica
machinability and workability which
permits fast mass production and
notable labor saving.

THE FORMICA INSULATION COMPANY, 4647 SPRING GROVE AVENUE, CINCINNATI 32, OHIO
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S the draftsman’s pencil makes its mork, he issues

orders, through a remarkable kind of shorthand,

to the men who must act on his drawings. But only with

special assistance can human hands shape such precise,

complex orders as these. No wonder the draftsman

chooses his instruments with care...he is, in effect,
taking them into partnership!

In this sense, Keuffel & Esser Co. drofting equipment
ond materials have been the draftsman’s portners
for 78 years in creating the peaceful culture and
wartime might of America, in maoking possible our

-~ concrete dams, steel bridges, aluminum bombers.

- partners in creating

So wniversally is this equipment used, it is self-
evident that every engineering project of any magni-
tude hos been built with the help of K& E. Could
you wish surer guidance than this in the selection of
your "drafting partners''?

Especially in these hurried days, you will find o
PARAGON* Drofting Machine o boon to your work
...and your nerves! With the finger tips of your left
hand on its control ring, the lightest pressure enables
you to set the scales at any angle, anywhere on the
board. Your right hand is always free. For the full
PARAGON* story, write on your letterhead to Keuffel

& Esser Co., Hoboken, N. J. *Reg. U. S. Pat. OF. U T c
N\"&=
K E U FFE L &' E ss ER CO- Drafiing, Reproduction, Surreying

EST, 1807 Equipment and Materialr.

NEW YORK - HOBOKEN, N. J. Slide Rules, Measuring Tapes.

CHICAGO « ST. LOUIS « DETROIT » SAN FRANCISCO
LOS ANGELES « MONTREAL

....fastest airplanes
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SPRAGUE ELECTRIC COMPANY, NORTH ADAMS,.MASS.

RECENT CAPACITOR TYPES
Wonth RKuowing

Sprague engineering leadership extends to
Mica, Dry Electrolytic and countless Paper
Dielectric Capacitor types in addition to

R

those illustrated above. Sprague engineers

welcome the opportunity to make recommen-
. . ) /" PIONEERS OF ELECTRIC AND ELECTRONIC PROGRESS
dations based on your specific requirements. a—— ———

*Trodemarks Reg. U. S. Pat. Off,

ELECTRONIC INDUSTRIES @ March, 1946
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“"Vibration nerves” are a chief cause of industrial fatigue, with
all its attendant troubles: employees who are tired before lunch-

time; supercritical foremen and quickly resentful workers; confu- g 2 ﬁz
sion; lowered production; increased absenteeism and labor turn- Oltded

over; all cutting deep into company profits. MO““T'"GS

SHEAR TYPE

An investment in Lord Engineered Vibration Cantrol is
an investment in improved morale of men as well as improved
performance of machines. When you call in a Lord Engineer,
you are calling on a generation of experience and research in the
field of vibration control. Lord has a larger line of scientifically
designed mountings and a larger library of experimental data

and field studies, than all other companies combined. Every genuine Lord Mounting

When you come to Lord, you are coming straight to carries the name “LORD"
embossed in the rubber or in

raised letters on the forgings.

Vibration Control Headquarters.

i TAkES BONDED RUBBER 7x S4ear 10 ABSORB VIBRATION

% BUY VICTORY BONDS 3 LORD MANUFACTURING COMPANY

ERIE, PENNSYLVANIA

Originators of Shear Type Bonded Rubber Mountings
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DEPENDABLE OPERATION—BECAUSE THEY HAVE FEWER MOVING PARTS

“~!

SEEBLRG =

;E%zuzaflfaaznyeza

The dependability of SEEBURG RECORD CHANGERS has been proven by the many years of actual use. While new
and more efficient features have been included . . . the simplicity of the operating mechanism has been retained to
render the same relioble, trouble-free operation that characterizes SEEBURG RECORD CHANGERS.

(. SEeBuURg !0)/70 RECORDER .

The scientific and commercial development of Wire Recording is a triumph of electronic engineering! SEEBURG

engineering and research has played a major rale in this new recording and reproducing

instrument. One simple control knob operates the SEEBURG WIRE RECORDER to record and

reproduce speeches, plays, meetings, music, radio programs, etc. There are no needles or -
discs used.

Qeebura

1902 DEPE'NiJABLE MECHANISMS 1946

J. P. SEEBURG CORP. » CHICAGO u
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LOW-VOLTAGE
RECTIFIERS

Place your postwar products in a superior class of
their own by equipping them with G-E low-voltage
rectifiers. There are copper-oxide, selenium or
Tungar types and sizes for practically all d-c appli-
cations. This makes it possible for manufacturers
to design and build their products around the rec-
tifier that is sure to deliver the most efficient, most
dependable and most economical performance.

Naturally, all three differ in characteristics, basic
materials and construction. Each is better than the
other when accomplishing the specific job for
which it is designed. Thus the manufacturer of
products employing rectifiers must first determine
the results to be obtained and the conditions under
which the rectifiers must function, before making
a selection.

Since G-E makes all three — Copper-oxide, Sele-
nium and Tungar — it has no reason to prefer one
to the other. It can give you impartial advice on
which type is best for your particular requirements.
For further information write Section A3611-124,
Appliance and Merchandise Department, General
Electric Company, Bridgeport, Connecticut.

Hear the General Flectric radio programs: “The
G-E AR Girl Orchestra” Sunday 10 P.M. EST,
NBC. "The World Today” rews every weekday
6:45 P.M. EST. CBS. “The G-E House Parg”
Monday through Friday 4:00 P.M. EST, CES.

GENERAL (%) ELECTRIC

ELECTRONIC INDUSTRIES ® March, 1946

FOR SUPERIORITY IN POSTWAR PRODUCTS

COPPER-OXIDE—Rugged in construc-
tion, pravides virtually unlimited life
when operated within rated capacities.

SELENTUM-—Fxcellent for continuous
operation where space is a factor and
weight must be held to 2 minimum.

TUNGAR—Eflicient and economical
for low-voltage applications where life
and price are determining factors,
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. . . JOHNSON
COMPONENTS PICKED
FOR USE IN AIRLINE
TRANSMITTER !

7 he new Wilcox 99A, medium power, trans-
mitter designed primarily for airline fixed com-
munication service, is provided with features in-
cluding four removable radio frequency channels
in the low, high and very high frequency ranges.

Shown above is one of the
rf. channels with Johnson
components highlighted . . .
Type D dual condensers in
the antenna tuning and final
amplifier stages, Type F
condenser in the r.f. ampli-
fier, cone insulators and
thru-panel insulators with
jack connections. None visi-
ble in the photograph are
Johnson 211 and 237 tube
sockets, lead-in bushings
and panel bearings.

The use of Johnson compo-
nents in the Wilcox 99A is
further proof of the relia-

WILCOX 99A
TRANSMITTER

R. F. CAPACITORS AND INDUCTORS e TUBE SOCKETS e INSULATORS

CONNECTORS e PILOT LIGHTS

JOHNSON

WRITE FOR SPECIFIC INFORMATION
OR GENERAL PRODUCTS CATALOG 9680

E. F. JOHNSON COMPANY
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bility of Johnson products. In a transmitter of this
type, designed for flexible and trouble-free serv-
ice, components must meet the highest standards
of quality and adaptability.

The adaptability of Johnson products results in
great savings to Johnson customers by minimizing
the need for specially designed components. For
example, the Type D dual condensers used in the'
assembly shown above are standard models re-
duced in overall size and supplied with special
mounting brackets to meet chassis design. The
standard Type D used in the final amplifier has
been fumished with dual sections of different
capacitances, thus eliminating the need for a
special condenser.

Whether you are working on a "ham rig,” elec-
tronic heating equipment, commercial transmitter
or any other radio electronic device, you will be
sure of top performance with components by
Johnson. Send us your special problems and we
will first try to adapt our standard products to
meet your special requirements,

o HARDWARE ITEMS

7

a éamoas name in Radio

WASECA « MINNESOTA
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your products hermetically sealed

against Extreme Climatic Conditions

..with STUPAKOFF xovAR+-GLASS SEALS

Stupakoff metal-glass terminals form permanent pressure-tight seals,
without cement or gaskets. They protect your products under most ad-
verse climatic conditions and guard against humidity, fungus and other
elemental hazards.

Stupakoff Kovar-glass seals are made in standard shapes and sizes
or to your exact specifications for electronic tubes, transformers,

resistors, capacitors, condensers, vibrators, switches,

relays, instruments, gauges, transmitters, meters, re-
ceivers and other components . . . with single, multiple,

solid or tubular electrodes.

Write today for Bulletin 145

for complete data on Stupakoff
Kovar-glass seals.
* Trade Mark 337962 Reg. U.5. Pot, Off,

STUPAKOFF

CERAMIC AND MANUFACTURING CO. * LATROBE, PA.
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METAL ASSEMBLIES AND componems

FOlt

ElE(TRONIC AND MECHANICAI. DEVICES

L
ENGINEERING
L
DEVELOPING
®
FABRICATING
e
ELECTRO-FORMING
®
PLATING
®
FINISHING'

®

‘ .ERNARD .ICE’S E]ONS

MANUFACTURERS OF QUAI.I‘I'Y ME'I’AL PRODUCTS SINCE 1867

‘ OFFICE: 325 FIFTH AVENUE, NEW YORK 16, N. Y.
WORKS: 139-145 NORTH TENTH STREET, BROOKLYN 11, N. Y.




G e ' i e

ORDER
YOURS
Now!
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Collins FM research, begun long before the war, went into high gear immediately
following V]J day. An intensive engineering program is developing a series of FM
transmitters to cover the power range of 250 watts to 50,000 watts.

These transmitters will be available, beginning with the 250 watt type 731A in
midyear, 1946, and the 1000 watt type 732A soon thereafter. 3, 10, 25, and 50 kw

transmitters are scheduled to follow in rapid succession.
With typical Collins thoroughness, these FM transmitters are designed to specifi-

[ ]
cations well within FCC and RMA requirements and recommendations.
Notable achievements in circuit design assure efficient and dependable operation.
Power output can be increased as desired, with a minimum of changes. The styling is
attractively modern, and will blend well with up-to-date station layout.
Collins is prepared to supply your FM transmitter and all accessories. Our engi-
neering staff is available at all times for consultation, and will assist you in effecting

Cedar Rapids, lowa
New York 18, N. Y,

11 West 42nd Street

*®
'YX X XA
ELECTRONIC INDUSTRIES

L ]
L ]
[ J
L ]
*
[
o
[ ]
L ]
[ ]
L J
. early installation and operation. Write today.
L ]
5 Collins Radio Company
®
[ /_\
: H
®

FOR BROADCAST QUALITY, IT'S ¢ ¢ « » }
March, 1946
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Including INDUSTRIAL ELECTRONICS

O. H. CALDWELL, EDITOR % M. CLEMENTS, PUBLISHER * 480 LEXINGTON AVE,, NEW YORK (17), N. Y.

Engineering s Sales Costs

It is time radio engineers looked more closely into
the marketing methods by which their products pass
to the consumer, a well-known manufacturing execu-
tive reminds us:

“Engineers devotedly work their slide rules and com-
pute costs down to fractions of a decimal point. They
apply every economy that technical ingenuity and
resourcefulness can devise.

“But when the product goes to the average sales
department, nobody knows—or can tell within 20 or 30
per cent—what the final costs of distribution will be
for the same product that has been factory-cost-ana-
lyzed down to a hair. Through faulty sales policies or
misjudging of the market, we may toss away a hun-
dred times all the patient savings of the engineering
department and factory, because market determina-
tion has not yet been put on an equivalent basis of
engineering and sound knowledge.”

Let’s Put Color-TV to the Test

CBS in recent weeks has achieved some striking
demonstrations of uhf color-television. All credit to its
engineers in pioneering this new field of great promise.
Hundreds who witnessed these New York presentations
agree that color, when available as there shown, will
tremendously increase the public’s demand for TV sets.

If color-television on 490 me, rich in detail and free
of ghosts, is everything that its adherents promise for
it, we would like to see a practical color-video broad-
cast operation carried out in some metropolitan center,
without delay,—even without waiting for the industry
to pow-wow and standardize. Much would be learned
by all hands.

An Experiment in Public

If, say, CBS will broadcast color-television programs
from its Chrysler Tower antenna several times weekly,
we are sure hundreds of engineers, experimenters, and
hams would quickly join in the experiment with sets
of their own construction. Color telesets could possibly
be supplied by local custom-builders at around $500,
for laymen willing to participate. Such puhlic experi-

mentation would produce the answers to many ques-
tions that now bother both engineers and business
executives.

And even the public, we suspect, would be quick to
observe, compare, and buy—or try to buy!

Let’s put color-tele to a practical public test without
delay.

Keeping Things Constant

Much of the problem of delivering electrical power
is in keeping the voitage constant. Of late it has been
shown that tubes, making use of electrons “freed from
the bondage of wires”, can do a better job than can
manual control at the switchboard!!

As a result, constant voltage—with its equally im-
portant brothers, constant frequency, constant speed,
constant temperature, and constant-everything-else-
you-can-think-of--have opened doors to countless new
industries, products and jobs, so that many times the
number of manual switch-throwers displaced, now
have more interesting and better-paying positions.
And today the power engineer deals with electronic
equipment many times more complicated than the
old switches and capable of doing jobs that the best
of switches and the best and quickest operators could
manual control at the switchboard.

New Possibilities of Control

Keeping things constant is only one effect that an
electron tube can handle. Many farsighted engineers
have noted that for the majority of situations, non-
linear control would be even better. Here, again, elec-
tron tubes have taken over, in jobs where human
control would not be effective.

A motor driving a lathe might better have its speed
controlled according to the load, delivering maximum
speed consistent with its own capabilities, the heating
up of the work, or the strains on the tool, so as to get
most work done per hour.

A chemical mixing machine might have its tempera-
ture controlled in accordance with some intricate set
of conditions inherent with the mixture.

In applications like these, electronic control per-
forms functions no human could ever undertake.

Month After Next, Watch for Electronic Industries’

May Marketing and Directory Number

Marking the 1946 Radio Electronic Parts Trade Show, Hotel Stevens, Chicago, May 13-16
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NETWORK DESIGN USING

® Gain and phase characteristics
of wide or narrow band amplifiers
may be obtained by use of an elec-
trolytic tank which simulates the
complex plane. This method was
discovered during practical work in
the design of television receivers by
the Philco Radio & Television Co.,
between 1938 and 1941. It provided
the first completely general design
method of compensated multi-stage
amplifiers. Tedious mathematics
and experimentation have been
eliminated, once the scalar quanti-
ties of the tank are established.

The complex plane tank repre-
sentation is used because it bridges
the gap between electrostatics and
function theory. In the most ele-
mentary sense, tuned circuits have
points of resonance and anti-reso-
nance wihch are known as zeros
and poles, respectively. The gain
of an amplifier as a function of fre-
quency may be handled very sim-
ply, when the complex variable so-
lution is considered.

Mathematically speaking, every
amplifier has specific complex fre-
quencies at which the gain is in-
finity, and other complex frequen-
cies at which the gain is zero. The
subject of complex variables is not
commonly known to engineers. An
important fact of this form of
mathematics is that a function is
completely determined if the val-
ues of the variables which cause the
function to be infinite, or zero, and
one specific value of the function
are known. It is possible in the
complex plane electrolytic tank, to
locate these poles and zeros which
control the shape of a frequency-
gain curve.

Relationship between electrostat-
ics* and function theory may be
shown by considering a parallel
resonant circuit. The admittance
from A to B is the sum of the
branch admittances:

Y=juc+ — +G (4]

jwl
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By RICHARD W. KENYON

Electronic Industries

Relationship of function theory to potential theory

simplifies design of electronie networks for television

The voltage across A B is:

Solving the denominator quad-
ratic for:

Ifoye
SCIA (i ]
o,p . ._V 2C

[
—_— ,.‘i_l—)
7
[ CAS
= 204 (22
20~ LIIRTeY

Y \ .
Ao,p —.n.i 0 -402 (4)

Two solutions are thus indicated.

The apparent fact that a parallel
tuned resonant circuit has two poles
has an interesting basis. An angu-
lar velocity may be represented by
two oppositely rotating vectors
whose sum is at all times equal to
the cosine of the angular displace-
ment. ‘This may be shown by the
well-known relation:

1/ . »
Cos wt =—(¢eﬂ”t #e'J"'t)
2

Usually the imaginary term is ne-
glected. In complex variables, how-
ever, this term is included, and
represents the second portion of
the above solution.

These components of Xo, p are
then plotted on the complex plane.
The terms M and Ap are constants

A

\[©

" G

depending only on the “R, L, C’s”
of the network.

Equation 2 may be written as:

o A
C()\-)\o)(\—)\n)

This is in the form of the typical
gain function equation:

(=N 1)
Aoy TH TX-\CBMY)%Zy o
pi 1B
in which A is the gain, H is a con-
stant not involving A and A =jw.
The terms \oj, A2 represent zeros,
while Xp; and M2 are poles. Equa-
tion 6 shows that the product of the
pole distances to the center fre-
quency is inversely proportional to
amplifier gain.

Pole and zero location

Either component or systems
problems can be solved by the utili-
zation of pole patterns. The set-up
arranged in Fig. 2 is for either a
double-tuned circuit or two single-
tuned stages. Component pole ar-
rangement is shown in Fig. 1, while
the complete system is illustrated
in Fig, 5.

Jw

Fig. 1—Pole location coordinates

The position of the poles controls
the circuit components. Distance
from the jo axis represents the cir-
cuit damping. Distance measured
along the jw axis is adjusted by cir-
cuit tuning constants. Real and
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ELECTROLYTIC TANKS

100K
100k TOPOLES
VAN

TO ZEROS

7a4

+150V

Fig. 2—Experimental set-up for eledroly-fic exploration

imaginary parts of A are plotted as
indicated in Fig. 1.

In a double-tuned transformer
when Qi1 = Q22, and w11 = w22 = w,,
the coordinates have the following

Wo woK
, B=+ ——
2Q 2
which K is the coefficient of coup-
ling. As a generalized pattern, the
poles may be arranged in a line
parallel to the jo axis. This form
will give a good phase response.
Adjustment of distance A will de-
termine the desired circuit Q.

Basic values for pole location are

as follows:

values: A = in

When Q11=Q22 and Wi1=Wa—=W,

Al
A=_0
2

_m R

2

8 =

When Qi1 # Qu2 and Wy —Woo—W.

o X
A=_0 B = ok
2

When Q11—Qno

but Wy # Wae

(1o =iy 02

[0 (2w, o,

The dimensions A and B refer to
Fig. 1.

A circle drawn of unit radius is
shown in Fig. 4. Grouping in this
circuit would represent either six
single-tuned stages or three double-
tuned stages. Final choice of the
single or double transformer would
resolve itself into the dimensions
assigned to A and B. Experimental
patterns of ellipses about the jw axis
give favorable results. Relationship
between gain, phase, and frequency
is shown in Fig. 3. A zero may be
introduced into the tank by con-
necting the opposite phase to an
electrode. Zeros may be considered
to be wave traps.
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Gain-frequency plot

In operation, the probe electrode
and associated VIVM read directly
the gain of the amplifier (Fig. 2).
The probe is moved along the jo
axis, and voltages are recorded at
frequency intervals. A gain-fre-
quency curve for the network is the
result. If the probe is set at a given
frequency and then moved a unit
distance perpendicular to the jo
axis in the direction of the poles,
an indication of the slope of the
phase shift curve results. The volt-

age change recorded is a measure
of the slope of the phase-frequency
response curve. Since this informa-
tion is more useful than the phase
curve itself, the engineer has all
the necessary amplifier design data.

It can be seen in Fig. 5 that if
six poles are located at A, B, C, D,
E, F, a high gain will result. Shift-
ing poles to B!, C!, D! and El,
causes the gain-frequency curve to
broaden. This is attributed to the
change in individual resonant fre-
quencies and coefficient of coup-
lings.

Scalar values of the results are
easily obtained since the jo axis is
plotted in frequency and the real
axis is also a function of frequency.
The voltage readings between points
are therefore percentages of fre-
quency, hence, unknown quantities
can be determined.

The method outlined indicates
the pole placement procedure. Thin
brass rods are used as the simulated
poles and zeros. As seen in Fig. 2,
the poles are connected to one end
of the transformer while the zeros

Fig. 5—Relationship of gain-frequency curve to pole position
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Potential gradients are
formed by the introduction of
voltages applied to brass elec-
trodes in an electrolytic tank.
Exploration of these gradients
can determine the circuit
constants of any network, by
relating function theory to
potential theory.

The method is helpful in
tying down specifications and
estimating the effect of small
capacitance variations. In ad-
dition it affords interesting
information regarding pro-
duction alignmen@ methods.

Basically the method con-
sists of dividing the design
problem into two parts: first,
the arranging of poles and ze-
ros of the gain function of
the amplifier to produce the
desired type of frequency re-
sponse, and second, the choice
and design of individual in-
terstage coupling networks to
build up as efficiently as pos-
sible the chosen arrangement
of poles and zeros. Each of
these two sub-problems is
readily solved although each
has its special technique.

Ordinarily, an engineer has
only to look through a “scrap-

book” of pole patterns until
he finds the nearest to the so-
lution he desires and then,
with a little experimentation
with a large piece of graph
paper and a slide rule, finds
one exactly fitting his re-
quirements as to shape of fre-
quency response, attenuation
outside the band, linearity of
phase shift, ete.

When the placement of
poles and zeros is decided, the
engineer next consults a table
of design data and chooses
the most efficient or economi-
cal allocation of poles and
zeros to the individual stages
and also the detailed design
of each stage. He ends up
with curves showing the fre-
quency response of each
stage, knowledge of the cor-
rect Q as well as the resonant
frequency of each tuned cir-
cuit, and curves of overall
phase and amplitude charac-
teristics. He also has the as-
surance that he has an opti-
mum design in the sense that
no other adjustment of the
same tuned circuits could be
better than that chosen with
respect to gain and fidelity.

are connected to the other end.
Ordinary tap water usually has suf-
flcient mineral content for current
conduction. Typical currents are
2.5 ma. Probe exploration along the
jw axis, will give the gain-frequency
curve. Indication on the calibrated
meter is directly in DB,

Merit of method

A further analogy between the
electrolytic tank and radio networks
is seen in the fact that the current
flow surrounding the poles is uni-
form. Similarity to a network driven

by a constant current generator is
readily seen. One of the interesting
by-products of this method was the
discovery that two multi-stage am-
plifiers may have the same stage
band width and amplitude charac-
teristics and transient performance
with identical tube circuit capacity
and yet have very different gain
from the same number of stages.
This important fact adds signifi-
cance to the design system here
presented because of the means it
affords systematically choosing the
most efficient design for a given

set of requirements. The experi-
mental method has so many de-
grees of freedom that there is al-

A

FREQUENCY

Fig. 3—Typical gain, phase curve
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3
-
€
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Fig. 4—Pole position circle

ways the question of whether or not
the solution finally arrived at is
optimum. The electrolytic tank
method is conclusive.

“NAVAR” AND “NAVAGLOBE”

A new system of traffic control
and navigation along airways
called “Navar”’—a contraction of
Navigation and Radar-—has been
proposed to the War Department,
Headquarters of the Army Air
Forces, by Henri Busignies, director
of the Laboratories of the Federal
Telephone and Radio Corp. Coupled
with this presentation was another
—*“Navaglobe”-—a world-wide sys-
tem of long range radio beacons for

60

aircraft, strategically located around
the earth.

As described, the “Navar’ system
would project an electronic “moving
picture” on a chart in a given air-
port control center, showing the ex-
act location and identity of every
plane in the sky within eighty miles
of the airport. In addition to the
constantly moving Radar picture in
the ground-based control room, the
pilot of a Navar-eguipped plane will

PROPOSED FOR AIRPLANE NAVIGATION

see on his own scope his own and
all other aircraft near his position
and altitude, in relation both to
each other and the ground.

Navaglobe is a perfected applica-
tion of present and long-proven
technics of aerial radio navigation.
The system would require 58 Nava-
globe radio beacons to provide un-
broken long-range airways for the
entire ocean area of the earth, and
75 including continents.
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Waveqguide feed system for the an-
tenna of the giant "Tuba'" jammer.
ts 1,000 times as powerful as pre-
vious jammers in this frequency
range. Electronic system uses resno-
tron tetrode tunable over wide fres-
quency range, modulated by random
noise. Output power is approxi-
mately 50 kw, at typical operating
frequency of 1,500 mc. Experimental
model used huge parabolic antenna
called "Tuba' to distinguish it from
smalier "Piccolo,” "Flute," etc. Res-
natron tube was developed by
NDRC under Signal Corps sponsor-
ship.

RADAR COUNTERMEASURES

High power developed continnously at high frequencies by resnatron greatly reduces

effectiveness of enemy equipment

Captured German ''"Wurzburg’ anti-air-
craft fire-control radar operated at
25% effectiveness because of jamming
and "‘window'. Mainstay of Nazi anti-
aircraft fire control system at night
and on overcast days, these radars
represented billion-dollar investment.
Tracking precision of '‘Wurzburg' ra-
dar is equal to optical precision, and
4,000 were in use in 1945; each re-
quires ten operators. When “"window"
was dropped in 1943 over Hamburg,
radar operators exclaimed, ""The planes
are doubling themselves!"" In October
1943, "window' was followed by "‘car-
pet'’, electronic jammer carried one
to a plane. Nazis countered with anti-
jamming measures: shifted operating
frequency of Wurzburgs", built gad-
gets to distinguish between moving and
stationary targets. Ninety percent of
Nazi UHF engineers were working on
anti-jamming projects at end of 1944,
by German estimates. Prize of 700,000
Reichsmarks was offered for best anti-
window device.




IRE WINTER TECHNICAL

Over 80 engineering papers discussed by record attendance

as engineering exhibits of 135 manufactnrers fill (wo floors

® Nothing but superlatives will
do for the 1946 Winter Technical
Meeting of the Institute of Radio
Engineers. It was the largest gath-
ering ever held, with registration
slightly over 7000 which compares
with some 3000-odd last year (total
membership is in the neighbor-
hood of 16,000); there were 2200 at
the thirty-fourth anniversary ban-
quet; 135 manufacturers jam-
packed two floors of the hotel with
170 exhibits of electronic equip-
ment, parts, complete transmitters;
over 80 technical papers filled three

BRIEFING THE IRE WINTER TECHNICAL

TELEVISION

L S — —
STUDIO EQUIPMENT

James J. Reeves and Peter C. Goldmark
Columbia Broadcasting System

The first portion of the technical
session on television was devoted
to a description of the recently-
installed television transmitter us-
ing the 480-500 megacycle trans-
mission band, and other transmit-
ters and associated equipment be-
ing experimented with by the CBS
group. The transmitter is the most
powerful design for this frequency
and bandwidth. The subject was
introduced by Goldmark who de-
scribed the problems involved in
the development of the transmitter
utilizing these frequencies and
gave a brief survey of the results
of recent tests, including experi-
ments on color. The tests created
much enthusiasm among the engi-
neers who conducted them, by
reason of the coverage of the trans-
mitter and the freedom from ghost
images experienced at receiver lo-
cations in the Metropolitan area.
In regard to the design of the cam-
era and studio control room equip-
ment used in this system, described
by Reeves, the arrangement was
shown to be versatile, and will per-
mit transmission of high definition
television using the 525 line stand-
ards, now in use, as well as 1,029
line black and white images, or
high definition color television.
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meeting rooms simultaneously dur-
ing the four days, January 23-26
IRE virtually took over the Hotel
Astor in New York, with exhibits
overflowing into other hotels.
Officially the meetings opened
with a joint session participated in
by members of the American Insti-
tute of Electrical Engineers and the
IRE. Major General Leslie R.
Groves addressed the session and
talked about “Some Electrical, En-
gineering and General Aspects of
the Atomic Bomb Project”. Among
matters of routine business IRE

The Federal type 6C22 tube which found use
tn CBS transmitter the setup of which is shown
in block form on opposite page

COMBINED SIGHT AND SOUND

Kurt Schlesinger
Columbia Broadcasting System

This paper concerned the details
of the method of combining sight
and sound programs on a single
carrier. Following a description of
the various forms of multiplex
modulation that are possible, pulse
frequency modulation used in these
experiments was described. Here, a
7.8 mc modulation signal was fre-
quency modulated *+=600 ke, These
modulated pulses appear during the
flyback intervals between horizon-

presented the Morris Liebmann
Memorial Prize to Dr. Peter C. Gold-
mark, CBS’s television expert, and
the Institute’s Medal of Honor to
Ralph Vinton Lyon Hartley of Bell
labs; awarded fellowships to 15
members: Gregory Breit, Walter C.
Evans, Ronald J. Rockwell, Merle
Anthony Tuve, Clarence W. Hansell,
Arthur H. Samuel, Henri G. Busig-
nies, Harold L. Kirke, Joseph Slep-
ian, Howard A. Chinn, Elmer D.
McArthur, William O. Swinyard,
Thomas L. Eckersley, Harold S.
Osborn and Julius Stratton.

MEETING PAPERN

tal scans. A detailed discussion of
the transmitter and receiver cir-
cuits indicated that some economy
results in both cases. Tests have
indicated that the method has a
promising future.

TELEVISION RECEIVERS

Harold T. Lyman
Columbia Broadcasting System

The details of the UHF television
receivers operating between the
frequencies of 480-920 megacycles
that were developed in the CBS
laboratories were disclosed. For
color reception, a rotary disk car-
rying red (No. 25 Wratten), blue
(Special No. 47 Wratten) and green
(No. 57 Wratten) is rotated in front
of the television screen. These re-
ceivers incorporate six single-tuned
stages of if, the first and sixth be-
ing tuned to the center frequency,
the second and third to the skirts
of the desired band. In certain of
these designs, a picture 154 x 21 in.
was obtained using the standard
projection technic. All these re-
ceivers are adapted for the recep-
tion of combined audio and video
modulation on the same carrier and
will receive both black and white
and color.

490 MC TRANSMITTER

Norman H. Young
Federal Tel. Labs.

The final portion of this group of
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MEETING DRAWNS

500 mc tefcvision transmitter in ten bays in the Chrysler tower (CBS)

papers described the details of the
recently campleted 490 mc televi-
sion transmitter for use by CBS.
This transmitter gives a continuous
service output of a iliitle under 1
kilowatt (peak power 1 kw), but be-
cause of the antenna gain possible
at these fregquencies, it was stated
to have an effective output equiva-
lent to 20 kilowatts. This trans-
mitter was installed recently in the
Chrysler Tower, and has already
undergone many field coverage
tests. The cireuit used involves the
use of UHF type 6C22 tubes in the
four final stages of the rf amplifier
stages and the two final stages of
the video frequency amplifier. Al-
though the development pioneered
in many new fields in order to pro-

Signal to noise ratios for sound transmissions:
A-—amplitude modulated pulses; B—=width
modulated pulses (symmetrical); C—width
modulated pulses I1dissysnmetrical) ; D
standard amplitude modulation; E —pulsed
freq. modulation (fd 150 ke); F puised freq.
modulation (fd—1200 kec!; G —standard freq.
modulation (fd-—-150 kc)
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vide for the features required in
this service, the transmitter was
found to be capable of providing
satisfactory signals even beyond the
expectations of the CBS engineers.

A conventional sequence of crys-
tal oscillator and frequency multi-
pliers is used in the radio-frequency
section. The video-frequency sec-
tion is unusual chiefly in the use of
direct-current coupling between
amplifier stages, thus making the
use of direct-current restoring cir-
cuits unnecessary. It can be mod-
ulated uniformly between direct
current and 10 megacycles. The
final radio-frequency amplifier is
grid modulated, and the low plate
resistance of the tube aids greatly
in securing adequate bandwidth in
the output radio-frequency current.

PROJECTION KINESCOPE
L. E. Swedlund
RCA Victor Division, Harrison, N. J.

This paper reviewed the develop-
ment of cathode-ray tubes suitable
for home projection types of televi-
sion receivers. In addition to the
reflective optics
system, the out-

74000

£
<

Coaxial amplifier at 500 mc (Federal incor-
porating the 6C22 tube in its structure

fluorescent screen. Other improve-
ments which have been found with
this screen process have been the
reduction of secondary emission
difficulties and the elimination of
ion spots.

The fluorescent material on the
inside face of the cathode ray tube
screen is coated with an extremely
thin (5x10% ¢cm to 10 c¢m) contin-
uous film of a conductor, deposited
over an intermediate layer of an
organic compound which provides a
better base for the metallizing. As

standing gain in W
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shown in the figure, the reduction
in the beam power transmitted, is
negligible at the beam voltages of
20 to 30 kilovolts usually applied to
these tubes. The efficiency of a
tube with the aluminized coating is
approximately double that of the
unmetalized tube as far as the light
output is concerned. In addition,
the reduction of the usual effect of
stray electrons in reducing the con-
trast and the gain in efficiency
caused by the greater controlability
of secondary emission increases the
contrast to several times that of the
ordinary tube.

‘TELEVISION SYSTEM
CHARACTERISTICS
0. H. Schade
RCA Victor Division, Harrison, N. J.

The second portion of the televi-
sion symposium disclosed details of
the RCA television development
program. This paper gave a basic
survey of the whole television sys-
tem insofar as performance stand-
ards can be established, based on
the optical capabilities of vision
and certain psychological aspects
that have an important bearing on
television viewing. In particular,
this paper compared the effects in-
troduced by various portions of the
system that limits contrast and
definition. These items included
the limitations of the camera, the
pickup tubes, transmission chan-
nels, and several factors in the re-
ception portion of the system.
When these effects are combined in
curves, they show that the capabili-

Dotted lines shown phase of currents in FM
antenna. Changing width of slot, hence shunt
capacity changes propagation along artifi-
cial system from a to b. Further changes
shown at c. Dotted line 5 is an extreme
resuit. By using the relations of induc-
tance and capacity which produce 4 ¢ and
shortening the cylinder 6 d results
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ANTENNA DESIGN \

FM ANTENNA
Andrew Alford, Consulting Engineer

The antenna described consisted
of a vertical cylinder with a slot
approximately 3 in. wide running
parallel to the axis. A co-axial line
feeds the antenna, the outer con-
ductor being connected to one side
of the slot and the inner to the
other. The slot forms a capacity
while the cylinder forms an induc-
tance in parallel with it. The entire
cylinder may be thought of as a
transmission line with a series of
inductances and capacities in
parallel running from one end to
the other. By properly proportion-
ing the diameter of the cylinder to
its length the phase variation of
the currents along the cylinder (it
is slightly over one wavelength

0L M —lso

POWER GAIN » 4,89

- —— -~

Radiation patterns of cylindrical antennas,
center fed, split (above) and end fed (below)

180 CALCULATED
O MEASURED

long) can be reduced almost to
zero. In this way the entire length
of the cylinder radiates in phase.

BROADSIDE ARRAYS

John Ruze
Evans Signal Laboratory, Belmar, N. J.

The various factors considered in
the design of broadside arrays were
discussed with particular reference
to radar antennas as used on the
SCR-270 and the AN/CPX-1. The
effect on band width as determined
by pattern deterioration was men-
tioned. Mutual impedance between
antenna elements and means of ac-
complishing the desired current
and phase distribution were de-
tailed. Various methods of lobing
the broadside arrays with magni-
tudes of secondary lobes, and band
widths were discussed.

BEAM-SHAPING METHODS

L. €. Van Atta
Radiation Laboratories, MIT

This paper dealt with the control
of phase front to predetermine all
lobe shapes, the conservation of
power, and to prevent ground re-
flection. The angular width of an
optical searchlight beam is deter-
mined by the extended light source
placed at the focal point of the
paraboloid reflector, and by inac-
curacies in the reflector shape. The
beam width of a microwave parabo-
loid antenna, however, is due to
diffraction of the radiation at the
aperture. The paraboloid will fo-
cus a beam only for a limited dis-
tance. The focusing property of
the antenna system can be modi-
fied either by providing an extend-
ed antenna feed or distorting the
paraboloid shape. Experimental and
theoretical approaches were made
available to antenna designers in
this paper for a wide variety of
beam shapes for special applica-
tion.
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BROAD BAND ANTENNAS

Andrew Alford, J. D. Kraus, A. Dorne and
J. Christensen
Radio Research Laboratories
Harvard University

Methods have been developed to
obtain broad-band antenna opera-
tion with low standing-wave ratio
for frequency ranges used in radar,
particularly those wide-band an-
tennas for anti-jamming work. The
description of the methods includes
directional antennas, antennas with
circular polarization, slot antennas,
non-directional antennas, and also
direction finders giving instantane-
ous visual presentation of direction
for the same frequency. The DF
was obtained by the rotation of a
capacitor controlled by a selsyn
motor. These direction finders are
usable over wide frequency ranges
without any antenna adjustment
and have a pickup sensitivity com-
parable to or exceeding that of a
half-wave dipole. Examples of
homing devices for use on airplanes
were given.

ATRCRAFT-ANTENNA
MEASUREMENT

George Sinclair, E. W. Vaughan and
Edward C. Jordan

Ohio State University Foundation,
Columbus, Ohio

Although antenna models have
been used for many years in study-
ing radiation patterns, the meas-
urements were severely limited as
to frequency and type of antenna.
It was shown how the technic may
be extended to cover a very wide
frequency range and a wide variety
of antennas. Particular application
to the study of aircraft antenna
patterns were cited. The utility of
models in studying special proper-
ties of antennas, such as polariza-
tion errors of direction finders, pro-
peller-modulation effects, ellipticity
of polarization, etc., were disecussed.
This paper gave the conditions for
validity of scale models and the
factors to be used. It described the
type' of apparatus necessary for
model antenna measurement.

METAL-LENS ANTENNAS

W. E. Kock
Bell Telephone Laboratories, Inc.,
New York, N. Y.

A new type of antenna was de-
scribed which utilized the optical
properties of radio waves. It con-
sists of a number of conducting
plates of proper shape and spacing
and is, in effect, a lens whose fo-
cusing action is due to the high
phase velocity of a wave passing
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Metal-lens applied to focus beams from di-
poles, and waveguides

between the plates. Its field of use-
fulness extends from very short
waves up to wavelengths of perhaps
5 meters or more. Application of
this type antenna is recognized in
repeater station work. This is due
to the fact that it has superior
shielding between the transmitter
and receiver by the use of horn an-
tennas with lenses. The energy
from this type antenna is vertically
polarized. Demonstrations were
given to show the effects of this
polarization. Illustrated is the
metal lens applied to a dipole re-
flector and a round wave guide
horn. The paper discusses the prop-
erties of this antenna, methods of
construction, and application.

VACUUM TUBES

600 MC TRIODE

S. Frankel, J. Glauber and J. J. Wallenstein
Federal Telecommunications Laboratory, N. Y.

This paper described the L600E
and the 6C22 type tubes in opera-
tion at 600 mc. A detailed descrip-
tion of the tube structures which
included design considerations of
the electrodes, operating conditions
and static characteristics was given.
The high peak emission currents
necessary for 25 kw operation were
satisfied by thorium filaments.
Transit time was reduced by using
high anode potentials. Effects of
space charge in output limitation
were noted. Type L600E was not
satisfactory for CW work, there-
fore, the 6C22 was developed. This
tube has a power gain of 2.6 as an
amplifier in grounded grid circuits.
The 6C22 has been used at 850 mc
with 10% efficiency. Methods of
testing and using these tubes as
oscillators, amplifiers, and frequency
multipliers were given. The L600E
was known as the Pulsitron.

REFLEX OSCILLATORS
J. 0. McNally and W. G. Shepherd,
Bell Telephone Laboratories, Inc.,
New York, N. Y.

Electronic tuning of reflex oscil-
lators by variation of the repeller
voltage was discussed. A number of
problems encountered in the design
of reflex oscillators for military ap-
plications were also taken up and a
method of thermally tuning the
cathode was described.

MICROWAVE TRIODES

Everitt M. Goodell
Sylvania Electric Products, Inc., Emporium, Pa.

A new series of planar-grid tri-
odes has been developed. They are
adaptable to both pulse and CW
operation at microwave and lower
frequencies. They have been made
possible by better jigging and closer
tolerance of parts to reduce the in-
ternal tube capacity. Disc seal type
tubes eliminate lead lengths be-
cause they may be plugged directly
into a concentric line. Tubes to be
used as oscillators have a probe
built into the structure which gives
sufficient feedback. Operation as
high as 3000 mc is possible. The
2C36 tube was described in opera-
tion up to 3000 mc¢ with 100 w out-
put when the duty cycle was less
than 2%.

65




* IRE WINTER MEETING REPORT

MICROWAVE STABILIZATION

R. V. Pound
Radiation Laboratory, M.LT.

The increasing use of microwave
frequencies necessitates the design
of highly stabilized oscillators for
laboratory and communication use.
Relative frequency can be main-
tained to better than one part in
108 by methods described in this
paper. Energy from an rf oscillator
is fed through an attenuator into a
“Magic Tee”, The impedance look-
ing into any arm of this unit is the
same. The ‘“Magic Tee” has one
arm connected to the resonant cav-
ity which establishes the absolute
frequency stability. Crystal detec-
tors in the “Magic Tee” have their
voltages amplified, which then are
applied to correct the oscillator
frequency. One method fed the
frequency error back through the
“Magic Tee,” microwave discrimi-
nator, etc., to correct the relative
frequency. This was accomplished
by application of the error voltages
to the oscillator reflector plates.
High fidelity FM with deviations of
the order of {/11q about the stabil-
ized frequency is possible.
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Hnr POWER FOR CW

W. G. Dow, J. N. Dyer, W. W, Salisbury
and E. A. Yunker
Radio Research Laboratory, Harvard University

Radar jamming equipment re-
quired ruggedness, reliability, long
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life and not frequency stability.
Operation of this type equipment
with its necessary high power com-
ponents was described in this paper.
Magnetrons, resnatrons and disc
triodes having tuning ranges of 1.5
to 1 were described in various cir-
cuits. Magnetrons in CW operation
at 500-4000 mc developed 1000-2000
w at 60% efficiency. Equipments
having wave-guides 22 in. x 6 in.
mounted on a 10 ton truck were
described.

MAGNETRON CATHODES

C. L. Shackelford
Westinghouse Electric Corp.,

Bloomfield, N. J

Since the electron back bombard-
ment of the cathode imposes un-
desirable limitations on a duty cy-
cle and maximum average power of
magnetrons the possibilities of cold
secondary emission cathodes was
investigated. Oscillations to initiate
back bombardment were started by
a heated emitter so arranged as to
permit the transfer of the main
emission to an unheated surface.
Many materials were used as sec-
ondary emitters including beryl-
lium, aluminum, nickel-barium al-
loy, thorium and silver magnesium
alloy. Many factors were studied:
first, at the Radiation Laboratory,
M.IT., and later at the Westing-
house Lamp division research dept.
These included investigations of ac-
tivation processes, methods of cool-
ing, measurement of surface emis-
sion and peak emission currents
obtainable for various voltages and
states of activation.

PEAX MAGNETRON CURRENT-AMPERES

, —+ —
zo 4.0 €0 ac
STARTING CURRENT —— AMPERES

Secondary emission cathode current

MAGNETRON CATHODES
M. A. Pomerantz, Bartol Research
Foundation of the Franklin Institute,
Swarthmore, Pa.

A description was given of some
of the characteristics of oxide cath-
odes used in magnetrons and ca-
pable of heavy current emissions
per sq. cm. of surface. Other mat-
ters touched upon were decay of
emission with time, cathode and
anode sparking, the role of back

bombardment and secondary emis-
sion and the use of thoria cathodes.
M. A. Pomerantz pointed out that
the success of the war developed
magnetrons of high power is based
on the possibility of high current
emissions from small cathode sur-
faces.

PEAX EMISSION VS CATNODE TEMPERATURE ‘
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Influence of cathode temperature on emission

1I1GII-VOLTAGE RECTIFIER

George Baker
National Union Radio Corp., Newark, N. J.

The new factors in the design of
a small size, low current rectifier
tube for operation .at several kv
wereconsidered. Electro-static forces
of 15 grams against the filament by
the high anode potential limited
the filament to tungsten wire. The
filament was mounted slack, and
was also bowed to withstand this
force. It was also discovered that
the glass assumed a potential,
hence proper shaping of the anode
was necessary. This minimized the
cold field emission which, if uncon-
trolled, would result in large re-
verse current when high velocity
electrons struck the glass. Mini-
mum dielectric losses, anode shape,
a highly polished anode, and fila-
ment design were the factors which
made this tube successful.

MINIATURE TUBES FOR FM

R. M. Cohen, R, C. Fortin and A. M. Morris
RCA VYictor Division, Harrison, N. J.

The use of a new miniature con-
verter tube and a new miniature
radio frequency amplifier tube in
FM receivers covering the 88 to 108
mc. band was described. The tubes
described were the 6BA6, remote
cutoff pentode having less grid-
plate capacitance than the 6SGT.
The other was the 6BE6 which is
similar to the 6SA7 except that the
oscillator Gm is twice that of the
latter tube. Data covering con-
struction and performance includ-
ing circuit constants, stage gain,
overall gain, signal-to-noise ratios,
image rejection and oscillator fre-
quency trends were presented. The
authors pointed out the following
technics necessary at 100 mc FM.
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POWER OUTPUT VS. INPUT AS A
OF TUNING OF SECOND RESONATOR

Effect of tuning variations in second resonator cavity on power amplification of cascade klystron.

When the oscillator voltage is
strong at the signal grid, tuning
varied the bias on the tube. It is
therefore advisable to ground the
signal grid in alignment procedure.
In the converter stage the oscilla-
tor frequency was set above the
signal frequency.

CASCADED KLYSTRONS
E. G. Levinthal,
Sperry Gyroscope, Inc.,
Garden City, N. Y.

The theory of operation of the
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TUNING DEVIATION OF SECOND RESONATOR

POWER OUTPUT VS,
FUNCTION

TUNING OF SECOND RESONATOR AS A
OF INPUT POWER

Maximum results occur with slight detuning

three-resonator Klystron amplifier
was given for the case of small sig-
nal operation. An analogy between
the operation of a cascade ampli-
fier and velocity modulation by a
saw-tooth voltage was demonstrat-
ed. Some calculated values of two
parameters were given which yield
theoretically efficiencies in the
neighborhood of 74%. These am-
plifiers are finding extended use in
the design of microwave equipment.

(Continued on page 71)

WHAT’S NEW AT THE IRE ENGINEERING EXHIBIT —j

® It was a tough job pushing one’s
way around the exhibits. Which will
give a fair idea of the interest the
IRE manufacturer’s exhibition held
for the 7000-odd Institute members
and guests who jammed the exhib-
its and the aisles. The exhibition,
largest engineering show ever held,

VHF Oscillator

A vhf oscillator exhibited by the Allen
D, Cardwell Mfg, Corp., 81 Prospect St.,
Brooklyn, N. Y., covers three amateur bands
in the range from 100 to 1,000 mc. by use
of replaceable self-supporting coils. The
oscillator is essentially a conventional coil-
condeuser tank circuit using a 6F4 acorn
tube. Due to rigid construction the fre-
quency stability is said to be excellent. The
oscillator may be used to drive a lighthouse
tube as power amplifier.—Electronic Indus-
tries

ELECTRONIC INDUSTRIES @ March, 1946

had grown until it occupied most of
two floors in the Hotel Astor, con-
tained the parts, completed compo-
nents, test equipment—even fin-
ished and in some cases operating,
transmitters—and a host of other
new and not so new things. Equip-
ment having to do with microwaves,

Microline Instruments

A serics of Mieroline instruments in oper-
ation as a microwave test bench were dis-
played by the Sperry Gyroscope Co.. Great
Neck, N. Y. With the help of these instru-
ments, power-, frequency- antd impedance
measurements may be carried out. Some of
the instruments shown were: Cavity-, co-
axial- and broadband frequency meters, va-
rious calibrated and uncalibrated variable

with various methods of sound re-
cording and with the use of oscillo-
graphs for the very many purposes
to which these . versatile instru-
ments now are being put, appeared
to attract the greatest attention.
There was plenty else that was new.
Among such items were these:

attenuators, impedance meters, transform-
ers and line terminations.—Electronic In-
dustrics

Aundio Frequency Meter

A frequency meter capable of measuring
the frequency of ac voltages over the entire
af spectrum independent of wave form has
been brought out by Cemmunications Meas-
urements Laboratory, 120 Greenwich St.,
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New York. In conjunction with a *‘photo-~
heam converter” the model 1800 meter be-
comes an electronic tachometer for measur-
ing the speed of rotating and reciprocating
mechanisms. Frequency of positive or neg-
ative pulses from a fraction of a micro-
second to more than 50 microseconds dura-
tion also may be measured, accuracy is
*0.59% full scale cycles. The frequency
range, 10 to 20,000 eps in six ranges.—
Electronic Industries

Rotary Converter

The Dynectron rotary converter manu-
factured by the Ohio Tool Co., Cleveland 11,
Ohio, is designed to replace the standard
vibrator in automobile radios. An evacu-
ated mercury cell acting as a commutator is
the heart of the new converter, for which
reduced electrical and mechanical noise lev-
els, much longer life and constant maximum
efliciency is claimed.—Electronic Industries

Television Camera

The Electronic Division of Remington
Rand, Ine., Middletown, Conn., exhibited the
“Vericon™ television pick-up system, which
is now available for commercial applica-
tions. Its weight of 40 1b, makes it easily
portable. Two camera types are available,
and are interchangeable: The standard Veri-
con camera, using the pick-up tube model
212 for normal lighting conditions, and the
image Vericon—a highly sensitive pick-up
tube—for very low lighting conditions, Pro-
visions are made in the camera by electron-
ically controlled adjustment of the dia-
phragm opening to maintain automatically
optimum contrast under varying lighting
conditions,—Electronic Industries

Pulse Timer

R. W. Cramer Co., Inc., Centerbrook,
Conn., has a newly developed pulse-timer
unit that will deliver electrical impulses of
a definite duration at the end of regularly
spaced and successive time intervals. The
time interval may be adjusted over a wide
range.—Electronic Industries
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Aviation Receiver

An aid to private flying is a 2-way com-
munication system brought out by Airadio
In~., Stamford, Conn. Weight of the com-
plete  equipment, consisting of receiver,
trarsmitter and powersupply. is less than

HF Probe

A new type probe far measuring voltages
in VHF circuits is being made by Alfred W.
Barber Laboratories, 34-04 Francis Lewis
Blvd., Flushing, N, Y. Input capacity is
0.6 mmfd, Used with a Barber VM-27
vacuum tube voltmeter, no multiplier is re-
quired to measure vokages up to 1000 v.—
Electronic Industries

Antenna Towers

Harco Tower, Ine,, 1180 E, Broad St.,
Elizabeth 4, N. J., produces “Easy to
Erect” masts and towers. The only equip-
ment needed for erection of its 4 ft. tri-
angaiar tower is a piece of rope and a
wrench. After erection of a 6 ft. section
on *‘he ground, by climbing the ladder on
the inside the succeeding 6 ft. section may
be erccted.—FElectronic Industries

Audio Transformers

A precision line of audio transformers
covering mixing, bridging, input, interstage,
plate to line, line to speaker and output
functions has been designed by American
Transformer Co., 178 Emmet St., Newark 5,
N. J. These units have a frequency re-
sponse from 30 to 15,000 cps, plus or minus
% db. Characteristics are obtained by
careful design and do net use shunt resis-
tors.— Electronics Industries

Frequency-Insensitive Resistors

Corning Glass Works, Corning, N. Y., ex-
hibited precision resistors, which were used
in radar equipment during the war, “Pyrex”’
brand resistors are designed to be relatively
independent of frequency over a wide fre-
quency range because their resistive ele-
ments are extremely thin—a metallic film
less than 1/100,000 in. thick. Temperature
coefficients are small and approximately
constant between 25° amd 1650° C. Test
resistors subjected to maximum power rat-
ings for 1,000 hours showed a resistance
deterioration of less than 0.59%.—Electronic
Industries

11 lb, The receiver covers the broadcast
band and the radio range band of 195 to
420 ke has a tuned rf stage and slide rule
dinl. The transmitter comprising crystal
oscillator and power amplifier can be had
for any frequency between 2 and 7 me.—
Electronic Industries

lounization Gage

Ruggedness and high sensitivity charac-
terize the type $07 ionization gage exhib-
ited by the National Research Corp., Boston
15, Mass. The gage has a plate constructed
of nickel, n tungsten filament and tungsten
grid. Characteristics are: Max. operating
pressure air is 1 micron Hg; the sensitivity
at 6 ma emission current is 100 micro-
amperes per micron; the max. emission cur-
rent is 25 ma. It is designed to be used
with Universal vacuum seal, type 1304 and
gage controls, types 706 and 707.—Elec-
tronic Industries

Tube Socket

The new Plexicon tube socket, developed
jointly by Cinch Mfg. Co., Chicago, Ill., and
Erie Resistor Corp., Erie, Pa., will be made
to provide capacitive by-passing for any de-
sired combination of tube pins. Maximum
capacity of any pin by-pass is 1,000 mmfd.
Silvered ceramic capacitors are used, Capac-
itive coupling effect between by-passed tube
pin and adjacent pins is reduced by the
shielding effect of outer elements of the
capacitor.—Electronic Industries
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Commercial Radar

De Mornay-Budd, Ine., 475 Grand Con-
course, New York 5, has developed a pack-
aged rf radar assembly designed for com-
mercial and military radar apparatus. The
complete rf radar assembly operates on 9000
mc¢ The unit shown consists of the follow-
ing components: A magnetron of 20 kw.
output; one 1B35 ATR tube; one 1B24 TR
tube; 2K26 local oscillator tubes; 1N21
crystals; 20 db narrow band directional
coupler. A beacon cavity beacon ecrystal
mount are optional in the event that beacon
operation is desired—Electronic Industries

EXAM-ETER
L 4
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Capacitor Analyzer

A new test unit for checking intermittent,
open-circuited and short-circuited capacitors
of all types without unsoldering leads has
been designed by Solar Mfg. Co., 285 Madi-
son Ave., New York 17, N. Y, Capacitor
values from 10 to 2,000 mfd, and resistors
from 100 ohms to 7.6 megohms can be
measured. Power factor, leakage current
and insulation resistance checks are quickly
made. The unit contains a vacuum tube
voltmeter.—Electronic Industries

Loop Antenna

DX Radio Products Co., 1200 N. Clare-
mont Ave.,, Chicago 22, Ill,, has developed
a pancake loop antenna which has been de-
signed for high "“Q'. Loops can be wound
with any size wire between No. 20 to No.
38, or any size Litz. No impregnation is
necessary.—Electronic Industries
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Communications Receiver

Soon available in the medium price field
will be the model S-40 9-tube communica-
tions receiver to be manufactured by the
Hallicrafter Co., Chicago 16, Ill. The re-
ceiver provides such as: separate bandspread
tuning, covering the range 540 kc to 44 mec,
in 4 bands, has permeability adjusted coils.
automatic noise limiter, tone control and
stand-by switch. Available for ac only.—
Electronic Industries

Synchronizing Generator

Telequip Radio Co., 1901 S, Washtenaw
Ave., Chicago 8, Ill,, exhibited a television
synchronizing generator consisting of two
regulated power supplies. timer unit, shaper
unit and monitoring oscilloscope. The stand-
ard FCC-RMA signal is produced by the
equipment. The timer unit wuses Ecles-
Jordan multivibrators for the production of
timer signals. Controls are provided for
the adjustment of width and position of
various pulses in the shaper unit. A 7-in.
cathode ray tube is part of the monitoring
oscilloscope.—Electronic Industries

Distortion Analyzer

The new model 330B Distortion Analyzer
developed by Hewlett-Packard Co., Palo
Alto, Cal, will measure distortion at any
frequency between 20 and 20,000 cps. Noise
measurements can be made of voltages as
low as 100 microvolts, A linear rf detector
allows measurements directly from a modu-
lated rf carrier.—Electronic Industries

Audio Oscillator

With a frequency coverage of 20 to
20,000 cps, the new AF oscillator designed
by Hewlett-Packard Co., Palo Alto, Cal., has
less than 19, distortion at 3 w output.
Under normal temperature conditions the
frequency stability is better than plus or
minus 29%. Line voltage variations undevr
10% will not change output frequency.—
Electronic Industries

RDZ Receiving Equipment

Currently being supplied to the Navy De-
partment is a recently designed vhf re-
ceiver being made by the National Co., Inc.,
Malden, Mass. Primarily intended for the
reception of voice transmissions the re-
ceiver also perntits use of external equip-
ment for wide band scanning and video
presentation. Crystal units enclosed in
thermostatically enclosed ovens assure sta-
bility of the wvarious frequency channels.
The receiver incorporates automatic tuning
by the use of an ‘“Auto-Tune’’ unit.—Elec-
tronic Industries

“Glider” Pick-Up

To the field of low-priced light-weight
pickups Shure Brothers, 309 W. Jackson
Blvd., Chicago, Ill,, adds the *Glider" pick-
up which has a lever-type cartridge and
low-mass tone arm, No springs or counter-
weights are used. The output voltage is
1.6. The unit is designed for low needle
impedance, high needle compliance and a
resonance-free tone arm.—Electronic Indus-
tries

Control Console

By the use of three-position lever-type
switches operational controls have been re-
duced to a minimum in the new studio con-
trol console designed by Raytheon Mfg. Co..
Broadeast Equipment Div.,, 7517 N. Clark
St., Chieago 26, Ill. This unit includes
seven built-in pre-amplifiers, nine mixer
positions and control of fourteen remote
lines. Frequency response is 2 db from
30 to 15,000 cps, with distortion of less
than 19%-—50 to 10,000 cps.—FElectronic In-
dustries
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Vacuum Capacitors

The Amperex Electronic Corp., 26 Wash-
ington St., Brooklyn, N. Y., exhibited the
VC-50 line of vacuum capacitors recom-
mended for use in the electro-medical field
and for high-frequency induction and di-
electric heating applications. High current
vating in small space, high capacity stability
at high current levels, low losses and large
area glass-to-metal seals are some of their
characteristics.—Electronic Industries

Vibrator Converters

A line of four radio vibrators to service
959 of all car radios now on the road will
soon be available according to Electronic
Laboratories, Inc., Indianapolis, Ind. These

REPORT

four E-I. vibrators are desiyned to replace
the units in 1,122 different radio sets.—
Electronic Industries

Variable Voltage Transformer

Three new models of variable voltage
transformers have been brought out by Su-
perior Electric Co., Bristol, Conn. Type 20,
with a maximum output of 3a at 135v, is
less than 4 in. in its greatest dimensions.
Types 11-26 and 12-26 are engineered for
minimum size and are fuzed.—Electronic
Industries

Signal Generator

A new frequency modulated signal gener-
ator has been devcloped by Boonton Radio
Corp., Boonton, N, J., for use with FM and

television equipment. Frequency range it
54 to 218 mc., in two ranges, Rf output is
continuously variable from 0.1 microvolt to
0.2 volts. Deviation frequency is adjusta-
ble between 0 and 250 kc¢ at audio or su-
personic frequencies. Amplitude modulation,
with or without simultaneous fregency mod-
Iation, is available.—Electronic Industries

Dummy Tubes

A miniature socket wiring plug was ex-
hibited by the Star Expansion Products Co,,
147 Cedar St.. New York. The plugs are
cast in one piece of zinc alloy and have
stainless steel pins. By plugging in the
dummy instecad of the actual tube the accu-
rate alignment of miniature socket contacts
during wiring is facilitated.—Electronic In-
dustries

ENGINEERING FEATURES OF RECORDING EQUIPMENT

Probably no other feature of the
Conventions of the AIEE and the
IRE held greater interest than did
the features and possibilities of the
several methods now available for
both home recording and transcrip-
tions of radio program material.

The interest expressed was based
on many new fields of activity and
the higher levels of quality now
obtainable.

The characteristics of the various
methods of home recording avail-
able were disclosed in numerous
papers,displays and demonstrations
during the conventions. The advan-
tages and limitations of the various
recording media, such as round
steel wire, paper tape which carried
a magnetic material, steel magnetic
tape and the mechanical methods
of embossing in grooves on film,
were all disclosed. It became evi-
dent that the quality necessary for
the satisfactory reproduction of
high quality radio programs could
be obtained with any of these
methods, provided that the wire or
tape was moved at a sufficiently
high speed. Recording speeds ranged
from a little less than one foot per
second for the magnetized paper
tape to a speed of four to five feet
per second for high quality trans-
scription work. Speeds of the order
of one foot per second, used with
the tape recorders and with em-
bossed film gave remarkable dem-
onstrations.

One arrangement was described
in a paper by Dr. S. J. Begun of
Brush Laboratories, Cleveland, us-
ing a magnetized paper tape at a
speed of one foot per second. The
Recordograph instrument* using
embossed film was also demon-
strated. A wire type recorder by the

*““Multi-Channel Sound Reccording on Film',
Flectronic Industrics, April, 45, P. 92
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Armour Research Foundation util-
ized speeds of from two to five feet
per second. A German built mag-
netic tape recorder was both dis-
played and demonstrated during
the IRE Convention. This instru-
ment used iron oxide impregnated
tape Y in. wide and 0.5 mils thick.
The magnetic material was a dark
maroon color and was apparently
completely dispersed throughout
the cross section of the strip. The
tape developed by the Brush La-
boratories consists of a blue-black
coating of magnetic material on a
paper strip Y3 in. wide and is sup-
plied wound on regular 8 mm. film
reels.

The paper tape can be edited

Above, new Brush magnetically coated paper
tape recorder. Below, recorder using plated
non-ferrous wire instead of stainless steel

simply by tearing out any unde-
sired sections and splicing with
Scotch tape adhesive. No break is
detectable on playback. This assists
the user to compile a home library
of any type of recordings “tailor
made” to his personal taste. For ex-
ample, an “album” of popular songs
can be compiled on one uninter-
rupted reel, a complete half-hour
radio program can be recorded with
commercials and other undesired
portions neatly and undetectably
removed, a series of symphonic ar-
rangements can be compiled with-
out introductory blurbs and com-
ments by the radio announcer. Re~
cordings on the tape can be
“erased” at any time and new
recordings made over and over
again.

Upon completion of a record, the
rewind button is pushed and within
a few seconds the recording is ready
for playback. Although each reel of
Paper tape can accommodate a half
hour of playing the required rewind
time is well under one minute, It
was claimed that the new coated
paper tape can be produced at less
cost than previous magnetic record-
ing mediums, such as wire and
metal tape.

The Brush Laboratories also per-
fected another wire recording med-
ium: a magnetic layer deposited on
the surface of a highly ductile
metal base (such as brass). This
coating is electroplated by a special
process to give it the necessary
magnetic properties for recording.
Brush has perfected a means of
plating this wire in such a way
that exceptional uniformity and fi-
delity are obtainable. It was stated
that the cost of this medium should
be below that of the usual stainless
steel wire.

The wire recorder was one of the
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most talked about systems during
the convention inasmuch as close
to thirty companies have been li-
censed to produce equipment using
the ultrasonic biasing methods, de-
veloped by Armour. As is well
known, this system uses a stainless
steel wire about 0.004 in. in dia-
meter.t The advantages claimed for
magnetic wire recordings are: No
needle scratch — low background
noise level; no break in continuity
as found with record changing;
wipe off and re-use of wire; instan-
taneous play-back without process-
ing; unlimited number of play-
backs; extended recording time; ex-
cellent fidelity without elaborate
precautions or special skills in re-
cording; lightness, compactness,
portability. In addition, any portion
of a record can be erased and re-
vised without harm to adjacent
portions.

The method of recording intro-
duced by Armour combines a fixed
high frequency current with the
audio signal, the high frequency
component being in the order of 30
kilocycles. A series of minor hys-
teresis loops result. When the mag-
nitude and frequency of the two
currents are adjusted properly the
final permanent value of magnet-
ism in the wire is dependent only

tEngineering Dctails of Magnetic Wire Re-
corder” by D. W. Pugsley, Electronic Industries
for Jan. 44, p. 116

BRIEFING THE IRE

s (Continued from page 67)

PROPAGATION

PROPAGATION IN OCEAN
DUCTS

M. Katzin, R. W, Bauchman and W. Binnian
Naval Research Laboratories
Washington, D. C.

In order to check the effects on
three and nine centimeter trans-
mission of low level ducts formed in
oceanic air, one way measurements
between a ship and a shore station
were made with antenna combina-
tions of various heights. Meteoro-
logical measurements taken from
both shore and ship were described
and the conditions in duct height
and strength were discussed, Me-~
teorological and radio measure-
ments inland were made and the
effect of distance back from the
shore on meteorological conditions
and radio transmissions were de-
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_on the instantaneous value of the

low frequency (audio) field, and is
substantially linear through the
origin, thus giving a straight line
recording characteristic. The high
frequency component dces not ap-
pear in the final record. In this way
all even harmonics are eliminated,
and the full magnetic capabilities
of the record medium are used. The
quality of reproduction depends on
the residual magnetization, coercive
force, and energy product of the
wire.

Wires that have been developed
recently allow records of the same
quality to be made at one-third the
previously used speeds, and further
improvements are very likely. The
cost of a wire spool was asserted
to be competitive with ordinary
types of disc records having equal
playing time.

The development on wire is still
going on and improvements in this
regard are still expected. Some work
has progressed in several laborator-
ies as in the matter of making
measurements of the magnetic
properties of tapes, wires and other
magnetic recording materials. In a
home recorder system demonstrated
by the Armour Foundation, a speed
of two to two and a half feet per
second was utilized. At a latter
speed the output was within 3 db
between 80 and 8500 cycles and was
down 5 db at the 65 cycle and

10,000 cycle points. The wire used
had a strength of 3 lb. for a steady
pull, In this regard the pull required
to break the magnetic paper tape,
(Brush) was stated to be 6 lb.
steady pull. This is interesting in
view of the fact that paper base
tape might be considered to be ex-
tremely fragile.

During the week various details
of wire recorder heads, magnetic
characteristics and recording speed
conditions were described. At a
symposium on these subjects (AIEE)
details of wire recording were out-
lined by D. W. Puxley of the Gen-
eral Electric Co., describing the
wire recorded system using ultra-
sonic magnetic biasing. A new wire
recorder head design was described
by T. H. Long of the B. G. Conn,
Ltd. These heads were developed to
overcome the tendency for foreign
material to accumulate across the
working gap.

From the enthusiasm shown it is
apparent that this field of develop-
ment has an important place in
many fields of application, the most
notable being that of home record-
ings from the spoken words of
members of the family, received
programs of interest from the radio
or re-recording from disc records.
A long and imposing list of applica-
tions has been compiled where this
equipment has served useful pur-
poses.
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scribed. Three centimeter radar
observations were made during the
latter part of the project and the
variation of echo amplitude with
range of ship target was measured.
Analysis of radio and radar meas-
urements was given.

SIX MM. WAVE
PROPAGATION
G. E, Mueller
Bell Telephone Laboratories, Inc., New York
The effects of rainfall and at-
mospheric absorption on propaga-
tion of microwaves and the meth-
ods for measuring them were de-
scribed. The attenuation of 3.2
centimeter waves is slight for mod-
erate and light rainfalls. During a
cloudburst, however, the attenua-
tion may approach a value of 5 db
per mile. A wavelength of 1.09 cen-
timeters is appreciably attenuated
even by a moderate rain. Losses at
.62 centimeters reach a value of 42
db per mile in a cloudburst.

RAIN EFFECT ON
MICROWAVES
S. D. Robertson and A. P, King
Bell Telephone Laboratories, Inc., New York
It was demonstrated that the
drop size of rain influenced the at-
tenuation of centimeter waves. In
a heavy rainfall, four to ten db per
mile loss has been experienced.
Data showed a definite relationship
between the rainfall and path loss
compared with the time of precipi-
tation. With a wavelength of 1.09
centimeters, an attenuation of .3
db/mm/hour was experienced as
compared with a wavelength of 6
mm. having an attenuation of .6
db/mm/hour.

ATMOSPHERIC DUCTS IN
PROPAGATION
J. E. Frechafer
Radiation Laboratories, MIT

Experience gained during the war
has shown that strong fields, at
frequencies greatly exceeding the
penetration frequency of the iono-
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sphere, often are observed at sev-
eral times the horizon distance. Ex-
perimental and theoretical investi-
gations in this country and in Eng-
land indicate that these effects are
associated with the presence of lay-
ers in the troposphere in which the
vertical gradient of refractive in-
dex exceeds numerically the recip-
rocal of the earth’s radius. Under
these conditions a duct is formed
which, for sufficiently high fre-
quencies, both reduces the rate at
which the field is attenuated with
range and also disturbs the normal
height gain effect. Experiments
were described at which aircraft
plotted signal strength, tempera-
ture, and humidity at various alti-
tudes from the transmitters. It has
been found that by means of the
atmospheric ducts 75 centimeter
transmissions have been heard at
five times the horizon distance. A
200 mc radar indicated targets 1700
miles away from Bombay, India.
These atmospheric ducts change
with temperature and water vapor
in the air.

SKY-WAVE PROPAGATION
J. H. Dellinger and Newbern Smith
Nationat Bureau of Standards
Washington, D. C.

The pulse method of ionosphere
measurement was developed for ra-
dar. It was extremely vital to pre-
dict the radio propagation charac-
teristics in advance, in order that
the best operating frequencies
might be used. The major aspects
of the worldwide radio propagation
program developed during the war
were described in this paper. Study
of atmospheric radio noise, meth-
ods for calculating sky-wave field
intensities, ionospheric-storm fore-
casting, effects of ionosphere on di-
rection finder indication were im-
portant studies made by the Bu-
reau of Standards. For their pur-
poses the world was divided into
three zones, based on geometric
latitude. Data collected from the
many field stations of the allied na-
tions enabled accurate forecasting
of ionosphere conditions three
months in advance. Bureau of
Standards bulletins are available
without charge to anyone interest-
ed in this subject.

ARRIVAL OF MICROWAVES

W. M. Sharpless
Bell Telephone Laboratories, Inc., New York

This paper described the method
of measuring the direction from
which microwaves arrive at a given
receiving site. These waves travel
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in curved lines caused by refraction
of the earth’s atmosphere. This
work is extremely important in the
design of radio relay link antennas.
Data collected on two short optical
paths using a wavelength of 31
centimeters was presented to illus-
trate the use of the method. Angles
of arrival, as large as %° above the
true angle of elevation have been
observed in the vertical plane,
while no variation greater than
+1/10° has been found in the hori-
zontal plane. More recent work us-
ing a lens type scanning antenna

operated at a wavelength of 1.25
centimeters revealed that at times
as many as four distinct transmis-
sion paths were present simultane-
ously on a 12.6 mile circuit. Simul-
taneous meteorological soundings
were made near both terminals of
the circuit. It was observed that
hot nights had caused the greatest
errors in measurement. There was
notably less fading on wave lengths
of 30 centimeters and less effect by
the atmosphere, than on shorter
wave lengths. All measurement
work was done by CW modulation.

TELEMETERING AND RECORDING

RADIO TELEMETERING
David W. Moore, Jr., and Frank G, Willey,
Fairchild Camera & Instrument Corp.,
Jamaica, L. I, N, Y.

The Fairchild system of radio
telemetering was designed to trans-
mit indication of aircraft instru-
ments from plane to ground over
a conventional aircraft radio trans-
mitting and receiving equipment.
Ground indication is made by an
indicator which closely simulates
the standard aircraft instrument
in appearance and modification
to the aircraft instrument in
the plane in flight. Instrument
indication is transferred into elec-
trical phase angle which may be
transmitted by radio equipment.
This phase angle is then compared
with a reference signal in the re-
ceiving station and converted to a
dial indication. Provision may be
made for sending a number of in-
strument indications over a single
carrier, enabling transmission of
indications of a flight group of in-
struments from, for example, a
radio-controlled plane or missile to
a distant operating point, either on
the ground or in another plane.

THREE-BEAM OSCILLOGRAPH
Gordon M. Lee,
Central Research Laboratories,
Red Wing, Minn.

Transit time distortion is a fun-
damental limiting factor in the ap-
plication of high speed cathode ray
oscillographs to the recording of
high frequency voltages of fast
transients. A 3-beam, high speed,
micro-oscillograph was described in
which the transit time reduction
in deflection sensitivity is calculat-
ed to be but 4% at 3,000 mc and
40% at 10,000 mc. Single-sweep 0s-
cillograms of 3,000 and 10,000 mc
oscillations and 10° second transi-
ents were shown.

RECORDING POTENTIOMETER

V. L. Parsegian, Portable Products Corp.,
€. J. Tagliabue Division,
Brooklyn, N. Y

A new high-speed recording po-
tentiometer was described, having
a carriage travel of 10 in. in 1 sec.
and balancing to within an ac-
curacy of 0.1% of full range. The
instrument is of the photoelectric
type, using a new sturdy, short
period, low inertia error galvanom-
eter, a photocell, and a phase re-
versing amplifier which drives a
split-phase carriage motor when
the photocell illumination exceeds,
or is less than, an intermediate
balance value. Means for cancelling
the galvanometer lag is described,
as well as a new thyratron circuit
for printing records.

HIGH SPEED RADIOGRAPHY
€. M. Slack and D. C. Dickson,
Westinghouse Electric Corp.,
Bloomfield, N. J.

The making of ultra speed radio-
graphs, using exposure times of the
order of one millionth of a second,
requires the passage of electron
currents of 1,000-2,000 amperes.
Such currents can be supplied by
an electron source utilizing field
emission from a cold cathode elec-
trode which degenerates into a
metallic arc in a high vacuum. The
recording of such high speed tran-
sients was briefly discussed.

DIRECTIONAL COUPLERS

W. W. Mumford,
Bell Telephone Laboratories, Inc.,
New York, N. Y.

The directional coupler is a de-
vice which samples separately the
direct and reflected waves in a
transmission line. A simple theory
of its operation was given and sev-
eral applications were discussed.
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POWER LEVEL RECORDER
A. J. Williams, Jr., and W. R. Clark,
Leeds & Northrup Co.,
Philadelphia, Pa.

The new Speedomax power level
recorder is an instrument that
faithfully records rapid or slow
variations in power level with time,
and is independent of variations in
frequency within its frequency
range (25 to 150,000 cycles). The
recorder scale is linear in db. A 20
db change in power input can be
recorded in about 1 sec. The new
circuits used in this new recorder
were described in detail, and its
performance characteristics given.

TUBE GLASS PROBLEMS

Dr. Henry J. Miller
RCA Victor Division, Harrison, N, J.

The use of miniature tubes in
military equipment made it neces-
sary to develop stem making and
stem-to-bulb sealing technics.
Tubes which would withstand se-
vere mechanical, thermal loading,
shock, and vibration tests were nec-
essary. Three factors which gov-
ern the mechanical stability of the
tube stem are buffer gas, depth of
insertion, and strain. Methods to
control these factors were de-
scribed. The stem-to-bulb sealing
technic required to obtain a seal of
maximum mechanical rigidity was
outlined. It was shown that the
resulting procedures for the mass
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production of tubes were success-
ful. They withstood the severe me-
chanical stress of wartime use
without any epidemic glass failure
in the field. A life test was out-
lined in which the base pins were
bent out 5°, the tubes were then
placed in boiling water. The shock
accelerated any capillary action of
cracks in the tube base.

STAGGER TUNED AMPLIFIERS

Dr. H. Waliman
Radiation Laboratory, M.I.T.

In radar and television receivers,
the simplicity of single tuning com-
mends itself for wide band, band
pass amplifier design. Unfortunate-
ly, present tubes preclude the possi-
bility of building a high gain ampli-
fier wider than 4 mec. Bandwidth
decreases rapidly when single tuned
stages are cascaded. Stagger tun-
ing of individual stages makes 10
and 15 mc wide amplifier design
feasible. Graphs were presented
which condensed the basic design
of wide band amplifiers into a sim-
ple procedure.

VELOCITY MODULATION
James F. Gordon

Bendix Radio Division, Baltimore, Md.

An FM system was described in
which a crystal-controlled pulse
triggered a multivibrator. This was
accomplished by a crystal oscillator,
blocking oscillator, clipper combi-

nation. Negative pulses triggering
the MVB establish a reference time
for the system. Clipping the refer-
ence pulse and differentiating the
intelligence pulse, which is gener-
ated at the crossover point of the
MVB cycle, produces a source of
time-modulated intelligence. These
pulses are used to control the phase
of a continuous wave carrier.

ELECTRONIC NAVAL
WARFARE
Captain R. Bennett

Bureau of Ships, Navy Dept.,
Washington, D. C.

A general survey of the use of
electronic equipment in Naval war-
fare was given with special empha-
sis on the progress made during the
war. It was pointed out that elec-
tronic equipment can no longer be
added as an afterthought to Naval
vessels. The author stated that as
many as 49 different channels were
operating at one time on a single
vessel. The difficulties of interfer-
ence between these channels were
discussed. An attempt was made
to show the inter-relation of mili-
tary uses of equipment with com-
mercial uses. The effect of stand-
ardization and lack of it were indi-
cated as they applied to the mili-
tary and commercial fields. In this
connection some of the circuit de-
velopments made during the war
were discussed briefly.

AVIATION NAVIGATION AND SAFETY SYSTEMNS

VISUAL DIRECTION FINDER

Aldo Scandurra and Samuel Stiber,
Evans Signal Laboratory,
Belmar, N. J.

Radio set AN/TRD-2 is a Signal
Corps development designed to
provide a portable and mobile di-
rection finder giving instantaneous
indications and automatic sense.
This direction finder is unique in

Block diagram of direction finder
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that the instantaneous indication
on the oscilloscope is a single line
generated from the center of the
screen with a length proportional
to the signal strength and the an-
gular position of which indicates
the direction of arrival of the sig-
nal without sense ambiguity. An
additional feature is that noise and
modulation are almost eliminated
from the visual indication.
Equipments of
this type were
useful during the
rapid advance of
the Allied armies
t in Europe. It was
impossible for the
field stations to
supply maps at
the pace main-
tained by mech-
| anized infantry.
This device pro-
vided a means for
accurate land
navigation.
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AIRCRAFT PLOTTER
A. C. Omberg and W. L. Webb,
Bendix Radio Division,
Baltimore, Md.

The authors described the devel-
opment of a device for conveying
information from two automatic
direction finders and a magnetic
heading device into a computer
which changes polar coordination
into rectangular coordinates. The
rectangular coordinates give the
position of an aircraft with respect
to two ground transmitters, auto-
matically controlling a pen which
continuously plots the position of
the aircraft on a chart.

Functional diagram of plotter
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NAVIGATION SYSTEM

P. R. Adams, Federal Telecommunication

Laboratories, Inc.,
New York, N. Y.

P. R. Adams gave the results of in-
vestigation over a period of several
years of what kind of system would
give 100% reliable communication
over the entire surface of the earth.
This involved distances up to about
1500 miles. Due to the tremendous
variations in signal strength ob-
servable in any one frequency band
during the course of a year it was
finally concluded that only a sys-
tem utilizing a number of frequen-
cies which could be chosen depend-
ing upon conditions would be ca-
pable of producing the required re-
liability. In addition a very narrow
channel should be used to reduce
noise interference.

RADAR BEACONS

Capt. R. D. Hultgren and L. B. Haliman, Jr,,
Watson Laboratories,
Red Bank, N. J.

The general theory underlying
the operation of radar beacons was
described. These are devices which
receive an interrogation signal from
a distant station and automatically
send out a coded signal repliyng
to the interrogation. The various

CHARACTERISTICS OF MERCURY TYPE BATTERIES

components such as receiver, dis-
criminator, modulator, coder and
transmitter were discussed. Other
factors of importance such as op-
erating frequencies, required re-
ceiver sensitivity and transmitter
power, choice of pulse duration,
cause and effect of delay in the
beacon were discussed. In addition,
the authors surveyed the possibil-
ities for use of this device in air-
craft homing, landing, rendezvous,
identification and airport surveil-
lance.

Types of data presentation
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One of the few important changes
in the basic construction of primary
batteries was devised by Samuel
Ruben, a consultant for the P. F.
Mallory Co., Indianapolis, and re-
sulted in a cell that has an ampere-
hour capacity four to six times
greater than that of the conven-
tional dry cell and an output that is
nearly constant throughout its serv-
ice life. This characteristic is par-
ticularly valuable to portable radio
and hearing aid users.

Its characteristics include several
other features, among which is that
it does not need rest periods, its ca-
pacity remaining the same whether
the cell is used continuously or in-
termittently. This is because the
cell is free from polarization effects.
These characteristics vary from the
usual dry cell since the cell operates
through the chemical reaction of
zinc and mercuric oxide instead of
zinc and carbon.

The cell has a high capacity-to-
volume ratio, initially three to four
times greater than batteries of the
same cubic content as conventional
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dry cells at room temperature. At

higher temperatures this ratio
greatly increases. In addition the
cells have long shelf life. They are
hermetically sealed and are rela-
tively unaffected by humidity, hot
dry climates or high altitude. Tem-
peratures up to 130°F have but little

effect on the substantially flat dis-
charge characteristic. Regulation is
excellent. No-load voltage is slightly
greater than 1.3 volts. Range of
variation is less than .01 volt for
new cells.

The battery has a sharper life
cutoff and an ampere-hour capac-
ity independent of drain. Within
rated limits each cell will exhaust
itself and deliver essentially the
same number of ampere-hours in
continuous or intermittent service.

Each cell is enclosed in a steel
case which, taking no part in elec-
trolytic action of cell, does not cor-
rode and mess up adjacent compo-
nents. For special applications the
very low internal resistance makes
possible high flash currents. This
low and substantially constant re-
sistance at audio frequencies is
maintained throughout its life.

Because of more expensive ingre-
dients the price per cell will be
somewhat higher for Mallory cells
than for typical zinc-carbon cells,
but the cost per milliampere hour
of service will be competitive.
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CBS SHOWS ITS COLOR

High frequency transmission with sound on same carrier
demonstrates their solution of color reception problems

® In 1944 when CBS publicized, so
boldly, its belief that higher quality
color television was not only pos-
sible but immediately practicable,
there was loud dissension among
many groups who were at the mo-
ment concerned with the big prob-
lems still to be hurdled using “reg-
ular” frequencies. Whether or not
CBS was betting on a sure thing,
based on their then current inves-
tigations is not known, but they
showed courage by backing their
convictions, going ahead and order-
ing one transmitter and starting to
build another in their own labora-
tories, together with receivers of
various types, cameras and the
other necessary parts of a complete
system, A brief description of this
transmitter is given elsewhere in
these pages.

Series of demonstrations

As a result a series of rather
spectacular demonstrations show-
ing their progress has recently been
conducted from which it is evident
that, at least technically speaking,
they have reduced the frequently-
mentioned “five years at least” by
a couple of years or more, Here
remember the restriction *“techni-
cally speaking,” because with re-
gard to quality of results and ex-
pansion of facilities, much work
must still be done before UHF color
television can be commercially pos-
sible. These will be mentioned later.

In these demonstrations, it was
proved that a moderately powerful
transmitter with completely satis-
factory characteristics can be de-
signed. It was also evident that
antenna structures, resonant to
these frequencies, became so small
physically that multiple arrays or
other gain-improving expedients
could be utilized to advantage in
confining the radiated signal to a
horizontal blanket and thus pre-
venting the loss of energy into the
sky (where there are no receivers
anyway).

In the case at hand, a horizontal
slot type transmitting antenna was
used which was stated to concen-
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trate the energy from the 1 kw
(peak) transmitter into such a
blanket, with an improvement of
20-fold at the horizon. Here atten-
tion may be called to the character-
istics of radio signals. There is no
inherent magic in any frequency
range of signals over any other
range within line of sight distances
once they have left the transmit-
ting antenna. The well known dif-
ferences found in practical experi-
ence depend on conditions at the
terminal stations. It might be
stated that the higher the fre-
quency the less the signal strength
picked up (an inverse relation), if
a dipole resonant to the frequency
in each case is utilized at the re-
ceiving position. Or in another way
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of thinking, all frequencies are re-
ceived equally, assuming antennas
or antenna arrays are used in each
case having equivalent effective
areas or volumes in space. Or
again, with equal sincerity it is true
that the higher the frequency the
greater the signal, if the more com-
plicated array mentioned in the
second case (necessary to build up
the antenna to the same size) is
designed to increase the pickup
from a single direction only.

It was in this last mentioned
manner that the advantages inher-
ent with the smaller sized halfwave
dipoles were utilized with CBS tests
to make the higher frequencies
even more effective than the lower
frequencies heretofore used in the
television service. A special re-
flector was utilized in these tests
having an opening 6 ft. across and
18 in. high, providing a reception
beam width of 18 deg. (on the half
signal strength basis).

A wide band dipole (obtained by
conical shaped members making up
the dipole) placed at the center of
this reflector, afforded a demon-
stration of directivity obtainable
with a physically realizable struc-
ture. The experiments also proved
that ghost-free pictures could be
obtained by collecting signals that
bounded off any one of several tall
buildings in the area. This was

(Continued on page 118)

General appearance of CBS receciver antenna which has a dipole in a 6 ft. by 18 in, reflector
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Corner of chemical laboratory carrying on fundamental and applied ma-

terials research. Several new plasticizers and synthetic insulating mate-
rials have been developed here. These and other laboratory views on
this page are of Intelin labs, Federal Tel. and Radio Corp.

Compounds produced by the Flastics and Chemical groups are sheeted
in this calender to yield a smooth, uniform sheet within small dimen-
sional tolerances. Physical and electrical properties of prepared
materials are then dctermined as shown in illustrations on other page

Hardness or resistance to indentation and penetration is one of im-
portant physical propertres of plastic material used in high frequency
cable. Measurement of hasdness is being made with Shore Durom-
eter, uvsed for elastic thermo-plastics. Sample previously conditioned
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Latest piece of test apparatus developed in labs is desigred to test
surge strength of dielectrics. A standard impuise in kifovolt range
is generated and fed across the sample; oscillosccpe detects break-
down. New apparatus gives quantitative results and speedy operation

INSULATION

Fundamental and applied vre-
in the development and test-

Resistivity of samples of jacketing materials is measured on megohm
bridge. Oven at left and water bath at right enable dry and liqui¢
immersion tests to be tsken at desired temperatures, Temperature con-
ditioning is frequently used in tests to establish standyrd :zondition
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Impact resistance is measured for plastle materials to be used in Dielectric characteristics ©f marerials are important. Power factor
telephones and as electrical insulation posts, This characteristic and diclectric c<onstant are measured accurately between frequencies
indicates the amount of energy required to break a given sample, and of 500 kc and 30 mc with apparatus shown abowe. Set up to take liguid
Is recorded in foot-pounds on the Charpy tester shown in picture above diclectric mecasurements, equipment also measures solid constants

LABORATORY

search facilities required
ing of high frequencey cables

Heat deftormation test must be undergonc by thermoplastic compomnds,
particularly if they arc to be used as jacketing materials, Here the
thickness of the sample is mecasured in mils before and after it is
subjected to a heat treatment; ratio of values determines deformation

New method of measuring diclectric characteristics at UHF is shown.
Using frequemcy determination to calculate the dielectric censtant,
this apparatus, which operates at 300 and 90C mc, is capabie of higher
degree of accuracy than herctofore possible, Technic is  rapid

Highly sensitive amalytical and semi-micro balances, some accurate
to 0.00001 qram, are used in connection with analysis of compaunds
synthesized in laborstory, as well as in determination of Rheir physical
md chemical constants. This s  picture of Intelin balance room
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Left, the audio spectromcter, which splits sounds into 13 bands, in operation.
which surfaces have been treated. Equipment under test is mounted on a car and rolled in on tracks

Right, general view of the anechoic chamber showing manner in

ACOUSTIC LABORATORY

Harvard scientists and engineers

design and build <““Anechoic

Chamber” in which 99.9 %, of sound wave energy is absorbed in walls

® As the electronic engineer is
often up against the problem of
radiating sounds in a satisfactory
and undistorted manner, he will
welcome the advance in this art
produced at the Electro Acoustic
Laboratory at Harvard during the
war.

This Laboratory investigated
problems of sound insulation for
airpianes and other locations near
high intensity sound fields and
achieved sonie interesting results.

Under the leadership of Dr. Leo
R. Beranek, the Laboratory found
that the efficiency of sound insula-
tors depended on the ratio of
area to weight and developed a
new material which is known in the
trade as Fiberglas AA. This is made
in the form of % in. blankets in
which the glass fibers are bound by
a plastic and weighs about 1/20th
1b. per square foot. Two such blan-
kets sewed to opposite sides of an
asbestos paper sheet proved most
effective for reducing noise on such
planes as the Boeing Super Fort-
ress.

Studies also were carried out to
determine the effect of altitude
and pressure variations on the in-
telligibility of speech. To analyze
this problem an audio spectrometer
was built which separates the
sounds of speech into 13 different
bands from low to high. Results
indicated voice intensity decreased
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9/10 at 35,000 ft. and the higher
notes tended to be lost. Therefore,
amplifiers used under such condi-
tion had to compensate for this.
In connection with these studies,
the Laboratory built a remarkable
room called an “Anechoic Cham-
ber” (meaning “without echo”).
In this chamber the walls, ceiling
and floor all are covered with fiber-
glas wedges, base mounted, each

alternate wedge being at right an-
gles to its neighbor. Many loud
speakers, sirens, microphones, etc.,
were tested in this chamber and it
was found that 99.9% of the sound
wave energy was absorbed in the
walls at the first reflection. Another
unusual room which was built
consisted of walls with semi-cylin-
drical surfaces designed to diffuse
noise perfectly.

Method used in installing Fiberglas wedges in the anechoic (echo-free) chamber, all walls and
the ceiling and floor being treated in the same manner for effective sound energy absorption
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TWIN BEARING DF UNIT

® The Simon Radioguide, a vari-
ant of SCR-503-A4, is a crossed-loop,
twin-channel direction finder using
off-null loop position to provide
aural reception and visual direc-
tional indication simultaneously.

Two eight-inch right-angle loops,
encased in a common electro-stati-
cally shielded frame, are used.
Since the directional pattern of a
vertical loop is a cosine function,
the two loops respond equally when
the arriving signal is in the bisect-
ing plane at 45° to either loop.

A twin-channel superheterodyne
receiver is energized by the loops,
the outputs deflect two crossed

View of the front of the Radioguide control

Schematic of arrangement of twin channels
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Direction finding carried on simultaneously with message

interception from enemy aircraft, patrol boats and tanks

General view of the Simon Radioguide as set up for operation in the field. Sense antenna projects
through the axis of the shielded crossed loops. Power supply is }12-v storage battery and dynamotor

pointers of the bearing indicating
instrument. When the loop is ori-
ented with its bisecting plane in
the direction of the incoming sig-
nal, the deflection of the crossed
pointers is “equal’’.

The frequency range of the
equipment is from 0.1 to 1.0 mc,
and from 1.0 to 3.0 mc. The two
ranges are covered by individual
units.

Since the instrument possesses
an inherent quadrantal ambiguity,
a specified procedure is used in its
resolution. By pressing a balance
control button, the operator deter-
mines whether the transmiting sta-

tion lies ahead or behind or in a
beam quadrant. This operation un-
grounds the two loop return leads
and connects the loops in series.
The resultant signal voltage is ap-
plied to the control grids of the
first tubes in each channel.

If the signal arrives from a beam
quadrant, the two loop voltages will
cancel, causing both pointers to
fall to zero. If the signal arrives
from fore or aft quadrants, the
two loop voltages combine in phase,
and the pointers stay at the same
level.

The second step is resolution of

(Continued on page 124)
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TUNABLE MICROWAVE

® In the construction of oscillators
for uhf and microwaves, it has been
customary to utilize line-tuned cir-
cuits when frequencies became such
that conventional circuit elements
could not be used. However, the
available tubes up to this time
created quite a problem in adapting
line-tuned circuits for use as oscil-
lators since lead inductance and
stray capacitance would frequently
make the circuits impractical. The
cavity resonators, that will be dis-
cussed in the following text, use the
new lighthouse® tube, which elimi-
nates most of the difficulties en-
countered when using coaxial lines
as resonant circuits. This tube has
been specially designed for use in
the microwave and uhf region. Its
physical construction is such that
lead inductance is kept at a mini-
mum and coaxial lines can be
adapted quite readily as circuit ele-
ments. This can be seen in Figs. 1
and 2, which show schematic views
of two different types of oscillators
using this tube.

These cavities can be used as lo-
cal oscillators, transmitters or sig-
nal generator oscillators in the
micro-wave region.

The double coax lighthouse tube
cavity resonator shown in Fig 1
uses a tuned coaxial line in both
the cathode-grid and grid-plate
circuits. As is indicated in the

By J. J. GUARRERA

Engineering Department
Bernard Rice's Sons, Inc., New York

Design of line-tuned circuits for use with lighthouse tubes
as local oscillators, transmitters or signal generators

MONITOR
OUTPUT

OUTPUT
CLAMP

Fig. 4—Design

drawing, the grid line is common
to both circuits as the inner con-
ductor of the cathode-grid circuit
and the outer conductor of the
grid-plate circuit.

The mechanical layout is such
that the construction of an oscil-
lator of this type is quite straight-
forward. The cathode line can be
of brass tubing approximately 1%
in. in diameter with one end spun
or drawn to the dimensions of the
tube. This “neck” should then be
slotted so the tube can slide in and
out easily. Then a clamp should be

GRID CONTACT

FREQUENCY WOBBLE ASSEMBLY

FINE TUNING

o

COARSE TUNING

incorporating a monitor output and ‘“wobbler” to vary frequency slightly

used to hold it firmly in place when
in operation.

For the grid line, brass tubing,
having the same inside diameter
as the outside of the flange of the
tube, can be used and should he
slotted to permit a spring contact.
If more clearance is desired in the
plate-grid circuit, slightly larger
diameter tubing can be used with a
short neck spun or drawn as in the
cathode-line. Similarly, for the
plate line, rod or tubing can be used
and should be machined and slotted
so that it grips the plate cap of

Fizs. 1 and 2—Schematic drawings of two types of oscillators designed for lighthouse tubes
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CAVITY RESONATORS

LICHTHOUSE TUBE

%
£ 5

A
¥

GRID CYLINDER

COARSE TUNING

ST

A

s OUTPUT CLAMP

FINE
TUNING

Fig. 3—Showing the Lighthouse tube and grid cylinder removed from the cavity

the lighthouse tube firmly.

The coaxial lines are tuned by
means of adjustable ‘“shorting
plugs” which are fabricated so that
they act as an effective short for
the microwave energies without in-
terfering with the dc circuit. Bake-
lite rings can be used between the
lines as spacers to locate them cor-
rectly and keep them in place. The
spacers should, of course, be as-
sembled behind the ‘“shorting
plugs” so as not to interfere with
the rf circuit.

The mode of oscillation of this
double coax resonator is determined
by the “shorting plug” position and
the feedback arrangement. For
example, if the feedback is such
that it will maintain oscillations in
the region of 10 cms, then the cav-
ity will oscillate when the “shorting
plugs” are located the proper num-
ber of quarter wavelengths back
from the tube so they, too, will sup-
port the 10 cm oscillations.

For a cavity that is required to
oscillate over only a limited range,
a quarter-wave choke can be used
as a shorting plug. (Fig. 6) It is
quite evident that this is rather
simple to fabricate. The spacing
between the choke and the wall of
the tube is determined by the
amount of dc voltage applied to the

ELECTRONIC INDUSTRIES @ March, 1946

plate of the tube. The smaller the
spacing the more effective the
“choking” or ‘“shorting” action will
be.

For a cavity that is required to
oscillate over a broad band this
choke type short would be imprac-
tical since the quarter-wave ‘‘chok-
ing” effect would take place only
over a very limited range. To meet
this requirement, a capacitance
type “shorting plug” was designed
as shown in Fig. 7. This “shorting
plug” is quite effective and satis-
factory in the microwave region.
The design shown in Fig. 7 is only
one of the many ways of accom-
plishing this capacitance type
“shorting” action.

This type of resonator can be
made to cover an extremely wide
range of frequencies. The shortest
wavelength obtainable is limited by
the electrical characteristics of the
tube itself and for the lighthouse
tube this lower limit is in the re-
gion of 8 cms. The only limit to
the longest wavelength obtainable
is the physical size of the resonator.
For this circuit to operate over the
entire range, it is necessary to in-
troduce proper feedback between
the plate-grid and grid-cathode cir-
cuits. This can be accomplished by
a number of methods, Some of the
more common and simpler ones
are:

(1) Introducing a loop between
the cathode-grid and grid-plate
circuits. This is usually satisfactory
for short wavelength oscillations
in the order of 10 or 12 cms when
the lines are resonating in the
three-quarter wave mode so that
the loop can be introduced at a
point of voltage minimum without
interfering with the motions of the
“shorting plug.”

(2) Introducing a capacitance
probe between the cathode-grid
and grid-plate circuits. This type
of feedback generally is used for
the longer wave-length oscillations
when the line is operating in the
one-quarter wave mode, and the
tube end of the cavity can be con-
sidered a point of voltage maxi-
mum.

(3) Introducing a combination of
capacitance probes and loops
through the wall of the grid line.
This arrangement generally is used
when a band of oscillations must be
covered which does not fall clearly
in either of the above two cases.
For example, if an oscillator were
desired to cover the range from 10
to 20 cms, a feedback system would

Fig. 5—Cross sectional views of various loops and probes used for feedback purposes
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nave to be devised to maintain
proper oscillating conditions
througout this range. On the other
hand if an oscillator were desired
from 8 to 12 or 15, cms, it is very
likely that a loop alone would suf-
fice.

In Fig. 5 are illustrated a series
of cross-section views of various
loops and probes used for feedback
purposes. The operating range of
any given setup is limited by the
feedback system, which usually is
quite frequency sensitive unless
elaborate and complicated mechan-
ical arrangements are made for
broad band operation. Frequently
the band of operation in an oscil-
lator can be made quite broad by
the use of a combination of the
loops and probes.

Since the lines in this double
coax resonator are terminated with
“shorting plugs,” the oscillations
are of an odd quarter-wave nature.
For oscillations on the order of 25
cms and greater, the fundamental
quarter-wave mode invariably is
used in order that the physical
dimensions of the cavity may be
kept as small as possible. However,
when oscillations in the region of
10 and 15 cms are desired, it be-
comes necessary to operate the
cavity in the three-quarter wave
mode and sometimes five quarters

L2

Fig. 6—Quarter wave choke used in cavity
as a shorting plug

since the loading action of the tube
places the first voltage minimum
almost within the glass envelope.

This type of cavity is slightly
awkward in use since it requires
tuning the cathode-grid line, the
plate-grid line and in addition
maintaining proper feedback con-
ditions throughout the range of
oscillation. These adjustments can
be quite critical, and it sometimes is
necessary to use a variable feed-
back arrangement so that the res-
onator can be tuned and adjusted
to give satisfactory operation over
the desired band. This resonator
can be used for both ¢cw and pulsed
applications,

The cw power output that can be
obtained at 10 cms is approximately

82

1 to 5 w with 5 w of dc power
supplied to the circuit. In pulsed
applications where the peak of the
pulse supplied to the anode is 800
v or greater, the oscillator has an
efficiency of approximately 10%. As
this type of cavity is adjusted for
longer wavelengths, the efficiency
of operation increases.

Another type of oscillator, known
as a re-entrant cavity, is shown in

i )

E=si

Fig. 7—~Capacitance type shorting plug

\

Fig. 2. This unit also uses coaxial
lines in both the cathode-grid and
grid-plate circuit. However, these
lines are not tuned in the same
manner that is used in the double
coax resonator. Instead of termi-
nating the tuned circuits in “short-
ing plugs,” the grid line is made
one-half wave long and mounted
directly on the flange of the tube.

The length of the grid line is
fixed for any given setup, and thus
becomes the frequency-determining
factor in the circuit.

The “shorting plug” in the re-
entrant cavity is mounted on the
plate line and functions as an rf
short between the cathode-plate
circuit and is located an odd num-
ber of quarter wavelengths back
from the end of the grid cylinder.
These are the only points at which
oscillations will take place.

Motion of the ‘“shorting plug”
does affect the resonant fre-
quency of the circuit, but its func-
tion is primarily to optimize con-
ditions for oscillation with a given
grid cylinder rather than to change

the frequency. The grid cylinder
on the other hand functions as the
frequency-determining factor in
the circuit, and its length, there-
fore, is critical. Small variances
will change the band of oscillation
appreciably.

By comparing Figs. 1 and 2, it
can be seen that the construction
of this re-entrant cavity is very
similar to the construction of the
double coax cavity, which was de-
scribed previously. The funda-
mental difference between the two
units is that the grid line in the re-
entrant cavity is mounted directly
on the tube and is supported and
held in position in this manner.
The “shorting plug” in the re-
entrant cavity is mounted firmly
to the plate line and forms a sliding
contact to the cathode line. These
two differences make the re-entrant
oscillator simpler to construct and
easier to operate.

Tuning is accomplished in this
circuit by a motion of the plate
rod on and off the cap of the tube,
as is indicated by the arrow in Fig.
2. Motion of the plate line away
from the tube effectively introduces
a series inductance in the plate
grid circuit, which causes the fre-
quency to decrease or the wave-
length to become longer. The
amount of tuning that can be ob-
tained by this method is approxi-
mately 1 cm in the region of 10 ¢cms.
This resonator, therefore, can be
tuned over a 10% band with only
one control which makes it an ex-
tremely practical and simple de-
vice for use where tuning is neces-
sary, provided that the required
tuning does not exceed the limits
over which a given grid cylinder
will perform satisfactorily. This
unit customarily is used in the
region from 8 to 12 cms, since
operation at longer wavelengths
proves impractical.

(Continued on page 120)

Fig. 8—Cross sectional view of Lighthouse tube tunable cavity showing tuning arrangement
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LABORATORY KEYHOLE

Current Research that Forecasts Future Electronie Developments

5 KW AT 300 MC—Dissipating more energy per unit
area than has heretofore been possible, a parallel-
plane water-cooled tube developed by RCA labora-
tories is capable of developing 5 kw of output power
at 300 mc. Principles of electron optics are used in
the tube’s design. The massive plate is contained
within a glass envelope, and communicates to the
exterior by means of a tube which encloses two
smaller tubes through which water enters and leaves.
Seals and stems are completely water-cooled. The
tube is a double tetrode with partial internal neu-
tralization.

ELECTRONIC BONDING—A bond is needed between the
steel head of a golf club, weighing between 81, and
10 oz, and the steel shaft. An induction heating
method to secure this bond has been worked out in
a testing laboratory of the Commonwealth Edison
Co., Chicago. The tapered hole in the steel head was
coated with polyvinyl acetate, the tapered shaft in-
serted in the hole, and the unit heated inductively to
350° F. in 1 sec. After cooling, the club was submitted
to a very severe torsion test, and the bond pro-
nounced unbreakable. Method has added advantage
that no subsequent polishing is needed, as the heat-
ing does not in any way discolor the chromium
plating.

MEASURING THIN COATINGS by X-ray absorption is re-
ported by L. S. Birks and H. Friedman of the U. S.
Naval Research Laboratory. Characteristic X-rays
were reflected from the base material and the dif-
fracted intensity measured by a Geiger-counter
system. When the base material was covered with
a thin coating. the X-rays were reduced in intensity
according to the exponential absorption law for the
coating material. Metal plating thicknesses were
determined in the range from 109 to 102 centi-
meters. The method is generally applicable to coat-
ings of any material or combination of materials
whose X-ray absorption coefficients are known.

ELECTRONIC GRADER—C. W. Rupprecht, Long Island
industrial engineer, is developing an electronic
grader which will sort malleable iron castings ac-
cording to their machinability and tensile strength.
In the initial stage, castings travel through three
successive magnetic fields. Accept and reject relays
driven by degenerative amplifiers complete the
grading operation. The process will be high-speed
according to Rupprecht, and will not slow down the
foundry production line. He points out that cast-
ings which are too hard may damage tools, while
those which are too soft may not hold up in use.
The electronic device will replace a slow piece-by-
piece drop-test now in use.

HIGH COST OF LAB MODELS is illustrated by recent rev-
elation of figures on hand-built color-television sets.
For pioneer 10-inch direct-view color televisor cost-
sheet totalled $3,150; for 18-by-24-inch color pro-
jection model, $5,900. However these costs of course
have no bearing on future customer prices for pro-
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duction-line jobs, which will be much lower. (Early
models of FM sets from same laboratory cost $2,400
each, though similar sets were later placed on mar-
ket at little more than prices of ordinary radios.)

NOTE FOR ELECTRONIC GARDENERS—For the past three
years, using electronic amplifiers, Dr. H. T. Stetson
has been continuously measuring the flow of sap in
a tree near his Needham, Mass., laboratory. In
1946, sap had already started to flow early in Janu-
year. In 1945, the sap started up in February, pre-
decting the early Spring a year ago. But now, in
1946, sap has already started to flow early in Janu-
ary, probably as a result of the early-January warm
spell. Nearby maple-sugar farmers also found the
maple sap flowing in January. Does this mean
another freak growing year in 1946?

RADAR MOON MAPPING—Sir Edward Appleton, in a

paper presented before the Physical Society of Lon-
don, proposes to use radar in measuring heights of
lunar mountains, craters and plateaus. By using
very short waves, Sir Edward believes that sufficient
resolution could be obtained to make altitude mea-
surements never before possible since the moon
always presents the same face toward the earth;
hence lunar objects are always seen from the same
head-on angle.

FLAME PHOTOMETER—A new laboratory instrument has
been developed for indicating concentrations of
sodium, potassium and calcium in a sample. Using
the well known kitchen experiment of throwing salt
(sodium chloride) into a gas flame to watch the color
change to a brilliant yellow, in this new flame pho-
tometer a sample of the substance to be analyzed is
dissolved in water and a mist of the solution atom-
ized into a special gas flame. The light, characteristic
of the desired element, is gathered from the flame by
an optical system and glass filters and then directed
on a photoelectric cell. The amount of light reaching
the photoelectric tube sets up a proportionate electric
current in a meter circuit. The final meter reading is
therefore an indication of the concentration of sodi-
um, potassium or calcium in solution in the sample.
The sensitivity of the unit is such that 1 part of
sodium in 10,000,000 parts of water may be detected.

PREFABRICATING PROPELLERS—According to report,
manufacturing processes in the production of large
steel propellers for marine use has been facilitated
through the use of induction heating. Passing a coil
gradually down the blades gives the necessary heat
pattern for brazing without destroying the physical
properties of the metal.

NOTE: Please don’t ask us for more details about any of the
foregoing. We present here all the information we have. As
soon as we get more about any of these situations, full details
will be printed in FElectronic Industries. Our editors run
across many interesting tips. leads, and rumors, both well-
founded and baseless. We thought you would be interested in
hearing about them, even if we can’t give all the details or
vouch for their authenticity. Editors.
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LORAN

INDICATOR

Propagation considerations that determined frequences—an
analysis of design and functioning of various circuit elements

By DAVID DAVIDSON

Radiation Laboratory, M.1.T.

® In any discussion on Loran in-
dicator circuit operation it is
worthwhile at first to examine the
elements of the system and then
to define the requirements to be
met by the navigator’s instrument.
Recent articles have appeared,2:3:4
however, which deal with the Lo-
ran system and its development in
an entirely adequate fashion, so
that this paper will review only
those concepts which influence Lo-
ran indicator design.

In loran, a navigator measures
the time difference of arrival of
pulses from two widely-separated
transmitting stations with a nom-
inal reading accuracy of about a
microsecond. Since the stations are
rigidly synchronized, the contours
of constant time difference are a
family of spherical hyperboles hav-
ing the station locations as foci.

In order to obtain a fix, a navi-
gator will require at least one other
time difference reading from a
second pair of stations. As a single
station may be common to two
pairs, it takes at least three Loran
stations to provide fixing coverage.
Certain ocean areas are presently
covered by chains of as many as
eight Loran pairs all operating on
the same radio frequency and iden-
tified by the different recurrent
rate assigned to each pair.

Station synchronization may be
pictured with a familiar analogy,
shown in Fig. 1, that of water
waves. A wave from the master
appears first, and at some time
after this wave has passed the
slave, the latter originates a wave
of its own. Consider the relative
position of the waves at any in-
stant. Since the velocity of each
is equal, they will forever advance

1. Pierce, J. A., "An Introducti
Loran’’, Proc. I.R.E. Paper, in f’rlgsr;. o

2. Fink, D. G., ""The Loran System. Part
Electronics, November, 1945,

3. McKenzie, A A, ‘“Loran—How It
Works'!, QST, December, 1945.

4. Watson, F. G, & Swope, H. H., ""Loran’’,
Sky and Telescope, December, 1945; and
“Loran Tables and Charts”, Sky and
Telescope, January, 1946.

"
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outwards with constant separation,
the exact amount depending upon
the position of the observer.

It is evident that the minimum
lag of the slave behind the master
will occur along a line directly be-
hind the slave and in oposite direc-
tion from the master; this is the
slave base-line extension. The
maximum time difference observ-
able will occur on the master base-
line extension, with intermediate
values in the area between the ex-
tensions. The range of values is
clearly dependent only upon the
length of the base line.

The choice of Loran frequencies,
the 2 mc region, was guided by sev-
eral propagational considerations,
the most striking one being indi-
cated in Fig 2. Obviously, the
lower the frequency, the greater the
ground wave range. But with the
broadcast band being inviolate,
pulse technic below this band being
increasingly difficult as the fre-
quency is lowered, and the increase
in range with lower frequencies be-

ing somewhat compromised by the
attendant increase in noise level,
it seemed best to operate as close
to the upper end of the broadcast
as possible, in the region of the dip
in the noise curve for daytime.

Here, the daytime absorption
properties of the E-layer are opti-
mum, resulting in such a reduced
noise level that a good ground
wave range is available during day-
light. With present Loran trans-
mitters, about 70 kw pulse power
is radiated on the average, so that
a daytime range of 700 miles over
sea water is quite common. The
nighttime ground wave range is
perhaps reduced by 100 miles owing
to the increased noise level; this is
also evident from Fig. 2.

With the advent of sunset, the
E-layer is reduced to a tenuous,
thin, reflecting region which re-
fracts incident radio waves of me-
dium frequency with remarkably
low loss. At 2 mec, single and mul-
tiple reflections occur from the E-
layer, and these are followed by

Fig. 1—Sequence of transmission for Loran pair showing range of time difference encountered
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MASTER BASE —LINE
EXTENSION LU
MAXIMUM TIME OIFFERENCE

(TWICE BASE-LINE LENGTH)
PLUS 1000 uS

INCREASING
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.

SLAVE BASE = LINE
EXTENSION

SLAVE SIGNAL

MINIMUM TIME OIFFERENCE
( IN LORAN, USUALLY )
10004 S

HYPERBOLIC POSITION
LINE

( CONSTANT TIME
OIFFERENCE )
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numerous reflections from the
night F-layer.

Experimentally, it was deter-
mined by numerous Radiation
Laboratory field observations,”
that the stability of the singly-
reflected E-layer signal is adequate
for navigational purposes. This is
formally expressed by stating that
the transmission delay for a first-
hop, E-layer reflection at night can
be related to the distance of ob-
server from a transmitter by a
rather simple curve such as the
one given in Fig 3. Actually, the
curve is a band with greater width
at short range, indicating greater
probably error of the delay of the
sky wave behind the ground wave.
At 400 miles, the delay is roughly
100 microseconds, while at great
distances it is about 70 micro-
seconds.

Second and multiple hops of both
E and F layers are too unstable for
use in a navigation system. The
service provided by nighttime first-
hop E reflections allows the exten-
sion of Loran coverage for a pair of
stations to more than double the
daytime range, and the limit to this
nighttime range is determined by
the relation between the effective
“layer height” and the curvature
of the earth. In fact, the absence
of first-hop E reflections beyond
1600 miles has been somewhat fa-
cetiously termed a proof of the
earth’s curvature!

Thus we see that ionosphere re-
flections result in the reception of
a train of pulses for each Loran

Fig. 5—Model DAS-1 Loran receiver-indicator

signal radiated, and these trains
extend several thousand micro-
seconds beyond the ground wave.
The intensity of the latter portion
of the train is rather weak on the
average and so causes little diffi-
culty. At any rate, the navigator
is solely concerned with the first
500 microseconds of each pulse

5. Pierce, J. A,, Loran Report No. 16, Ra-
diation Laboratory, M, |. T., January
22, 1942,
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proper identification of these com-
ponents. The splitting of the
sky-waves and their slow fading
leaves little doubt as to which is the
ground wave.

train, for in that portion will be
found the ground wave, the first-
hop E, and the second hop E; sat-
isfactory operation of the system
at night is dependent upon the
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Fig. 10—Eccles-Jordan square wave generator

With the above review of a few
of the elements of Loran the re-
quirements for a Loran receiver-
indicator may be formulated as
follows:

(1) a slow time base, preferably
linear, to examine the entire re-
currence cycle (40,000 microsec-
onds.) ;

(2) a fast or expanded time base
(say, 200 to 2500 microseconds) to
enable the identification of pulse
train components and to permit a
coincidence measurement of master
and slave pulses;
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(3) a delay circuit, which, by
permitting one of the pulses to be
delayed so that a coincidence
measurement can be made, will re-
sult in a time difference reading
equal to the delay;

(4) an amplitude balance scheme
so that the two pulses, being neces-
sarily slow rising, may be made
identical in shape during meas-
urement;

(5) an effective method for sweep
calibration in order that the time
difference can be read with the re-
quired precision and rapidity;

(6) a method of splitting the
time base so that the pulse from
one station may be brought under
that of its mate for superposition;

(7) a method of identifying the
recurrence rates of the station
pairs in a positive manner;

(8) ample sensitivity in the re-
ceiver, perhaps to a microvolt;

(9) the receiver bandwidth
should be wide enough to allow
satisfactory discrimination of sky
and ground wave components and
yet narrow enough to keep adjacent
channel interference at a minimum.

The entire idea of the Loran re-
ceiver-indicator is to permit the
superposition of two originally un-
equal pulses of a Loran pair
after they have been made equal
in amplitude. During this match-
ing process, the navigator intro-
duces a delay into his equipment
which is equivalent to the time
difference of arrival of the two sig-
nals.

Typical receiver

The block diagram of a typical
1942 vintage receiver-indicator, the
DAS-1 which has seen extensive
service on board Allied ships, is
given in Fig. 4, while the equipment
is illustrated in Fig. 5. The circuit
has been essentially preserved in
later models of this same series. In
the discussion of circuit operation
which follows the individual blocks
will be discussed, and the overall
picture can be retained by refer-
ring each circuit back to the block
diagram. The main elements of the
DAS-1 are the crystal oscillator, the
divider chain, the square-wave gen-
erator, the marker circuits, the re-
ceiver, and the amplitude balance
circuit.

Since the 100 kc crystal oscillator
is the local frequency standard, it
must be sufficiently stable and ad-
justable for the received signals to
remain stationary and have mini-
mum drift across the screen, once
the appropriate recurrence rate is
selected. It is, as shown in Fig. 6,
a conventional crystal-grid tuned-
plate oscillator with some external
plate-to-grid feedback for stable
and vigorous oscillation and with
capacity padding across the crystal
in order to secure right and left
drift. The squaring amplifier which
also appears in Fig. 6 distorts the
oscillator output sufficiently so that
after differentiation, positive- and
negative-going pips are derived to
trigger the first of a serles of divid-
ers. The related waveforms are
sketched in Fig. 7, and these should
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ve studied again after examining
the divider operation.

Each divider, the first one is
shown in Fig. 8, consists of a
double-diode integrating circuit
(“counter”) and a triode blocking
oscillator. The pips from the squar-
ing amplifier are fed through a
“bucket” capacitor and by the ac-
tion of the diode the negative por-
tion of the pips is removed so that
only the positive pips pass on to
fill the “cistern”, or storage, capaci-
tor in the grid circuit of the block-
ing oscillator.

The cathode voltage of the triode
is adjusted by means of a poten-
tiometer to a value which deter-
mines the number of bucketsful the
cistern will receive before the con-
duction point of the triode is
reached. Viewed at the grid of the
blocking oscillator (see again Fig.
7) is a familiar stairs pattern dis-
playing the discrete charges re-
ceived by the storage capacitor;
and the number of steps in the
flight gives the division ratio for
this stage. The inspection of this
pattern on the cathode ray tube
of the indicator allows the operator
to check the division ratio of this
stage, and this technic is used with
the succeeding stages as well.

Deciding stages

The sharpness of the blocking
oscillator output pips is dependent
almost entirely on the design of
the blocking oscillator transformer.
Difficulties in the production of
adequate divider chains for some
Loran indicator models have re-
sulted when these transformers
were of inferior design.

The first dividing stage has a
division ratio of 5:1. The succeed-
ing stages whose circuits comprise
Fig. 9 are all similar to the first
stage except for the variation in
division ratio. The second stage
divides by 10; the third, by 5; and
the fourth, by 8. (If a basic rate of
3315 per second is to be received,
the fourth divider will divide by 6.)
Since the oscillator operates at 100
ke., the output of the fourth divider
will recur 50 times per second.

The fourth divider output drives
the slow sweep generating circuit
which is of the gas tube variety.
(In other Loran sets a “hard” tube
is used.) A paraphase amplifier
resolves the sawtooth sweep volt-
age into two similar sawtooth volt-
ages out of phase with each other.
These are applied to the horizontal
plates of the cathode ray tube to
achieve a uniform sweep.
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The split time base is achieved
by the square-wave generator of
Fig. 10, variously called “Eccles~
Jordan,” ‘“scale-of-two,” and “flip-
flop” circuit.® This symmetrical cir-
cuit follows the last divider stage
and furnishes a square wave oc-
curring 25 times per second; thus,
the total period of the square wave
is exactly 40,000 microseconds. This
square wave forms the reference
for the A and B delay circuits,

6. Reich, H. J., Theory of Electron Tubes,
P. 206, McGraw-Hill, New York, 1939,

serves to initiate a controllable
vertical trace shift on the oscillo-
scope, and drives the amplitude
balancing circuit.

The A and B delay circuits are
responsible for the accurate place-
ment of signals on the slow sweep
and for initiating the fast sweeps.
The A delay circuit is simply a de-
lay multivibrator driven by the dif-
ferentiated output of the rising
portion of the Eccles-Jordan square
wave. It provides a trigger for the
generation of a pedestal which will
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occur some time after the start of
the square wave and hence after
the beginning of the slow sweep.
In making a Loran reading, the
master signal is always set astride
the A pedestal. The A delay is
maintained at a fixed value by
being locked a few thousand micro-
seconds after the start of the
sweep. (Fig. 11)

The B delay circuit shoulders the
burden of measuring the time dif-
ference in microseconds. Since the
time difference to be measured will
vary from the minimum to the
maximum observable for a given
pair of stations, a range of about
10,000 microseconds is absolutely
essential. For example, if a 600-
mile base line were used and the
usual coding delay of 1,000 micro-
seconds used at the slave, a read-
ing of approximately 8,200 micro-
seconds would be obtained on the
master baseline extension, and this
must be read to within one micro-
second. This imposes rather strict
conditions upon the B delay cir-
cuit.

In practice, stability is achieved
by running the B delay as two de-
lay multivibrators in cascade (Fig.
12), the first being adjustable in
intervals of 500 microseconds out
to 10,000, and the second being con-
tinuously adjustable over a range
of 600 microseconds about the posi-
tion established by the first. This
results in two knobs being pre-
sented to the navigator—a coarse
and a fine delay.

Delay multivibrator

The continuously adjustable de-
lay multivibrator must be extreme-
ly stable and absolutely free from
jitter; hence, plate decoupling is
essential. The total action of the
B delay circuit results in a pedestal
which is variably delayed beyond
the start of the second half of the
Eccles-Jordan square wave, i.e., the
beginning of the lower trace.

The selection of appropriate sta-
tion pair is ingeniously accom-
plished by “feedback” in the di-
vider chain, as indicated in Fig. 13.
Loran recurrence rates bear the
ratio 400:399:398 . . . 393 in the
25 per second family.

Thus, if the divider chain out-
put occurs 50 times per second, the
pips will be spaced 20,000 micro-
seconds apart. To obtain the other
recurrence rates, integral fifties of
microseconds must be eliminated
in the divider chain. The output
of the fourth divider is fed back
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through a diode, and the positive
plp which results is delivered to
the second counter storage capaci-
tor — where it is combined with
the pips entering from the first di-
vider. For each count of the
fourth divider, the second divider
has counted 40 times.

This may be best pictured by
imagining 40 flights of stairs (10
steps per flight) occurring between
each fourth divider output pip. In
one of these flights, the one dis-
played immediately after the instant
of the fourth counter output, the
fedback process removes one step.
This flight thus has only nine in-
stead of ten steps. Since each step
is worth 50 microseconds, the en-
tire interval is shortened by that
amount. As more voltage is fed
back (depending on the value of
feedback capacitor) more steps are
removed in this flight, until a max-
imum of 7 steps have been re-
moved; there are therefore 39 nor-
mal flights, and one shortened
flight. If the basic recurrence rate
(no feedback) be designated “0,”
the remaining rates are specified
by the number of steps removed,
so that 7 “station” rates are pos-
sible for each basic rate.

Pedestal generator

The outputs of the A and B de-
lay circuits are suitably clipped and
mixed to give two trains of nega-
tive pulses of adjustable spacing.
These pass on to the pedestal gen-
erator circuit of Fig. 14, a cross-
coupled asymmetrical multivibrator
of the delay type, which delivers a
flat-topped pulse whose length is
adjusted by the “fast sweep”
switch. The timing relations of
the divider chain, square wave gen-
erator, delay circuits and pedestal
are exhibited in Fig. 15.

The fast sweep circuit generates
a single, fast, linear, sawtooth wave
each time the pedestal generator
is triggered by the A and B delay
circuits. The pentode of Fig. 14,
with its wusual characteristic of
passing constant current, is placed
in the cathode circuit of a triode.
The grid of the triode is connected
to the plate of one section of the
pedestal generator. When a trig-
ger from the A or B delay circuit
reaches the pedestal generator, the
plate potential of the first section
falls, thus cutting off the triode in
the fast sweep circuit.

Since the pentode plate is con-
nected to the cathode of the triode,
its current will drop, but only as
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permitted by the capacitors in its
plate-cathode circuit while they
leak off through the pentode. Thus
the voltage on the pentode plate
decays linearly with time and is ap-
plied to the grid of the paraphase

amplifier. The voltage decay will
cease abruptly when the pedestal
generator returns to its quiescent
condition, for then the triode con-
ducts and the pentode capacitors
are recharged. It is obvious that,

ELECTRONIC INDUSTRIES @ March, 1946




TO CATHODE OF

INDICATOR CHASSIS RECEIVER CHASSIS
- == = e
N | |
150K : I
INPUTS FROM ] l
SQUARE WAVE ! | B+
GENERATOR 1 |
o
| | 6SN7
' |o.51ur
1y e
i A —~
1 !
470K l
) l
1 !
|22
+ ! I IMEG
IAMPLITUDE I |
TO TRACE BALANCE | ==
separaTiON  OMTRO- |
CIRCUIT

2200 ‘ 800 MuF

3 Rro I.F. STAGE

Fig. 16—Receiver gain-shift circuit

TO PARAPHASE AMPLIFIER
F [ 100 K
B+ REGULATE "
LATED
NS _J_ UNREGULATED
0.5 uF
n
0.l
B+
REGULATED
FROM
FAST
SWEEP
CIRCUIT FROM
FOURTH
470 K DIVIDER
68 K
LS 4700K
=

Fig. 17—Slow sweep generator

Fig. 18—Paraphase amplifier

if the fast sweep is to be linear,
the size of the capacitors in the
pentode circuit must be adjusted
to give linear decay over the period
during which the pedestal genera-
tor is active.

When the slow sweep is in use,
the pedestal generator output is
mixed with the receiver output,
since pedestals and signals both
appear as vertical deflections. The
positive pedestal from the genera-
tor is applied to the grid of a 6SN7
pedestal-signal mixer triode, also
shown in Fig. 14. The output of
this cathode follower is switched
to one oscilloscope vertical plate.
Since the receiver output appears
across part of the cathode load,
the size of the pedestals will change
as the receiver output is connected
or disconnected. When the fast
sweep is used, the cathode follower
output is connected solely to the
grid of the oscilloscope through a
capacitor. During the part of the
sweep cycle other than the fast
sweeps, this serves to blank out the
traces.

The gain-shift circuit of Fig. 16
gives independent receiver gain
control during the A and B traces,
so that the operator may match
two signals of differing intensities
by equalizing their amplitudes. The
main receiver gain adjusts the am-
plitude of the weaker signal to a
desirable size, while the amplitude
balance is used to reduce the size
of the stronger to that of the
weaker one. One portion, the am-
plitude balance bridge, is in the
indicator unit, while the 6SN7
cathode follower which alters the
gain of the if stage is in the re-
ceiver chassis.

The amplitude balance bridge
contains two cathode followers,
driven in push-pull by the plates
of the Eccles-Jordan circuit. The

Fig. 19—10-microsecond marker circuit
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cathodes are bridged by the ampli-
tude balance control. During the
A trace, one cathode is held at
about 230 volts positive while the
other is kept at about 80 volts
positive by the square wave gen-
erator. This condition is reversed
during the B trace period. At some
point near the middle, the ampli-
tude - balance potentiometer arm
will settle at 150V above ground.
If the potentiometer setting is al-
tered, a square wave of variable
height will appear, where the
height is linearly dependent on the
potentiometer rotation from the
balance point. The phase of this
square wave will reverse when the
balance point is crossed.

The output of the variable arm
is capacitatively fed to the joined
grids of the cathode follower in the
receiver, which consists of two tri-
odes in parallel. The common cath-
ode resistor is also the cathode re-
sistor for the receiver’s last if stage.
The cathodes of the follower are
driven up and down by the applied
square wave, thus increasing and
decreasing the gain of the last if.

Actually, the gain of the last if
cannot be increased much above
that obtainable with the arm of
the amplitude balance control at
the balance point, for the cathode-
follower cathode potential cannot
be driven below that determined by
the current flow through the last
if tube and the cathode resistor.
During the other half of the cycle,
however, the receiver gain can be
decreased by approximately 40:1.

The slow-sweep generator, con-
sisting of the sawtooth oscillator
and amplifier of Fig. 17, provides
the linear sweeping voltage for the
cathode ray tube which enables
synchronization of the received
pulses. The sawtooth oscillator is
a gas triode which is normally
biased to cut-off. A positive pulse
derived from the last divider stage
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and occurring every 20,000 micro-
seconds fires the grid. The plate
cathode capacitor is discharged
very rapidly through the tube until
the tube is non-conducting, since
by this time the initial pulse has
been removed. The capacitor then
charges slowly and essentially
linearly through the resistor con-
nected between it and B+. As the
linear portion of the charging cycle
is about completed another trip-
ping pulse from the divider stage
causes the cycle to be repeated. The
charging portion of the cycle oc-
cupies about 19,930 microseconds.
The discharge takes place in about
70 microseconds and this is the
duration of the “flyback” time of
the slow sweep.

A small fraction of the plate
voltage swing of the gas triode is

coupled to a pentode amplifier
whose very linear output is deliv-
ered to the paraphase amplifier,
shown in Fig. 18. Upon delivery to
the paraphase amplifier, the saw-
tooth waves from the fast- or slow-
sweep generator are transformed
into push-pull sawtooth waves
which are applied symmetrically to
the horizontal plates of the cath-
ode ray tube. The paraphase am-
plifier is a phase-splitting device
and allows the input wave form to
be amplified by a factor of two by
the time it reaches the oscilloscope
without altering the average hori-
zontal centering voltage.

While the slow sweep sawtooth
wave which is impressed upon the
paraphase amplifier is positive, the
fast sweep wave consists of a short
duration negative sawtooth with a
long interval of steady voltage.
Consequently the grids of the para-
phase amplifier are kept at B4
when the fast sweep is being used
so that there will be ample oppor-

Fig. 22—Power supply; indicator unit
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Fig. 25—Complete wiring diagram of the receiver unit
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tunity for the grid to respond to
the range of the fast sweep drive.

Markers are derived from the di-
vider chain at almost every stage
in order that the time base, both
fast and slow, may be calibrated.
Once a match has been made with
the pulses of a Loran pair it be-
comes necessary to remove the sig-
nals and read the marker displace-
ment upon the screen to a precision
of approximately 1 microsecond.
Usually, all Loran time differences
are four-digit numbers, and the
units used in tallying are 10’s, 50’s,
500’s, and 2500’s. The last digit,
therefore, is obtained by interpolat-
ing a 10 microsecond segment upon
the cathode ray screen.

Ten-microsecond markers are de-
rived from the crystal oscillator.
Since the oscillator output is a sine
wave of moderate amplitude, it is
amplified (the circuit is given in
Fig. 19), and then, by means of a
clipper, the sine wave peaks are
converted to sharp symmetrical
pulses about 2 microseconds long.
By means of the phase shifting
network which couples the crystal
oscillator output to the 10 micro-
second marker circuit, every fifth
10 microsecond marker is made to
coincide with one of the 50 micro-
second markers from the marker
mixer circuit.

Marker Mixer: The marker mixer
combines the output of the first
and second divider stages. The size
of the coupling capacitors of Fig.
20 which draw off the marker
pulses from the divider are adjust-
ed so that the 500 microsecond
pulses (from the second divider)
are several times larger than the
50 microsecond pulses. Both sets
of pulses are applied to the grid
of a self-biased cathode follower
which acts as a clipper. A larger

(Continued on page 126)
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TUBES

Control for Electric Heat

The accurate control of tempera-
ture in a 75 KVA re-circulating
type electric furnace used for an-
nealing steel stampings, has in the
past proven a troublesome problem
at the Commercial Metal Treating
Co., Bridgeport, Conn. This fur-

nace is not only used for annealing
at different temperatures but in
many cases a single temperature
must be maintained for successive
batches of work which differ greatly
These two factors plus

in weight.

Fig. 1—Electronic relay in controller unit

T I 1T T
1000 1200 1400 1600
DEGREES FAHRENHEIT

Fig. 2—Chart A. Heat control by ATC unit

the desirability for economical use
of power prescribe requirements
that make the effective operation
of a heat control unit extremely
difficult.

A new electronic balancer input
controller made by Automatic Tem-
perature Control Co., Inc., 34 E. Lo-
gan St., Philadelphia 44, Pa., has
been fitted into this picture and is
giving satisfactory results. This
unit operates on the most advanced
principle for control of furnace
temperature — proportioning plus
floating. Fully automatic operation
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ON THE JOB

is accomplished at a rate dependent
on the degree of temperature vari-
ation from a control point setting
on a pyrometer.

There are no saturable core re-
actors or control resistors in this
system, the current being fed to
the furnace either full “ON” or
“OFF”. Basically, this ATC con-
troller is built around a Wheatstone
bridge circuit and an electronic re-
lay unit (Fig. 1). When an unbal-
ance is set up by the slightest
change of temperature in the fur-
nace it is detected by the sensitive
electronic circuit and the time pe-
riods for which power is applied to
the heating elements are accurately
corrected.

For all periods that the furnace
temperature is more than five per
cent plus and minus from the con-
trol setting, the power is “ON” or
“OFF” continuously until the fur-
nace comes within this narrow
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Chart B. Control by ordinary throttling unit

throttling range. At that time the
heating circuit is alternately closed
and opened at proper proportionate
intervals so that the power deliv-
ered will bring the furnace to the
correct heat setting without over-
shoot and from then on will com-
pensate for the heat absorption of
any particular furnace load. As the
heat requirements vary because of
the difference in load weights, so
these proportionate on-off periods
are increased or decreased by an
automatic load compensator to take
care of these larger or smaller fur-

nace charges. There are two other
features in this electronic heat con-
trol which are engineered for econ-
omy of power in maintaining proper
furnace temperature and for con-
venience in showing the saturation
temperature in the furnace; the
maximum input switch effectively
avoids temperature overshoot and
the visual indicator light that shows
the percentage of power input to
the furnace and is illuminated dur-
ing the power “ON” cycle only.
The increased accuracy of this
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Chart C. Furnace heat recording for two loads

new unit is shown by the record-
ings. Chart A of Fig. 2 gives the
electronic balancer input control-
ler’s results in a typical run at the
Commercial Metal Treating Co.,
with control point set at 1380°F.
There is no overshoot and the tem-
perature is exact. Chart B records a
run of identical work through the
same furnace when equipped with
an ordinary throttling type input
controller, previously installed here,
with control set at 1300°F; a 40°
overshoot occurs and the furnace
heat rises and falls in wave like

ELECTRONIC INDUSTRIES @ March, 1946



drifts. It hits the set value of 1300°
at only four short intervals. Chart
C is the furnace temperature as
controlled by the electronic bal-
ancer during the annealinrg opera-
tions for the two loadings shown in

¥ig. 3—75 KVA electric furnace in left center

Fig. 3, one of these weighed 913 lb.
and :he second, the load which is
on the lifting yoke, weighed only
420 1b. For both operations the
control setting was 1195°.

Induction Soldering Unit

A portable bench type induction
soldering unit deveioped jointly by
Marion Electrical Instrument Co.
and Polytechnic Research and De-
velopment Co., New York, was de-
signed for fabricating Marion glass-
to-metal hermetically sealed instru-
ments and has now been placed on
the market. The unit consists of a
self-excited rf oscillator operating
at approx. 450 kc and uses a low
impedance link for transfer of rf
energy to the work coil thus avoid-
ing the use of tuning devices. The
link is provided with a grounded
center tap so that the operator is
not exposed to voltages which
would preduce shock or burns. Op-
eration is from the 60 cycle, 115
volts ac power line. The unit con-
sumes 175 watts at full power out-
put and approx. 100 watts at
stand-hy

Two switches are provided on the
‘rort panel. One switeh controls
the filament voltages and the other
the high voltage to the oscillator
tubes. A foot treadle type switch
instead of the toggle switch for
controliing operation may be used.
Some suggested applications are:
Metal-to-metal soldered assemblies,
small soldered seams, metal to met-
allized-glass assemblies, metal to
metallized ceramic assemblies and
small radio and radar components.
Higher efficiencies result, when the
material to be heated has high re-

ELECTRONIC INDUSTRIES ® March, 1946

Above—The induction soldering unit is used here for hermetic sealing of electrical meter.
By applying local heat to the fice of the meter, a perfect glass-to-metal seal is achieved

Below—View of portable bench type induction

sistivity. By use of induction heat-
ing the speed of soldering opera-
tions in increased, cleaner work and
greater uniformity with few re-
jects is achieved, since precise con-
trol of the temperature cycle is pos-
sible. Ozxidation and scaiing, the
damaging of the surface fnish or
the exposure of adjacent parts to
damaging temperatures is avoided.
Local heat may be applied to parts
which are inaccessible to the soi-
dering iron.

Meat Preservation

The use of Disinfectaire ultra-
violet germicidal lamps in meat
storage refrigerators has helped re-
duce spoilage by retarding mold
growth and contamination. Higher
temperatures and humidities are
permissible and this reduces weight
loss by moisture evaporation. This
germicidal equipment is made by
Art Metal Co., Cleveland 3, Ohio

soldering unit with associated equipment

MILK CAN STERILIZER

A vew U shaper Sterilamp that can be placed
i a washed milk can just before fillimg, will
kill 969% of bacteria count with only a sixty-

second exposure. These Westinghouse Steri-
lanwps are suspended on springs inside a pro-
tective cage and have a long service life even
under constantly severe working conditions
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SURVEY of WIDE READING

Electronic news in the world’s press. Review of engineer-
ing, scientific and industrial journals, here and abroad

Sensitive Galvanometer

Amplifier

By D. C. Gall and H. Tinsley (Journal of Scien-

tific Instruments, London, November, 1945).
The sensitivity of a galvanometer

increases as the restoring force of

the suspension strip decreases.
However, the oscillation period of

to top coil is made to depend on
the current through the bottom
coil by a mirror attached to the
bottom coil which deflects a light
beam onto a photocell in the grid
lead of thyratron. Negative feed-
back is introduced to stabilize the
circuit and to provide a high ef-
fective input resistance. A voltage

Top coil '
PN

control

Input

Bottom coil -~

Compensation

Thyratron

_ ==>moothi:—
\ circuit
Photocell 4 .
o=
—

Output

|l

e |

Two different galvanometers are combined with thyratron in galvonometer amplifier

the instrument will simultaneously
increase, making it tedious to use,
and magnetic impurities in the coil
will take control and the zero be-
come unstable. To increase the
sensitivity of a galvanometer with-
out incurring these disadvantages
a double galvanometer amplifier
system illustrated in the figure has
been devised.

A sensitive galvanometer coil
with a fairly short natural period
is suspended from another but
stronger galvanometer coil above it,
so that the zero of the bottom coil
is controlled by the position of the
top coil. Thus, when a small cur-
rent is passed through the bottom
coil, causing it to deflect, another
current is passed through the top
coil which, by turning the suspen-
sion strip, removes the restoring
force acting on the bottom coil, so
that the latter can deflect to a
greater extent. The current through
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proportional to the current in the
top coil or output circuit is applied
to the input circuit of the bottom
coil. The effect of this is to con-
trol the deflection of the bottom
coil so that it takes up a final posi-
tion where the negative feedback
voltage equals the input voltage.

The deflection of the top coil is
used as the indication of the very
small applied input voltage to the
bottom coil. The circuit may be
rearranged to operate as a current
amplifier instead of as a voltage
amplifier.

Self-Inductance of
Toroidal Coil

H. B, Dwight (Electrical Engineering, Novem-
ber, 1945).

The self-inductance of a toroidal
coil of rectangular cross-section
and without iron is computed. The
many-layer winding is assumed to
fill the air-space densely. Conse-
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Cross-section of toroidal coil explaining sym-
bols in the expression for self-inductance

quently, the thickness of the wire
layers on the inner side of the coil
facing the central axis (t.) is
greater than the thickness of the
wire layers on the outer face of the
coil (t,). The final expression for
the self inductance is
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hi—h
q=—

t
1,
he=hs+2t; » h:=h+2§f3—;" (fz"fs)}

The first term in the equation for
the self-inductance represents the
self-inductance of a one-layer coil,
the second, third and fourth lines
represent the contribution by the
inner trapezoid of thickness ti, the
fifth line that of the two trapezoids
at the ends of the coil of varying
thickness (between t. and ts), and
the last two lines that of the outer
trapezoid of thickness t.. Dimen-
sions are as indicated on drawing;
r» and r. can be computed from the
equation for n which is available
for a given size wire.

High Dispersion Electron
Diffraction

G. L. Simard, C. J.- Burton, and R. B. Barnes
(Journal of Applied Physics, December, 1945)

Electron diffraction has often
been limited in its usefulness by its
inherently low dispersion for high
values of lattice spacings. The por-
tion of the diffraction pattern cor-
responding to these long spacings
occurs at small angles with the
undiffracted beam. The rapid de-
crease in dispersion with increase
in the distance between diffracting
planes sets the usable upper limit of
lattice spacings with present dif-
fraction systems at about 5 Ang-
strom. Although sufficient for the
study of most inorganic materials,
such a 5-Angstrom limit is entirely
inadequate for the majority of or-
ganic crystals where planar spac-
ings of 10 to 30 Angstrom frequent-
ly occur. Not only is the measure-
ment of longer spacings inaccurate,
but often the resolution of closely

Circuit diagram of experimental, amplitude

lying reflections is difficult because
of the finite line width and broad-
ening of the recorded reflections by
scattering within the photographic
emulsion.

A method for attaining high dis-
persion in electron diffraction is
presented. This method involves
magnification of the diffraction
pattern before the electrons strike
the photographic plate. The de-
gree of dispersion may thus be
varied continuously; it is limited
essentially only by the resolution of
the original pattern. Suitable lens
systems are described, particularly
with a view to use a diffraction
adapter for electron microscopes.

Amplitude-Modulated
Pulse System

F. F. Roberts and J, S. Simmonds (Wireless
Engineer, London, November and December,
1945)

Following a survey of various
multichannel communication sys-
tems which make use of modulated
pulse chains and considering their
characteristics in some details, an
experimental apparatus using am-
plitude - modulated pulses is de-
scribed which provides seven good
quality speech channels within a
band of 110 kec. In all the systems
considered, the whole of a relatively
large frequency band is made avail-
able for consecutive small time in-
tervals to each of the individual
channels in cyclic order.

Transmitter

The sinusoidal, 8 k¢ output of a
conventional resistance - capacit -
ance type oscillator is amplified in
a buffer stage. Eight pulse chains
spaced at equal time intervals, ie.,

dul d

. The seven

e

OSCILLATOR BUFFER AMPLIFIER

—

pulse

ication ch 1

45 degrees from each other, are re-
quired for the seven channels trans-
mitting intelligence and the syn-
chronizing signal channel. Eight
phase-shifted sinusoidal waves are
derived from the oscillator output
by phase shifting networks.

The buffer amplifier output is
separated into two parts, one of
which is shifted in phase by 45 deg.
in phase splitting network A; the
two parts are made the inputs to
tubes 1 and 2 respectively. The use
of tubes rather than transformers
was indicated by the improved
phase stability and lower circuit
impedances possible while main-
taining the desired high voltage
level. The four outputs at the ca-

‘thodes and plates of tubes 1 and 2

are further passed through four
identical phase splitting networks
B, C, D, E, delivering eight sinusoi-
dal waves of at least 30 volt peak
amplitude displaced by 45 deg. with
respect to one another to terminals
1 to 7 and S. In the drawing, two
terminals are erroneously marked
5, the one on the extreme right
should be 7.

These eight sinusoidal voltages
control the generation of the eight
equally spaced pulse chains in the
pulse generator section; only one
unit and the synchronizing unit are
represented in the drawing. Pulse
generation relies upon the approxi-
mately exponential plate current vs.
grid voltage cut-off characteristic
of the pentodes used. The first grids
are negatively biased so that they
are at a negative potential even at
the peak of the superposed signals
at terminal 1 from the phasing cir-
cuits; the bias is stabilized by the
diode in the grid lead.

(Continued on page 134) ]
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available, the “B' having odditianol
filtering, thereby giving a slightly lower
ripple content than the “A." This unit
I» capable of supplying pawer for one
102 Series Line Amplifier and three 111
Pre-Amplifiers (six pre-amplifiers).

"SerTés "Monitor Amplitiers, of which four
different types are available. The “A'"
is ordinarily vsed to drive o monitor sys-
tem from a 600 ohm or bridging source,
Its distortion is low far this type of serv.
ice. It is quiet and has ample power with
excellent frequeney characteristics.

name Larrgevir, 1t will only appear on good
apparatus.

The Lanngevin Company

INCORPORATED

SOUND REINFORCEMENT AND REPRODUCTION ENGINEERING

NEW YORK
37 W. 65 St.,

SAN FRANCISCO
1050 Howard St., 3

LOS ANGELES

23 1000 N. Seward St., 3




NEWS

OF THE INDUSTRY

Chicago Parts Show
Scheduled For May 13-16

Manufacturers are readying ex-
hibits for the Radio Parts and Elec-
tronic Equipment Show scheduled
for the Hotel Stevens, Chicago, for
the four days, May 13-16. The ex-

DRPTRP

could be marshalled by the lower
frequency proponents could be made
to carry enough weight to influence
FCC. The decision to make no
change was released without com-
ment or engineering reason, which,
FCC says, will be forthcoming
somewhat later.

Hallicrafters®
FM Converter

Simultancously with the Federal
Communication Commission’s final
settlement of the controversy over
FM broadcasting channels, the Hal-
licrafters Co., Chicago, has placed
in volume production a new low-
priced converter which can be used
to adapt prewar FM sets to the new
band of 88 to 108 megacycles. Using
a single tube and small enough to
fit inside practically any FM set
cabinet, the converter is priced to
sell at $15.00 retail.

L. S. Television Moves

U. S. Television Mfg. Corp. will
move from 106 Seventh Ave., New
York 11, N. Y, to 3 West 61st St.,
New York February 15, The com-
pany will commence radio produc-
tion in February, and the manufac-
turing of television sets will begin
in the spring. A new division of the
company is producing television and
FM test equipment including spe-
cial parts for television sets. These
parts and test equipment are now
being delivered to other television
manufacturers.

Phillips Adds Relays

Phillips Control Corp., 612 No.
Michigan Ave., Chicago, Ill,, has en-
tered the relay production field.
The company has acquired design,
manufacturing and sales rights for
relays formerly made by G-M Lab-
oratories of the same city. John E.
Mossman, co-founder and former
vice-president of C. P. Clare & Co.,
has purchased a controlling interest
in the Phillips Control Corp. The
company will manufacture all types
of relays under the trade name of
“Phil-trol”.

Philco Developing
Anto Radiophones

Among other companies that are
investigating and engineering por-
table mobile radio equipment for
the use of automobile owners, Phil-
co Corp., Philadelphia, has let it be
known that this company is devel-
oping such equipment. Larry E.
Gubb told about the equipment
briefly but no details have been
revealed.
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other officers being: Vice-chairman
Prof. W. R. Abbott; Secy.-treas.
Roger S. Conrad.

Federal Producing
FM Transmitting Units

Federal Telephone and Radio
Corp., domestic manufacturine af-

Invention Exposition

World’s Invention Exposition is
scheduled to open in the Chicago
Arena and run from April 11 to 22.
It is planned for the exhibit to in-
clude all manner of recent inven-
tions including electronic equip-
ment and parts. Dr. Lee De Forest
is honorary chairman of the affair
which is being put on by World’s
Invention Exposition, 155 No. Clark
St., Chicago. E. K. Green is direc-
tor of the exhibits.

Bendix Marine Moves

Bendix Marine has moved to Nor-
wood, Mass. The company produces
among other marine equipment su-
personic depth sounders.

Adds Small Motors

Fractional horsepower motors in
standard types of split phase and
capacitor start units are to be made
by Automatic Control Engineers,
Inc., Bedford, Ind. Manufacture of
voltage regulators, synchronizers,
frequency control equipment and
special control apparatus will be
continued.

RMA Record Roster

Membership in Radio Manufac-
turers Association reached an all-
time record high of 307 with the
election of 35 new members in Jan-
uary. This compares with a low of
104 during the ’30-40 period. Among
other business transacted at the
meeting of the RMA Board in Jan-
uary, plans were made for that
body to be enlarged through addi-
tional representation for sets, parts
and possibly other divisions. A new
Amateur Section has been organ-
ized with W. J. Halligan as its
chairman.

FCC Sticks by Guns
On FM Allocations

For the record, there won’t be
any change in FM allocations. As
most everyone now knows, FCC
stuck by its guns. After almost in-
terminable hearings, the latest

Propose Consolidating
All Engineering Bodies

A new method of organizing the
engineering profession was pro-
posed at a conference on institute
activities at the Winter Convention
of American Institute of Electrical
Engineers held in New York late in
January. Four plans which would
consolidate all engineering organi-
zations were considered. One would
bring together all electrical engi-
neering societies into a new Ameri-
can Association of Electrical Engi-
neers; another would have the ex-
isting engineering societies con-
tinue to function in techndical mat-
ters and include an Engineering
Professional Society to carry on
non-technical or general activities
of interest to engineers. A third
proposed the federation of all ex-
isting engineering societies to form
a Federated Engineering Society
which would provide a single con-
trol for consideration and action on
all technical and professional mat-
ters; the fourth plan would set up
a new American Society of Engi-
neers into which would be incorpo-
rated many of the existing soci-
eties. Membership would include
all engineers. It was felt by the
committee on planning and coordi-
nation that the adoption of one or
another of these plans would per-
mit the creatien of a strong united
engineering profession.

Grants for 278 FM Stations

As of the middle of January,
Federal Communications Commis-
sion had granted 278 conditional
licenses for FM broadcasting. Un-
der such procedure companies are
permitted to proceed with prelimi-
nary plans for obtaining equipment
necessary in the establishment of
the proposed stations.

Chart showing the manner in which it has been proposed that all engineering groups be organized
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N0 WAVE-FORIM DISTORTION

NOT THIS ”
WITH

SECO AUTOMATIC
VOLTAGE REGULATORS

IN designing electrical apparatus, the
engineer not only specifies a definite operating
voltage but also assumes that the wave-form
of the specified voltage will be a sine wave.
If these two factors are not considered, the
efficiency and utility of the equipment is drastically reduced if not completely eliminated. Although
the SECO automatic voltage regulator can not manufacture a sine wave, it will maintain a constant
output voltage without wave-form distortion regardless of variations in input voltage or output
load current.

Such desired performance is obtained by combining an electronic detector circuit with a motor-
driven variable auto-transformer. There is no dependency on saturation of core material for
regulating action. In direct contrast, the variable auto-transformer together with its auxiliary
transformer are designed to operate far below the saturation point assuring the zero wave-form
characteristic.

This feature, plus many other decided advantages, has prompted the exclusive use of SECO regu-
lators for countless applications. An investigation may prove it ideal for your particular requirement.

Send for Bulletins |E

SUPERIOR ELECTRIC COMPANY

763 LAUREL STREET, ° . BRISTOL, CONNECTICUT
STOCKED BY LEADING DISTR'BUTORS IN THE UNITED STATES AND CANADA
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RCA

COLOR TV STATUS

Princeton Laboratories demonstration reveals progress in both

color and black and white — Tube and transmitter production

Late in January, a third public
demonstration of color television,
by RCA had for its purpose the
showing to prospective television
transmitter equipment customers
and consulting engineers not only
RCA’s research in color television,
but also improvements in black-
and-white television and other re-
cent products of research in the
radio field.

About 150 guests gathered at the
RCA laboratories in Princeton, N.J.,
some coming from as far as Texas
and the mid-west to witness the
demonstrations. E. J. Engstrom, di-
rector, made the opening talk dur-
ing which the group was shown
black-and-white television pictures
transmitted from the NBC New
York station 44 miles away. This
transmission was on WNBT’s regu-
lar assigned channel No. 1, 50-56
mc. The program included a movie
short of vaudeville performers, a
solo by a photogenic soprano, a
ventriloquist who in some ways was
better than Bergen and an inter-
pretive dance.

The following television receivers
were compared in the order men-
tioned:

Receiver Comparison

(a) The pre-war model TRK con-
sole, selling for $600, direct viewing,
12 in. picture tube showed the pic-
ture quality fair, color dirty white,
brilliancy normal by pre-war stand-
ards. This was compared with RCA’s
new Kkinescope improved by a very
thin backing of aluminum film ap-
plied to the fluorescent material.
This does three things: it reflects
outward and therefore reinforces
the light from the tube; it prevents
the heavy ions from producing an
undesirable brown spot in the cen-
ter of the screen; and it permits
the application of a considerably
higher plate voltage which also
produces a brighter picture. All of
these taken together have con-
siderably improved the reproduced
picture in contrast and in an in-
crease in brilliancy which allows
full room illumination without de-
stroying the picture’s usefulness.

(b) Two table models were shown,
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one having a 7 in. tube and one a
10 in. tube. Only the latter was in
operating condition. It produced an
excellent picture, in fact our re-
porter preferred it to all the other
receivers shown for certain portions
of the program. For other portions
the projected picture to be de-
scribed was preferred. These
cheaper receivers did not have
aluminized screens, but in spite of
this fact gave a sufficiently brilliant
picture, rated approximately twice
as good both in whiteness and light
intensity as the pre-war standard.

Projection console

(¢) Experimental projection con-
sole, a 5 in. picture tube with plate
voltage about 28,000 using Schmidt
optics produced on a screen illumi-
nated from the rear a picture meas-
uring 16 in. x 21 in. This is the set
that RCA has been demonstrating
for the last year. The picture
brightness is equal to the pre-war
direct viewing tube. The detail was
satisfactory, but the resolution of

the picture did not seem equal to
that obtained from a direct view-
ing receiver. In other words, images
were a trifle fuzzier than they were
on the directly viewed tube. In com-
parison with this receiver was
shown RCA’s latest experimental
projection model. This gave the
same size picture, but due to in-
creased plate voltage and the
aluminum film on the projection
tube the light intensity was, say,
40% greater. The color of the pic-
ture due to early tube production
was marred by yellow streaks. In-
cidentally, this receiver was the
only one that gave difficulty during
the demonstration. It went out of
synchronization slightly twice dur-
ing the show. (The 7 in. table model
entirely failed to operate at the
very start of the demonstration).
However, the visitor’s impression
was that great care had been taken
in the arrangement, the schedul-
ing, and the explanations through-
out this entire visit to the RCA
Labs.
(Continued on page 136)

RCA PRODUCTION SCHEDULE FOR EQUIPMENT

TUBES. The Image Orthicon will
be in production in the second quar-
ter of 1946. The Orthicon which is
still the best for studio work is
available at present. Model 1850A
is an improvement over 1850 which
has been used in the past in that it
gives better sensitivity.

An improved iconoscope for ama-
teur use will be available in the
second quarter of 1946.

Model A51, 5-kw transmitter tube,
available third quarter of 1946.

RECEIVING TUBES. For direct
viewing there will be the 7 in. tube
model 7GP4, 3000 v plate, a low
priced tube.

Model 7DP4 will have an ion trap
and be of superior quality.

The 10 in. model 10BP4, 8000 v
plate, with ion trap will be used
in consoles of good quality.

A 5 in. view finder tube model 5
FP4A is planned and a 7 in. port-
able monitor tube 7CP4.

All of these will be available in
the second quarter of 1946.

OTHER TUBES. A 15 in. direct
view monitor tube and a 5 in. model
5TP4 projection tube, 30,000 v plate
for use with Schmidt optics will be
announced in 60 days. It will be
treated with the aluminum film,
but the direct view tubes will not
have this because of cost and be-
cause the brightness is acceptable
as is.

TRANSMITTING EQUIPMENT.
RCA plans to produce portable Im-
age Orthicon cameras for remote
pickup. These together with their
portable control equipment will be
produced first to give customers a
chance to experiment both indoors
and outdoors with television while
transmitters are being built. This
equipment will be ready in the
early summer of 1946. Next, motion
picture scanners will be produced.
Television transmitting equipment
will follow and this should be ready
for delivery in the early fall. Orders
will be filled in the order of their
receipt. Prices will be available in
a few weeks.

ELECTRONIC INDUSTRIES o March, 1946




ELECTRONIC INDUSTRIES

\ ™"

With WARD PRODUCTS CORPORATION, the word quality is more than
just a symbol. It represents the highest standard of excellence and
leadership achieved through many years' experience in the exelusive
manufacture of precision-built antennas. WARD antennas are built by
master craftsmen using the most modern equipment under ideal con-
ditions. Top quality through and through, they render highest efficiency
for all automobile and home radio applications. That’s why WARD is
*first choice™ the rorld over.

Only WARD Gives You All
These Important Features

Easy One Man Installation

Patented Fluid Type Anti-Rattle Construction

Positive Silver-to-Silver Contacts

Extra Heavy Triple Chrome Rust-proof Plating

Top Section, Stainless Steel

Heavy Admiralty Brass Tubing

Hi-Q Detuachable Low Loss Lead-ins With Polyethylene Insulation
and Yinylite Covering

* Complete with all Fittings and Conversion Kit for Torpedo Bodies
* Smooth Action Teleseoping Seetions
*

1009 Shielded

*
*
*
*
*
*
*

W orld’s Finest for Car and Home Combining Precision and
Streamlined Beauty

THE WARD PRODUCTS CORPORATION
1523 East 45th Street
CLEVELAND 3, OHIO

EXPORT DEPT. €.0.Brandes, Mgr.,4900 Euclid Ave., Cleveland 3, Ohio
IN CANADA-Atas Radio Corp., 560 King St., W,, Toronto, Ont., Canada
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NEW

PATENTS ISSUED

Selective Amplifier

A frequency-selective amplifier or
oscillator of the feedback type is
described and claimed which per-
mits frequency control by adjust-
ment of one potentiometer in the
feedback circuit. An approximately
logarithmic frequency dependence
on the potentiometer setting is
achieved. Frequency selectivity is
effected by the negative feedback
path which feeds back no voltage
at the desired frequency and pro-
vides degeneration at other fre-
quencies.

According to the present inven-
tion the ac output voltage of the
amplifier or oscillator is fed to two
networks Cii, Ris, Ci3, Ris, and Cio,
Ris, Ci2, Rys, respectively. It will be
seen that the output voltage ampli-
tudes of these two networks vary
with frequency in opposite direc-
tions while always being 180° out
of phase; any other suitable net-
work supplying such voltages may
replace this particular arrange-
ment. The feedback voltage is taken
between the negative terminal and

+BusBAR

Pg
Cui Cu_

R4 | R

Vg
SELECTIVE NECATIVE FEEDBACK [ EAD
o—

the potentiometer Pg. For a certain
frequency the output will be zero
at the center setting of the poten-
tiometer but have a certain value
for other frequencies. If the poten-
tiometer is shifted, cancellation of
voltages will occur for a different
frequency, all other frequencies be-
ing subjected to degeneration. This
provides selective feedback depend-
ing only on the potentiometer set-
ting. The two cathode-follower
tubes serve as impedance matching
devices. Several variations of the
basic principle are considered.

B. M. Hadfield, Automatic Electric
Laboratories Inc., (F) June 5, 1942,
(I) October 16, 1945, No. 2,386,892.
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Diversity System

The unmodulated carrier from A
has a strength considerably greater
than the other carrier from B; a
2:1 ratio is satisfactory in many
cases. Then the output of C will
constitute a phase modulated wave
having a carrier of frequency f.
and two principal side bands spaced
from this carrier f. by the fre-
quency difference f.—f.. A fre-
quency difference of 10,000 to 20,-
000 cycles is sufficient to reduce
greatly the probability of both
waves fading out simultaneously
to a degree at which distortion re-
sults. It is proposed to use these
two side bands as the two waves
of a diversity system.
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To explain the phase-modulating
effect, consider the vector diagram
at the lower left of the figure. The
weaker current B is added vectori-
ally to the stronger current A at
angles varying uniformly with re-
spect to time at a rate of 360 deg.
per cycle of beat between them.
The resultant vector A plus B
therefore varies in amplitude and
phase with respect to the stronger
initial current A; amplitude and
phase modulation will be present
in the output. Phase variations
through an angle ¢ will occur. Upon
passage through an amplitude lim-
iter, a phase modulated current
will be passed onto the subsequent
amplifiers and frequency multi-
pliers.

In the receiver, the two sidebands

are separated by frequency selec-
tive channels, amplified, demod-
ulated and applied to a diversity

system.

C. W. Hansell, RCA, (F) June 26,
1942, (I) October 30, 1945, No.
2,388.053.

Relay Control Circuit

It is intended to reverse the di-
rection of the current in the relay
coil 14 in response to a keying
signal which is applied to the ter-
minals A,A; the input signal may
convey a telegraph message.

The negative voltage generated
at the center tap of the input
transformer 1 upon reception of a
signal is applied to the grid of the
triode, preventing it from carrying
current. Further this negative
voltage causes a current to flow
through resistor 7 and the winding
of relay 14 to the ground. At no-
signal condition, there will be no
current through resistor 7; the grid
will be at ground potential and the
tube will become conductive. The
current now flowing through the
relay 14, which is included in the
tube circuit, is of opposite polarity
to the current previously flowing,
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causing a reversal of the armature
position. Resistor 7 may be as-
signed a value to make the two
currents alternately traversing the
relay winding of equal intensity.
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640 PAGES OF RELAY ENGINEERING
INFORMATION... Rave gou gotten your cofy?

Price 33-90

STRUTHERS-DUNN, INC., 1321 ARCH STREET
PHILADELPHIA 7, PA.

STRUTHERS-DUNN

5,327 RELAY TYPES

ATLANTA-BALTIMORE-BOSTON-BUFFALO-CP—’ICAGC-ClNClNNATI-'CLEVELAND-DALLAS

DENVER«DETROIT+HARTFORD +INDIANAPOLIS»LOS ANGELES « MINNEAPOLIS MONTREAL
NEW YORK PITTSBURGH «ST. LOUISa SAN FRANCISCO » SEATTLE - SYRACUSE » TORONTO
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In an alternative arrangement,
the rectifier tube and the input
transformer are omitted, the cen-
ter of the battery is grounded and
a telegraph key is provided in a
lead connecting the negative side
of the battery with the grid of the
tube.

W. E. Simpson, RCA, (F) Sep-
tember 28, 1942, (I) October 23,
1945, No. 2,387,536.

Limiter Circuit

In connection with panoramic
radio receivers it is desired to pro-
vide a detector arrangement where
one of several outputs, the video
output, is limited, while another
output, the audio output, is not
limited. For this purpose, the
cathode of the cathode-follower

A,
= N To Video Stage
s ‘2 s
RF 1 2 174
Input F 1 T
3 2
S %
2 3
To Avdio Stage

detector tube V,; is connected to a
limiter diode V2 through a resistor
R. which has a high resistance
compared with the diode imped-
ance.

G. J. Scoles, Metropolitan-Vick-
ers Electrical Co. Limited, (F) Sep-
tember 21, 1943, (I) August 21,
1945, No. 2,383,420.

Phase Shifter

The elongated cathode of the
tube illustrated is surrounde<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>