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® This *“iraveling recording studio™ of the Office of War Information has everything
for making recorded pickups for broadcasting on international short wave. Such
important equipment must be the finest that science can provide, so Raytheon High-
Fidelity Tubes are used to assure the highest quality reception.

Wherever they are employved, Riaytheon Tubes live up to their reputation for fine
performance. That is why they arve first choice among electronic engineers planning
post-war products . . . and first choice among radio service-dealers who are building
soundly for the future.

There's a real promise of greater profits and greater customer-satisfaction for
service-dealers who feature Raytheon Tubes. And there's a revolutionary Raytheon
merchandising program planned, too . . . to help you be more successful than ever
before.

Switch 1o Raytheon Tubes now!

Increased turnover and profits, plus casier stock control, are henefits

which you may enjoy as a result of the Raytheon standardized tube "
type program, which is part of our continued planning for the future. fdfcn b
“MEET YOUR NAVY'

Raytheon Manufacturing Company Every Saturday Night
RADIO RECEIVING TUBE DIVISION AMERICAN BROADCASTING CO.

Newton, Mass. . Los Angeles . New York “ Chicago . Atlanta 181 Stotions

ey, AYT H E D N

All Four Divisions Have Been Awarded # é -\
Army-Navy “E"* With Stars (274 ; 259
ELECTRONIC AND RADIO TUBES
DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES FOR THE NEW ERA OF ELECTRONICS

www americanradiohistorv. com
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This high frequency insulation will net carbonize under are,
yel it pcssesses dielectric properties of the highest order.

Mczde entirely of inorganic materials, Mykroy cannot char or

S——— N

turn to carbon cven when exposed to continuous arcs and

Cross sections of the test sheet made at the
point of exposure to the 50,000 volt arc Imag-

vers.
Rehoer nified 10 times) show no trace of damage.

The sheet of Mykroy in the photo was exposed to a 50,000

vol- arc after which it was sectioned and carefully examined

fo- signs of damage. None were found . . . not even the

MECHANICAL PROPERTIES*
MODULUS OF RUPTURE.......... ......18000-21C00>si
HARDNESS

Mohs Scale 3-4 BHN. BHN 500 K9 Load. #3-7¢
IMPACT STRENGTH.. .. ASTM Charpy .34-.4) £ Ibs

slichtest excoriations were present, hence no low resistance

paths formed to support breakdown.

. COMPRESSION STRENGTH . 42000 psi

Engineers everywhere are turning more and more to SPECIFIC GRAVITY 2.73-3€

THERMAL EXPANSION. .. .000006 per Degree Fahr

My <roy bacause the electrical characteristics of this perfected APPEARANCE. Brownish Grey to Light Tar
. . ELECTRICAL PROPERTIES*

glass-bonded ceramic are of the highest order—and do not DIELECTRIC CONSTANT. . T

- . DIELECTRIC STRENGTH (Y, ") 630 Vols pr M

shi#t under any conditions short of actual destruction of the POWER FACTOR. . .001-.002 |Meets AW Led]

®*THESE VALUES COVER THE VARIOU3
GRADES OF MYKROY
GRADE 8 bBest for low loss requirements.
GRADE 38. Eest for low loss combined with hich me-
chanicol strength.
GRADE 51 Eest for molding applications.

Special formulas com sounded for special requiremerts

me-erial itself. Furthermore Mykroy will not warp—holds its

forar permanently—molds to critical dimensions and is im-

pe-vious 1o gas, oi! and water. For more efficient insulation

inwestigate Mykroy. Write for copies of the latest Mykroy

H T T T TTTTTT ™TTTTTT T—T7
Bubetins. 024 | 10 i_ il .”L
020 1 | - } 2
™ Tt ¢
S o || L 1 T
3 T 7
MADE EXCLUSIVILY BY B Y T —— -y
3 8 006 -‘Lrl}l Tt
714 ‘S -'-°°2| IR | || Lyt
7R fec ANI”,,. 70 CLIFTON BLVD., CLIFTON, N. J , . %6
CHICAGO 47; 1917 N. Springfield Ave., Tel. Albany 4310 — MEGACYCLES E
EXPORT OFFICE: B9 Broad Street, New York 4, New York Bosed on Power Factor Meosurements mode by

Boonton Rod.o Cosp. on stondord Mykroy stozk.

MYKRO® IS SUPPLIED IN SHEETS AND RODS — MACHINED OR MOLDED TO SPECIFICATIONS

L i
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. TRANSE

Through full utilization of new war-time
advancements in production methods, manu-
facturing facilities, and engineering tech-
niques, Jefferson Electric is prepared to meet
tomorrow’s transformer needs with a product
capable of maximum application to postwar
technical developments.

The superiority of Jefferson Transformers
will continue to be based on such vital and
fundamental quality characteristics as: im-
proved steel to reduce electrical losses; ad-
vanced methods of using carefully selected iron
for laminations followed by Jefferson’s own
process of annealing; improved compounds,
materials and impregnation methods to pro-
vide greater resistance to moisture, extreme
hear and cold.

TRANSFORMERS

In addition to these features, full control
over all methods of manufacture, assembly and
inspection insures that every Jefferson Trans-
former is laboratory correct whether ordered
in small lots or hundreds of thousands.
Consult now with Jefferson Electric trans-
formerengineering specialistsabout your pres-
ent and anticipated future needs and assure
yourself of the ultimate in dependable, reliable
transformer service. JEFFERSON ELECTRIC
COMPANY, Bellwood (Suburb of Chicago),
Ilinois. In Canada: Canadian Jefferson Elec-
tric Co. Ltd., 384 Pape Avenue, Toronto, Ont.

JUNE,
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stern Electric
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of this war have been made possible by the successful

is the T84 commun! harnessing of Super High Frequencies. The scientists

Jestern . .
wronic & ding 40 h&“‘ “‘f:oved at Bell Telephone Laboratories have taken a leading
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any hae ST oren vast quantities by Western Electric. In this work,
i Western Llectric has added greatly to its fund of spe-

AM . BROADCASTING « FM MARINE RADIO AVIATION RADIO MOBILE RADIO

Western Electric has specialized

4 JUNE, 1945 *
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cialized knowledge and its manufacturing techniques.

These wartime micrewave developments hold great
promise for the future of communications and tele-
vision transmissions.

From the audio band and extending through the
many services in the radio frequency spectrum up
to the frontiers of super high frequencies, count on =
Western Electric equipment to lead the way! During the 7th War Loan Drive,

buy bigger, extra War Bonds!

SOUND SYSTEMS TELEVISION

knowledge in all of these fields

* JUNE, 1945 >
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Transients

RADIO SURVEY

* The Milwaukee Journal 1945 Consumer Analysis of
the Greater Milwaukee market. recently released, con-
tains information of considerable interest to manufac-
turers now planning radio production for the civilian
market. This survey has been conducted annually since
1922 and the percentages derived are based on returns
of about 3 per cent of all families in the Greater Mil-
waukee area, It is stated that experience has shown
that additional coverage does not materially change
results.

Returns show that 226,033 families, or 99.3 per cent,
own radios. This degree of saturation is somewhat less
appalling when we find that 27.7 per cent of these sets
are in need of major repairs. Types of sets owned are:

Type Per Cent
Cabinet or Console .. .........ooiiiin.. 63.2
Table ............. f60a00a0000anaanana0aC 339
Console Radio-Record Player Combination...14.2
Table v ” h v ... 35

Of the features preferred in new sets, television comes
first with 84.3 per cent. FM is second with 77.4 per
cent. Regular broadcasting is preferred by 759 per
cent, automatic record changers by 68.6. and short wave
by 62.6 per cent. FM is 5 vears old in Milwaukee and
\WMPFM is a 50-kw station, on the air 12 hours a day.
Yet 51 per cent of the families in the arca have never
listened to FM and only 5.9 per cent of the total number
of receivers are FM types.

Types of main living room sets families will buy when
available. according to the survey. are

Type Per Cent
Combination Radio-Record P’layer. Console Type..71.4
Straight Radio. Console or Cabinet .............. 20.3
Straight Radio, Tabel Model .................. 5.6
Combination Radio-Record Player, Table Type... 3.2

To many of us, the second tabulation represents a
degree of wishful thinking. \We don’t believe that the
percentage of console type. combination radio-record
plavers sold will increase from the 14.2 per cent now

owned to 71.4 per cent, although there will undoubtedly
be some increase.

FCC FREQUENCY ALLOCATIONS

* Elsewhere in this issue the FCC’s final frequency
allocations are presented, for frequencies from 25 to
3.000 mc. The FCC has decided to postpone final allo-
cation of the 44 to 108 mc region pending further tests,
which depend upon the final band selected for FM. The
three alternatives for FM are 50-68 mc, 68-86 mc, and
84-102 mc. This means that final designs for not only
FM apparatus, but also television, amateur, and fac-
simile, operating within this region, must be delayed
until a final decision is reached.

The Commission claims that the delay in making a
final decision as to FM allocation will not hamper this
service because the \WPB has predicted that the radio
industry will not resume production of new AM, FM
and television transmitters and receivers in 1945 or even
the first part of 1946. unless Japan capitulates.

It is vitally important to get these allocations settled
as soon as soon as possible. The FCC doesn’t seem to
realize that a manufacturer cannot go into production
overnight. It takes months of preparation to prepare
designs, get materials and set up for production after
the final allocations have been made, even under normal
conditions. And now. with manpower shortages as they
are, particularly in the engineering field, there is serious
danger that the public will be deprived of the opportunity
of purchasing apparatus for these services when interest
and purchasing power are at their peak.

There has been a great deal of technical hair-splitting
on both sides of the FM controversy. Eliminating this
hogwash, it should be emphasized that it is possible to
build and sell FM apparatus for the lowest frequency
band at lower cost for equivalent performance than for
the higher frequency bands. This is apparent from the
articles on FM receiver design, published in the April
and May issues of this magazine. This should be kept

in mind in determining what is best for the public
interest. —J.H.P.

JUNE, 1945 * [R&Dio]
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® Electronic Laboratories has greatly increased
the flexibility of power supply design and ver-
satility of power conversion circuits, through
special new developments during the war period.
One of these, resulting from intensified research
to meet military needs, is vibrator power equip-
ment capable of delivering various voltages,
currents and frequencies from a variety of input
voltages. This naturally has vastly broadened
the field for vibrator power conversion equip-
ment.

The typical circuit diagram shown above
illustrates a multiple input and output system.
This power unit is designed to be operated from
either 12, 24, or 32 volts from storage batteries,
or 110 volt DC or AC power lines. Various out-
puts are available to supply the high voltage
plate current required for the grid, and the AC
voltages suitable for operation of the filaments.
In addition, a source of alternating current
Jpower for the operation of the automatic tuning
system which 1s incorporated in this unit, has
been provided. There is a current division sys-
tem associated with the contacts of the vibrators
and the circuit is so designed that the phase
displacement provides equivalent performance
of a two-phase rectifier system, assuring low

=g

* JUNE,
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INPIIT‘S AND OUTPUTS IN VIBRATOR POWER SUPPI.IES

hum level with a minimum amount of filter.
During the war period, £.£ has designed many
other similar units having a multiplicity of input
and output voltages. In addition to DC sources,
in many cases, AC sources of any frequency
between 18 and 180 cycles have been made avail-
able to meet specific engineering problems.
The requirements for power equipment reach
into many fields as war born inventions are
applied to postwar needs. ££ Vibrator Power
Supplies will have wide application because they
are the most economical, efficient and versatile
means of solving the many power supply prob-

lems that will arise. Electronic engineers will

soon be at your service to help meet the power
requirements presented by postwar industry.

&L STANDARD POWER SUPPLY
MODEL 1200

This ££ unit is a typical Vibrator Power Supply with multiple
inputs and outputs and was designed for transmitter and
receiver use. Inputs: 12 volts DC, 24 volts DC, 32 volts DC,
110 volts DC and 110 volts AC, 50-60 cycles; Outputs: 600 volts
DC at 150-250 MA: 300 volts DC at 75-150 MA; 6-8 or 10 volts
DC at 1 amp.; and 110 volts AC (50-60 cycles) at 75 watts.

Dimensions: 26-1/16" x 15" x 13-9/16”. Weight: 160 pounds.

www americanradiohistorv com
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SYLVANIA NEWS

ELECTRONIC EQUIPMENT EDITION

JUNE Published by SYLVANIA ELECTRIC PRODUCTS INC., Emporium, Pa. 1945

SYLVANIA ISSUES NEW BOOKLET ON PUBLIC’S
POST-WAR WANTS IN RADIO AND TELEVISION

How do you comsider the perform-
ance of your latest set?

# Pt
[ i)

i Good 75% Fair 20% Poor s%

Prophecy: You'll like the new posSt-
| war radios even better!

R -
T pndher's | Il
e\
L >
o

£ AN
[ Ou: question | 4 g\
What featured 2o you lilke sest
Aboul Yeur preseni Tedio Aes?t

Toos quallity 1A%
Model A%
Appanrnane 22.4%
Peceptian elarity 1%
Push bultssn FERLUre 1ot
Beanrd ployer (L
Heanttivity-nelectivity 1.3%
Rongs T.1%
Voluas A%

finet: ESylwamin radio tube= go n long
wh¥ 1o sk noy radic deund belter.

+ Dy Bave nReTt snve Band on your
latost seil 3

o ) (W)
[+ ?._l.';"r 3
N S
s 48
Buil==Ic fpite of suah wartlse Skert

wavE hroadennting, sur survey shews
you bardly ever tune in oo L)

You lika to

Push g

5] | whe
g | BN you tung_jny

Utton

If your radio has push-button tun=
ing., what do you think of it?

96
Lixe it 78% (&

Could be iwmproved 22%

Post-war radios will doubtless have
qQuicker, easier push-button tuning.

13

Here is a typical two-page spread from the booklet “They
Know What They Want,” which summarizes the results of
a nation-wide survey of public preferences in radio sets.

Summarizing the results of a recent nation-
wide survey, a new booklet, “They Know
What They Want,” is now being widely
distributed. This survey was conducted by
one of America’s leading market research
organizations—at the request of Sylvania
Electric’s Sales Research Department.

CIRCULATION AMONG
CONSUMERS

The booklet is being mailed to consumers
in response to inquiries stimulated by
questionnaire-type advertisements appear-
ing in national magazines. Through these
advertisements Sylvania Electric is con-
tinuing its study of public preferences
in radio sets. Public distribution of the
booklet is expected to be helpful in main-
taining the popular interest in post-war
radio sets which has been created by
Sylvania’s advertising.

VALUE TO INDUSTRY

In addition.“They Know What They Want”
is being widely circulated among the elec-
tronic equipment manufacturing industry.
Providing a convenient digest of the pub-
lic’s desires. the hooklet should prove
helpful to set manufacturers in planning
post-war designs that will appeal to
buyers’ tastes.

Copies of the booklet are available on
request to set manufacturers for distribu-
tion to their engineering departments and
sales forces. A more complete and detailed
presentation of the survey findings has
also been prepared, and will be shown to
interested manufacturers on request tb
the nearest Sylvania sales office.

SYLVANIA® ELECTRIC

MAKERS OF RADIO TUBES; CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES, ACCESSORIES; INCANDESCENT LAMPS

8
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With Amphencl COMPLETE Cable Assemblies you

have only one source of supply . . . issue only one
purchase order ... cut your procuremen cost. ..
reduce your labor and tcol cost. .. eliminate pro-

duction and assembly worries . . . all of these add up
to a substantial savings in valuable man-hours and
manufacturing cost. .

Tremendous volume production has necessitated
the creation of countless jigs, fixtures and special
equipment with resultant lower assembly cost, pre-

* JUNE, 1945

A

E CABLE AsSEMBLIES

In Canada -

U.H.F. Cables and Connectors -
U.H.F., British) - Cable Assemblies

cision and quality workmanship, and dependability
that characterizes all Amphenol products.

... Engineered to your specifications . . . Efficiently
assembled . . . Exacting precision in testing—three
additional reasons why you should specity Amphenol
complete, quality Cable Assemblies.

Your inquiry will receive prompt, careful and con-

fidential consideration.
Depend upon AMPHENOL Quality.

AMERICAN PHENOLIC CORPORATION

Chicago 50, lllinois
Amphenol Limited - Toronto

Conduit - Fittings - Connecters (A-N,

Radio Parts - Plastics for Industry

9
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facturing and jobber customers.

"You'll HEAR MORE

/ SOUND is captured and imprisoned upon a phono-
graph record. lis release for entertaining, educational
and commercial use has for years been made possible
by The Astatic Corporation through Astatic Phono-
graph Pickups. Long favorites with most leading manu-
facturers and jobbers of phonographs and phonograph
equipment, Astatic Pickups have supplied the highest
degree of quality and fidelity to record reproduction.
For the days ahead, Astatic promises even greater
true-to-life tonal realism, improvements in pickup de-
sign, construction and operating efficiency that will
contribute immeasurably to the clarity and beauty of
reproduction from the new, fine-grain, noise-free, Viny-
lite recordings of tomorrow. Conversion to peacetime
production, when such permission is given, will be
prompt and Astatic's greatly increased manufacturing
facilities will be ready to serve its great host of manu-

from Astatic”’

ASTATIC Crystal Devices
— = manufactured under Brush
Development Co. patents.

CORPORATION

CONNEAUT,

www americanradiohistorv com
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THE CLAMP CIRCUIT

* The term clamp circuit is applieu
to a circuit of the pulse-driven switch
type which, when the wave to be repro-
duced contains a reference point, en
ables the elimination of the entire
low-frequency section of the pass-band.
The theory underlying this type of cir-
cuit as well as a practical circuit of
this kind are discussed b L. Town
send in the February and March 1945
issues of the Broadcast Engineers’
Journal.

Because clamp action controls fre-
quencies that are well below the clamp
frequency, the use of a clamp circuit

.: |
| T T

]

enables the reproduction of a good
wave shape under adverse conditions
that would otherwise seriously distort
the wave. In consequence, the clamp
circuit enables the elimination of
switching surges, transients caused b
movements of the gain control, power
line variations, and ground current
fluctuations.

Because of certain types of interfer-
ence a wave may ordinarily undergo
shifts in its a-c axis, but assuming that
the wave has some sort of reference
point the clamp circuit compels this
reference point always to assume a
constant potential, so that as a result
of shifting the operating point of a
vacuum tube, the level of amplification
of the wave becomes independent of
shifts of the a-c axis. Among its other
uses the clamp circuit can be employed
for the purpose of d-c restoration.

Consider the rectangular wave of
Fig. 1A as containing no frequency
components below f. in frequency.
Fig. 2 shows this same wave to which
has been added an interfering low
frequency component f., and it is the
function of the clamp circuit to remove
the interfering wave f

Suppose that the commencement of
each cycle of f, (indicated by an .v in

[Continued on page 12]
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SCHEMATIC TEST CIRCUIT
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FREQUENCY-MEGACYCLES

Curve showing insertion loss of

ke Solution to “WHAT T0 DO
WITH ANTI-RESONANT FREQUENCIES ?”

Conventional methods of getting rid of vibrator *hash’ usually call for the
use of a by-pass capacitor, shunted by a mica capacitor. This system, however,
has at least one anti-resonant frequency. Of course the engineer juggles his
constants so that this anti-resonant frequency comes where it causes the least
trouble—BUT, in today’s all-wave devices, there just isn't any such place!

The New Sprague Method is simply to utilize the Sprague HYPASS Capac-
itor. Technically, this is a2 3-terminal network which, at low frequencies,
- ""looks” like a capacitor in respect to its capacity, voltage rating, and size.
At high frequencies—well, the above diagram tells the story. Although accu-
rate measurements of their performance at the very high end of the spectrum
are difficult to obtain as yet, qualitative indications show that HYPASS
units do the job at 100 megacycles and more—so much so that, if you have
a "hash” problem, we'd welcome an opportunity to stack them against it.

SPRAGUE ELECTRIC COMPANY, North Adams, Mass.

{Formerly Sprogue Speciclties Co.) * 1M 26G. U. . PAT. OFFICE

1
£ - L
S TR e

D ¥ R SRR
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ENGINEERS! DRAFTSMEN! ACCOUNTANTS! STUDENTS!

OROER TODAY? Seroaiional WEW

(‘Ohm'\““\“e
only iy

Grancor Jobber

in your 070

Note these 8 New Features!

In addition to having ALl the
values of the ordinary slide-rule,
the new Multi-Slide Rule has:

1 Four-ploce LOGARITHM TABLE

2 SIGNS and LIMITS of VALUE as-
sumed by trigonometric functions

3. Tablo of NATURAL TRIGONO-
METRIC FUNCTIONS

4 table of TRIGONOMETRIC FOR-
MULAE

Clear, legible print . .. Tough, durable
for long wear ... Size 10’/ x 4*/. .. Fits
3-ring binder...In case...Full instructions
...TRANSPARENT PLASTICINDICATOR...

STANCOR now offers the entire elec-
tronic industry the new Multi-Slide Rule.
First developed for our own use, it is
today made available to all... Greatly
simplifies calculation of unlimited range
of problems...A genuine professional
rule—not a toy. This rule is obtainable
ONLY THROUGH STANCOR JOBBERS. PLEASE
DO NOT ORDER DIRECT. See your local
directory for the name of the Stancor
jobber in your city or, write for his name.
Price of Stancor Multi-Slide Rule: One
Dollar!—America’s biggest slide-rule bar-
gain—a service to the trade by Stancor.

STANDARD TRANSFORMER CORPORATION
1500 N. HALSTED ST. CHICAGD 22, ILL

ORDER FROM YOUR JOBBER

12

5 Table of SLIDE-RULE SETTINGS
©® Taoble of GENERAL EQUATIONS

7 Long list of common MATHEMAT-
ICAL FORMULAE

8 DECIMAL equivalents of a fraction

OFFERED AS A SERVICE
TO THE TRADE BY

SIANGO
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g. 14) is brought to

force, which is indicated symbolicallv
)y the arrows in Fig. 24. When the

some definite
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AT
Figure 2

low-irequency wave f. is above its

axis in a positive direction the . points
of the wave of Fig. 1A are forced
downward to the zero potential refer
ence line, whereas when f. is below its
axis in the negative direction the refer
ence v points are forced upward to
wards this zero potential. As a result,
when f, is considerably higher in fre
quency than f,, all that remains of the
interfering effect of f, are those very
small components of f. that occur dur
ing a single cycle of f.. Consequently,
despite the interfering effect of wave
f.. wave f has been restored to its
original shape

Now consider the circuit shown in
fi9. 3. and suppose that the desired

o
AT
l

Z-in k Z-out
Low T HIGH
(o) -0

Figure 3

f: wave is impressed upon the mput
terminals. If the time constant of R
and C are long compared to the period
of a single cvcle of f,. then at the out
put terminals there will appear a faith-
ful reproduction of the original wave

l.et us now assume that wave f. is
also impressed upon the input termi-
nals at that same time as wave f
hen, although it is assumed that the
frequency of f, is considerably higher
than f.. the time constant of R and C
will still be such as to permit some
part of f. to appear in the output of
the circuit. However, if every time
that point 2 of the wave of Fig. 14
[Continued on page 141

JUNE, 1945 * [RaDio]


www.americanradiohistory.com

PLASTIC FARTS ...

n B
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A New Production Technique

Recently developed methods of post-forming fully cured Formica
leminated plastic sheets have adapted the material for very much
wider use in a great many applications that were formerly thought
impractical.

In this process the sheets are heated. and formed quickly with inex-
pensive wooden or Pregwood dies into many curved shapes.

Previously to secure such shapes it was thought necessary to mold
the material in curing with the use of very elaborate and expensive
steel molds—which were impractical for any but a few large volume
applications.

Tais shaping method provides a very light (specific gravity 1.35)
material, that is strong, stable in dimensions, inert chemically and
therefore possessing a finish that is free from corrosion and long of life.

Formica engineers will be glad to tell you the story.

THE FORMICA INSULATION COMPANY, 4638 SPRING GROVE AVENUE, CINCINNATI 32, OHIO
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FOR EVERY PURPOSE

Concord’s full line of Amplifiers
range up to sizes covering 200,000
squarefeetindoorsor 75,000 square
feet outdoors. A complete line of
speakers, microphones, and all
essentialequipmentisalsoavailable.

Concord Intercom Units are car-
ried in a variety of master and sub-
station units permitting up to 100
stations.

Concord Recording Equipment—
professional-type for microphone
recording, radio recording, repro-
duction of transcriptions, public
address system.

Mail the coupon below for spe-
cial folders and literature which
picture and describe the complete
Concord line of Amplifiers, Inter-
coms and Recorders.

CHICAGO 7, ILL.

ATLANTA 3, GA.

E 901 W. Jackson Blvd. 265 Peachtree Street
. ) y

2 Concord Radio Corporation

2 901 W. Jackson Blvd. Dept. F-€

(] Chicago 7, Illinois

: Please send me at once, literature covering your line of Amplifiers, Intercoms and
g Recorders.

: Nam€. ... oooeitaraeeeeineseassstessseseseeeenetosstsssssssncsessssssssansesscsns
: Address..c.cooiiviieciennianans PR A NENENENEVEV NNV SN~ S T ¥ Y SRSV g ) W
: Gty ciive o 4 PPt m R e o e TeTe o o[ e o S DT o IO s ¢ o o emory LY R
.

L]
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[Continued from page 121

appeared, the switch S were closed for
a short period just long enough to dis-
charge condenser C through Z-in, then
point x and the short horizontal por-
tion of the wave immediately following
would be at zero potential. This is
followed, as is seen in Fig. 14, by an
abrupt upward rise, a long horizontal
portion, and then an abrupt drop to
the r-point level. Now during the time
that the switch is open the circuit is
responsive only to changes in the volt
ages applied at the input terminals, and
starts with no charge on condenser C,
since the charge due to wave f. has
been discharged as a result of the
switch being closed for a short time
Since the switch is assumed to be closed
each time that the initial point x of
wave f, arrives, it is seen that the effect
of wave f. has been eliminated from
the output of the circuit, except for
that negligible amount that acts during
a cycle of f,. In consequence, the output
wave, as seen in Fig. 2B, is a fairly
good replica of the original wave f,.
This mechanical switching action
can be electronically obtained by em-
ployment of the clamp circuit shown in
Fig. 4. It will be observed that the

Figure 4

“back-to-back” connection of the two
diodes DI and D2 are so connected
in relation with the phase inverter I'T
and its associated plate poad R:r and
Rix and B-supply voltage so as to
produce a positive charge on the cathode
of diode D1 and a negative charge on the
plate of diode D.. Under these condi
tions diodes DI and D2 do not|conduct,
since they are biased to produce this
result. Under these circumstances any
signal applied to the Z-in circuit will
appear at the Z-out circuit unaffected

[Continued on page 16]
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DIRECTIONAL |
ANTENNA
EQUIPMENT

Johnson engineers have designed many highly

successful installations of phasing and antenna

po/
E
:

coupling equipment to individual specifications.
These units may be built to match any existing
transmitter and thus become an integral part

of your station. Let us help you and vyour

4
B —
- e T

- consulting engineer plan your transmitting
& equipment for better market coverage. Orders
= received now will get first attention when priority

restrictions are removed.

b

J
|

Here are two of the many installations of phasing equipment Johnson

has furnished for Broadcast Stations, built to match existing equipment.
\ Other items available from Johnson, made to individual specifications,

are gas filled pressure condensers, coupling networks, tower lighting filters
and special inductors.

JOHNSON s

COMPANY

WASECA, MINNESOTA

a éamoas name (n KRadio

* JUNE, 1945
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Continued from page 14]

appear at the Z-out circuit unaffected
by the combination diode and phase
mverter circuit.

Suppose that a positive pulse is ap-
plied to the input of the phase inverter
VT. A similar positive pulse will ap-
pear at the cathode of this tube and
a similar pulse, but negative, will ap-
pear at the plate of this tube. If it is
assumed that the input pulse to the
phase inverter VT is timed to corre
spond to point r of Figs. 14 and 1B,
and that further, the pulse voltage is

1’

ﬂﬂHLW
hul il ﬂnnnm

o AN |l
DATA SHEETS " RS e Ses. “ I flﬂA
ON REQUEST - H rﬂﬂr ” WJ

AMERICAN CONDENSER CO'“‘ - Figure §

4410 No. Ravenswood Ave. ° Chicago 40, |||. sufficiently great to overcome the bias
on the two diodes, it is seen that the
diodes will conduct, and will thus act
in the same manner as the switch of
Fig. 3. If the charge on condenser C is
positive due to the signal applied to the
Z-in circuit, then diode DI will con
duct, while if the charge on condenser
C is negative due to this signal then
diode D2 will conduct and thereby
¢ cause the rapid discharge of condenser
No matter what your require- '- = C. This thereby brings all the negative
ments may be . .. washers of S, 7 peaks of the input signal down to the
N same reference level.

How the circuit of Fig. 4 can he
rial or finish, in any quantity employed can be seen from an examina-

.. we can supply or make what W N tion of Fig. 5. In Fig. 54 is shown the

combined desired high-frequency and
you want. Over 22,000 sets of undesired low-frequency waves. In the

ALL KINDS -FOR ALL PUBPOSES /

any size or shape, any mate-

dies available for producing jafateaty absence of a clamp circuit, for reasons
standard and special sizes. AT already discussed, the wave would be
B3 reproduced as that shown in Fig. 5B.

Our facilities are at your service. I y By reason of the clamp action acting

on the beginning of each of the most
negative portions of the high freauency
wave, all of these negative tips will be
orced to the same potential, in copse-
(quence of which the output wave will
be a faithful replica of Fig. 54

COLOR TELEVISION SCANNING
SYSTEMS

* Considerable interest has recently
WROUGHT WASHER MFG co been displayed regarding the practica-
bility of color television. One of the

WORLD’S LARGEST PRODUCER OF WASHERS major factors involved in securing a
2203 SOUTH BAY STREET ¢ MILWAUKEE 7, WISCONSIN [Continued on page 181

16 JUNE, 1945 *

www americanradiohistorv com


www.americanradiohistory.com

.

’ P i‘- ""‘= _-“! B

"I HAVE AN IMPORTANT ANNOUNCEMENT.
ALBION CAN SHIP ALl THE COILS YOU NEED.”

SUPER-QUALITY COILS AT REASONABLE PRICES

More and more every day, the industry is turning to Albion
for fast, quality and quantity production of coils, chokes,

and transformers. That’s because here you benefit from

the unbeatable combination of management “"know how,” c o l L ‘ o M pA “v

skilled workmanship, streamlined facilities, and central ALBION, ILLINOIS

. . " ] .
location. Your requirements will be given prompt and g. F. AND TRANSMITTING COILS AND CHOKES:

thoughtful attention. I.F. TRANSFORMERS
* JUNE, 1945 17
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[Continued from page 161

workable color television system is the
scanning technique employed. This sub
ject is analyzed under the title “Scan
ning Systems for Colour Television” in
Electronic Engineering for April ,1945,
by L. C. Jesty.

\Workable systems of color repro-
duction fall into two main classifica-
tions: (1) those which break the origi.
nal color into two complementary
colors, and those which split the color
to be reproduced into three primary
colors. The complementary color sys-
tem has been abandoned in color repro-

MEASURING + TESTING + CALIBRATING e e o o7 e N
u I P M E N T reproduction, and we may consider this
EQ

process completely inadequate for color
television,

In photographic processes, one major
difficulty has been that of color fringes,
due to an incomplete lack of proper
registration. In cinematography, as a
result of motion of the object between

MONARCH :®> [RGB RGB RGB RGB RGB RGB

For better war production - For finer civilian production

Throughout the war period, Monarch
instruments have facilitated produc-
tion of better equipment, giving more

g_ccurate results. As soon as condi- :
e, dheko aie gegmiidtle B mre. co._ RGB RGB RGB RGB RGB
finer results in products designed for 2014 N. MAJOR AVE. - CHICAGO 39, ILL. RGB RGB RGB RGB RG
civilian use. RGB RGB RGB RG
RGB RGB RGB
RGB RGB R ‘
RGB RGB Figure 1
RGB RG

Method of color scanning

self-colored film, for this technique
avoided color fringing. There are two
hasic types of self-colored film: (1) the
color mosaic type, as used in the Fin
lay process, Dufaycolor, etc., and (2)
the integral tri-pack type which utilizes
special dye-coupler developers, and
which are available as Kodachrome,
\gfacolor, etc. Since there is no physi-
cal separation of the three colors, nei
ther of the two types of color fringing
are present in this system.

As matters stand at the present time,
color television transmissions that are
analogous to the self-colored picture
do not seem feasible. Due to the time
interval between the transmission of
one color and another, it would appear
that some color fringing would occur,
unless some suitable scanning sequence
is found. It has been proposed that
three separate pickup tubes and three
separate receiving cathode ray tubes be
employed either in conjunction with
successive frames of film, another type
of color fringing was introduced. Both
hese tvpes occur in color television,
although the latter can be minimized

[Continued on page 20]

Doughnut Coils for electronic and telephone purposes.
High Permeability Cores are hydrogen annecled ond
heat treated by a special process developed by DX engi-
neers. Send us your “specs” today —ample production

facilities for immediate delivery.

DX RADIO PRODUCTS CO.

GENERAL QEFICES 1200 N. CLAREMONT AVE, CHICAGO 22, ILL., U S.A.

“the heart of a qood receiver”

18 JUNE, 1945 * [RADIO]
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A parr of Eimac 1000-T's give 3 KW
outpus in this Link-built FM trans-
mitter for the emergency services.

500 watt AM police trans-
mitter for 30-40 Mc¢ opera-
tion, built by Fred M. Link,
using Eima¢ 250-TH tubes
i the final.

Here's a 500 watl supersonic test
generator for operation at 1 to 300
ke which uses Eimae 152-T tubes.

The transmitters shown on this page
were developed and built for the emergency services — police, fire and
transportation —by Link Radio Corporation of New York City. Recog-
nition such as that enjoyed by the Link organization in this field is built
upon sound engineering and the right choice of equipment components.
That Eimac tubes occupy the important sockets in these vital transmit-
ters is fitting acknowledgement of their inherently superior perform-
ance capabilities. That Fred M. Link specifies Eimac tubes is confirma-
tion of the fact that Eimac tubes are first choice of leading electronic
engineers throughout the world.

FOLLOW THE LEADERS TO

Get your copy of Electronic Telesis
.. the sixty-four page booklet wbich
gives the fundamentals of electron-

ics. This little bookler will help elec- gyurgy e cylLOUGH, INC.,1033 San Mateo Ave., San Bruno, Calif.
tronic engineers explain the subject

to laymen. It's yours for the asking Plants located at: $an Bruno, Californio and Salt Lake City, Utah

... u0 cost or obligation. Available Export Agents: Frazar & Hansen
in English and Spanish languages. 301 Cloy Street, Son Francisco 11, Colifornia, U.S. A.
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IS THE ONLY ONE
THAT COUNTS IN
SOUND

Regardless of high quality
pick-up, amplification, radio
broadcast or home recep-
tion, the end result is the
only one that counts in qual-
ity sound reproduction. Per-
fect sound reproduction
from 40 to 15000 cycles
plus is the end result of the
Duplex Speaker. That's the
end result that counts with
top sound engineers and
discriminating listeners.

SEND FOR BULLETINS

LANSING CORPORATION

TECHNICANA

[Continued from page 18]

to a negligible extent by a sufficiently
great scanning speed.

One method of improving the film
quality came about through the use of

sively scanned in each of the primary
colors, as shown in Fig. 2. Since stor-
age in the mosaic has to occur over a
number of lines in order to obtain
adequate illumination, it would appear
that this method, or a modification
thereof, is the only feasible one of the
three mentioned. Color f{ringing, also,
is minimized with this system, although

[

1 ]

] ,I
EACH g EACH / EACH
LINE 4 LINE ] LINE
RED ! GREEN ! BLUE

// I’
II i
Figure 2

three separate’channels or by employ-
ing sequential switching on a single
channel. In either case color fringing
is very likely to result because of the
Jdifficulty of accurate simultaneous reg-
istration of the three images.

A\ workable color television system
would seem to necessitate a single
camera tube, a single receiving (R
tube, a straightforward scanning tech-

there will be some on fast moving ob-
jects.

This latter type seems to be quite
satisfactory as employed by the Colum-
hia Broadcasting System. .\s shown in
Fig. 3, they found the combination of
120 color fields per second, 40 color
frames per second. 60 frames per sec-
ond, and 20 color pictures per second,
interlaced 2 to 1, to be quite good in

nique, in conjunction with fixed or  picture quality.
- ; r _
= } o 14 -/
R { { f [
ED P BLUE N GREEN | -l |
d — ”~ 1 v
- - - |
— | L == 1 L | = [
| COLOR ! }
“ FIED ‘
i
FRAME »
l¢———————COLOR FRAME ——————>
< COLOR PICTURE >
Figure 3

synchronously driven color filters. On
this basis there are three alternative
scanning systems:

(1) Each picture point may be suc-
cessively scanned in each of the pri-
mary colors, as shown in Fig. 1. Be-
cause of the difficulty of registration of
any mosaic on the fluorescent screen,
this method does not scem feasible.
In addition, this method suffers from
“aperture distortion” since the moving
spot of the electron beam is of the same
order as the elements of the mosaic.
Furthermore, light storage does not
, seem possible in this system.
| (2) Each picture line can be suc-
cessively scanned in each of the three
primary colors. This method suffers
from the same defects mentioned under

6J6 — MINIATURE DUAL TRIODE

. ~ . .
* For a considerable time Raytheon

has been assigned a major role in sup-
plying the essential requirements for a
versatile, miniature, dual triode tube
called type 6J6.

The precise manufacturing techniques
which must be maintained are obvious
from a consideration of the physical
structure of this tube. Two high trans-
conductance triodes are obtained from
a single relatively large flat cathode
which also acts as a shield to prevent
interaction between two separate hali-
grids. These are wound with extremely
fine wire and accurately spaced a few
thousandths of an inch on either side
of the cathode. Two individual half-
plates complete the tube.

The applications utilizing 6]J6 tubes

(1) above.
(3) Each picture frame is succes-

1210 TAFT BLDG,, HOLLYWOOD 28, CALIF
250 WEST 57 STREET, NEW YORK 197, M. Y
IN CAMADA;, MORTHERM ELECTRIC CO

20 JUNE,

[Continued on page 221
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Whether Amplitude Modulation . . . Frequency Modu-
lation . . . or Television — dependability is a must for
all broadcast equipment.

Federal broadcast equipment has earned a reputa-
tion for that dependability because it stands up.

For more than thirty-five achievement-studded years

. . from the Poulsen Arc to the new CBS Television
Station . . . Federal has served the broadcast industry
with superior equipment.

Federal’s background includes such milestones of
electronic progress as the 1000 Kw Bordeaux Trans-
mitter; Micro-ray, the forerunner of modern television
technique; and the first UHF multi-channel telephone
and telegraph circuits, part of a world-wide communi-
cations system . . .

All this, plus the war-sharpened techniques that are
the result of ability and experience, combine to give
you craftsmanship . . . the kind of craftsmanship that
builds (Iependalpilily into all Federal equipment.

InAM...FM...TV.

your prime need in broadcast equipment is
depend.xlnllt) ~— look 1o Federal for it.

Newark 1, N. J.

www americanradiohistorv com
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" CERAMIC
CAPACITORS

@ Avdilable in Temperature
Compensating and Hi-K type.
Dielectric factors 19 to over
1200. Solid Silver condenser
plates, non-aging and non-
corrosive, gavged to thou-
sandths of an inch, fused for
long life performance.

Hi-Dielectric Enamel Finish
withstands mechanical and
thermal shock.

Color coded for accuracy in
identification.

ELECTRICAL
REACTANCE

CORPORATION
FRANKLINVILLE, N. Y.

22
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| Continued from page 201

IvllqrlTIITIiT]'HITTIIT]|TI|]’1§I'T!IT|!IIITI’I§
Type 6]6 miniature triode

are varied and nunierous. Its unique
construction lends itself to connection
as a high perveance diode. a single verv
high transconductance triode or a dual
triode with common cathode. Applica-
tions range from a diode detector to an
ultra high frequency push-pull oscillator
capable of producing useful energy at
frequencies of several hundred mega-
cycles. The 6J6 also lends itself to
cathode follower service and high fre-
(quency mixer applications:

IFollowing are the 6J6 characteristics:

Dimensions:
Maximum Overall

Length 218 inches
Maximum Seated Height 124 inches
Maximum Diameter 34  inches
Ratings: ‘
Heater Voltage 6.3 volts
Heater Current 0.45 amperes
Maximum Plate Voltage 300 volts
Maximum Plate Dissipa-

tion (per unit) 1.5 watts
Direct Interelectrode Capacitances (Ap-
prox. for each unit)—Unshielded
Grid to Plate 1.6 penf
Input 2.2 uf
Output 0.4 ppf
Class A; Characteristics (Each triode)
Plate Voltage 100 volts

Cathode Bias Resistor—

Both units operating 50 ohms
Plate Current 85 ma
Transconductance 5300 umhos
Amplification Factor 38
Plate Resistance

(Approx) 7100

ohms

6N4—MINIATURE U-H-F TRIODE

An important contribution by Ray-
theon tube design engineers towards the
efficient generation of ultra high fre-
quency power is a miniatnure triode
designated as tvpe 6N4.

This cathode type tube combines the
desirable features of reduced interelec-
trode capacitances and lead inductances

i

WwwWwW americanradiohistorv com

with high transconductance. Thus, the

inevitable internal losses are minimized
making the 6N4 particularly adaptable
as an amplifier, doubler or oscillator at
frequencies extending to approximately
500 megacycles.
- The foregoing characteristics can be
used to advantage in many types of
cquipment which are still unmention-
able. tlowever, such innocuous but im-
portant functions as periormed by the
local oscillator in a u-h-f television or
fm receiver are readily visualized pos-
sibilities. Then there is the exciting
probability that the Citizens Radiocom-
munication band recently proposed by
the IFederal Communications Commis-
sion will be approved. The contem-
plated frequencies are 460-470 mega-
cycles. There. private radio telepnonc
equipment primarily portable in naune
would very likely find considerable de-
mand. Since the 6N4 has moderate heat-
er power requirements and performs
efficiently in this region of the spectrum,
it would make an ideal tube for civilian
“walkie-talkies”.

IFollowing are the physical and elec-
trical specifications for the Raytheon
type 6N43:

.||||l1|1r||IILH1|I1||1!!]l'llglnqurr||1|§

Type 6N4 miniature triode

Dimensions:
Maximum Overall
Length 134  inches
Maximum Seated Height 174 inches
Maximum Diameter 34 inches
Ratings:
Heater Voltage 6.3 volts
" Heater Current 0.2 amperes
Maximum Plate Voltage 180 volts
Maximum Plate Dissipa-
tion 3 watts
Direct Interelectrode Capacitances:*
Grid to Plate 1.1 srf
[nput 3.0 puf
Output 16 uuf
Typical Class A Characteristic-:
Plate Voltage 180 volts
Grid Voltage —3.5 volts
Plate Current 12 ma
Amplification Factor 32
Transconductance 6000  umbhos

* \pproximate—with close fitting shield
connected to cathode.

JUNE, 1945 * [RADIO]
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Rear view of new FOSTER “ROBOT”
TESTING APPARATUS. Open panel
reveals complex electrical units.

Front view of “ROBOT.” Controls
cre few and easy to operate. High-
crecision readings visible at a glance:

FOSTER AUTOMATIC “ROBOT” ELIMINATES HUMAN
ELEMENT IN TRANSFORMER INSPECTION

This is the new Foster "Robot""—an ingenious Foster
development designed to eliminate fallible human
judgment in the final test and inspection of Foster
transformers.

The "Robot" is never tired. Its judgment never fails. It
has no memory, and no conscience—it accepts or
rejects automatically. All in one operation this stern
mechanism tests core loss, turns ratio, leakage resist-
ance and wmdmg resistance. All Foster transformers
must meet the ""Robot's" requirements, both for usual
running conditions as well as a high specified safety
margin. And the "Robot" does this vital work faster,

BOB REID
810 West 57th Street
Indianapolis 5, Ind.
Telephone Broadway 2725

SPECIALISTS IN BUILDING

BAUMAN AND BLUZAT
2753 West North Avenue
Chicago 47, 1L
Telephone Humbolt 6809-10-11-12

more accurately and more uniformly than was ever
possible before.

Designed 1o meet the heavy demands of Foster's war-
time commitments, the new Foster "'Robot" will con-
tinue as an integral part of Foster testing equipment
after the war. It is one more assurance that your
peacetime Foster transformers will maintain the high-
est possible standard of performance. And, because it
is @ time-saver, the ""Robot", together with Foster's
other streamlired techniques, will actually save you
money.

THE A. P. FOSTER COMPANY
BARRETT BORDER
11 W. 42nd St., New York 18, N. V.
Telephone PEnnsylvania 6-9133

TRANSFORMERS SINCE 1938

A.P. FOSTER company

TRANSFORMER

ENGINEERS

719 WYOMING AVENUE, LOCKLAND 15,

& MANUFACTURERS
OHIO
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ashing the Swastika does not mean total Victory. There is still the :Risimf

Sun to be taken care of . . . But, the victory in Europe is one step nearer to con-

version to peacetime pursuits.

Here at JENSEN total conversion will be merely a matter of continuing to pro-
duce outstanding, improved, high quality acoustic equipment. This is a con-

tinuing tradition at JENSEN . . . One example of advancement will be JENSEN

Loud Speakers with Atwrco 5.

24 JUNE, 1945 * [RADIO]
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Heintz and Kaufman Ltd. —first to design and produce such popular

tube types as the 24, 24G, 54, and 257B — cordially invite you as a designer
or manufacturer of electronic equipment to have a hand in the development
of a new series of H & K “firsts.” % Our engineering staff welcomes your
suggestions for additions to the Gammatron line. If you have a requirement
not adequately met by existing tubes, please let us know so that our develop-
ment program may be directed accordingly. It will be to our mutual benefit
if you will take a few minutes now to set forth your suggestions, and thus

participate in the designing of outstanding new Gammatrons.

. HEINTZ ano KAUFMAN vrp.

"~ .4 SOUTH SAN FRANCISCO + CALIFORNIA
\\_/

BUY WAR édmmﬂh%?ﬂ&&

BONDS

Export Agents: M. Simons & Son Co., Inc. 25 Warren Street, New York City, N. Y, U. S A.
* JUNE, 1545
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Bridgeport Has

the Personnel and

the Capacity To Handle
Your Order, Too.

The technicians who are meeting
milita-y specifications in the pro-
ducticn of search coils and vari-
ometers will be available after the
war te build equipment for you.
The capacity that now enables
Bridg=port to ship by the carload
will b2 here, too.

You'’ll like the fast, trunk line
service to any point that is a
natural result of Bridgeport’s
central location. Write to Bridge-
port today to insure early post-
war delivery of R. F. Coils and
Chokes, I. F. Transformers and
Transmitting Coils and Chokes.

BRIDGEPORT

MANUFACTURING COMPANY
Bridgeport, lllinois
R. F. Coils ¢ R.F. Chokes + I. F. Transformers
Transmitting Coils « Transmifting Chokes

JUNE, 1945
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In the South Pacific the life of an
ordinary field telephone might be meas-
ured in hours...were it not for fungus-proof-
ing. Minute organisms, which thrive in the
hot,humid islands of the Pacific, strip unpro-
tected wires of their insulation...quickly cor-
rode exposed metals and reduce untreat-
ed plastics to a moldy heap of uselessness.

To prevent this costly and dangerous
destruction of precision instruments, the
EE8-B field telephones we turn out for the
U. 8. Signal Corps are specially fungus-
proofed during their manufacture. There

INSPECTION IN THE DARK
Fungus-resistant liquid is applied
to Army field telephones in the form
of an atomized spray. Tell-tale
ingredient of the fungus-proofing
is a fluorescent dye which glows
under “black light” . .. Thus, by
means of a final inspection in total
darkness, 1he slightest defect in
the continuity of the protective
spray coating is instantly detected.

™ CONNECTICUT TELEPHONE & ELECTRIC

D HOW FUNGUS-PROOFING KEEPS FIELD
' TELEPHONES FIT FOR COMBAT

can be no margin for error in this vital
process—because men’s lives depend on
sure-fire communications.

You may not need fungus protection in
the telephone instruments, electrical equip-
ment, or electronic devices you will one day
install in your plant. But you «// be looking
for sound, progressive engineering...adapt-
ability to your particular needs . .. uni-
form high quality. Ask the returning soldier
who has used Connecticut Telephone &
Electric Division equipment in the field what
he thinks of it. We’ll rest our case with him,

DIVISION

GREAT AMERICAN INDUSTRIES, INC.« MERIDEN, CONNECTICUT

TELEPHONIC SYSTEMS ¢ SIGNALLING EQUIPMENT ¢ ELECTRICAL EQUIPMENT ¢ HOSPITAL
AND SCHOOL COMMUNICATIONS AND SIGNALLING SYSTEMS ¢ IGNITION SYSTEMS

* JUNE, 1945 74

[RADIO]

WwwWw americanradiohistorv com


www.americanradiohistory.com

Plant and General Offices, CLIFTON, N. J.

MYCALEX 400

WITHSTANDS HIGH TEMPERATURES

An outstanding characteristic of MYCALEX 400 is that it can withstand
temperatures above 400° C. without softening or any permanent change

in dimensions or properties.

Thus MYCALEX 400 has proved of great value as a low loss insulator in
communications and other high frequency apparatus intended for use at

elevared operating temperatures.

MYCALEX 400 is inorganic, free of carbonization...impervious to oil
and water ... not subject to cold flow. It meets all Army and Navy
specifications as Grade L-4 material (JAN-1-10). It combines low loss fac-
tor with machinability to close tolerances. In sheets and rods. Fabricated
to specifications.

ITHE INSULATOR \

TRADE MARK RIG. U. $ PAT. OFF,

“"Owners of ‘"MYCALEX’ Patents”

OTHER
MYCALEX
CORPORATION
PRODUCTS
®

MYCALEX K

A series of ceramic capaci.
tor dielectrics, with dielec-
tric constant selectable
from 8 ta 19. low power
factor, high dielectric
strength. Meets Army and
Navy requirements as
Class H material (JAN-I-
12). To specifications.

MOLDED MYCALEX

Ltow loss, high tempera-
ture injection molded in-
sulation. Molded in union
with metals in irregular
shapes. High production
rates result in economical
prices.

MYCALEX K and MOLDED

MYCALEX will also with-
stand 400° C.

MYCALEX CORPORATION OF AMERICA

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

ALBERT H. POSTLE

Engineer, Sperry Gyroscope Company, In:

A discussion of the types, uses, properties, and limitations of certain phenolic forms
2

LDEST and most widely used plastic

material in radio equipment. the

phenolic plastic seemis best  suited
for many applications because of a
number of properties. Phenolics or
bakelites, as they are commonly termed
— are available in a number of ditferent
forms for a multitude of applications.
The extent of their use is limited only
by the imagination of the designer and
the willingness or ability of the lami-
nator to supply the material in the de-
sired form.

Because of such diversity. the author
has felt it necessary to limit this dis-
cussion to conventional types and to
indicate the general conclusions which
can he observed.  Also, to present a
fuller picture of the phenolics, certain
analogous forms such as the ureas,
melamines, and anilines have been
omitted from the discussion,

Outstanding Properties

The phenolics have been selected for
many applications hecause of their low

FINIS %L[;RPE 5 CT
ISHED PRODU
BY COMPRESSION RESIN
UNDER HEAT SATURATED
AND PRESSURE FILLER +
Y
L

* THICKNESS OF PRE-CURED STOCK
WILL VARY WITH COMPRESSIBILITY
OF FILLER-

Fig. 1. A laminated phenolic

cost, electrical insulating properties,
light weight, dimensional stability, and
chemical inertness. They possess the
additional properties of being readily
machinable and punchable in most
standard forms.

Outstanding limitations of the mate-
rial include the deterioration of most
grades under high temperatures or high
hmidities, limited resistance to strong
alkalies, low arc resistance, cold creep
and brittleness in certain grades.

All the above analyses are subject
to qualification. depending on the grade

of material employed. These statements
and. the data which follow are not in
dicative of any specific proprietary
grade of any manufacturer, but are
representative  of  industry-wide ac-
cepted properties.

Jefore discussing the material’s
properties in detail, some attention must
be given to the manufacture of the
plastic. .\ laminated phenolic is simply
a suitable filler impregnated with a
phenol formaldehyde resin, cured under
heat and pressure. Usually the filler i~
stacked in sheet form to build up to
the required thickness when compressed.

The final product’s properties and ap-
pearance will be based on the filler and
resin employed and on the manufac-
turing methods. (See fig. 1).

The basic filler materials include
various grades of paper, linen, canvas.
ashestos, and glass cloth or sheets. In-
dividual binder and filler constituenty
of the common NEMA or J.AN grades
are summarized in Table 1.

The resin is composed of a com
pound of phenol and formaldehyde, both

TABLE 1 TABLE 2
i 5 Insulation Dielectric |

NEMA JAN Filler L lglt::t;tx‘c Resistance | Loss Factor

Type Type Type V/mil (log ohms) (at 1 mc)
X LTS-M-1 Paper X 500 8.3 -
P(XP) LTS-E-1 Paper, punching stock p 500 8.3 —
XX [.LTS-E-2 Paper XX 500 8.3 20
XX\P I.TS-E-3 Paper, punching stock XX 500 8.4 20
XXX LTS-E-4 Paper XXX 470 8.3 15
XXXP 1.TS-E-§ Paper, punching stock NN P
C [LLTS-M-4 Canvas 8 sl -:Z:; o ;(")
CE LLTS-EM-1 Canvas CL 360 83 o
1. LLTS-M-3 Linen - : ==
1L.E LTS-EM-2 | Linen L 150 — S
A LLTS-H-1 Asbhestos paper LE 360 8.3 e
AN [.LTS-MH-1 Asbestos fabrics A 160 74

A 50 7.3

(NEMA types are described in “NEM.A Laminated Phenolic

Products  Standards,” JAN types are those listed in Joint
Army-Navy Specification JAN-P-13, “Plastic Materials, Lanti-

nated Thermosetting Sheets and Plates.”
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inch spaced holes.)
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(Dielectric strength and dielectric loss factor, NEMA
averages; Insulation resistance, JAN average on one-
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coal tar derivatives. The phenols. simi-
lar to carbolic acid, are produced from
the fractional distillate of benzine or by
synthetic processes. In natural form,
cresols and xvlenols. compatible with
the phenols, are retained. The formal-
dehyde is produced from coke or by
synthetic means.

Mixed in the presence of a catalyst
(to hasten the chemical process and to
add hardness to the plastic), and under
live steam. the phenolic plastic is
formed. As a liquid impregnant it is
applied to the filler material and al-
lowed to cure in part before stacking.
During this precuring operation. the
excess solvent is removed by evapora-
tion. A plasticizer is often added to
give greater flexibility for certain
manufacturing  operations such as
punching. Fig. 2 shows typical opera-
tions,

Contents vs. Properties

It was stated previously that the final
product’s  properties and appearance
would be based on the type of filler
and resin emploved and on manufac-
turing methods. How then can this hbe
done?

Consider  first  the manufacturing
methods and how they affect the ma-
terial’'s properties. Curing of the mate-
rial is a function of time. temperature,
and pressure. This will. of course, vary
with the type of resin, filler. and shape.
But proper curing is that process which
allows an cven. uniform flow of the
resin throughout the filler during the
curing operation. Improper cure can
allow a soggy center section or cause
a hard brittle surface. Proper cure will

e-—31o
o-—1a [
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S
LAMINATED PHENOLIC
CASE LAMINATED PHENOLIC & TERMINAL
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——— CONTACT MATE{“N- || RVETS
ARM . A E ANEL
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POS| | =5

©

O

WASHERS

Fig. 4. Typical applications of laminated phenolics

insure a uniformly dense material, with
good clectrical properties and with the
majority of the stresses removed.

The quantity of resin versus the
solid content of filler determines the
strength and overall humidity resistance
of the plastic.
content, as a general rule, the lower the
mechanical strength of the plastic but
the higher the material’'s impervious-
ness to moisture attack. This state-
ment, however, is dependent upon the
filler material emploved. For example,
a cellulose product will have a higher
moisture absorption than a non-cellulose
product, assuming equal resin satura-
tion.

The resin, itself, can be variously

l CATALYST F

FILLER
COAL TAR (Paper, Canvos,
RAW Glass,
PRODUCTS Asbestos,
S Linen, etfc.)

PRE-CURED _

PRODUCT
( If Useg)
PLASTICIZER

PRE-CURED
FRODUCT

FORMALDE-
HYDE

PRESSURE

FINAL PRODUCT

Fig. 2. Flow chart of manufacture of laminated phenolics
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The higher the resin -

compounded for resiliency and strength
or for electrical properties. Formalde-
hyde in the resin adds to the resiliency
and strength, phenol to the electrical
properties. (It must be admitted, how-
ever, that these statements have been
generalized to the point that the ex-
istence of different substances, each
known as phenol, has apparently been
overlooked. This is mentioned lest the
rcader get the erroncous impression
that each of these substances we are
dealing with is a specific material
rather than a group of materials).
IFinally, the filler determines the over-
all performance of the plastic. Since
between 35% and 065% of the solid
content of most laminated phenolics is
comprised of the fller, its effectiveness
is a highly important consideration.
The commonly employed fillers, men-
tioned above, each have varying prop-
erties:
Paper . . . good electrical properties,
low moisture penetration, machin-
ability in finished form. low cost.
Canvas . . . toughness, poor electrical
and moisture properties, high impact

strength, machinability in  coarse
forms.
Linen . . . toughness, poor electrical

and moisture properties, high impact
strength, machinability in fine forms.
Glass . . . toughness. heat resistance.
low moisture penetration, good elec-
trical properties, poor machinability,

high cost.
~Asbestos . . . toughness, high heat re-
sistance,  fair  moisture resistance,

poor electrical properties, high im-
pact strength.

Electrical Grades

Judging by the available constituents,
heavily saturated paper or glass based

JUNE, 1945 *
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phenolics have the most usable electri-
cal properties. Since in most commer-
cial applications, the relative scarcity
of gless today and the difficulty of ma-
chining are of prime consideration,
most electrical work has been best
served by paper-based phenolics.

Several grades of paper based phe-
nolics have been standardized as desir-
able types. Broadly, these phenolics fall
into two groups: punching stock, desig-
nated by a £, and stock not designed
for punching with with lower cold flow
characteristics. unching stock is con-
structed with a high surface resin con-
tent, suitably plasticized.

The grades available are X, XP, XX,
XXP, XXX, and XXXP. The X
and XP grades represent the lowest
saturated materials (approximately 40-
43% resin), while the XXX and
NXXP represent the highest saturated
materials  (approximately 53 -609
resin).

Three factors determine the clectrical
rating of a material: the diclectric
strength  (or maximum unit voltage
stress the material will accept without
electrical failure), the insulation re-
sistance (a function of surface and vol-
ume resistivity), and dielectric loss
factor (the product of the resistance-
reactance ratio and the dielectric con-
stant).

Table 2 and Fig. 3 sunmarize the
electrical properties of the more con-
ventional phenolics. It must again be
pointed out that special formulations of
material and proprietary products of

individual laminators will far exceed

the values reported here.

Importance of Electrical Properties

No electrical designer needs to he
reminded of the importance of high
dielectric strength, high insulation re-
sistance, and low loss factor when
applied to electrical insulation; with the
projection of radio and television re-
ceivers into higher r-f and i-f fre-
quencies, the importance of these char-
acteristics is magnified.

Cost, performance, and machinability
—as well as the other properties to be
discussed—should also be considered
hefore the choice of material is made
on the basis of electrical data alone.

Consider some average design prob-
lems—as shown in Fig. 4. Fig. 4a
shows a typical assembly for intermedi-
ate or radio frequency work with re-
sistors.  capacitors, and r-f chokes
soldered across the terminal hoard.
[Here, heat resistance. high strength, and
machinability must be subjugated to the
considerations  of diclectric  strength
parallel to the laminations, stability
of insulation resistance under extreme
humidity conditions, moderate diclectric
loss. punchability. If the frequency is
projected even higher, loss must be kept
to a minimum. Comparison of the vari-
ous tables presenting data shows that a-
highly saturated paper stock is the de-
sired  material, such as XXP or
NXXXP. The final result will be a rela-
tively stable material; further improve-
ments can be made in the material if

the rough cut ends are impregnated or
coated with an electrical varnish.
Another problem, shown in Fig. 4b,
is the terminal board supporting the
power supply of a typical receiver. Here
the problems of low electrical loss are
not of chief importance, but impact
strength and general toughness are.
lHeat resistance and arc resistance are
also desirable. \Working only in the
phenolic field, there is no standard ma-
terial available that can truly fulfill all
the requirements—hence. a compromise
must be effected.  DPhenolics, on the
whole. show poor arc resistance: ashes-
tos-filled  phenolics  show good heat
resistance but poor electrical properties,
etc. The choice of manufacturing opera-
tions will indicate the final selection of
material : it is readily apparent, how-
ever. that the lower saturated paper
laminates  will have the dielectric
strength required, the punchability or
the machinability, and higher impact
strength rather than the more heavilr
saturated types. NEMN types X/,
XXP, X, or XX are indicated. (The
choice between X and XX will he de-
termined by the humidity conditions
affecting the equipment. XX will be
more stable under higher humidities.)
The carbon potentiometer represents
an entirely different problem. \s shown
in Fig. 4c, the resistance clement con-
sists of a composition film sprayed on
a bakelite disc. Since the material is
usually prepared in long strips and
punched to size at assembly, the material
must be punchable and must have a
smooth uniform surface. Its dielectric
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Fig. 3. Dielectric strength vs. thickness curves for typical

phenolics
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Fig. 5. Moisture absorption characteristics of linen and

paper stock phenolics

31


www.americanradiohistory.com

strength requirements differ in that the
strength must be perpendicular to the
laminations, since the phenolic insulates
the contact arm from the case. The ma-
terial must be stable under high hu-
midity conditions since any swelling of
the disc will cause a separation of the
carboneous granules, causing an in-
crease in resistance. Again, it must be
admitted that the standard phenolic
grades represent a compromise, but that
paper-hased phenolics of special formu-
lation have been the answer to this
problem.

Relay spacers, shown in Fig. 4d. rep-
resent a problem similar to the com-
position potentiometer problem. Punch-

ing, compressibility, high insulation
resistance and low swelling under high
humidity conditions, and dielectric

strength perpendicular to the lamina-
tions are the factors to be weighed. The
relay industry has employed various ma-
terials such as linen or paper-based phe-
nolics for this purpose, but each material
emploved represents a special formula-
tion on the part of the laminating trade.
Perhaps the most desirable material is
a paper-based material because of its
dimensional stability under high hu-
midity, but certain special grades of
linen—high compressed—have heen em-
ployed. (See Fig. 5).

The last design problem, illustrated
in Fig. 4e, is the choice of “sandwich
material” for the capacitor bushing.
Here, a hermetical seal is required,
with good insulation resistance stability
under high humidity. Punchability and
close tolerances are of importance.
Various materials of this sort are regu-
larly compounded by several of the
laminators. The sandwich material con-
sists of a synthetic rubber (such as
neoprene) on two sides with a thin
wafer of phenolic in the center. The
neoprene is glued to the bakelite on
both sides. The materials regularly
employed—and with merit—are paper-
based punching stocks such as XXP or
XXXP.

Mechanical Properties

General all-around toughness cannot
be achieved with a paper stock because
of the nature of the filler. Here the
laminating trade has compounded stand-
ard grades of fabric-based stock. such
as the linen or canvas stocks.

In general, these materials do not
possess the moisture properties desired
of phenolics hecause of their cellulose
nature—but can be used for spacers,
gears, and other mechanical applica-
tions where real toughness is required.

Of the two materials, linen and can-
vas, the choice must be based on the
extent of precision machining required.
Heavy duty gears, for example, where
closeness of tolerance is not required
employ a canvas stock. Fine tolerance,
light duty gears are made of linen
stock.

Heat-Resistant Types

Certain asbestos formulations are used
for high temperature applications. Two
types of asbestos have been standard-
ized : asbestos paper filler, 4: and as-
bestos fabric filler, 4A4. The fabric
filler adds toughness to the material.

Both of these types are poor under
high humidity conditions and cannot be
used where swelling would affect the
design.

As with all materials, a properly se-
lected phenolic will do its job properly.
Careful analysis of the material in de-
sign will make the difference between a
well-functioning part and a non-func-
tioning part.

Appended is a table of properties of
the standard phenolic types. This data
has been obtained from the NEMA and
JAN standards and represents the

[ Continued on page 71}

GRADES OF PHENOLIC MATERIALS
CHARACTERISTIC SOURCET™TAA [ € [ CE | L | LE | X | XP | XX | XXP | XXX[XXXP
COMPARATIVE PROPERTIES
WATER ABSORPTION (%) JAN 1.00 100 | 240 1.25 1.50 100 | 210 | 240 | 090 | 0%0 | 09 | 090
VOLUME RESISTIVITY (log ohms/cm) JAN 0.1 9.2 101 101 10.1 10. 10.0 10.1 100
DIELECTRIC CONSTANT (1 mc) NEMA 7.0 5.5 70 5.0 .0 S0 4.8 a.s
POWER FACTOR  (1mc) NEMA 010 | .055 o0 | .0as 040 | 040 | .032 | .027
DIELECTRIC LOSS FACTOR (1 mc) NEMA 070 | 0.30 | 070 | 0.22 0.20 | 020 | ouS 0.2
DIELECTRIC STRENGTH (V/mil) NEMA 160 50 150 360 150 360 500 500 500 500 | 470 470
TENSILE STRENGTH  (psi) NEMA 8000 | 7500 | 6500 | 7000 | 6500 | 9000 | 6000 | 6000 | 6000 | SO00 | 5000
FLEXURAL STRENGTH (psi) NEMA 16000 | 16000 | 13000 | 15,000 | 15000 | 16000 | 11000 | 12000 | 12000 | 12000 | 12000
IMPACT STRENGTH ,EDGEWISE JAN .80 3.00 | 2.00 1.50 1.20 1.00 040 | 040 0.35 | 0.35
1. Ib i notch)
C°MPRESS'V(E,,S‘TRE”GT”‘EDGEW'SE JAN | 16500 | 18000 | 23600 | 22400 | 2,000 | 21,500 | 18,000 | 9000 | 22,000 22p00
F ORMS
SHEET NEMA | YES YES | YES YES YES YES | YES YES YES YES | YES | YES
ROLLED TUBES NEMA | YES YES | YES NO NO YES | YES NO YES NO NO NO
MOLDED TUBES NEMA | YES YES NO YES YES YES | YES NO YES | NO YES NO
RODS NEMA YES YES | YES | YES YES YES NO NO ves | NoO YES NO
SHEET THICKNESSES (in inches)
MINIMUM NEMA | 34, e VAo Vaa | 010 015 010 010 010 015 015 015
MAXIMUM T NEma 2 2 10 2 2 2 2 Va 2 A 2 V4
COLORS
NATURAL NEMA | YES YES | YES-| YES YES YES | YES YES YES | YES YES | YES
BLACK NEMA | YES NO YES YES YES YES | YES YES YES | YES YES NO
BROWN NEMA NO NO NO NO NO NO NO YES NO YES NO NO
FINISHES
SEMI-GLOSS NEMA | YES YES | YES YES | YES YES | YES YES | YES | YES YES | YES
DULL NEMA NO NO NO NO NO NO NO YES NO YES NO YES
POLISHED NEMA NO NO NO YES NO YES NO NO YES NO YES NO
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Variable Air-Dielectric

Capacitors

A. C. MATTHEWS

Characteristics and applications of variable air-dielectric capacitors in radio design

ARIABLE AIR-DIELECTRIC capacitors
are characterized by relatively low
losses or high () at radio frequen-

cies. This may be attributed to the
fact that air is a perfect dielectric me-
dium, and since the major portion of
the dielectric in a gond variable ca-
pacitor is air, the losses are low. There
are, however, other factors which con
tribute to the losses and these will he
discussed with particular reference to
their magnitude and variation with fre
quency.

In order to clarify the problem of
variable capacitor design, let us ex
amine the desired characteristics for
radio receiver applications. For scale
calibration purposes the capacity vs.
angular rotation should follow, within
reasonable  tolerances, a prescribed
curve shape, and also be capable of he
ing reset to any desired point with ac
curacy. Because most receivers require
that several circuits he tuned simultan:
cously and that the resonant frequency
of the circuits “align™ properly, it fol
lows that the "matching™ or “tracking™
between sections must he quite accu
rate. Next, it is desirable that the ca-
pacitor have low losses (high Q) at
the operating frequency. These three
requirements. curve shape. tracking and
low Josses are basic: without them, it
would be impnssible to build production
receivers,

In addition, there are other charac
teristics that must also be considered
if a quality product is to result. Varia
tions in capacity with changes in tem-
perature and humidity must be mini
mized. Rotational torque should be re-
latively low (two to five inch-ouncex)
and smooth in action. The capacitor
must be sturdy in construction and not
stuhject to mechanical distortion when
properly mounted. It should not be sub
ject to vibration or microphonic effects

* JUNE, 1945

Gang capacitor
(Conrtesy Techwical Radio Co.)

and above all must be low in cost. This
last item, incidentally, is probably the
most difficult to obtain.

Now that the desired characteristics
have been noted. it might he well to
discuss brieflv some of the factors in-
fluencing  the design.

Capacity

The capacity of a parallel plate air-
diclectric capacitor can be calculated
from equation (1), where L is the ef-
fective arca ol plate in square
inches, ¢ the spacing between adjacent
plates in inches and .\ the total number
of plates,

one

(N-D A4
C = 0.2246 — — ppuf (1)
This equation holds for any plate shape
so long as both rotor and stator plates
are equivalent in xize,

Several plate designs are commonly
used which give straight-line capacity.
straight-line  frequency,  straight-line
wavelength or modifications thereof.
"These are illustrated in Fig. 1.

It should be pointed out at this time

www americanradiohistorv com

that design equations for calculating the
desired plate size to fit a certain curve
shape serve only as a guide, or a first
approximation. [For instance, the actual
capacity will exceed the calculated ca-
pacity due to so-called “fringe effect”
which varies with the spacing hetween
plates. After preliminary samples are
completed, the judicious use of a file
to correct small variations in the curve,
is generally required. After one or more
experimental  corrections the curve
shape is usually satisfactory and the
plate design is then complete.

Figure of Merit (Q)

The figure of merit of a capacitor is
commonly expressed as Q, and can be
represented by the equation:

1
Q= — ()
wCR
It can alsn bhe represented hy power
factor:

R
x 100 3
1/wC

\WWhen the capacitor losses are low (the
usual case) the Q factor is equivalent
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Fig. 1. Capacity vs. angular rotation
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to the reciprocal of the power factor.
This is a convenient fact to remember
since either quantity can be measured
and readily converted to the other with
a minimum of effort.

Since the figure of merit “Q” is in-
versely proportional to the resistance.
as shown in equation (2), it is obvious
that the resistance or loss-determining
quantity should be minimized for good
design.

Residual Parameters

In the design of a variable capacitor
there are two inherent residual electrical
parameters which influence its opera-
tion over a range of frequencies. These
are inductance and resistance, the lat-
ter being a combination of losses due
to the metal parts and those due to the
insulating supports, while the former
is due to the magnetic field set up by
conduction currents in the unit.

Residual Inductance

To understand the residual induct-
ance. assume a charge is applied to the
stator connection A4 in Fig. 2. This
divides through the stator plate support
and finally flows out through the stator
plates and back to the rotor plates. Be-
cause the resulting current sets up a
magnetic flux, an inductive reactance
results. This is represented by L, and
L. in Fig. 2, where L, is the inductance
of the connection to the stator plates
and L, the inductance through the rotor
wipers and shaft to the rotor plates.
The current in and between the plates
contributes little to the inductance, since
the area involved is relatively large. For
this reason, it would appear that the
residual inductance of a variable ca-
pacitor remains nearly constant for any
angular degree of rotation. But as the
capacity is changed (which in turn
changes the frequency of the circuit
being tuned). the residual inductance
results in an increase in the effective
capacity, according to the frequency and
capacity involved. In other words, as
the capacitive reactance decreases the
inductive reactance increases, thus re-
sulting in an increase in the apparent
capacity.

Residual Resistance

Resistance losses in a variable ca-
pacitor can be divided into two parts:
(1) eddy current loss in the metal parts,
(2) hysteresis loss in the insulating
material.

The eddy current loss occurs in the
plates, plate staking at the rotor shalft,
the shaft itself. its bearings, wipers and
in any part of the metallic structure in
which current flows. These losses are
represented by R, in Fig. 3. At medium
and low radio frequencies R. is ap-
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Fig. 3. Equivalent circuit of capacitor

proximately constant with angular ro-
tation and is mainly due to contact
resistance at the rotor wipers, and in
the case of non-insulated rotors, the re-
sistance through the bearings contribute
their part. Current density is high at
these points and because it is not appre-
ciably changed by the position of the
rotor the losses remain practically con-
stant. At high frequencies, due to skin
effect, the resistance increases approxi-
mately as the square root of the fre-
quency. This can be minimized by silver-
plating the metal parts and is standard
practice in high-quality units.

Hysteresis loss in the insulating ma-
terial (G, in Fig. 3) is usually thought
of as a conductance. This is particularly
convenient when it is necessary to evalu-
ate the effect of several components in
circuit analysis studies. The insulation
of a well-designed capacitor is located
in an electric field which does not vary
with the rotor setting: it can therefore
be considered a constant at any given
frequency. But. as the frequency is in-
creased the conductance increases, de-
pending upon the quality of insulation
employed.

As an example of design desideratum.
let us consider the condenser as shown
in Fig. 4. This is a grounded rotor, bar-
type frame construction. While it may

not represent the ultimate in high-grade
capacitor design, it does represent a
typical tuning capacitor as used in pres-
ent day receivers. Insulated rotor ca-
pacitors are inherently costly and are
seldom used except in  high quality
communication equipment.

Frame Structure

The overall construction must be
sturdy, or when the driving mechanism
is attached a twisting action will take
place which will distort the frame. Off-
hand this sounds improbable. but when
the capacitor is held stationary in its
mounting and pressure is applied to the
tuning shaft either through a cable type
drive or by the operator’s hand, there
is a tendency for the frame to bend.
This is especially true where tie bars
are not provided, as in the case of a
“U” type bent frame. The tie-bars can
be either round, square or flat stock
but they must be securely staked to the
end plates or frame. It is usually not
necessary to braze or weld the joints,
although this is sometimes done.

Another reason a sturdy frame is so
necessary is that in some designs it is
desirable to mount the unit at each end.
If all mounting surfaces are not parallel
or plane, due to possible variations in
chassis construction, there will be a
twisting action in either the capacitor
or chassis or both when the unit is
mounted. Tt is obvious that any twisting
of the capacitor frame will change the
plate alignment so this type of mount-
ing is to be avoided if at all possible.

A recommended mounting which
climinates, to a large degree, distortion
of the capacitor frame is shown in
Fig. 5. Here we mount the capacitor
on its bottom surface with three screws:
two screws establishing the plane of
the capacitor with respect to the chas-
sis and locating the unit, the third
screw is used only as a “tie-down”, be-
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Fig. 4. Typical 3-gang capacitor
(Courtesy Radio Condenser Co.)

cause the chassis mounting hold is
nearly surrounded by a circular cutout
which provides sufficient flexibility to
prevent possible distortion of the frame.
Of course, when the capacitor is mount-
ed on rubber grommets, frame distor-
tion is minimized. Nevertheless, there
are instances where it is advisable to
have as much of the capacitor frame as
possible in contact with the chassis
(thereby reducing the current density
in the ground connections), so that
rubber mountings cannot be employed.
In such cases, the bottom mounting will
usually give the best results.

Of equal importance are the bearings
for the rotor assembly. Usually the
front bearing is of the ball type, while
the rear is of the thrust type using a
single ball which can be accurately ad
justed to meet specified torque require-
ments. Because only straightforward
bearing design is required for variable
condenser applications due to the light
load and low speed of operation, the
subject will not be discussed further.
A small amount of suitable lubricant is
of course employed to maintain smooth
action and prevent dirt and dust from
interfering with the operation.

Plate Structure

Rotor and stator plate assemblies are
generally soldered or staked depending
upon the material employed. Where ex-
treme accuracy is required a few types
still employ precision metal spacers.
Ordinarily sufficient accuracy can be
obtained with the soldered or staked
construction, because centering jigs are
always used to hold the individual plates
during the assembly operation. As an
additiona! safety factor to ensure the
capacitor meeting certain specifications,
the outside plates on each rotor section
are slotted in several places to about
half their radius. This permits the final
test operator to adjust the capacity curve
at any particular point where it does
not quite meet specifications. Plate
bending is not desirable because of the
additional time involved in testing and
because strains are often set up which
tend to gradually change the capacity
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once it has been correctly adjusted. Mass
production, however, necessitates such
procedure as it would be impractical to
gauge each plate for size and thickness
to the accuracy required in order to
maintain ‘a uniform capacity curve be-
tween units.

Aluminum is nearly always employed
as the plate material although copper,
brass and steel have been used. The
latter two materials are very susceptible
to microphonic etfects and therefore
aluminum and copper, because of their
“deadness”, are extensively employed.
The stator plate assembly is attached to
the stator support by soldering while
the unit is held firmly in a jig or cen-
tering fixture.

Stator Supports

Stator insulating supports are gener-
ally attached to the frame with rivets or
screws and nuts as shown in Fig. 6.
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Fig. 5. Typical mounting to prevent
frame distortion
Regardless of which method is used, it
is imperative that the stator assembly
be securely fastened and remain so
under all operating conditions. Vibra-
tion tests will readily shown weaknesses
in design as well as poor workmanship.
Such tests however are not all-conclu-
sive unless the effects of aging are
taken into consideration. Aging is due
mainly to repeated variations in tem-
perature which gradually change the
physical size of some insulating mate-
rials. Obviousuly a change in the physi-
cal dimensions of the insulator, whether

it is attached to the frame by rivets,
bolts or staking will definitely have an
effect on the tightness of the fastening.
Accelerated life tests can be made by
subjecting the unit to two-hour heat
cycles from room temperature to 150°
F. for five to seven days. Practice has
shown this to be a sufficiently long test
period.

Several factors should be considered
when choosing the insulating material
for a variable capacitor. The dielectric
constant, power factor, mechanical sta-
bility with variations in temperature
and humidity and physical strength are
all significant. It is not always advisable
to choose the lowest loss material avail-
able unless the material also has good
mechanical properties. In other words
the effective insulation of a variable
capacitor cannot be judged solely by
the electrical quality of the insulation.
Some materials, although relatively
poor electrically, but because of their
good physical characteristics make ex-
cellent capacitor insulators. This ap-
parent contradiction to all electrical
design practice is due to the fact that
the volume of the insulation required is
smaller than if the higher electrical
grade material was employed. The loss
per unit of volume may be higher but
since less material is required the total
loss may actually be less. Mechanically
strong insulation perniits the use of de
signs having long leakage paths which
result in low surface leakage.

The surface of the material used also
has a direct bearing on its characteris-
tics when subjected to high humidity.
Porous materials not only absorb mois-
ture but under certain conditions tend
to wet easily. This obviously is an un-
desirable condition since the conductiv-
ity of even a thin film of moisture is
appreciable. Even quartz, which has
long been considered an excellent in-
sulator, tends to wet easily in the pres:
ence of high humidity. The problem is
to obtain a surface which will not wet.
Polystyrene, wax and some of the sili-
cone resins are excellent examples of
surfaces that do not tend to wet. llere
the water vapor collects in small dis-
crete globules which do little harm. The
application of moisture repellent sub-
stances is therefore advisable. Any leak-
age resulting from the use of poor
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Fig. 6. Methods of anchoring stator insulators to frame
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insulating material or inadequate design
represents a loss when subjected to
high frequency currents and conse-
quently decreases the Q of the umit.

Rotor Wipers

Rotor wipers or connectors are gen-
erally made of spring brass although
phosphor bronze or spring silver is
sometimes employed. Standard practice
is to include one wiper for each section
in the capacitor, except in some of the
low priced units where a “V"” shaped
wiper between sections is used. This
type grounds the adjacent sections to
the frame and provision is made for
external wiring connections on the in-
ternal shield plates.

Where it is desirable to reduce the
residual inductance of a capacitor, wip-
ers are provided at each end of each
rotor section. They should be as short
in length as possible and preferably
riveted and soldered to the frame. The
use of a number of wipers reduces the
inductance and variations in bearing
resistance by distributing the current
more uniformly from the rotor and act-
ing like several inductances or connec-
tions in parallel between the rotor and
frame. In spite of the use of several
wipers a considerable amount of cur-
rent will flow in the frame structure.
The effect of this current can be mini-
mized by mounting the unit on its bot-
tom surface, thus providing extra con-
tact area between the capacitor and the
chassis as mentioned previously. Con-
nections to the capacitor should, how-
ever, be made to the wipers just as if
the frame were not grounded. Such
practice is not necessary at broadcast
and medium high frequencies and be-
cause it presents problems in isolating
the unit from a microphonic standpoint,
it is only used where troubles due to
grounding are more important than
microphonics.

Temperature Compensation

In general air-dielectric capacitors
have a good temperature characteristic.
That is, the change in capacity with
changes in temperature are compara-
tively low as compared with other types
of condensers.

Several factors influence the tempera-
ture characteristic, probably the chief
cause being the choice of materials used
in their construction. The coefficient of
expansion or elongation of the materials
used in the construction i1s of prime
importance. It is sometimes desirable to
construct the frame, rotor shaft and
stator spacer from the same material.
Thus, when the rotor shait elongates
(which will increase the rotor plate
spacing ), the frame and stator supports
elongate and tend to keep the plates
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centered. The increased plate spacing
is counteracted by the increased size
of the plates themselves. Of course all
of these physical changes are very small
in magnitude, otherwise an appreciable
change in capacity would result.

Another source of capacity change
which is apparent only when the plates
are nearly unmeshed (minimum capac-
ity) is due to the quality of the dielectric
employed. Here the dielectric constant
of the material and its stability with
temperature are important factors, ce-
ramics being favored in preference to
the phenolic types of insulation.

No fixed rule exists, such as the spec-
ification of invar plates, whereby a
capacitor may be designed for perfect
stability with variations in temperature.
Each specific design must be studied to
determine the source of the trouble and
corrective measures taken to eliminate
or rather compensate for the deficiency.

Medium Transmitter Types

Since variable capacitors for low
powered transmitting service are, in
general, quite similar to their smaller

brothers just discussed, the few design
exceptions should be pointed out.

Because of the higher operating volt-
ages encountered the plate spacing must
be increased considerably. It should be
remembered that in some circuit appli-
cations (modulated service) the peak
voltage may be as much as four times
the normal d-c operating potential. Not
only should the plate spacing be adequate
for the higher voltages but the insula-
tion must be capable of withstanding
the surges without appreciable heating.

Precautions must also be taken to
minimize the concentration of electro.
static flux at any one point which might
result in corona. Plates should therefore
be highly polished and all sharp corners
should be eliminated since corona will
cause ionization and result in high
power losses. Consideration must also
be given to voltage breakdown at high
altitudes.

Characteristic Curves

Typical characteristic curves are
shown in Fig. 7. These show the effect
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TIME DELAY
RELAYS

GEOFFREY HERBERT

(Courtesy Guardian Electric Co.)

A comprehensive survey, describing the characteristics, general design, con-
struction, and applications in radio deslgn of various types of these relays

OR  STRAIGHTFORWARD control of
power and remote switching be-
tween alternate circuits, it is desir-
able to complete the job as quickly as
possible so that the next action can be
started. Due to the inertia of armature
and contact arms, a relay would have
to be built with an extravagantly large
maguetic circuit to supply enough at-
tractive force to approach instantane-
ous operation. Another factor which
operates to defeat any attempt to use
large magnetic circuits is that all coils
induce into their own windings a pro-
portional  counter-electromotive force
which bucks the applied voltage and
thereby prevents the field strength from
rising rapidly. These are two factors
which give every relay a definite oper-
ate-time and release-time. Ordinarily,
the average light duty, small control
relay has an operate-time and release-
time of about .001 to .05 second, depend-
ing upon size and number of contacts.
Quick-Acting Relays and
Time Measurements
The particular operate-time and re
lease-tirie of a general purpose relay is

determined by the ratio of the mass
actuated to the forces developed by the
magnetic circuit and the return spring
respectively. The general purpose relay
is of the quick-acting family. Where its
use in the equipment demands a fast
action, a smaller, more compact relay
will usually prove superior. The speed
of operation can be checked with a
cathode ray oscilloscope and a suitable
a-f generator. The audio signal is sent
through the relay contacts to the oscil-
loscope at the same moment that power
is applied to the relay coil by means of
a fast-acting double-pole toggle switch.
The oscilloscope is then set to sweep
at a suitable rate. The operate-time is
determined from the number of com-
plete and partial audio signal waves
shown on the oscilloscope. The circuit
is shown in Fig. 1.

If the sweep rate of the oscilloscope
is known accurately enough, the audio
signal generator can be eliminated and
replaced by a small d-c potential from
a dry cell. The operate-time is then
determined from the ratio of the length
of the horizontal line above the zeru

o——
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O—
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SIGNAL
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Fig. 1. Setup for measuring speed of operation of relay
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axis to the length of the zero axis. The
circuit for this arrangement is shown
in Fig. 2.

In these two circuits the testing
switch applies the signal voltage at the
beginning of the time period and the
normally closed relay contacts interrupt
the signal voltage at the end of the
time period. For a normally open relay
contact a different type of circuit, simi
lar to Fig. 3, must be used. The testing
switch applies the signal voltage as be
fore, but the closing of the relay con-
tacts shorts the signal across the oscil-
loscope terminals to zero. The resistor
is used to limit the short-circuit current
in this circuit.

To measure the release-time of a
relay, a circuit similar to Fig. 3 can
be used except that the opening of the
testing  switch will remove the short
against the signal voltage applied to
the oscilloscope terminals and thus be-
gin the timing period while the opening
of the normally open relay contacts
will interrupt the signal voltage and
end the timing period.

Instead of the double-pole toggle
switch, which might cause a slight time
error because the contacts of each cir-
cuit do not close simultancously, a
three-circuit switch can be used. In this
type of switch, the conmmon circuit is
switched to a pair of circuits, the con-
tacts of which are isolated when on
open circnit. These switches have only
one moving contact bar, and the pos
sibility of one contact tripping before
the other is greatly reduced,

The cathode ray oscilloscope is not
needed when the time interval to be
weasured s greater than .01 second.
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Fig. 2. Measuring operate-time with d-c potential

Timers for measuring elapsed time in-
tervals are available as standard items.
They are driven by 060-cycle synchro-
nous motors, but the motor is not run
from the time signal. A small high-
speed electromagnetic clutch is operated
by the time signal and controls the start-
ing and stopping of the hands. \Vith
a.c. applied to the clutch, an accuracy
of within .01 sccond can be secured. A
d-¢ clutch will permit an accuracy of
005 second. In Fig. 4 is shown a typi-
cal precision timer.

For some applications it will be
found that a standard design, general
purpose telay does not have a fast
enough operate-time. Typical cases are
cutoff mechanisms which must operate
with a minimuni of lost time and high
speed repeater devices. A good part of
the operate-time delay is due to the ap-
parent low power factor of the mag-
netic coil, but the external circuit can
be adjusted to partly correct this. This
is done by winding the coil for a much
lower resistance and heavier current,
and adding a series resistor to the cir-
cuit. Although there will be a heavier
power consumption by the coil, the op-
erate-time can be easily halved.

Time Delay Relay-Telephone Type

The requirements for a time delay
period range usually from .01 second
to several minutes. [t is not practical to
use any one method for all periods. It
has just been indicated above that the

Fig. 4. Typical precision timer.
(Courtesv Standard Electric Tiner Co.)
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magnetic circuit is responsible for an
inherent time delay in all relays. A
method highly successful of increasing
the natural time delay is to alter delib-
crately the magnetic circuit. This is
popularly known as the copper-slug
method.

Slow-Operating

In Fig. 5 is shown a typical telephone
relay frame upon which a portion of
the coil has been replaced by a copper
collar at the armature end. The copper
collar is of very low resistance and acts
like a shorted turn. When the coil cir-
cuit is closed, the flux through the mag-
netic circuit links the copper slug. This
results in an electromotive force and
coresponding current in the copper slug
which produces a magnetic flux oppos-
ing the main flux. This opposing flux
gradually dies away, allowing the main
fHux to take full control. Since the cop-
per slug is placed at the armature end,
the opposing effect is localized at ex-
actly the point where the flux attracts
the armature and the maximum operate-
time is thereby secured. Three standard
lengths of copper slugs are usually em-
ployed—11/16”, 1”7, and 1%”. The
operate-time delay secured from these
copper slugs varies from .010 to .100
second.

There is one sacrifice which must be
made for this operate-time delay. The
same copper slug which has created an
opposing magnetic flux when current
is applied to the coil, also creates a
supporting magnetic flux when power is
removed from the coil. This supporting
flux retards the dying away of the mag-
netic field and canses a longer release-
time delay. The release time which ac-
companies  the above  operate-time
ranges from 020 to 250 second.

By placing the copper slug at the heel-
piece end of the core as shown in Fig.
o0, the opposing flux is localized where
it has little effect on that part of the
core which attracts the armature. This
permits the operate-time to be kept
down to between .004 to .025 second.
\When the control voltage is removed,
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Fig. 3. Method of testing when relay contacts are normally open

the supporting magnetic flux generated
by this copper slug is able to contribute
effectively to the release lime because
a closed magnetic circuit then exists
between armature and core. Depending
upon the size of the copper slug and
the adjustment of the residual gap be-
tween armature and core, the release
time ranges from .020 to .350 second.

Slow-Acting

When both slow operating and slow
releasing is desired, a copper sleeve can
be placed directly over the full length
of the core. This yields a range of op-
erate-time of .010 to .050 second and
release-time of .020 to .350 second.
Whenever either type of time delay is
desired, it is preferable to use the slow-
acting construction. Because the coil
winding is outside and extends the full
length of the spool, the wattage rating
does not have to be reduced

Variations of the Copper-Slug
Method

The application of telephone type re-
lays with time delay characteristics is
principally for automatic telephone ex-
changes. Dial systems use the time de-
lay relay to distinguish between the
short-time intervals of current pulses
sent out by a single sweep of the dial
and the longer time interval before the
start of the next set of current pulses.

The longer time-delay periods, men-
tioned previously, are attained only
when the relays are rigidly mounted and
protected from vibration, as is custom-

Fig. 5. Slow-operating relay. Copper col-
lar at armature end furnishes delay action.

(Courtesy C. P. Clare and Co.)
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ary in telephone exchanges. \WWhen vi-
bration is encountered. the spring and
residual gap adjustments must be set
for shorter time delays, if reliable, re-
producible  operation is  necessary.
Therefore, it is not advisable to expect
more than .200 second release time from
a slow-release relay and corresponding
reductions in time delay for all other
tvpes.

The copper-slug method of securing
time ¢elay can be applied to any mag-
netic relay. In Fig. 7 is shown a general
purpose remote control relay which has
been equipped with four copper slugs.
As shown, the copper slugs are at the
armature end of the coil and the relay
has a minimum delayed attract of .075
second. This relay will perform satis-
factorily under all service conditions
encountered in aircraft, such as the
10G acceleration test, vibration at an
amplitude of .020 inch and 2500 cycles
per minute for 3 hours, temperature
range of —70°F to 200°F, and up to
50,000 feet altitude. For some applica-
tions, the operate-time delay can be
increased to .200 second.

Some applications which require a
slow-operate, will not permit the ac-
companying long release time. With
the standard form of copper slug there
is no way to avoid this. However, re-
lays of the type shown in Figs. 5, 6 and
7 can be wound with a double coil. One
of these windings is used as the control
coil and is connected to the control cir
cuit. The other winding is connected
to an extra pair of normally closed con
tacts so that this coil is shortened by
these contacts when the relay is not
energized. This second winding then
acts as a multi-turn copper slug. When
the relay is energized, this slug winding
is open-circuited by its contacts and can-
not act to cause a long release time. The
same method using normally open con-
tacts for the slug winding will give a
slow release without a long operate-
time. The time delay will not be as long
as with a solid copper slug due to the
poorer space factor of the copper wind-
ing.

When a slightly longer time delay is

Fig. 6. Slow-releasing type. Copper collar
is ot heel piece.
{Courtesy C. P. Clare and Co.)
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Fig. 7. Remote control relay with copper
slug delay.
(Courtesy Guardian Eleciric Co.)

required, two or more time delay re-
lays can be used in cascade. To accom-
plish this. the first time-delay relay
actuates the control coil of the second
relay and the second or last time-delay
relay does the actual switching desired.
The apparent time delay of the combi-
nation is the sum of the time delays of
cach relay. \Where heavy loads or many
contacts are to be controlled, the final
relay can he a general purpose, «quick-
acting relay.

Capacitor Method of Time Delay

The copper-slug method of adding
time delay characteristics to the basic
relay puts to work the natural energy
stored up in the magnetic field of the
relay coil and core. Another method of
utilizing the principle of energy stor-
age to secure time delay is to use a
circuit network consisting of relay
coil, large capacitor and resistor. The
basic principle in this form of circuit
is a resistor used in series with a ca-
pacitor to limit the charging rate of
the capacitor. A relay of the telephone
tvpe. or especially of the sensitive type,
can be adjusted to pull in and drop out
at precise coil voltages. This type of
circuit is shown in Fig. 8.

The circuit shown in Fig. 8 approxi-
mates the performance of the slow-
acting copper-slug relay. It can be made
to give a slow-operate performance by
adjusting the relay to pull in as the
voltage across the capacitor nears its
maximum. It will give a slow-release
performance by adjusting the relay to
pull in and drop out at a voltage which
is only a small percentage of the cir
cuit voltage.. By using a low voltage,
high capacitance electrolytic capacitor
and a sensitive relay capable of a wide
range of adjustment and having a low
power coil consumption, the time delay
can be varied over a wide range. up to
several seconds. The fixed resistance
shown in Fig. 8 can be replaced by a
variable resistor which will permit easy
manual adjustments for various appli-
cations.
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Ballast Method of Time Delay

All the previous methods will func-
tion only when the operating coil is
supplied by d.c. The following methods
will operate on either a.c. or d.c.

Oiten it is desired to use a general
purpose relay for time delay work in
order to standardize on one relay for
several purposes. s has heen discussed
hefore, no basic adjustments can be
made to a quick-acting relay that will
have much effect on its time delay.
Therefore. only some method of delay-
ing the application of full voltage to
the relay will have any appreciable ef
fect. The capacitor method has just
such an effect but is far too bulky for
a relay having an appreciable coil
power consumption.

Incandescent filaments possess a com-
bination of two properties which give
them unique time-delay characteristics.
Due to the rapid radiation of the en-
ergy by which they are being heated.
they take an appreciable length of time
to reach a steady operating tempera-
ture. Also they have a huge positive
temperature coefficient of resistance.
The ratio of resistance hetween hot and
cold is about ten to one. When used in
a circuit such as Fig. 9. time delays
from a fraction of a second to several
seconds can be obtained. When the ac
tuating current is first applied, the fila-
ment acts as a low resistance by-pass
across the relay coil and there is a
considerable voltage drop across the
fixed resistor. The current through the
filament causes the filament resistance
to rise: thus the decrease of current
through the filament reduces the volt
age drop across the fixed resistor and
the relay operates. For the incandescent
filament, an ordinary incandescent lamp
of suitable wattage and filament voltage
can frequently be used.

\ device which has even better re-
cistance change characteristics and con
sequenly hetter time delay control is the
ballast tube usually employed for volt
age regulation. This tube consists of
an iron wire hermetically sealed in a
bulb containing hyvdrogen or helium.
Joth gases have high heat conductivity.
The iron wire has a very high tempera-
ture coefficient of resistance. The rapid
cooling of the filament hy the hydrogen
or helini lengthens the time delay char-
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Fig. 8. Schematic of resistance-capacity

delay method
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Fig. 9. Ballast time delay schematic

acteristic. .\ typical ballast tube is
shown in Fig. 10.

Thermal Relay Time Delay Method

These are extremely simple devices
and work on an entirely different prin-
ciple from that of the magnetic relay.
In the magnetic relay. the power sup-
plied by the coil is transferred by the
magnetic forces of the core into me-
chanical power to operate the contact
springs. In the thermal relay, the con-
trol power is used to heat a small coil
of resistance wire placed adjacent to a
bimetallic strip or disc. The bimetallic
strip is composed of two metals honded
together and having different thermal
coefficients of expansion. The dissimi-
lar expansion of the two metals causes
the strip to bend in an arc and move a
contact fastened to the free end of the
strip. Thus the heat energy supplied
from the resistance wire by the elec-
trical power. has been converted into
mechanical movement by the bimetal
strip. Inherently, the thermal relay is
a slow-acting relay and is naturally
suited for time delavs ranging from

Fig. 10. Typical ballast tube.
(Courtesy Amperite Co.)
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several seconds to one minute. They are
made by various manufacturers for
ranges of | second to 2 minutes, but
when the range of several seconds to
one minute is exceeded in either di-
rection, trouble can be expected.

The explanation for this troublesome
operation is typical of the use of most
products originally designed for opera-
tion indoors. The heat required to ac-
tuate the bimetal element cannot bhe
made excessive or it will injure the
metals of the element. Tn practice. it is
found that with the maximum heat
supplied to the himetal element. the re-
sulting time delay is about one second.
This, however, leaves no safetv margin
for high ambient temperatures or over-
voltage on the heater. Consequently for
reliable operation. the minimum time
delay should not be less than two or
three seconds. The same type of reason-
ing applies to the use of thermal relays
for long time delays. A typical curve
for temperature vs. time of the heater
for the bimetallic strip would show that
the curve levels off with the time axis
at slightly more than two minutes, This
means that if the heater voltage is on
the low side, a disastrous increase in
time delay may occur. Provided thermal
relays are used within conservative time
ranges, the results will be excellent in
spite of heater voltage variations of
plus or minus ten per cent. The usual
tolerance in original calibration at nom-
inal heater voltage is *=209% for a strip
tvpe bimetal element.

In Figs. 11 and 12 are shown typical
himetal strip element actuated time de-
lay relays which are hermetically sealed
in glass and filled with an inert gas.
It will he noted that there are two strip
clements. PBoth carry contacts. The
strip which is insulated with sheet mica
and wound with resistance wire to form
a heater is always made of bimetal.
When the other strip is made of a
Limetal element. the relay is known as
an ambient temperature-compensated
unit.

The two himetal elements are of the
same length and deflection behavior so
that as one deflects toward the other
due to a change of ambient temperature.
the other strip will recede the same
amount, thus keeping the contact gap
constant. On a well made unit of the
compensated type, the time delay will
be virtually unaffected over the entire
temperature range of —65°F. to 150° F.
Where reliable timing is expected of a
thermal relay over a wide temperature
range. this is the only type of com-
pensation that should be used.

Occasionally, for motor protection or
where an entire equipment may over-
heat, it may he preferred to make the
relay also responsive to ambient tem-
perature, This is easily done by replac-
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AMPERITE
DELAY
RELAY

Fig. 11, Bimetal strip time de!ay relay.
(Courtesy Amperite Co.)

ing the compensating bimetal strip with
that of a single metal. This uncom-
pensated form of construction should
never be used unless the time delay re-
sponse of the relay has been carefully
checked at cach of the various ambient
temperatures that the equipment will be
expected to perform.

Rimetal elements can also be made
in a circular disc shape. dished at the
center to form the familiar oil can ac-
tion. This disc is held at the edges and
the clectrical resistance heater causes
the center of the disc to snap from one
side to the other due to the internal
stresses set up between components of
the himetal. Small leaf spring contacts
are actuated by an insulated rod at
tached to the center of the disc. This
form of bimetal disc thermal relay is
made in both uncompensated and com-
pensated types. The compensation can.
not be performed in the same manner
as with the bimetal strip elements be-
cause the contacts on the disc type are
switched when the heated disc pops
and it is not like the case where the
heated strip caught up with the un-
heated strip. Therefore, the compen-
sation in the heated disc due to am-

Fig 12. Thermal re-
lay.
(Courtesy Thomas
A. Edison Co.)
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Fig. 13. Schematic of thermal element and
quick-acting relay. A representative com-
mercial model is shown on page 37

bient temperature change by another
unheated bimetal disc whose direction
of motion due to ambient temperature
change opposes that of the heated disc.
The stresses set up by this form of
compensation are very complex and the
resultant compensation is difficult to
reproduce reliably at temperatures be-
low —20°F, or above +120°F.

All thermal relays have a consider-
able recycling time, which is equiva-
lent to the release-time of magnetic re-
lays. Thermal relays having a time de-
lay between 10 and 70 seconds will usu-
ally recycle in about 10 seconds. This
recycling time is frequently considered
a disadvantage. Actually, for some
work it will prove an advantage. In a
typical application the contacts of the
time delay relay energize the coil cir-
cuit of a power relay. A 500-ohm re-
sistor is connected in series with the
heating coil of the time delay relay
when the power relay operates. This
reduces the voltage to the heating coil
and maintains the temperature of the
bimetal strip just above the operating
point. During a momentary power in-
terruption, the thermal relay contacts
do not open; however. during a longer
power interruption, the time required
to restore normal operation is propor-
tional to the length of the power inter-

Fig. 14. Typical motor-driven time delay
relay. (Courtesy K. V. Cramer Co., Inc.)
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ruption. This is an advantage, since it

1> not necessary to recycle completely
cach time the supply is interrupted mo-
mentarily.

The contact arrangements available
in the bimetal strip type are only sin-
gle pole, single throw, normally open
or normally closed. The maximum con-
tact rating is 10 amperes, 1135 volts a.c.
Due to the slow rate of the contact
break, a protective capacitor and re-
sistor must be connected across the
contacts when they are used on voltages
above 50 v.dc. The heater can be
wound for voltages up to 115 v.a.c. or
d.c. and any frequency.

Occasionally, time delay relays are
used with normally closed contact ar-
rangements for starting motors and lamp
Hashing. In typical designs the current
carriecd by the contacts also passes
through the bimetal strips. When these
currents are light, their heating effect
is not noticeable and is automatically
compensated for. Inrush loads of large
motors and incandescent filaments will
cause an abnormal temperature rise in
hoth strips. Since hoth the heated and
unheated strips are then working at
a temperature well above ambient. the
temperature vs. time curve will begin
to flatten off cven more for the heated
element. The result of this shift of
tenmiperature equilibrinm by the current
flow through the bimetal strips is to
increase the time delay of a relay with
normally closed contacts.  \Whenever
heavy loads are anticipated, the time
delay and recvcling of a thermal relay
should be checked under full load.

To overcome the limitations on con-
tact arrangement and power rating, a
simple thermal relay is combined with
a quick acting power relay to form a
flexible and versatile time delay relay.
In Fig. 13 is shown a typical arrange-
ment of parts and wiring schematic. To
permit the relay immediatelv to recvcle.
the closing of the power relay contacts
also shorts out the thermal relav. \When
the control power is removed from the
time delav relay, it will he ready to
cycle again,

Timing Motor Method of
Time Delay

Practically  all  these  motoar-driven
time delay relays are powered by small
induction synchronous motors which
have a built-in gear reduction. These
motors are extremely small but possess
a built-in magnetically operated coun-
ter balanced gear shift. This automati-
cally engages and disengages the gear
train when the motor field is energized
and de-energized. The drive shaft is
then free to be reset back to starting
position hy means of an external
spring. In Fig. 15 is shown the cross
section of a typical motor. Another
feature which makes this motor espe-
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Fig. 15. Cross section of typical motor
(Courtesy IHavdon Mfu. Co., Inc.)

cially suited to this work is that it can
be stalled across the line for indefinite
periods of time. However, an auxiliary
relay is usually used to lock itselfi across
the line and release the timing motor.
A one-way friction can also be incor-
porated into the motor gear train to
absorh the sudden shock at the end of
the spring-driven reset return travel.
These motors are usually made for
operation on 60 cycles a.c. 115 volts.
Recently, a line of d-c motors has been
developed which have the same fea-
tures. Consistent speed is obtained by
the governor effect of an electrical eddy
current drag huilt into the motor. The
gear trains in these motors have sealed-
in lubrication. It is extremely inmiportant
to check in a cold-test chamber the type
of lubrication that these motors have,
since if they are not specially lubri.
cated they will not pull into synchro-
nism and time correctly at tempera-
tures below minus 20°F.
These timing motors are mounted on
a plate. and drive a shaft equipped with
one or two cams and a small spiral
spring. The spiral spring is wound
with sufficient tension to reset the cams
and gear train of the motor back tn
[Continwed on page 701

Fig. 16. Electro-pneumatic relay
(Courtesy American Gas Accumulator Co.)
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Notes on

ALIGNING and TESTING

munications receiver is that it have

good selectivity. The general accept-
ance of the superhet as against the t-r-f
set. for instance, can be traced to a
number of its advantages. but generally
speaking, greater selectivity is its out-
standing virtue. It is not unreasonable,
then, to attribute this superiority to the
i-f amplifier unit. Unfortunately the
proper functioning of this portion of the
receiver is often taken for granted and
the full capabilities of the receiver are
not utilized, as a result of haphazard
alignment methods.

Before actually aligning the i-f chan-
nel, a thorough check should be made
of all socket voltages. In fact, the actual
alignment should always be left until
the last, so as not to be affected by
changes in by-pass capacities, tube volt-
ages, tube inter-electrode capacities, etc.
It is surprising how a set will often
work fairly well with a partially open
screen grid resistor or a shorted cath-
ode capacitor. Obviously even commer-
cial receivers are not immune from such
troubles, and should not be assumed to
be normal, even though the receiver be
new and of a reputable make. The vari-

THE PRIME REQUIREMENT of any com-

VARIOUS AVC-CONTROLLED
TUBES

NORMALLY
CONNECTED
TO AVC

"
™
1

—WWW—o
R

e
<

AVC LINE

=
! +
e ]

OHMMETER

Fig. 1. Isolating and checking a-v-c line
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ous measured voltages should agree with
tube handbook data, or service notes.
especially in regard to bias and maxi-
mum allowable potentials. The cathode
voltage in self-bias arrangements is of
particular interest. not only because it
represents the operating bias, but low
cathode voltage means improper tube
performance and consequent low am-
plification.

Checking the A-V-C Line

Another extremely revealing test is
to isolate the a-v-c line (see Fig. 1)
and measure its resistance to ground
on the highest scale on your ohmmeter.
This test should be conducted with nor-
mal filament and plate voltages. As an
ohmmeter invariably employs a battery,
one way of connecting the leads will
place the positive battery voltage on
the grid, while reversing the test leads
will place a negative potential on the
grid, The leakage resistance should be
of the order of 30 megohms with nega-
tive grid and very close to that figure
with positive grid. As most ohmmeters
use a battery voltage of 3 volts or less,
consequently as the cathodes generally
run about 3-5 volts above ground, the
grid will at all times be negative with
respect to the cathode, and no grid
current will flow. However any combi-
nation of ohmmeter battery and cathode
voltages that will make the grid posi-
tive with respect to the cathode will re-
sult in grid current, and the ohmmeter
will indicate low resistance.

Many possible sources of trouble may
be detected by this test. Should any of
the a-v-c line by-pass capacitors have
appreciable leakage, this leakage re-
sistance will combine with R, (Fig. 1)
to form a voltage divider across the
output of the a-v-c rectifier with only
a fraction of the a-v-c voltage being
applied to the various tubes and result-
ing danger existing of overloading on
high level signals.

Recently in checking a 6L7 mixer in
this manner, a considerably lower re-
sistance with positive test lead on grid
was noted. This condition disappeared
when the h-f oscillator was disabled. All
voltages were apparently normal, at

www americanradiohistorv com
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DOTTED LINES - INDIVIDUAL STAGES
SOLID LINE -~ OVERALL RESPONSE

OUTPUT

)
DESIRED FREQUENCY
OF ALIGNMENT

Fig. 2. Broad selectivity curve due tlo
tuning i-f stages to different frequencies

least well within ratings. However, an
increase of 25 volts on the 6L7 screen
caused the a-v-c line resistance to be
very high on both polarities of the test
leads. Actually, this imperfect screen-
grid action resulted from coupling ex-
isting between the control grid and the
injector grid and was a potential source
of oscillation and pulling between the
mixer and h-f oscillator.

Alignment Procedures

The customary method of alignment
using an output meter across either the
primary or secondary of the output
transformer, or simply by loudspeaker
volume, will naturally require that a
modulated test signal be used. The modu-
lation irequency used is generally 400
cvcles. Therefore, considering sidebands,
the signal is actually 800 cycles wide.
Accordingly each i-f tuned circuit could
be tuned anywhere within this 800 cy-
cles and the output meter indication
would be unaffected. regardless also of
whether all are tuned to the same fre-
quency or not. For instance, one may
be tuned to the desired frequency plus
400 cycles. another to desired frequency
minus 400 cycles or any other interme-
diate values. Even in reception of phone
signals, an i-f bandwidth of 800 cycles
plus the unavoidable slope of the re-
sponse on both sides, gives an overall

JUNE, 1945 *
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SUPERHETERODYNES

Useful short-cuts in familiar operations

2nd.DET.DIODE

L

7
DIODE LOAD RESISTOR
May be source of AVC ond/or
oudio voltage

Fig. 3. Diode load resistor used for output
medasurements

response that has much too broad a
“nose.” (See Fig. 2). Similarly align-
ing by ear on atmospheric noise or with
a magic eye or a vacuum-tube voltmeter
on the a-v-c line is very misleading, as
the breadth of the signal contributes to
the indication. In the alignment pro-
cedure outlined below it will sometimes
be noted that the meter will drop down,
but the audio output will actually in-
crease as an i-f trimmer is tuned, defi-
nitely indicating that the i-f stage has
an increasing output by virtue of pass-
ing a broader band. It is evident, then,
that the methods mentioned above can-
not be relied upon to indicate when the
i-f channel is in its most selective con-
dition.

Unmodulated Signal Necessary

An unmodulated signal with its theo-
retically zero bandwidth must there-
fore be employed. The only place that
a measurement may conveniently be
made of such a signal is in the 2nd
detector circuit. (See Fig. 3.) Output
measurement may be made with a volt-
meter across the diode load (preferably
a vacuum-tube voltmeter to avoid alter-
ing the normal load on the diode due
to the shunting effect of the meter) or
a milliameter may be used in series
with the load resistor.

When the plate load of a tube changes,

* JUNE, 1945
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its grid input characteristics change
(this is known as “Miller effect’), it
will be seen to be necessary to align
from the 2nd detector “back” to the
Ist detector. In order to get the most
pronounced “swing” on the meter and
a more definite and sharper peak read-
ing, indicating proper adjustment of
the trimmer, it is generally best to align
with a.v.c. off. This assures that the set
will be aligned in its most sensitive
condition—i.e., when receiving cw sig-
nals, or phone signals too weak to actu-
ate the a.v.c. The further precaution
should be taken of cutting down the
output of the signal generator occa-
sionally to make sure this causes the
meter to drop sharply, otherwise the
stage or stages are being overloaded. In
short, the signal generator output
should be kept as low as possible and
still provide a reading of suitable
“swing” as the i-f trimmer is tuned
through resonance.

In order to prevent interaction be-
tween stages, it is advisable to couple
the generator to the grid of the last
i-f tube and then align the 2nd detector
grid and last i-f plate, then move to the
grid of the next to last i-f tube and tune
the last i-f grid and next-to-last i-f
plate, and so forth to the Ist detector
grid. Once a stage has been aligned, do
not go over the following stages in an

endeavor to “trim” them up. Inciden-
tally, the signal gencrator should al-
ways bhe well grounded to the set chas-
sis.

Simple Signal Generators

The signal generator itseli may be
readily improvised, if necessary, from
a b-f-o coil of proper frequency and a
small oscillator tube such as a 6]J7. (See
Fig. 4). Calibration may then be ef-
fected by beating a harmonic of such an
oscillator against stations in the broad-
cast band—e.g., the second harmonic of
465 kc is 930 kc, a readily identified
broadcast frequency. As has been em-
phasized before, it is not so important
that all stages be aligned to a certain
specified frequency, as it is that they
be aligned to the same frequency.

Single Signal Receivers

If the set has a crystal filter, the
crystal may be hooked into the oscil-
lator (See Fig. 4) and alignment to
the exact frequency effected. In such
sets, when the alignment process has
reached the point where the oscillator is
coupled to the mixer grid, the vacant
crystal socket in the receiver should be
bridged out with a large capacitor (.1
uf or so) and the phasing and selec-
tivity controls set at approximately the
most used positions. Alignment of the
i-f grid and mixer plate circuit may
then be done. A slight compromise is
involved in this case as the variation of

[Continued on page 71]

6J7-6K7etc. 8
CRYSTAL BFO = 00 TO LEAD
coiL - = -0001
3 = MFD.  PLACED
: = o4 NEAR GRID
i 250 :: MEG.
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f = { Remave other connections)
s = =
| 025 «—|t 5
RFC “ E3LU 67 o
Mquo - PLATE MFD. o4
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Fig. 4. Simple signal generator for I-f alignment
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inal Frequency Allocations

This FCC Report. dated May 17,
1945. covers assignments for the
portion of the spectrum between
25 and 30.000 mc. with the excep-
tion of the 44 to 108 mc region.
which is left unassigned pending
turther tests of FM transmission

HE  IFEDERAL COMMUNICATIONS

Conmnission has just announced its

final frequency allocations to the
non-governmental radio services in the
portion of the spectrum between 25 and
30,000 megacycles with the exception
of the 44 to 108 megacycle region of
the spectrum, which is left unassigned
at this time pending the outcome of
measurements and tests of FM trans-
mission during the coming sunumer.

This space will ultimately be allo-
cated as follows: 36 megacycles to
television. 18 megacyveles to FM, 2
megacycles to facsimile, 4 megacycles
to the amateurs and 4 megacycles to
non-government fixed and mobile serv-
ices. The precise allocation within this
region to the above services remained
undecided but the Conmission indicated
three possible alternative allocations for
this region. which turn upon the exact
location of FM. The three alternatives
for FM are (1) 50-68 mc, (2) 68-86
me, and (3) 84-102 mc. The Commis-
sion also announced that with the co-
operation of the radio industry it is
immediately planning to proceed with
tests during the summer which are de-
signed to determine the best of the
three alternatives. A joint committee,
under the chairmanship of the Commis-
sion’s Chief Engineer and composed
of engineers from the Commission and
the radio industry, will conduct these
tests.

The reason for not making a final
decision at the time was that the Com-
mission felt that further measurements
were  desirable hefore making a final
allocation for FM. In this connection
the Commission pointed out that its
decision not to make a final allocation
for I'Al at this time would not in any
way hamper the future development of
that scervice because the Commission
has received advice from the War Pro-
duction Poard that the radio industry
will not resume production of new AN,

[RADIG] * JUNE, 1945

COMPARISON OF CHANNEL ASSIGNMENTS BETWEEN
25 MC AND 162 MC TO SERVICES LISTED BELOW

January 15. 1945
Proposed Report
Service
Non-
Sharing Sharing*

Police 122 0
Fire 35 0
Provisional 0 26'

Power, Petro-

leum etc. 21 0
General Highway

Mobhile 24 0
Marine Mobile 0 16"
Special Emer-

gency 10 0
Urban Transit 0 10°*
Urban Mobile 0 77
Forestry & Con-

servation 23 37°
Aeronautical

(Flying School

& Flight Test) 0 40
Railroads 33 0
Geophysical 0 33
Relay Press 0 26"
Rclay Broadcast 0 26"
Motion Picture 0 26"
General Experi-

mental 30 4
Rural Subscriber

Telephone 0 0
Total 298 217

Dratft
Final Report
Non.
Total | Sharing Sharing* Total
122 132 0 132
35 39 0 39
26 0 36* 36
21 31 0 31
24 40 0 40
16 8 13¢ 23
10 6 10° 16
10 0 17¢ 17
7 24 0 24
60 25 34° 59
4 7 0 7
33 60 0 60
35 0 492 49
26 0 104 10
26 0 36" 36
26 0 18 18
34 0 26% 26
0 0 | 247 24
- { -
515 372 275 647

*The television channels subject to sharing
arce not shown in this table.

'Shared with Motion Picture, Relay Press,
Relay Broadcast & Geophysical,

221 shared with General Experimental, 10
shared with Special Emergency, and 5
shared with Urban Transit and General
Experimental.

* shared with Geophysical. 7 shared with
Forestry, Conservation and Urban Mobile.
‘9 shared with Geophysical, 6 shared with
Forestry and Conservation.

*Shared with Provisional.

**Shared with Forestry and Conservation.
12 shared with Forestry and Conservation,
and 5 shared with Provisional and Experi-
mental,

“Shared with Forestry and Conservation
and Marine Mobile.

*10 shared with Urban Transit, 20 shared
on secondary basis with Fire. 7 shared
with Marine Mobile and Urban Mobile.
"6 shared with Maritime Mobile, 12 shared
with Urban Transit, 4 shared with Relay
Press and Geophysical, and 12 shared with
Relay Broadcast, Motion Picture and Geo-
physical.

Shared with General Experimental on tem-
porary basis.

www americanradiohistorv com

126 shared with Provisional, Motion Pic-
ture, Relay P’ress and Relay Broadcast, 9
shared with Maritime Mobile,

24 shared with Relay Broadcast, 9 shared
with Maritime Mobile, 4 shared with Re-
lay Press, IForestry and Conservation, 12
shared with Relay Broadcast. Motion Pic-
ture, FForestry and Conservation.

“Shared with P’rovisional. Motion Picture,
Relay Broadcast and Geophysical.

"6 shared with Motion Picture, 4 shared
with  Forestry, Conservation and Geo-
physical.

“Shared with Provisional. Motion Picture,
Relay Press and Geophysical.

24 shared with Geophysical, 12 shared
with Motion Picture, Geophysical, For-
estry, and Conservation.

"Shared with Provisional, Relay Press, Re-
lay Broadcast and Geophysical.

%6 shared with Relay Press. 12 shared with

Relay Broadcast, Geophysical, lorestry
and Conservation.

4 to be used temporarily by Flying
Schools,

21 shared with Provisional and 5 shared
with Urban Transit and Provisional.
#Shared with Urban Mobile and short dis-
tance toll telephone circuits.
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Freq. Proposed United
Band International States
Mc. Allocation | Allocation Remarks
25.015-27.185 | Fixed and Mobile. | Gov. and Non-Gov. | Power to be limited
except Aero. and | Fixed and Mobile. | internationally to SU0
Maritime Note 1 watts peak.
27.185-27.455 | Scientific, Industrial | Scientific, Industrial | All equipment to be
and Medical and Medical adjusted and main-
tained as closely as
possible to 27.320 mc.
27.455-28 Fixed and Mobile | Gov. and Non-Gov. | Power to be limited
except Maritime Fixed and Mobile. | internationally to 500
Note 1 watts peak.
28-29.700 Amateur Amateur
29.700-30 Fixed and Mobile | Gov. and Non-Gov. | Power to be limited
except Maritime Fixed and Mobile. | internationally to 500
Note 1 watts peak.
30-30.5 Fixed and Mobile | Government Note 2
except Aero.
30.5-32 Fixed and Mobile | Non-Gov. Fixed and | Notes 2 and 3
except Aero. Mobile
32-33 Fixed and Mobile | Government Note 2
except Aero.
33-34 Fixed and Mobile | Non-Gov. Fixed and | Notes 2 and 3
except Aero. Mobile
34-35 Fixed and Mobile | Government | Note 2
except Aero. -
35-36 Fixed and Mobile | Non-Gov. Fixed and | Notes 2 and 3
except Aero. Mnbile
36-37 Fixed and Mobile | Govermment Note 2
except Aero.
37-38 Fixed and Mobile | Non-Gov. Fixed and | Notes 2 and 3
except Aero. Mobile
38-39 Fixed and Mobile | Government Note 2
except .\ero.
39-40 | Fixed and Mobile | Non-Gov. Fixed and | Notes 2 and 3
except .\ero. Mobile
40-40.96 Fixed and Mobile | Government Note 2
except Aero.
40.96-41 Scientific, Industrial | Scientific, Industrial
and Medical and Medical
41-42 Fixed and Mobile | Government Note 2
except Aero.
42-44 Fixed and Mobile | Non-Gov. Fixed and | Notes 2 and 4
except Aero. | Mobile
44-108 MC — ALTERNATIVE NO. 1
44-48 I Amateur | Amateur
48-50 Broadcasting Facsimile
50-54 Broadcasting Educational FM
Broadcasting
54-68 Broadcasting Commercial FM
Broadcasting
68-74 Broadcasting, Fixed | Television
and Mobile
74-78 Fixed and Mobile | Non-Gov. Fixed and | Notes 5A and 6
except .\ero. Mobile
78-84 Broadcasting, Fixed | Television, Fixed | Note 5
and Mobile { and Mobile
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FM and television transmitters or re-
ceivers “in 1945 or even in the first
part of 1946 unless Japan capitulates.
This is not to say that a small quantity
of receivers and possibly a few trans
mitters may not be made available.
However, this will have little or no
etfect on the future expansion of AM,
FM and television services.” The War
Production Board has also advised
the Commission that in the event there
is any change in its prediction, it will
give 90 days advance notice.

These allocations will probably be
ordered into effect service by service,
with the Commission taking into ac-
count such factors as the availability
of manpower and materials, the results
of the Inter-American Conference at
Rio, and the preparation of the Com-
mission’s rules and standards. Of
course, any allocations made by the
Commission are subject to being
changed to conform to the provisions
of international agreements.

The Commission’s report was made
in the form of an allocation table, the
full text of which is attached. This
table will ultimately be included as
Section 1, of Part I of the Commission’s
report on allocations above 25 mega-
cycles, which will be released in the
near future and which will give in de-
tail the reasons for the Commission’s
decision. Since this report is lengthy
and contains information which must
be checked for security reasons prior
to release, some time will necessarily
elapse before it can be issued. The
Commission felt that it was important
that its final allocations be known as
soon as possible and that announcement
of the result should not be delayed
until the text of the report is available.
Moreover, the Commission decided that
it was extremely important that the
tests with respect to FM broadcasting
should begin at once since the season
of the year is approaching during which
sporadic E transmissions are expected
to be at their maximum.

The allocation table which was re-
leased disclosed three principal changes
from the proposed report which was
issued last January and which was sub-
sequently the subject of oral argument.

(1) The band in the 27 mc region
available for scientific, industrial and
medical devices, including diathermy
machines, was enlarged in accordance
with the recommendation of the manu-
facturers of diathermy machines, from
the 30 kilocycle channel width assigned
in the proposed report to 270 kilocycles.
The other allocations for the scientific,
industrial and medical devices were left
unchanged.

(2) Television has been assigned a

thirteenth channel at 174 to 180 mc. In
the proposed report this band had
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originally been assigned to air naviga-
tion aids. In addition, two of the three
alternative allocations suggested for the
region from 44 to 108 mc would make
possible the immediate use of all tele-
vision channels. In the proposed report
it was noted that the television channel
from 72 to 78 mc would not be use-
able until the aviation markers cen-
tered on 75 mc were moved. Under
alternatives 1 and 2 the band around
75 mc has been assigned to services
other than television and television has
been given assignments which will not
have to wait until other services move
out. This would make available 13
channels below 300 mc, all of which
could be assigned to television imme-
diately. Of course, there is also avail-
able to television a very substantial
amount oi space above 400 mc which
will permit the development of color
television and superior black and white
television through the use of wider
channels.

(3) In the proposed report 6 mc
were left unassigned with the state-
ment that they would ultimately be
assigned to television, FM, facsimile
or the safety services, upon a showing
of need.

The allocation table released today
makes the unassigned space available
as follows: 2 mc are added contiguous
to the FM band of 18 mc width wher-
ever that band is finally placed. Initially
these 2 mc will be available for sta-
tions rendering a facsimile service ex-
clusively, but manufacturers of IFM re-
ceivers should include these 2 mc in
new M receivers as eventually it is
contemplated that facsimile may move
above 400 mc, thus making these 2 mc
available for IFML In the proposed re-
port no separate assignment was made
for facsimile below 400 me. except in-
sofar as it was stated that FM stations
might he authorized to emplov facsimile
during hours when they were not ren-
dering aural broadcast service—a pro-
vision which is retained in the final
report.

The remaining 4 megacvcles which
were unassigned in the proposed re-
port have been made available to the
safety services. As a result of this, and
also as a result of making some changes
in channel widths. a total of 139 addi-
tional channels have been made avail-
able to the fixed and mobile services
in excess of provisions made in the
proposed report.  The distribution of
these channels to the various fixed and
mobile services is as shown in the ac-
companying tables.

POLICE RADIO SERVICES

At the present time there are 31
medium  frequencies allocated for use

[Continued on page 361
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Freq. Proposed i United |
Band International States
Me. Allocation | Allocation ' Remarks
84-90 Broadcasting. Fixed | Television, Fixed I Note 3
and Mobile and Mobile
90-96 Broadcasting, Fixed | Television, Fixed Note 5
and Mobile and Mobile
96-102 Broadcasting, Fixed | Television, Fixed Note 5
and Mobile | and Mobile
102-108 Broadcasting, Fixed ‘ Television, Fixed ' Note 5
and Mobile | and Mobile |
44-108 MC — ALTERNATIVE NO. 2
44-30 Broadcasting, Fixed | Television, Fixed | Note 5
and Mobile and Mobile
50-56 Broadcasting, Fixed | Television, Fixed Note 5
and Mobile and Mobile
56-60 Amateur Amateur
60-66 Broadcasting, Fixed | Teclevision, Fixed Note §
and Mobile and Mobile
66-68 Broadcasting Facsimile
68-72 Broadcasting Educational FM
Broadcasting
72-86 Broadcasting Commercial FM Note SA
Broadcasting
86-92 Broadcasting, Fixed | Television
and Mobile
9298 Broadcasting, Fixed | Television, Fixed Note 3
and Mobile and Mobile
98-104 Broadcasting, Fixed | Television, Fixed Note 5
and Mobhile and Mobhile
104-108 Fixed and Mobile, | Non-Gov. Fixed and | Note 6
| except Aero, Mobile |
44-108 MC — ALTERNATIVE NO. 3
44-50 Broadcasting, Fixed | Television, Fixed Note 5
and Mobile and Mobile
50-54 Amateur Amateur
54-60 Broadcasting. Fixed | Television, Fixed Note 5
and Mobile and Mobile
60-66 Broadcasting, Fixed | Television. Fixed Note 5
and Mobile and Mobile
66-72 Broadcasting, Fixed | Television, Fixed Note 5
and Mobile and Mobile
72-78 Broadcasting, Fixed | Television, Fixed Notes 5 and 5A
and Mobile and Mobile
78-84 Broadcasting, Fixed | Television Broad-
and Mobile casting
84-88 Broadcasting Educational FM |
Broadcasting
88-102 Broadcasting Commercial  FM
Broadcasting !
102-104 Broadcasting Facsimile
104-108 Fixed and Mobhile, | Non-Gov. Fixed and Note 6

| except Aero.

Mohile
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RADIO DESIGN WORKNHEET

NO. 37 — THEVENIN'S THEOREM; NOTE ON
SELF-EXCITED OSCILLATOR CIRCUITS

THEVENIN'S THEOREM

Thévenin’s Theorem for a network
containing a single source of voltage
may be stated as follows:

Any linear network with a load im-
pedance connected across two terminals
may be replaced. so far as the load im-
pedunce s concerned, by a woltage
connected in series with an impedance.
The new voltage is the one which would
appear across the load terminals with
the load removed. The new impedance
1s that looking into the load terminals
of the network with the source of volt-
age short-circuited.

Consider the circuit of Fig. 1.

Figure 1

First remove Z,; the voltage appear-
ing across the load or output terminals
is:

[ E/Z| + A + (
CE/IZz+ A+ C

\When E is short-circuited the im-
pedance R, looking into the output
terminals is:

cA4+2)

C+A+2:

Whence the equivalent circuit accord-
ing to Thévenin’s Theorem is shown in
Fig.

The current which would flow
through load impedance Z. then is:

CE

R+Z:. ZitA+C
Z+A+C

CA+CZ,_-+-ZéZE1+ZeA+ZQC

C(Z:+AY+Z:(Z:+44+C)

Emm—
_ CA+CZ,
S Z,+A+C
S C€E
P, z
€, Z,+a+C 4
Q
Figure 2

If Z. is a resistance, the power dis-
sipated in the load will be:
Z.C*E*?

[C(Z:+AY+Z:(Z:+A+C) )

If the network were removed and Z.
connected directly to the generator; i.e.
to terminals bb, then:

1°Z:

E
I
21+ZE
Z.E*
'y VAR
(Z:+Z2)*

The ratio of the power dissipated in
Z with the network in circuit and with
it removed is:

Z.C*E?
P.  [C(ZstA)+Z:(Zi4 A+C) I?
(Zi+2:)° C(Z:420)?
Z.E

[C(Z.+A)+E;-(21+A+C()1])’

In order to better visualize the use
of these formulae we may assign some
probable values to the circuit resistances.
Thus let:

7, = 100
y 95
C= 10
Z: = 10
E E
(in Fig. 3)
10049545 200

Since the current will divide equally
between C and Z. then the current
flowing in Z. in Fig. 3 will be:

I E
I
2 400
10E?
Po = 16Zs = ——— = -
160,000 16,000

If the network were removed and the

load connected to the generator:—

110
10E*
Zaly?
12,100 1210
1210 1210
16,000 3 16,000 .
0755 = 11.1 db loss.
z, A
— W WA
100 95 J
4 € z
€ 1 10
)
Figure 3
Substituting in equation (1) we
have:
P 100(1004-10)*
Pr [10(954100)+10(104954100) I
100(110)* 1,210,000
4000° 116,000,000
1210
0755 = —11.1 db
16,000

which checks the formula derived by
Thévenin’s Theorem.

In a later Radio Design \Worksheet
this Theorem will be applied to re-
sistances and reactance combinations. It
will be shown that even complicated
ladder and lattice network yield to this
Theorem. One application is to the com-
putation of frequency characteristics of
wave filters and equalizers.

NOTE ON SELF EXCITED
OSCILLATOR CIRCUITS

Fig. 4 shows in schematic form the
Meissner oscillator circuit omitting all
elements except those circuits actually
involved in producing oscillations.
Most modern oscillator circuits used
in radio receivers are derived from
this fundamental circuit. Although
many derivatives of this circuit are

www americanradiohistorv com
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COUPLING

COUPLING

Figure 4

employed, that of Fig. 4 is seldom used
as shown in radio receivers. The fre-
quency of oscillation is determined by
the constants of the tuned circuit LC.
The electrical inertia of the tuned cir-
cuit tends to resist any change in fre-
quency in much the same way that the
mechanical inertia of a flywheel tends
to resist the mechanical motion from
its normal mode. It is on this funda-
mental principle that the gyroscope
operates. Such an oscillator properly
constructed 1s very stable. Fig. 5 shows
a tuned plate oscillator circuit and
Fig. 6 a tuned grid circuit oscillator.

&

QQQQ

Figure §

L_

Both are very popular in radio re-
«ceivers, since they are simple to build,
stable over a wide range of supply
voltages, and require a minimum of
adjustment, none being critical.

Fig. 7 illustrates schematically the
electron coupled oscillator. In this cir-
cuit. the grid, cathode, and screen are
elements of the oscillator circuit. The
plate of this converter tube acts as
a collector of such electrons as pass

Figure 6

through the screen. The magnitude of
this output can be adjusted by varying
the plate potential of the converter tube.
In some instances no plate voltage at
all is used. One of the principal virtues
of this circuit is its stability. This is
in turn dependent to some extent on
the weak coupling to the oscillator cir-
cuit. As a result, low plate voltage is
a common occurrence.

Fig. & shows the Dow oscillator,
which is a modification of the electron
coupled oscillator. In this circuit the

tube is neutralized to reduce unwanted
coupling to the load to a minimum. If
this circuit is to be effective, complete
shielding of oscillator circuit is re-
quired. The plate-grid capacitance of
a typical 6A7 is of the order of .01 uuf
or less. Consequently other coupling of
this order must likewise be reduced
substantially if neutralization is to be
effective.

Fig. 9 illustrates the Hartley oscil-
lator, an old but still popular type and
Fig. 10 Nustrates the Colpitts oscillator.
There are of course many variations

Figure 7

of the above circuits which are popular
and convenient for certain applications.

If the oscillator frequency is very
close to the signal frequency (say 3%
to 4%) it is a relatively simple matter
to effect oscillator tracking by bending
the rotor plates of the variable tuning
capacitor. If however, as is more often
the case, the oscillator frequency dif-
fers from the signal frequency by 5%
to 109% then either a specially shaped
capacitor rotor plate (usually referred
to as cut plates) is required for proper
tracking or a padded circuit must be
used. A common type of padded circuit
is illustrated in Fig. 11.

I'his tvpe of tank circuit is intended
for use when the oscillator frequency
is higher than the signal frequency.
Adjustment is commonly made to the
proper capacity value at the setting of
the gang capacitor for highest signal
irequency by means of trimmer C, and
at the lowest signal frequency by C..
Other points in the band may likewise
be chosen f{for tracking. Even so, a
portion of the band will usually vary

NEUTRALIZING
CAPACITOR

—IF
g

from the required value of capacity
enough to materially reduce sensitivity.
As mentioned above, it is common

Figure 9

practice to tune the oscillator in re-
ceivers above the signal rather than
below. This is of little importance ex-
cept in variable tuning receivers cover-
ing a relatively wide band. To illustrate
with a simple case, assume a receiver
to cover the band of 350 Kec to 1500 K¢
with an intermediate irequency of 383
Ke. 11 the oscillator is to he tracked
below the signal frequency it must
cover the range of (550—385) = 165

Figure 10

Kc to (1500—385) = 1115 K¢ or 1050
Kc. If on the other hand the oscillator
were tuned above signal frequency it
must be tunable from (550+385)

935 Kc to (1500+4385) 1885 Kc or

a range of 950 Kc. Since
1

2r VLC
we may deduce that the capacity ratio
for covering a specific tuning range

c &y i
‘ T T
C.; ¢ CS &

Figure 11

(i.e. maximum capacity to minimum
capacity) will be proportional to the
square of the tuning range. Thus we
find:

Frequency Frequency Capacitance

Range Ratio Ratio
1500—3550 273 (2.73)'= 7.45
1115—165 6R (6.8)° =46.00
1885—935 = 2.01 (201)'=

A capacitance ratio of more than about

plate grid capacitance of the ‘converter Figure 8 8 is impractical.
[RADIO] * JUNE, 1945 49
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Munro—Terr. Mag., Vol. 44, Pages 1-6,
March 1939.

Effect of l.orentz Polarization Term in
Tonospheric Calculations—]J. A. Ratcliffe
—Proc. Phys. Soc. (l.ondon), Vol. 12,
Pages 747-756, September 1939,

Reflection of Electromagnetic Waves in
the lonosphere—R. C. Majundar—T7rans.
Bose Res. Inst. (Calcutta), Vol. 12, Pages
125-140, 1936-1937.

An Ionospheric Investigation Concerning
the lLorentz Polarization Correction —
H. Booker and L.. V. Berkner—Terr. Mag.,
Vol. 43, Pages 427, 450. December 1938.

Observations on Sky-Wave Transmission
Frequencies Above 40 Megacycles—D. R.
Goddard—Proceedings IRE, Vol. 27, Pages
12-15, January 1939; RCA Revicw, Vol. 3,
Pages 309-315, January 1939.

40-CM Waves for Aviation—Electronics,
Vol, 12, Pages 12-15, November 1939.

Aircrait Radio Vibration—I.. B. Hallman
—Commumications—Vol. 20, No. 5, May
1940, Page 5.

Details of the Sikorsky Helicopter—.4¢cro
Digest, Vol. 36, No. 6, June 1940, Page 56.

Into the Sub-Stratosphere—R. J. Minshall
— Awviation, Vol. 39, No. 5, May 1940,
Page 46.

An Engincer's Closeup of the Cgrt?ss-
Wright Transport—G. Page—.viation,
Vol. 39, No. 3, March 1940, Page 46.

Electrical Insulation for .\ircraft—‘—G. L.
Moses—.1eiation, Vol. 38, No. 9, Septem-
ber 1939, PPage 28.

AC for Aircraft—P. C. Sandretto—Avia-
tion, Vol. 38, No. 6, June 1939, Page 30.

Tests with Ultra-High Frequency Radio
Transmitting and Receiving Equipment for
Itinerant Aircraft Communication—CAA
Tech. Report No. 7, July 1938,

Some Theoretical Considerations on  the
Philips Ultra Short Wave Radio Beacon
—Philirs Transmitting News, Vol. 6, Nos.
3 and 4, December 1939.

[Bibliography on Velocity Modulation
appears on following pagel
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VELOCITY MODULATION

PART 1

A New Method of Producing Short Un-
damped aves of Great Intensity —
Arsenjew-Heil and Heil—Zeit. fiir Phys.,
vol. 95. pp. 752-762; July 12, 1935.

A High-Frequency Oscillator and Ampli-
fier—R. H. Varian and S. F. Varian—
Jour. App. Phys., vol. 10, pp. 321-327;
May. 1939.

On the Resonant Frequency of Closed Con-
centric Lines—W. \V. Hansen—Jour. .4pp.
Phys., vol. 10, pp. 38-45; January, 1939.

On Resonators Suitable for Klystron Os-
cillators—\\. W, Hansen and R. D. Richt-
myer—Jour. App. Phys., vol. 10, pp. 189-
199: March. 1939.

Electromagnetic Natural Vibrations of Di-
clectric  Spaces—F. Borgnis—. Inn.  der
Phys., vol. 35 pp. 359-384; June 11,
1939.

Dielectric Resonators—R. D. Richtmyer—
Jour. App. Phys.. vol. 10, pp. 391-398:
June, 1939.

On the Natural Electromagnetic Qscilla-
tions of a Cavity—M. Jouguet—Compt.

Rend.. vol. 209, pp. 203-204; July 24,
1939,
Theoretical  Relationships  of  Dielectric

Guides—A.G. Clavier—FElec. Comm., vol.
17. pp. 270-290: January. 1939.

Velocity-Modulated Tubes—\\. C. Hahn
and G. V. Metcali—Proc. I.R.E.. vol. 27,
pp. 106-116; February, 1939

Uttra-High-Frequency Power Amplifier of
Novel Design—A. \. Haeff—FElcctronics,
vol. 12, pp. 30-32: February, 1939.

A Wide-Dand Inductive-Output  Amplifier
—A. V. Haeff and L. S. Nergaard—Proc.
I.R.E.. vol. 27. p. 610: September, 1939
(Abstract only) (See this issue).

Wave FEnergy and Transconductance of
Velocity-Modulated  Flectron Beams—\W.
C. Haln—Gen. Elec. Rewv. vol. 42, pp.
497-502; November, 1939.

The Electronic-Wave Theory of Velocity-
Modulation  Tubes—Simon  Ramo—Proc.

J.RE.. vol. 27, pp. 757-703; December,
1939.
Influence and Control of the Variable

Density of Electron-Currents in Tubes
and the Use of thiz Phenomenon for Gen-
erating Short-Wave Oscillations by the
Tmpulse  Methods—G.  Johst—Telefunken
Hausmitteilungen, vol. 20, pp. 84-96: July,
1939.

Small Signal Theory of Velocity-Modulated
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Flectron Beams—W. C. Hahn—Gen. Elec.
Rer., vol. 42, pp. 258-270; June, 1939.

Space Charge and Field \Waves in an Elec-
tron Beam—Simon Ramo—Phys. Rev.,
vol. 56. pp. 276-283; August 1. 1939.

Cathode-Ray Bunching—D. L. Webster—
Jour. App. Phys.. vol. 10, pp. 501-508;
July. 1939.

Theory of Klystron Oscillators—D. L.
\Vebster—Jour. App. Phys.. vol. 10, pp.
864-872: December, 1939.

Space-Charge Effects in Electron Beams
—A. V. Haeff—Proc. I. R. E., vol 27, pp.
586-602: September, 1939.

Limiting Current Densities in Electron
Beams—]J. R. Pierce—Jour. App. Phys.,
vol. 10, pp. 715-724: October, 1939.

The Inference of Space Charge in Planar
Braking-Field Tubes—\W. Kleinsteuber—
Iochfrequens und Elckiroakustik, vol. 53,
pp. 199-213: June, 1939.

Production of  Ultra-High-Frequency
Oscillations by Means of Diodes—F. B.
Llewellyn and A. E. Bowen—DBell. Swys.
Tech. Jour., vol. 18. pp. 280-291: April,
1939.

Development of a 20-Kilowatt Ultra-High-
Frequency Tetrode—\. V. Haeff. L. S.
Nergaard, W. B. Wagener. P. D. Zottu,
R. B. Ayer and H. E. Gihring—Proc.
I.R.E.. vol. 27. pp. 610-611: September,
1939. (Summary only).

Effect of Electron Transit Time on Effici-
ency of a Power Amplifier—A. V. Haeff
—RCA Rer. vol. 4 pp. 114-122; July.
1939.

The Anode-Tank-Circuit Magnetron — E.
C. Linder—Proc. I.R.E.. vol. 27. pp. 732-
738: November, 1939.

High-Efficiency Sentron — S. Uda. M.
Isida, and S. Shoji — Electrotech Jour.

(Tokyo). wvol. 2, p. 291: December.
1938.
A new Ultra-High-Frequency  Amplifier
of Unique Design—A. V. Haeff—Elec-
tronics — vol. 12, pp. 30-32: February.
1939.

The Anode—Tank—Circuit Magnetron—
E. G. Linder—Proc. I.R.E.. vol. 27. pp. 732-
738: November. 1939.

V'elocity Modulation—R. Kompfner—The
Wireless Engincer. vol. XVII, No. 206.
pg. 478. November, 1940.

On the Phase Focusing of Electrons Mov-
ing in Rapidly Changing Tields —E.
Brueche & A. Recknagel — Zecitschr. f.
Physik, vol. 108, pg. 459.

Experimental Proof of Phase Focusing—
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L. Mayer—Zecitschr. f. tech. Phy., p. 38,
1939.

The Electron lLens with Transit Time
Phenomena—A. Rechnagel—Jahrb. AEG
Forsch, vol. 6, 1939, pg. 72.

Electronic—Curve Theory of Velocity—
Modualted Tubes—S. Ramo—Proc. I.R.E.,
vol. 27. No. 9. p. 615: Sept., 1939.

Beam Tubes as Ultra-High-Frequency
Generators—R. King—Journ. of Applied
Phys.. vol. 10. No. 9, pp. 638-647. Sept.
1939. )

On the Electronic Space Charge Between
Plane Electrodes, Taking into Considera-
tion the Initial Velocity and Velocity Dis-
tribution of the Electrons—M. J. O. Strutt
& A. van der Ziel—Physica. vol. 6, No. -
9, pp. 977-996, Oct.. 1939.

Wave Energy and Transconductance of
\elocity— Modulated FElectron Beams—\V.
C. Halm—Gen. Elec. Review, vol. 42. No.
11. pp. 497-502; Nov., 1939.

Corrections to “Small-Signal Theory of
Velocity—Modulated Electron Beams.” W.
C. Hahn—Gen. Elec. Review, vol. 42, No.
11. pp. 497-502: Nov., 1939.

Measurement and Calculation of the Oscil-
lation Amplitude of a Retarding Field
Generator—\. Schwarz—Ifochf: tech. u.
Flek -akus.. vol. 54, No. 1. pp. 11-19. July
1939. ’ [

On the Theory of Retarding Back-Coup-
ling—G. Gorelik—Journ. of Tech. Phys..
No. 5. vol. 9, pp. 450-454. 121-128. 1939.

The Fundamental Electrical Oscillation of
Cylindrical Cavities—F. Borgnis—Hochf :
tech. u. Elek:akus.. vol. 34, No. 4. pp.
121-128. Oct., 1929,

Short-Wave Valves: \dvantages of
Specialized Types—F. E. Henderson—
IWireless 1Warld, vol. 46. No. 4. pp. 120-
123, Feb. 1940.

Ultra-Short Waves in Concentric Cables.
and the “Hollow-Space” Resonators in
the Form of a Cylinder with Perforated-
Disc Ends—H. Buchholz—Hochf :tech. .
Elek wakus.. vol. 34, No. 5, pp. 161-173.
Nov.. 1939.

The Electronic Valve with Velocity Modu-

lation—J. Bethenod—Comptcs  Rendus.
vol. 210, No. 3, pp. 103-104, 15th Jan.
1940,

The Use of Ballistic Models for the Study
of Energy Exchange Conditions in Velo-
city—Modulated & Other Devices—I. E.
Hollmann—Zcitschr. f. tech. Phys.. No. 12,
vol. 20. 1939.

Velocity—Modulated Beams: The Elec-
tron Density Distribution—D. M. Tombs,
Wireless Engineer, vol. 17. No. 197, pp.
54-60. Feh.. 1940.
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New Products

This new ‘“‘submersion-proof’ Western

Electric lip microphone and headset com.

bination was developed by Bell Labora-

tories. The microphone is fitted with a

gland which will pass air but exclude
water

200-KW H-F TUBE

The most powerful high frequency tube,
with an output of 200 kilowatts, is being
manufactured by Federal Telephone and
Radio Corporation, associate of Interna-
tional Telephone and Telegraph Corpora-
tion, especially for use in high power, high
frequency broadcasting, IFM broadcasting
and industrial heating applications.

The new tube will be used in short wave
equipment built by Federal for the OWI
to wrest command of the ether from the
Japanese in the North and South Pacific.
These newest OWT stations having a car-
rier power of 200 kw are located at Dixon
and Delano, California, and will exert cov-
erage over an area extending from Siberia
to Australia and from Hawaii to India,
where heretofore the only practical re-
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ception has been for the most part of Japa-
nese-originated broadcasts.

Incorporating a low inductance grid lead,
with very complete shielding between fila-
ment and plate, the new tube has three
electrodes, and an available thermionic
emission of 120 amperes.

Specifications for the tube set the power
output at 200 kw per tube when operated
as an oscillator or in Class C Telegraphy,
with a plate voltage of 18 kilovolts and a
plate dissipation of 150 kw. In operation
as a Class C Plate Modulated Amplifier
the carrier power output is set at 100 kw
per tube with a plate volatge of 12.5 kilo-
volts. the peak instantaneous power output
at full modulation being 400 kw per tube.

Cooling of the tube is accomplished by
water, a steady flow of 40 gallons per
minute being required for this purpose.
Sixty pounds of copper are used in the
construction of the anode block, and the
completed tube weighs ahout 100 pounds.

MINIATURE ELECTRON TUBES

Miniature tubes designed for efficient use
in battery-operated radio receivers, hearing

aids and many other electronic circuit ap-
plications where light weight and compact-
ness are important considerations, are man-
ufactured by Sylvania Electric Products
Inc., Emporium, Pa.

The miniature tube types, now largely
absorbed by the urgent needs of the armed
forces, include a complete line of T-3%
sizes. Wartime developments, the trend to-
ward the use of higher frequencies and
physically smaller tubes will be extended
to many postwar applications where minia-
ture tubes will serve civilian purposes.

HERMETICALLY SEALED
RESISTORS

Five new tyres of hermetically-sealed re-
sisturs are now available to meet exacting
clectronic and electrical requirements. Spe-
cial features of construction assure absolute
immunity to moisture, corrosive fumes and
fungus with resultant freedom from circuit
noise and premature breakdown due to
leakage or electrolysis.

One important factor in their construc-
tion is the sealing-in process, consisting
of a wax impregnation and oven dehydra-
tion which excludes all possibility of trap-
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ped moisture or air. The resistor unit itself
is enclosed in molded bakelite. The case is
in two parts with telescope construction at
the juncture. Ceramic spools are used.
Mounting of any type is permissible—panel,
bracket, center band, etc.

The five sceries now in production are
“RX", uS.‘nY “\VX", ucxn and qun.
“BX” and “CX"” units have 2” No. 18
copper axial leads while the others are
equipped with 8-32 threaded studs capable
of mounting several lugs, wires or mount-
ing brackets. The two types of mountings—
leads and studs—fll all requirements. Units
are tropicalized for humid climates and
are particularly desirable for airborne and
mobile installations where light weight and
dependable operation are primary factors.

These resistors provide a range to |
megohm max. and 2 watts max. Standard
tolerance 1% ; closer tolerance at addi-
tional charge.

Products of Instrument Resistors Com-
pany, 25 Amity Street, Little Falls, New
Jersey.

CERAMIC-DIELECTRIC
CAPACITORS

Fixed ceramic-dielectric capacitors con-
forming to joint Army & Navy specification
JAN-C-20 may now be had in production
quantities from the Micamold Radio Cor-
poration, 1087 Flushing Avenue, Brooklyn
6, N. Y.

Available in preferred temperature co-

[Continued on page 641

53


www.americanradiohistory.com

onth

Ken Gardner, Chief Engineer of WHAM.-
WSIR, checks up on the final amplifier
in Rochester's 3-kw FM job, WS5IR. The

circular peep-hole allows a safe look
at the cherry-red plates of the 1500 Ts

RCA MULTIPLEX SYSTEM

Development of a system of word trans-
mission by which eight channels can be
employed simultaneously to carry ines-
sages thousands of miles over a single
radio-telegraph transmitter was announced
today by Lieut. Col. Thompson H. Mitchell,
Vice President and General Manager of
RCA Communications, Inc. The new sys-
tem—regarded as a major advance in inter-
national communications—has been placed
in operation between New York and Lon-
don to increase communication capacity he-
tween the United States and Great Britain
and, with extension of channels to San
Francisco, 'to expedite the flow of govern-
ment and press traffic to and from the
United Nations Conference.

By means of specially designed RCA
equipment which employs what is known
in the industry as “time division multiplex
telegraph” principles, the equipment can
handle 488 words per minute inward and
outward simultaneously, corresponding to
eight channels each way with an individual
channel speed of 61 words per minute. The
equipment also permits operation of four
or two channels instead of eight channels,
when desired.

All cight channels may be utilized for
two-way communication with one distant
station. Alternatively, they may be set up
in such a way that four channels with a
total capacity of 244 words per minute can
be operated in both directions simultane-
ously between two different stations, with
automatic re-transmission of one or more
of the channels to a third station.

Moreover, printing mechanism incorpo-
rated in the new RCA multiplex system
accomplishes the feat of making the circuit
virtually error-proof, despite its high speed.
Let any letter be mutilated or garbled in
transmission and a warning bell rings
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under the receiving printer. At the same
instant, in lieu of the mutilated character,
a maltese cross appears to mark the exact
spot of the error and facilitate correction.
In other words, no error can get through
directly to the message blank.

GRENBY AND CARDWELL MERGE

The Grenby Mfg. Co. of Plainville, Conn.
and the Allen D. Cardwell Corp. of Brook-
lyn. N. Y. have consolidated. Both com-
panies will maintain their present cor-
porate identities and will continue their
present management.

This consolidation brings together com-
plementary engineering, research and man-
ufacturing facilities in both the electronic
and mechanical fields.

PERSONAL MENTION
Murray G. Crosby

Murray G. Crosby has joined the firm
of The Paul Godley Company, Consulting

Radio Engincers, Upper Montclair, New
Jersey. He will specialize in radio com-
munication systems including: frequency-
modulation problems, development projects,
point-to-point mobile¢ and air-borne com-
munications, multiplex operation, relay
transmission, satellite stations, television
and facsimile.

Mr. Crosby has been a research engineer
for the Communications Division of RCA
Laboratories for the past 20 years. In that
rosition he specialized in irequency modu-
lation and has over 100 patents, among
them being the reactance-tube automatic-
frequency-control type of frequency modu-
lator used in frequency-modulation trans-
mitters marketed by the Radio Corporation
of America and the General Electric Com-
pany. He is author of a considerable
number of basic technical articles on the
subjects of frequency and phase modula-
tion.

Born in Elroy, Wisconsin in 1903 he at-
tended the University of \Wisconsin receiv-

Herve Schwedersky calls attention to comstruction features of the tiny two-tube clandestine
radio concealed in a tobacco tin, over which members of the Dutch underground listened
to forbidden broadcasts during the Germam occupation. Mr. Schwedersky obtained the set
while on a recent Navy mission to England. France, Belgium and Holland. This set uses
a new type of selenium rectifier. to replace the usual rectifier tube, for a-c operation
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ing the B.S. degree in 1927 and his pro-
fessional E.E. degree in 1943.

In 1940 he received a Modern Pioneer
Award from the National Association of
Manufacturers for contributions which im-
proved the American standard of living.
In 1943 he was Vice Chairman of the New
York Section of the Institute of Radio
Engineers. He holds the Fellow grade in
that body and is a member of the 1945
I.R.E. Papers Committee, the Papers Pro-
curement Committee, the Admissions Com-
mittee and the Technical Commmittee on

Murray G. Crosby

frequency modulation. He is also a Fellow
of the Radio Club of America and a Mem-
ber of the American Institute of Electrical
Engineers.

In 1943 and 1944 Mr. Crosby served as
Expert Technical Consultant to the Secre-
tary of War and received official com-
mendations for his work.

John F. Rider

* With a number of commendations from
the Chief Signal Officer, Lieut. Col. John
F. Rider recently completed three years
of service in the U. S. Army Signal Corps.
For the past seventcen months he has been
stationed at Fort Monmouth attached to
the Publications Agency of which he was
\cting Director at the time of his assum-
ing inactive status on May 30th.

Now returned to his desk as head of
John F. Rider Publisher, Inc., he has al-
ready set in motion the plans for expanding
the Rider Manual activities of the business
to embrace television and when it becomes
public, radar

Key civilian technical personnel of the
Rider organization who followed John
Rider into his Army work have returned
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to their former duties and an accelerated
program of expanded operations in the
Rider development laboratory is the result.
Here material for future publications as
well as new pieces of electronic equipment
will be developed.

An activity to which John Rider is de-
voting much effort at the present time is
that of the post-war problems of the servic-
ing industry—problems not only of the
industry, but of the individual and his ad-
justment to current and predictable condi
tions of the near future.

From this well rounded program will
come many new and timely titles which will
be added to the list of Rider Radio Books.

Timothy E. Shea

* Timothy E. Shea, formerly chiei engi
neer of the Electrical Research Products
Division of Western Electric Company. has
returned to the company following four
years’ service as director of research for
Columbia University Division of War Re-
search, which operates under the National
Defense Research Committee. Mr. Shea has
been appointed superintendent in charge
of manufacturing engineering at the com
pany’s Vacuum Tube Shop in New York
City, and will take over his new assign-
ment this month.

During the past vear and a half, Mr.
Shea has been working chiefly with the
submarine forces, a job that has required
extensive travel to many points throughout

Timothy E. Shea

the world. Most important of the activities
which he has directed kas been the New
London (Conn.) NDRC Laboratory which
was specially organized for submarine and
anti-submarine work in close cooperation
with the Navy. Most of the projects Mr.
Shea has supervised are still guarded by
secrecy, hut they have had a decided influ-
ence in the successful prosecution of the
war.

! F P
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This cathode ray tube apparatus, developed in the research laboratories of Sylvania
Electric Products, Inc.. enables characteristic curves of vacuum tubes to be determined
quickly. The operator at the left places a tube in the circuit and the photographic record
of the curves is taken directly from the cathode ray tube screen by the cameraman
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Freq. Proposed United
Band International States
Mc. Allocation Allocation Remarks
108-112 Air Navigation Government
(Localizers)
112-118 Air Navigation Government
(Ranges)
118-122 Acro Mobile (Air- | Airport Control
port Control)
122-132 Aero Mobile Aero Mobile (pri-
marily Non-Gov.)
132-144 Fixed & Aero Government
Mobile
s e SR 8
7 Ty - il - b f I..' ---‘_'_f- .‘_-‘
. | Pl |
L.‘L'
Ingenious New < o J
. S 4
Technical Methods .
Presented in the hope that they will I p

prove interesting and vseful to y

Now! Shop Measurements to
One Millionth of an Inch

With Simple Light Wave Setup!

The wave length of light is the basis for this amazing
new optical measuring equipment—which measures
millionths of an inch as easily as a micrometer meas-
ures tenths! All that is required, in addition to a
silpl:le setup, is average eyesight, intelligence and
arithmetic.

As shown above, the work was placed under the
Monochromatic Light, upon the work and gauge
block—and coverecfby the optical flat. The light, re-
flected back to the operator, by the top and bottom
surfaces of the optical flat, creates inter?erence bands,
representing height intervals of 11.6 millionths of an
inch. So that from the center of one dark band to the
center of the next, the level of the work has risen or
fallen 11.6 millionths of an inch. The bands, simply,
are a contour map of the surface. This fact, in a
simple mathematical formula, is sufficient to explain
all the shop uses of optical flats, and give the work
measurement, quickly and accurately.

No longer, however, can your dealer give you
Wrigley's Spearmint Gum. Today, under present
conditions, this product cannot be manufactured up
to Wrigley’s quality standards. To protect consumer
and dealer alike, the makers of Wrigley’s Spearmint
have decided to keep the quality &/rigley's Spear-
mint wrapper empty. Remember this wrapper, it
means chewing gum of finest quality and flavor.

You can get complese information from
Acmae Scientific Division of Acme Industrial Co.,
200 No. Laflin St., Chicago 7, 111,
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Optical Flat. Surface of Work.
Interpretation of bands on
truly flat sutfaces.

2-70
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FREQUENCIES

[Continued from page 471

by municipal and state police stations.
These frequencies are assigned within
the specified geographical areas to state
and municipal police departments.

In addition, there are at present 3
medium frequencies and 6 high fre-
quencies allocated for use by zone and
inter-zone police stations. They are as
follows:

2804 ke. calling, 5135 kc. working,

7480 ke. day only: 2808 kc. working,
5140 kc. working, 7803 kc. day only:
2812 kec. working, 35195 kc. calling,
7935 kc. day only.

At the hearing, RTPB Panel 13,

Committee I, requested the allocation-
of the folowing frequencies for radio-
telephone purposes for use by city,
county and state police.

1610 kec. 1698 kec. 2422 ke.
1618 ke. 1706 kec. 2430 ke.
1626 ke. 1714 ke. 2442 ke.
1634 ke. 1722 ke. 2450 ke.
1642 ke. 1730 ke. 2458 ke.
1650 kc. 2326 ke. 2466 kc.
1658 ke. 2366 ke. 2474 k.
1666 kc. 2382 ke. 2482 ke.
1674 kc. 2390 ke. 2490 kec.
1682 ke. 2406 kc.

1690 ke. 2414 ke.

In addition, the following police zone
and inter-zone radio-telegraph channels
were requested:

2036 ke. 2072 k. 5140 ke.
2040 ke. 2076 ke. 5144 kc.
2044 ke. 2804 k. 5148 ke.
2048 kc. 2808 ke. 5156 kc.
2052 ke. 2812 kec. 7917 ke.
2056 ke. 2816 ke. 7925 ke.
2060 kc. 2824 kc. 7930 kc.
2064 kc. 5135 ke. 7935 ke.
2068 kc.

Because of existing international

agreements and the necessity for nego-
tiation of new agreements, it is not pos-
sible at this time to state exactly the
particular frequencies which the Com-
mission proposes to allocate for police
use. However, it is possible to specifv
the region of the spectrum that the
Commission proposes to set aside for
police use. )

The Commission recognizes the need
for medium and high frequencies for
land-mobile and fixed point-to-point
police radio communications. Channels
for this purpose will be designated for
land-mobile use in the bands 1605-1800
Kc, 2350-2495 Kc, and for fixed point-
to-point service in the bands 2250-2300
Kec, and 2700-2850 Ke. It is anticipated
that additional frequencies in the bands
designated for government and non-
government fixed services between 4000
and 8200 Kc will be made available for

[Continued on page 581
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WWW GEARED TOGETHER

IN THE NEW AUTOMATIC ELECTRIC CLASS “B” RELAY

® Check over one by one the qualities you want most in
any relay. Here, in this new relay, you will find them
all—combined to give outstanding performance in any
electrical control application.

Sensitive enough to operate on minute current, the Twin Contacts—providing dual circuit
paths for maximum reliability.

ONLY THE CLASS ''B” RELAY HAS
ALL THESE DESIGN FEATURES:

Class “B” has also the high contact pressure needed
for perfect closure— Efficient Magnetic Circuit—for sensi-

Compact enough for multiple mounting in small space, UL 2CCULE LG LG U LS

yet with ample power for operating up to 28 contact Unique Armature Bearing—for long

Springs— wear under severe service conditions.
With inbuilt quality needed for long service under Compact Design—for important sav-

tough conditions,and the dependability provided by dual ings in space and weight.

circuit paths through independent twin contacts— Versatility—Available for coil voli-

ages to 300 volts d-c and 230 volis
a-¢, and with contact capacities up
to 28 springs; also with magnetic
shielding cover if desired.

It will pay you to get the full story on this remarkable
new relay. It is one of the forty basic types described
in Automatic Electric’s catalog 4071-D. Write today
for your copy.

= |
AND OTHER CONTROL DEVICES j

AUTOMATIC ELECTRIC SALES CORPORATION
1033 West Van Buren Street * Chicago 7, lllinois

AUTOMATIC
ELECTRIC I e e e
FARTS AND ASSEMBLIES FOR EVERY ELECTRICAL CONTROL NEED
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Freq. Proposed United
Band International States
Mec. Allocation Allocation Remarks
144-148 Amateur Amateur
148-152 Fixed & .\ero Government
Mobile
152-162 Fixed &  Mobile Non-Gov, Fixed & Note 7
except Acro. Mobile
162-174 Fixed & Mobile Government
174-180 Broadcasting, Fixed | Television & Gov-
& Mobile erimment
180-186 Broadcasting, Fixed | Television & Gov-
& Mobile ernment
186-192 Broadcasting, Fixed | Television, Fixed & Note 5
& Mobile Mobile &
192-198 Broadcasting, Fixed | Television, Fixed & | Note 5
& Mobile Mobile
198-204 Broadcasting, Fixed | Television, Fixed & Note §
& Mobile Mobile
204-210 Broadcasting, Fixed | Television, Fixed & | Note §
& Mobile Mobile
210-216 Broadcasting, Fixed | Television, Fixed & Note 5
& Mobile Mobile
216-220 Fixed & Mobile Government
220-225 Amateur Amateur
Services now operating between 156 and  non-interfering basis in the 152 to 162

162 wmc. may continue temporarily on a

All the features of standard instruments
retained. Withstand submersion tests
at 30 feet. Comply with thermal shock
pressure and vibration tests. Resistant
to corrosion. Conform GASKET
to S.C, No. 71-3159 and CASE
A.W.S.C-39.2-1944 spe- i _,A
cifications. 135", 2347 w1 ||

and 3% metal cases . it |
with 1/16’ thick walls, 2
instandard ranges. D.C.
moving coil, A.C. mov-

ing iron and thermo- © | #-GLASS
couple types, Write for g
circular. [ A
TERMINAL K ; g
FLANGE A SCREW-ON

BEZEL

Triplet

mc. band.

Introducing the

HERMETICALLY SEALED INS

NEW TRIPLETT LINE
of

TRUMENTS

ELECTRICAL INSTRUMENT CO. sLurrron, onio
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FREQUENCIES

[ Continued from page 561

police zone and inter-zone communica-
tion.

Because of the demands for frequen-
cies below 25000 K¢, the Commission
expects that all police departments
serving cities or municipalities having
relatively small geographical area will
operate on frequencies above 25000 Kc
insofar as possible.

Note 1—On the basis of an average chan-
nel width of 25 ke. provisions will be made
for the following services in the band 25
to 28 mc.:

Class of Station No. of Channels

Relay Broadcast and

Geophysical 24
Power, Petroleum, etc.* 12
Provisional and Experi-

mental 10
Relay Press and Mo-

tion Picture 6
Aeronautical (Primari- 3

ly Flight Test &

Flying School) 7

Note 2—No change proposed in existing
services between 30 and 44 mec. outside of
the Continental United States.

Note 3—On the basis of an average chan-
nel width initially (see Sec. 2 of Part I)
of 40 kc. provisions will be made for the
following services in the band 30 to 40
mc. :

Class of Station
Provisional and Experi-

No. of Channels

mental 2
General Highway Mo-
bile** 20

Maritime Mobile and
Geophysical 5
IForestry and Conserva-
tion (6 shared with
Maritime Mobile and
6 shared with Urban
Transit)
Special Emergency
Power, Petroleum, etc.*
Urban Transit, Provi-
sional and Experi-
mental
Fire 1
olice 3
l.ow Power Provisional
and Experimental*** 2
Note 4—On the basis of an average channel
width initially (see Sec. 2 of Part I) of 40
ke provisions will be made for the following
services in the band 42 to 44 mc.:

o
hl =R a)

[= I

Class of Station No. of Channsls
Maritime Mobile and

(Geophysical 5
General Highway Mo-

bile** 20
Police 24
Provisional and Experi-

mental 1

[Continued on page 601
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HALLICRAFTERS Super Skyrider, Model SX-28A, covers the busiest
part of the radio spectrum — standard broadcast band, international
short wave broadcast bands, long distance radio telegraph frequencies,
and all the other vital services operating between 550 kilocycles and 42
megacycles. Designed primarily as a top flight communications receiver
the SX-28A incorporates every feature which long experience has shown
to be desirable in equipment of this type.

The craditional sensitivity and selectivity of the pre-war SX-28, rank-
ing favorite with both amateur and professional operators, have been
further improved in this new Super Skyrider by the use of “micro-set”
permeability-tuned inductances in the RF section. The inductances,
trimmer capacitors and associated components for each RF stage are
mounted on small individual sub-chassis, easily removable for servicing.

Full temperature compensation and positive gear drive on both main
and band-spread tuning dials make possible the accurate and permanent
logging of stations. Circuit features include two RF stages, two IF
stages, BFO, three stage Lamb-type noise limiter, etc. Six degrees of selec- BUY, A VAR, BOND JTODAY
tivity from BROAD IF (approximately 12
KC wide) for maximum fidelity to SHARP
CRYSTAL for CW telegraphy are in-
stantly available. Speaker terminals to

-
match 500 or 5000 ohms are provided and h a I I l ' I a I tEI 5 RAD lo
the undistorted power output is 8 watts.

COPYRIGHT 1945 THE HALLICRAFTERS CO.

FHE HALLICRAFTERS CO., CHICAGO 16, U.S.A., WORLD'S LARGEST EXCLUSIVE MANUFACTURERS OF SHORT WAVE RADIO COMMUNICATIONS EQUIPMENT

* JUNE, 1945

59

www americanradiohistorv com


www.americanradiohistory.com

Freq. International United
Band Allocation States
Mc. | Proposed Allocation Remarks
225-328.6 Fixed & Mobile Government  (mili-
tary) with adequate
channels to be re-
served for civil avi-
ation
28.6-335.4 Air Navigation Aids | Air Navigation Aids
(Glide Path) (Glide Path)
335.4-400 Fixed & Mobile Government  (mili-
tary) with adequate
channels to be re-
served for civil avi-
ation
400-420 Fixed & Mobile (in- | Government (includ-
cluding Radio ing Radio Sonde)
Sonde)
420-450 Air Navigation & | Amateur & Air | Note 8
Amateur Navigation

All Non-Government services will

. b¢  an experimental basis pending adequate
established in the bands above 450 mc on

showing as to need and requirements.

450-460 Air Navigation
460-470 Fixed & Mobile
470-480 Broadcasting
480-920 Broadcasting
920-940 Broadcasting

Non-Gov. Fixed & | Note 9

Mobile
Citizens’ Radio

Facsimile Broadcast-
ing

Television

F.xperimental Broad-
cast Services

Look Here.
S
7

Resistors, condensers and thousands of other hard-to-get

for Radio Parts

for specialized equipment
for Industrial and Professional Use

Transformers and other Audio Components.

parts immediately available on priorities.

i Phone, wire or write us your requirements.
Selections made and shipped same day your order is recsived.

RADIO WIRE TELEVISION INC.

World’'s Largest Radio Supply Hous
wholesalers and manufacture

100 SIXTH AVENUE,
BOSTON, MASS., o

,..4
2

~e3

e * Known since 1922 as reliable jobbers,
rs of radio and electronic equipment

Dept. Q-§, NEW YORK 13
NEWARK, NEW JERSEY

ORIGINATORS AND PEACETIME MARKETERS OF THE CELEBRATED

_Latayefte Kudlio

60

www americanradiohistorv com

t REQUENCIES

[Continued from page 58)

Note 5—Provision may be made for the
operation of non-governmental fixed and
mobile services (such as, police control and
relay circuits, point-to-point, marine control
circuits, forestry fixed circuits, rural tele-
phone, broadcast studio to transmitter links,
railroad, terminal and yard operations) upon
proper showing of need and that these
channels may be shared on a mutually non-
interfering basis.

Note 5-1—Aeronautical markers to remain
on 75 Mc with adequate guard bands as
long as required or until moved to another
suitable frequency.

Note 6—On the basis of an average channel
width of 50 kc provisions will be made for
the following services in the band 104-108
nic:

Class of Station No. of Channels

I’'rovisional and Experi-

niental 2
FForestry and Conserva-

tion 8
Power, Petroleum, etc.* ()
Urban Transit — For-

estry and Conserva-

tion 6
Special Emergency (In-

cluding Highway

Maintenance) 10

Provisional

Fire 12
Police 36

Note 7—On the basis of an average chan-
nel width of 60 kc provisions will be made
for the following services in the band 152
to 162 mc:

Class of Station No. of Channels

Police 36

Fire 12

Provisional and Experi-

mental 2

Relay Press 4
Forestry-Conservation,
Geophysical

Power, Petroleum, etc.* 6

Maritime Mobile 8

Urban Mobile** 24

Rural Subscriber Telephone
Short Distance Toll Telephone
Relay Broadcast 12
Motion Picture, Geophysical.
Forestry-Conservation

| Provisional and Experi-

mental 2
Railroads 60

Note 8—To be used temporarily for “Spe-
cial” air navigation aids. Band to be ex-
clusively Amateur when no longer required
for “Special” air navigation aids; mean-
while Amateur peak power to be limited
to 50 watts.

Note 9—To be temporarily used for “Spe-
cial” air navigation aids and reserved for
Non-Government services when no longer
required for “Special” air navigation aids.

[Continued on page 621
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J0-MILE LABORATORY

for Telephone and Television

George Washinglan U

uossed here

Foo thovsand telephone datks
! can tross her /

| @

! PRILADELPHIA ¢

TRENTON

”% &
"' NEWARK e
/< )

= ) |

‘ NEW YORK ._ i
Electron tube w 1l

amnplifiers here =

=SS =

Berween telephone offices in New York and Philadelphia
once stretched a strange sort of laboratory. Most ot the way
it was underground; engineers made their measurcments
sometimes in manholes. It was a lead-sheathed cable con-
taining two “coaxials” — each of them a wire supported in
the center of a flexible copper tube the size of a lead pencil.

Theorv had convinced engineers of Bell Laboratories
that a coaxial could carry many more telephone thlks than
a fullsized voice frequency telephone cable; that it could
carry adequately a television program. Experimental lengths
were tested; terminal apparatus was designed and tried out.
Finally, a full-sized trial was made with a system designed

* JUNE, 1945

|
[ R

for 480 conversations. It was successful; in one demon-
stration people talked over a 3800-mile circuit looped back
and forth. Now the cable is carrying some of the wartime
flood of telephone calls between these two big cities.

This cable made television history also: through it in
1940 were brought spot news pictures of a political con-
vention in Philadelphia to be broadcast from New York.
Bell System contributions to television, which began with
transmission from \Washington to New York in 1927, have
been laid aside for war work. \Vhen peace returns, a notable
expansion of coaxial circuits is planned for both telephone
and television in our Bell System work.

BELL TELEPHONE LABORATORIES

Exploring and inventing, devising and perfecting for our Armed Forces at

war cnd for continued improvements and economies in telephone service.

61
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® Try DALIS “Know-How"” to avoid
those expediting headaches. Here's
an outstanding stock of radio-elec-
tronic parts, materials, equipment
—at your calll

And DALIS has the well-trained. or-
ganization, long experience and ex-
ceptional factory connections that
deliver hard-to-get items in a hurry.
A dependable source of supply
since 1925. An indispensable source,
today.

ﬂah)’ ﬂi\

) \er‘/’w

® Write on your business letterhead for a
copy of Dalis Catalog “RJ”. And for those
rash orders, iry DALIS — just write, ‘phone
or wire.

H.1.DALIS

Whalesale Distributors
RADIO-ELECTROMIC SUPFLIES & PARTS
17 Union Square

| NEW YORK 3, N.Y.
Phones: Algonquin 4-8112-3-4-5.6.7
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FREQUENCIES

{Continued from page 601

Freq. Proposed United

Band International States

Mec. Allocation Allocation Remarks
940-960 Fixed & Broadcast- Fixed & Experi- | Note 10

ing mental Broadeasting

960-1145 Navigation Aids Navigation Aids
1145-1245 Amateur Amateur
1245-1325 Fixed & Mobile ex- Television Relay

1325-1375

1375-1600
1600-1700
1700-1750
1750-2100

2100-2300
2300-2450
2450-2700

2700-2900

2900-3700
3700-3900
3900-4400

4400-5000

7050-8500
8500-10000

10000-10500
10500-13000

13000-16000
16000-18000

18000-21000
21000-22000
22000-26000
26000-30000
30000-Up

cept Acro.

Fixed & Mobile

Fixed & Mobile
Air Navigation Aids
Meteorological

Fixed & Mobile ex-
cept Aero.

Fixed & Mobile
Amateur

Fixed & Mobile ex-
cept Acro.

Mcteorological & Air
Navigation Aids

Navigation Aids
Air Navigation Aids

Fixed & Mobile ex-
cept Acro,

Fixed & Mobile

Air Navigation Aids
( Instrument  land-
ing)

\matcur

Fixed & Mobile ex-
cept Acro.

Fixed & Mobhile

Special
Aids

Navigation

Amatcur

Fixed & Mohile ex-
cept Acro.

Fixed & Mobile

Fixed & Mobile ex-
cept Acro,

Fixed & Mobhile
Amateur
Fixed & Mobile

Fixed & Mobile ex
cept Acero.

Experimental

Non-Gov. Fixed &
Mobile including
Aero,

Government

Air Navigation Aids
Metcorological

Non-Gov. Fixed &

Mobile
Government
\mateur

Non-Gov. Fixed &

Mobile

Metcorological & Air
Navigation Aids

Air Navigation Aids

Non-Gov, Fixed &

Mabile
Government

Air Navigation Aids

(Instrument land-
ing)

Amateur

Non-Gov. Fi &
Mobile

Government
Government
Amateur

N(m‘»(x()\'.

Mobile

Government
Non-Gov. Fixed &
Mobile

Government
Amateur
Government
Non-Gov. Fixed &
Mobile

Experimental

www americanradiohistorv. com
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A properly planned sound installation is a good invest-
ment and soon pays for itself. Practically all industrial firms
use, or plan to buy, some type of P-A or paging installations.
The majority want RACON speakers and driving units
because they have proven to be the finest that money can buy.
RACON receiver units are supplied with either metal
or plastic diaphraghms. RACONS outperform higher power-rated speakers
of other manufacture, yet cost no more and afford peak efficient,
dependable service over a longer period of time. Specify RACONS!
There’s a speaker, horn or driving unit for every purpose. Litera-

ture will be sent upon request. Hand prospective P-A buyers
our catalog — they’ll “OK” RACONS.

RACON ELECTRIC CO. 52 EAST 19th ST. NEW YORK,
* JUNE, 1945
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HARVEY

ORDERS

Many of the radio and electronic
components now on the critical
list can be obtained without delay
at HARVEY. In stock we have an
unusually wide assortment of
meters, resistors, capacitors, test
equipment, transformers, etc.
When a specific item is not on our
shelves, our trained staff exerts
every effort to procure it. Or, if
not obtainable quickly, they may
suggest an equally effective sub-
stitute. Eighteen years of experi-
ence have taught us how to
handle orders efficiently, and as.
sure prompt deliveries,

The proper priority must aecom-
pany each order. If you are uncer-
tain as to your priority, we cau
supply the information you need,

Telephone orders to LOngacre 3-1800/4

103 WEST 43rd ST.,,NEW YORK 18, N. V.

64

FREQUENCIES

[Continued from page 621

Note 10—May be used by low power fixed
point-to-point stations for such services as
studio-transmitter links, control circuits
police fixed facsimile circuits, etc.
Other industries requiring similar radio
service.
**May provide radio cominunication service
to all types of mobile units such as marine,
land vehicles, aircraft, etc. Pending final
determination of the best method of opera-
tion of this service these channels will be
assigned on an experimental basis—12 for
development on a common carrier basis, <
for trucks and 4 for buses, except in those
cases where it is shown that a different
distribution is more desirable.

Antenna input power limited to 5 watts
peak.

In addition, 11 government channels
are to he designated in this band.

NEW PRODUCTS

[Continwed from page 531

efficients for any capacity under designa-
tions CC20. CC25, CC30, CC35, CC40 and
CC45. Samples and prices obtained by
writing the manufacturer on your letter
head

SMALL OPEN BLADE SWITCH

Designed for more compactness and long
ife, this small single pole open blade
switch will solve many installation prob

lems. It is smaller in size and requires less
operating pressure. Engineered with the
beryllium Rolling Spring, the overall di
mensions are arproximately 2 1/32"
10/16” x 23/64”

Contact arrangements are for normally
open, normally closed, or double throw cir
cuits. Being an open blade switch. the
means of actuation is provided by the user.
Tests of these switches have shown a me-
chanical life exrectancy of more than ten
mnillion operations. Standard operating pres-
sure at the end of the blade is only 3 to
6 oz. Rated at 15 amp., 115 voits ac.

Manufactured by the Acro Electric Com
pany, 1423 Superior Avenue, Cleveland 14,
Ohio

TRANSPARENT FIBRON TAPE

\ transparent, tlexible thermo-plastic
tape. greatly facilitating inspection and
servicing of equipment on which it is used.
has been introduced by the Irvington \ai
nish and Insulator Company

Useful not only as electrical insulation,
Fibron Tape No. 3 also protects wiring.

[Continued on page 661
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Here is a Good
Permanent Job
FOR A
COMMUNICATIONS
EXPERT

You may be interested in this per-
manent position with long estaly-
lished, progressive Radio school. The
job is open right nov It we will
hold it, for the right man, until hLe
can be relcased from his war job.
To qualify for this position, vou
should be a college graduate with en
gineering and operating experience in
Radio communicationz. Experiznce
teaching Radio subjects will be an
advantige and experience in writ
ing insiruction manual= clearly, in
terestingly is essential

Get in touch with us nov 's see
if we can come to a mutual undei
standing so vou can start with us the
dav vou are available.

Tell us all about vourself
education and experience

your
vour am

hilions your salary requirements.
We will hold vour letter in strict
confidence.

Write Box 322,
RACIO MAGAZINE, INC
342 Madison Ave., New York 17, N. Y.

15 Park Row,
New York City
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Toke the case of John Smith,average American:

For over three years now, he’s been buying
War Bonds through the Payroll Savings Plan.
He’s been putting away a good chunk of his
earnings regularly—week in, week out. Forget-
ting about it.

He's accumulating money —maybe for the
first time in his life. He’s building up a reserve.
He’s taking advantage of higher wages to put
himself in a solid financial position.

Now suppose everybody in the Payroll Plan—
everybody who’s earning more than he or she
needs to live on—does what John Smith is doing.
In other words, suppose you multiply John Smith
by 26 million.

What do you get?

Why —you get a whole country that’s just like
John Smith! A solid, strong, healthy, prosperous
America where everybody can work and earn
and live in peace and comfort when this war is
done.

For a country can’t help being, as a whole, just
what its people are individually!

If enough John Smiths are sound —their coun-
try’s got to be!

The kind of future that America will have—
that you and your family will have—is in your
hands.

Right now, you have a grip on a wonderful
future. Don’t let loose of it for a second.

Hang onto your War Bonds!

BUy ALLTHE BONDS YOU CAN ...
KEEP ALL THE BONDS YOu BuY

RADIO

* JUNE, 1945
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This is an official U. S. Treasu:y advertisement— prepared under auspices of Treasury Department and War Advertising Council
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a mere handful

® Just eight numbers
yvet these selected capacitances in Aerovox
warlime paper tubulars can take care of
most of your service needs for the duration
— or until other types are again available
for civilian use. Keep these Aerovox Type
“84" paper tubulars handy for your every-

day work.

AEHOVOX TYPE “gqv

Non'induclive
sturdy tubular

Paper

5 section
casing, S

in

Exqu.wax_se
wax.impmqn

aled ends,
ated paper

:ar; Pigtai] termingjs
ork loose of Pull oyy,

ThOrouthy
casing,

that won't
Colorful

Yellow.
ket stampegd wig“ack.
and capacitane

red labe] jae-

workin
e value, 9 voltage

.002, |
.25 mfd,

LEBQVOX CORP..
In Canadi AERDVDX CANADA LTD., HAMILTON, ONT.
Export: 13 E.40 S1. . New Yorx 16, N.Y.- Cable: ‘ARLAB’
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NEW PRODUCTS

[Continued from page 641

cables, and equipment against abrasion. The
tape is heat sealing, flame resistant, flexible
at low temperatures, and resists attack by
acids, alkalies, moisture, oil, grease and
corrosive fumes. With proper adhesives, it
may be bonded to fabrics, metal, ceramics,
wood, and other materials.

Fibron Tapes have been applied success-
fully as gasketing material; in the con-
struction of automotive and aircraft light-
ing and ignition harnesses; and in the
splicing of plastic insulated wire and cable.
Complete information can be obtained from
Irvington Varnish and Insulator Company,
6 Argyle Terrace, Irvington, New Jersey.

STANCOR SLIDE RULE
Mathematical demands upon electronic

designers and technicians at Standard

Transformer Corporation were so endless

N
LW‘
s =

ey

that extreme need dictated a new, compact
compendium of tables all in one rule. Now
we have all the values of the regular slide
rule plus 8 mathematical tables, thus prac-
tically dispensing with all need for book
reference. This should be welcome news
to busy engineers, draftsmen, accountants,
students, etc.

Stancor announces that as a service to
the trade the Multi-Slide Rule will be
placed with all Stancor jobbers throughout
the country for distribution. Orders should
not be sent to Stancor direct. The Stancor
jobber in your locality is now stocked
and ready to handle all requests.

MOBILE TRANSMITTER

A compact, eight channel, mobile serv
ice transmitter, which can be set for any
frequency in the 100-156 megacycle band,

and uses but one crystal has been devel-
oped by the Bendix Radio division of
Bendix Aviation Corporation.

In announcing development of the wide
range. single crystal transmitter, \WW. L
Webh, chief engineer of Bendix Radio.
stated that the new transmitter could be
used in any type of mobile service and
could be quickly converted from amplitude
modulation to frequency modulation.

A new three dial, eight channel. auto
matic shifter used in the unit has many

www americanradiohistorv com

SLIDE RULE

SCREWDRIVER

. . . whiech for you?

It is up to you to decide if you will be
a “screw-driver” mechanic or a real tech-
nician in a responsible engineering position.
CREI home study courses provide you with
up-to-date technical training, covering such
important subjects as: U. H. F. circuits

| cavity resomators, wave guides. Klystrons,

Magnetrons and other tubes. U. H. F. as
well as all other basic principles of modern,
practical radio-electronics engineering are
covered in CREI home study courses.

CREI can help you prepare by providing
you with a proved program of home stud:
training that will increase your technical
ability and equip you to advance to the
better-paying radio jobs that offer security
and opportunity.

WRITE TODAY! If vou sre a
professional or amateur radio-
man and want to make mo-e
money — let us prove to yYou we
have something you need to
qualify for the better job op-
portunities that can be yours
To help us intelligently answer
your inquiry — please state
briefly your education, radio ex-
perience and present position.

CAPITOL RADIO
ENGINEERING INSTITUTE

Dept. RA—6, 3224 16th St. N.W., Washington 10, D.C.
E s S EE EEEEDR

and OHMS LAW CALCULATOR

Great Time Saver

Burstein-Applebee of Kansas
City offers you this great con-
venience FREE. Easy to work.
Solves many problems in a jiffy.
FREE to Radio men, electronic
engineers and others in the
business. Attach coupon to
yaur letterhead.

MAIL COUPON NOW 4»

BURSTEIN-APPLEBEE CO.
1012 McGEE ST.

KANSAS CITY 6, MO.

Send me FREE Color Code and Ohms Law Ca!l-
culator along with latest catalog.

fam

STATE CONNECTION IN INDUSTRY
NAME
| ADDRESS
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possibilities in multi-channel applications
The number of dials could be varted on
the basic design from one to ten, and as
high as sixteen channels could ultimately
be incorporated into design.

On any one of the eight channels, fre-
quencies are accurately determined by dial
calibration without the use of a crystal
frequency indicator.

The new transmitter was designed
R. B. Edwards of the division’s trans-
mitter engineering department.

CAPACITOR MOUNTING CLIP

A new universal capacitor mounting clip.
which can be attached to the chassis in
stantaneously with one simple hand mo-

tion and without assembly tools of any
kind. has been announced by the Prestole
Division. Detroit Harvester Company, 4500
Detroit Avenue, Toledo, Ohio.

There are no nuts or bolts used to at
tach the clip to the chassis thereby eliminat-
ing this asseinbly operation. The pointed
retaining tongues bite into the chassis
firmly and prevent any loosening due to
vibration. The clip is designed to give
maximum engagement between capacitor
and clip.

H-F TUBE SOCKETS

A series of new transmitting and receiv-
ing tube sockets molded of Mykroy—the
perfected mica ceramic high frequency in-
sulation has becn developed by Electronic
Mechanics, Inc., of Clifton, New Jersey

Included in this series are: standard 4.
5, 6 and 7 prong type—Octal and Loctal
sockets for multi-prong tubes—also 5 and

e 8o

7 prong Acorn sockets—4 prong high volt
age rectifiers sockets and improved heavy
duty “50 Watters.”

The sockets are produced by compression
molding and are of one-piece coustruction
featuring spring phosphor bronze contacts
anchored to the sockets by a method which
assures rigid non-turning position. Top
surfaces are perfectly flat and smooth to
permit unimpeded mounting beneath chas-
sis. Patented spring action clips provide

[RADIo] * JUNE, 1945
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and Mail

The Radio Amateurs’ Journal '

If vou are or intend 10
be a “*ham” — or if
your work entails
radio communications
—vou'll like CQ. Sub-
scribe now!

12 issues $250
24 issues 4.00
36 issues 5.00

In U.S.4. & Possessions

Elsewhere $3.50 per vear

(Not sold on newsstands for the
duration)

] CQ-RADIO MAGAZINES, INC.
1342 MADISON AVE., NEW YORK 17, N. Y,

|Sirs: Here is my check (or [7] money
lorder) for $ Send me issues
| of CQ.

: Naome

I Address

| City State

| Occupotion Coll Letters. .

Cinandagraph Speakers, Inc.

3911 S. Michigan Ave., Chicago

| Cinaudagraph Speakers are made

to take the tough raps. This is the

! built-in result of better manufac-

. turing experience. Look at the

record of achievement and you'll

* put Cinaudagraph Speakers at the

top of your list.

Watch Cinandagraph

Speakers After Victory!

N

—
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e
Ry .

iy =

- V(a\ﬁ/’
wrIry”

Export Div., 13 L 40th St., New York 16, N. Y.

“Ne Finer Sheaker in all the VWordd ™~
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CHIEF ENGINEER

Prominent, old and established Radio
Manufacturer in the East seeks ser-
vices of top Chief Engineer, able to
take over entire department, thor-
oughly experieuced in designing
straightforward radio reeeivers in
small, medium and large brackets;
must be up-to-the-minute in knowl-
edge of FM and Television. Salary
commensurate with abilitv. Wonder-
ful opportunity for right man.

Write Box 280
RADIO MAGAZINE
342 Madison Ave.,, N. Y. 17, N. Y.

OPENINGS FOR

RADIO
ENGINEERS

ELECTRICAL
"ENGINEERS

MECHANICAL
ENGINEERS

In the development and

| production of all types of
radio receiving and low-
power transmitting tubes.

\ Excellent post-war oppor-
tunities with an established
company in a field having
unlimited post-war possi-
bilities.

Apply in person or in

wriling to:

Personnel Manager

RAYTHEON
 MANUFACTURING
CO.

Radio Receiving Tube Div.
55 Chapel St.. Newton, Mass.

68

firni, unvarying, highly conductive cuntact
with tube terminals.

An eight-page bulletin containing com-
plete information and fully illustrated with
sockets. tube parts and accessories. dimen-
sion data and charts showing electrical.
mechanical and physical properties is avail-
able free upon request. \Write for Mykroy
Bulletin  #104, entitled, “Mykroy Parts
and Accessories for Flectronic, Radio and
Radar Tubes.” Electronic Mechanics, Inc..
76-82 Clifton Boulevard, Clifton. New Jer-
sey.

UNIVERSAL HANDI-MIKE

Universal Microphone Co.. Inglewood.
Cal,, in addition to its new microphone
models, has announced a re-issue of sev-
eral types that have been unavailable since
the outbreak of the war.

The first of these is the 204-T A, dynamic
handi-mike. It has been internally restyled
and redesigned progressively to mecet the
nced for a rugged, dependable, compact
hand-held precision instrument.

The re-issue of this model will be mar-
keted in both carbon and dynamic types
with a variety of switches and circuits
from which to choose. seven models in all.

Technically : impedance is 35-50 ohms;

==

gl
~a

frequency response 200 to 7,000 cps; out-
put level into 50 ohm input; 44 db below
6 milliwatts for 100 bar signal. The ship-
ping weight is two pounds and the assembly
includes six feet of rubber jacketed cord.
2 conductors and shield.

Distribution will be through radio parts
jobbers. The organization also maintains
15 factory representatives in various parts
of the country.

NEW CALCULATOR

Allied Radio Corp., Chicago. has just
released a new Parallel-Resistance and
Series-Capacitance Calcutator. This new
calculator is essentially a slide-rule device,
designed to provide a rapid and accurate
means of determining the reciprocal oi the
sum of two recpirocals as expressed by the
1 1 1
formula — - —. A single setting

Ry a b
of the slide automatically aligns all pairs
of a and b values which will satisfy the
equation for any given value of .

This calculator indicates in one setting
the numerous pairs of resistances which
may be connected in parallel, or capaci-
tances in series, to provide any required

[ Continued on page 701
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® Ted MeElroy

Warld's Larg
Wireleasas T

Manufacturer af
graphic Apparalan

COMPLETE CENTRAL OFFICE TQUiIFEMEISY

McElroy Manufacturing Corp.

82 Breakline Avessz -

Baston, Massachusetls

T

THE WELPROD

ELECTRIC WELDER

For Shop, Farm and Home Repairs

Welds, brazes, silver-solders, all metals.
Anyoaxe can operate it. Repairs steel, cost
irox, a‘uminum, brass, copper, bronze, etc.
Completa with power wunit, flame and
me:ailic arc attachments. (Really two weld-
re: in on-). Carbons, fluxes, rods, mask
included. Just plug it into electric outlet.
110 v-'ts AC
precfessional.

or DC. For hobbyist or

ONLY

Used by Defe::se Plauts. Gua--
axteel for one yea:. Conplzle

iirtnple instructions with each ]995
WELDER PRODUCTS CO.

321 Broadway, Dept. RAD-1, New York, N.Y.

Wanted
ENGINEERS

Radio

* Electrical
Electronic

* Mechanical

* Foctory Planning
Materiols Hondling
Monufocturing Plonning

Work in connection with the manufae-
ture of a wide variety of new and ad-
vanced tvpes of communications equip-
electronic products.

ment and special

Apply lor write), giving
full qualifications, fo:
R.L.D., EMPLOYMENT DEPT.,

Wesrern Electric Co.

100 CENTRAL AV., KEARNY, N. J.
*Also: C. A. L.

Locust St., Haverhill, Mass.
Applicants must comply with WME regulaiions
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GROUP SUBSCRIBERS
SAVE UP TO 50%"

anc/ ﬂere’d ’M/Ay.‘

i1g } | A [\(
%)f(\‘““ B 4

® Y4
LOOK WHAT | SAVE-- MEBBE THEY'LL LEAVE | NEVER GOT AROUND

A $3 SUBSCRIPTION, | | MY RADIO MAG FOR | | TOSUBSCRIBING -THIS
FOR ONLY HALF .'"| | ME FROM NOW ON IS QUICK AND ERASY

"\
“%i‘ 06\'

ME-I'M BUILDING A I'LL BE ABLE To FOLLOW| | IF THEY'RE ALL GETTING
REFERENCE LIBRARY PRESENT AND POST-WAR IT -1 WANT TO KNOW
OVUT OF EACH ISSVE DEVELOPMENTS WHAT THEY'LL KNOW

FORM YOUR GROUP TODAY- . ' o
* THE GROUP PLAN

Every month, RADIO’S exclusive articles acquaint vou .
. - . o s M Here's what Group Subscriptions cost:
with newest developments — editorial ‘*“ear-to-the-

«y R One 1 yr. subscription ......$3.00
ground” releases keep you abreast of trends, in faet, Two 1 yr. subseriptions ..... 2.50 each
ahead of most coming events. Three 1 yr. subscriptions ... 2.00 *
. . Four 1 yr. subscriptions .... 1.78 "
Everyone who joins a RADIO Group saves up to half Five 1 yr. subseriptions ..... 1.60 *

the regular cost of a RADIO subseription. The more AL LI O T L T LR GRS
Make a list giving each subscriber’s name,

in a Group the more each saves, up to 309%%*. Present

. . . N B . address, employer’s name and their respec.
subscribers may join a Group too. We'll extend their tive positions.
subseription from its expiration date. .

RADIO MAGAZINES, INC.
342 MADISON AVENUE NEW YORK 17, N. Y.
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NEW PRODUCTS

[Contniued from page 681

resistance or capacitance value. Range: |
ohm to 10 megohms; 10 uufd. to 10
ufd. However, the capacitance and resist-
ance figures on the face of the rule can
just as well serve to represent inductance,

impedance, reactance, or other nnits which
can be handled in a similar manner. Thus,
the calculator becomes equally valuable in
solving problems involving inductance in
parallel, coupled inductance, numerical mag-
nitude of impedance, parallel reactance,
efc.

An invaluable time-saving aid to stu-
dents, technicians, engineers, and others in
the radio and electronics field. Available
from Allied Radio Corp., 833 West Jack-
son Blvd., Chicago 7, Illinois.

CORRECTION

In the center colunm, page 42, of the
April issue the equation should read
AE? NE?

N NUNHD? N (N41)e
Iercfore. the sixth equation becomes

P: (N+41)?
P. 4

We regret that these errors were not
discovered in checking the text and
wish to thank Raymond P. Ghelardi
for bringing them to our attention.

VARIABLE CAPACITORS

[Continued from page 361

of different insulating materials for the
stator supports together with the Q
factor over a range of frequencies. Since
the curves are self-explanatory no fur-
ther discussion will be required.

Specifications

Besides the usual mechanical speci-
fications we have several electrical re-
quirements to satisfy, such as capacity
curve and tracking.

The capacity of home receiver ca-
pacitors is usually checked against a
specified curve at 0, 25, 50. 75 and 95
or 100% rotation with a tolerance of
* (1 4 1%) wuui. The curve having heen
established, the tracking of the other
sections to the reference or standard
section is usually maintained at
*=(1 + %%) wuaf, this being checked
at the same points as were originally
chosen for the specified curve.

The reason for the greater tolerance
on the reference section is that this
affects the scale calibration only and is
not as important as tracking between

Electrolytic Capacitor

Engineer

to manage and supervise manufacturing

A top opening exists for a man with real knowledge of
the manufacturing of electrolytic capacitors. He may now
be in charge (or acting as a key assistant) of such work.
He should have full engineering knowledge of electrolytics,

as well as the ability to manage people, arrange factory
facilities, etc.

To such a man we offer an unparalleled opportunity for
good compensation and advancement. OQur present capaci-
tor plant (now greatly enlarged and modernized) is located
about 200 miles from N.Y.C. in a fine community for
pleasant living. Our sales organization is strong; our future
bright. Our organization has been informed of this adver-
tisement. Write us in complete confidence and detail. An
early meeting will be arranged at our expense if you have
the proper qualifications. Box 1260 Radio Magazines,
Inc., 342 Madison Ave., New York 17, N. Y.
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sections which affects the overall oper-
ating performance.

Tests are usually required to indicate
badly aligned plates or possible small
metal burrs on the plates. Poor plate
alignment is likely to result in serious
microphonics and obviously should be
avoided. A typical test consists of sub-
jecting the capacitor to an a-c potential
of 350 volts, 60 cycles, at 20°C, 50%
relative humidity, and at an altitude of
sea level without breakdown occurring
at any point of angular rotation.

The specification of minimum Q at
a given frequency is also desirable.
This insures the maintenance of high
quality insulating materials when such
are necessary.

Specifications for maximum capacity
change. both with temperature and hu-
midity, as well as retrace capacity after
repeated heat cycling, are sometimes de-
sired, although these characteristics
seldom vary once a satisfactory design
has been made.

TIME DELAY RELAYS

[Continued from page 411

the starting position. Mounted on the
plate are one or two sensitive-action
switches whose leaf-type actuators hear
against the cams. The contour of the
cams and the output speed of the motor
gear train determine the operate and
release times. The contour of the cams
can be made so that one switch is
actuated before the other, or so that
one switch can be closed and opened
several times before the motor reaches
the cam stops and stalls indefinitely at
the last position. Each switch can he
had in single pole double throw ar-
rangement and is rated at 10 a.. 115
volts a.c. In Fig. 14 is shown a typical
assembly. Motor and cam combina-
tions can be arranged to provide tim-
ing periods from about 1 second to 1
hour without additional gearing.

Dash-Pot Method of Time Delay

The method of timing used here is
very ancient. Kssentially it consists of
controlling the rate of motion of a
plunger or diaphragm by the flow of
air or liquid, which is trapped in the
compartment. through an adjustable
orifice. Their special advantage lies in
the ease and range over which they
may be adjusted. A typical unit shown
in Fig. 16 may be adjusted from less
than a sccond to several minutes. The
plunger or diaphragm is driven by an
a-c or d-c solenoid. The slow move-
ment of the plunger actuates a small
snap-action switch. It has two distinct
limitations. Tt can he operated reliably
in only those positions which do not
deviate more than 45° from vertical.
Its timing would become very short
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at high altitudes because of the thin-
ning ol the air.

Mercury relays of the displacement
type which have a movable iron plung-
er sealed into a glass or metal shell
and actuated by an external solenoid
coil can also be made into time delay
relays of the dash-pot method. Since
in the displacement type of mercury
relay the mercury has to flow around
the iron plunger. it is a simple matter
to restrict this passage and convert the
basic quick acting design into a time
delay design of either slow operate
or slow release. The 45° degree posi-
tion limitation also applies to this type.

SUPERHETERODYNES

[ Continued from page 431
the selectivity control (See Fig. 5)
will couple a varying load to the mixer
plate circuit which will in turn reflect
(Miller effect) a varying impedance
into the mixer grid circuit. This slight

MIXER RYSTAL '
PLATE S O
‘::‘
SELECTIVITY PHASING
GONTROL CONTROL

Fig. 5. Conventional crystal filter circuit

loss in selectivity is of course more than
made up by the use of the crystal in
the filter.

Front-End Alignment

Adjustment of the front end of a
superhet for tracking, etc. varies widely
between sets, and individual instruc-
tions are generally issued. While the
adjustment of the grid circuit of the
first tube in any set is very important
as it determines largely the overall sig-
nal to noise ratio, it cannot be over-
stressed that proper and careful i-f
alignment is absolutely necessary for
good selectivity.

INSULATING MATERIALS

{Continued from page 32

minimum acceptable limits which all
laminators will meet.

The author has attempted to present
simply the use of phenolics, and trusts
that his own personal opinions have
not prevailed too much in the selection
of materials, etc. It certainly can be
stated that when the less rigorous con-
ditions of peacetime radio sets are con-
sidered. selection of moisture-resistant
phenolics will not be as compelling—
for industrial applications, however,
these problems will still be of prime
importance.

* JUNE,
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with
wire insulation
made from

Geon

IRE insulation made from GEON poly-

vinyl raw materials will have almost uni-
versal application just as soon as restrictions
on its use are lifted. A greatly expanded knowl-
edge of compounding, derived from a research
program accelerated by war needs, has resulted
in a large group of special-purpose insulating
materials which are being supplied to wire
manufacturers for essential applications.

The pictures indicate the wide range of appli-
cations—from shot-firing wire to lamp cord.
In between there is a long list of uses in indus-
trial and domestic construction, communica-
tions, manufacturing of all kinds, transporta-
tion, public utilities and every other industry
in America.

The list of properties of insulating material
made fron: GEON is headed, of course, by out-
standing electrical properties. Following is a
long list of normally destructive factors which
compounds made from GEON can be designed

B. F. Goodrich Chemical Company A DIVISION OF THE B. F. GOODRICH COMPANY
1945 *

72

to resist; oils and greases, water, air, aging, sun,
abrasion, flame, chemicals and many others.
GEON has certain limitations, of course. For
example, being a thermoplastic material, in-
sulation made from GEON cannot yet be used
on wire for certain types of heating units such
as toasters, roasters, irons or home heaters.
But current research indicates that these appli-
cations may soon be included in the list.

Right now all the GEONS are subject to
allocation by the War Production Board. Lim-
ited quantities may be had for experiment. And
our development staff and laboratory facilities
are available to help you work out any special
problems in connection vith essential applica-
tions.

For more complete informa-
tion, write Department WW-6,
B. F. Goodrich Chemical Com-
pany, Rose Building, East 9th
and Prospect, Cleveland 15, O.

JUNE,
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The HARVEY Regulated Power Supply 206 PA is ycor best
source of laboratory D.C. power between ranges of 530 to 1000 volrs. The
HARVEY 206 PA operates in two ranges — 500-7C0 volts at 14 amp,,
700 to 1000 volts at 14 amp. Regulation is 19, cr Letter in botk ranges
and output remains constant even though line volra 3e varies betv.een 95
and 130 volts . . . The HARVEY 206 PA is designed for safe and con-
venient operation. It has overload relay and interlocking relay protection
at all voltages. Time delay for high voltage circait applications and
pilot lights to indicate unit in use. It is mounted on = standard relzy rack
panel and all components are easily accessible. Sturd~, precision-buile, its
dimensions are 124" x 19" with a depth of 13”. W :ight Sut 72 pounds.

<o« For complete information wrire

OF CAMBRIDGE
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Cell on Kyle Engineers . . . Trained ex-
perts are ready at all times to assist in
the design of new transformers to meet
your specifications. Write Kyle today.

. Kyle Transformers are the product of one of the leading manufacturers
of electric power distribution equipment. € Kyle's unusual facilities for
the design and manufacture of precisely built, dependable small trans-
formers have been thoroughly proven in the service of wartime radio com-
munications, radar detection and electronic controls. € Specializing in
hermetically sealed equipment of highest quality, Kyle transformers func-
tion perfectly under the most extreme conditions of climate and altitude.
Q Experienced Kyle engineers are anxious to work with you in the design

of spacific transformers to meet your postwar requirements.

KYLE @ CORPORATION

SOUTH MILWAUKEE, WISCONSIN
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