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7o Perfected Large-Si e et

Home Projection-pf|)
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4 %) The 22" magnetic projection tri-

» (J/ ode 3NPA has a lace as simall as
v

a compact and is only TO%” long.

HERE’'S THE OPPORTUNITY THAT MANUFACTURERS

OF TELEVISION RECEIVERS HAVE BEEN AWAITING!
e« e e oo 10 SIGNIFICANT FEATURES . . . . . ..

! Flat16” x 12 non- reflecting picture 6 Nanufacturers can most ceonowni-
provides latigucless viewing from cally extend their product range into
less than 5 fect and upward! projection television by .l(ldptmg

their 107 EN clussis for use with

PROTLELGRAM.

7 Easy (o service.

2 Wide-angle visibility — square
corners.
3 True photographic black und white

. . . . Iligh contrast ratio and broad era
picture qualitv—no discoloration. & gray

tone range.

4 Compact  unit—suitable for table 9 Simple ()pll(ll adjustment system.
model cabinets. 10 Qualizy Dbuilt after more than 10

5 Long-life, low-cost picture tube. years ol development.

NORELCO FROTELGRAM consists of a projection tube, an optical
box with focus and deflection coils, and a 25 ky regulated high-volt-
age supply unit, making possible large-size home pl()|v(tlon More
than ten vears of exhaustive rescarch resulted in this ideal svstem for
lcpmduumr a projected picture. The optical components are de-
signed to produce pufo(ted projection for a 167 x 127 image. the
optimum pl(tlue size tor steady, distant observation and also for
proper vicwing ut less than 5 feel.

Gtler NORELCO products include stand-
ard 107 direct-viewing tubes and special-
E purpose  cathode-riy tubes  for  nany
NORTH AMERICAN anplications.

PHILIPS

DEPT TE-12 100 EAST 42nd STREET, NEW YORK 17, N. Y,

IN CANADA: PHILIPS INDUSTRIES LTD., 1203 PHILIPS SQUARE, MONTREAL # EXPORT REPRESENTATIVE: PHILIPS EXPORT CORPORATION, 100 EAST 42ND STREET, NEW YORK17,N. Y.
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MARI ON % helps WEBSTER-CHICAGO

S o 11

In designing their superb wire recorder for office
and studio recording, Webster-Chicago needed a spe-
cial meter-type, volume-level indicator for accurate
input control. Ruggedness and accuracy were basic
requirements. Because Marion has long been noted for
fool-proof, trouble-free electrical meters and instru-
ments, it was natural for Webster-Chicago to turn to
Marion for this important component.

Marion soon developed a small, specially designed,
panel-mounting type of meter for the amazing
Webster-Chicago Wire Recorder. In doing so Marion
played a vital part in helping Webster-Chicago record
the human voice and other sounds on a wire.

When you have a problem that concerns electrical
measuring or indicating, we invite you to turn to
Marion. We have a long record of success in helping
others. And, because we know the name “Marion”
means the “most” in meters, we believe we can help
you too.

ME “MARION” MEANS THE

MARION ELECTRICAL INSTRUMENT COMPANY

, NEW HAMPSHIRE

Export Division, 458 Broadway, New York 13, U. S. A., Cobles MORMHANEX

IN CANADA: THE ASTRAL ELECTRIC COMPANY, SCARBORO BLUFFS,
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PHOTACT is a K&E trademark that is v ey
registered in the United States Patent Office. It is :"m.:n‘:'
. [ the name given by KEUFFEL & ESSER CO., for the A
[ J [ 1
! protection
* partners in creating ;...
TRADEMARK
' customers, to certain papers and cloths and a
developer and a fixer for making reproductions.
k4 ‘_ The name PHOTACT may be properly used only in
r 3 connection with genuine K&E products.
KEUFFEL & ESSER CO.
EST. 1867
’ NEW YORK - HOBOKEN, N. J.
- CHICAGO * ST.LOUIS * DETROIT * SAN FRANCISCO
LOS ANGELES * MONTREAL
Drafting, Reproduction, Surveying
Equipment and Materials
Slide Rules Measuring Topes
.4
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STEPPING-STONES TO PROGRESS
IN MARINE RADIOTELEPHONY

T'S COMMONPLACE TODAY to pick
I up a telephone on shipboard and
talk to a business associate on land.

But little more than 30 yearsago, this
was just a dream.

Back in 1915, the spoken voice
could travel to far places only by wire.
Then telephone scientists developed
the radiotelephone, and soon the spoken
word was winging its way across the
ocean. A further use of this new magic
was soon proposed: could not the human
voice be sent from shore to ships at sea?

®'bra, srack)

The first ship-to-shore radiotelephone communica-
tions were established almost 30 years ago be-
tween land stations at Green Harbor, Mass., and
Deal Beach, N. J, and the steamers “Ontcrio”
and “Gloucester,” operating between Boston oad
Baltimore,

)

Soon sub-chasers and other small Navy
craft were talking to each other over equip-
ment designed by Bell engineers. And in
experiments starting in 1919, the men on two
coastwise steamers talked through land stations
to land telephones of the Bell System.

These early experiments covered fairly short
distances. But in the meantime, telephone calls
across the Atlantic by radio had become an
ordinary occurence. So ... why not ’phone calls
to ships way out in m/id-Atlantic?

The “Leviathan” was the first ship to handle radio-
telephone messages as a public service to and
from land telephones.

Of course, long-distance ship-to-shore radiote-
lephony brought up problems of varyving distances
and directions— problems not encountered in point-
to-point transmission, Bell Telephone Laboratories
solved these problems with the design of the

“Leviathan’s” equipment. For the first time, long-
range marine radiotelephony hecame a reality,

This selector set made it possible to dial ships at
sea, and eliminated the need for constant moni- Later, Bell Laboratorics scientists developed
toring by loudspeaker or headphones. selective ringing, which made it possible to d7al par-
ticular ships at sea. The basic elements of practical
marine radiotelephony had now been developed.

BELL TELEPHONE LABORATORIES

World’s largest organization devoted exclusively to research

and development in all phases of electrical communications.

4 ‘ December, 1948 — ELECTRONICS
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N ADDITION TO producing radiotelephone equip-
ment for the largest ocean liners, Western Electric
for many years manufactured the 224, 226 and 227
type sets, which brought the benefits of radiotele-
phone facilities to coastwise vessels and small craft.

These sets provided power capacities ranging up
to 100 watts. As the Bell System had tremendously
expanded its chain of harbor stations, coastal craft
were normally near a shore station. Hence these
capacities were ample to maintain contact with land.

There still existed, however, no equipment speci-
fically designed for tankers, freighters and smaller
passenger ships plying the ocean lanes. This need
has been filled by the introduction of the Western
Electric 248A.

This new equipment provides 250 watts of trans-
mitted radio frequency carrier power, resulting in
greatly increased range. Provision is made for
transmission and reception on the frequencies of
the high-seas shore stations (as well ason the coastal
harbor and ship-to-ship channels). Because of these
two features, a ship equipped with the 248A, at
practically any point on world trade routes, can es-
tablish contact with a land station.

The 248A combines this advantage with the com-
pactness and simplicity of operation essential on
smaller ships.

L
_QUALITy CoyNTS”

THE NEWEST IN

MARINE RADIOTELEPHONE EQUIPMENT

LT

Left: Main cabinet
of 248A mounting
transmitter and three
receivers.
Above: Remote con-
trol unit.

The long experience of Bell Laboratories and
Western Electric in design and manufacture of
marine radiotelephone equipment has culminated
in the 248 A— compact, powerful,simple tooperate.

Asingle cabinet houses the transmitter and three
receivers. Each of the three receivers can be tuned
to any one of 10 pre-set frequencies; the trans-
mitter to any one of 30. Transfer from one
frequency to another is accomplished simply by
turning knobs on the remote control ponel.

Because three receivers are used, it is possible
for the ship to monitor simultaneously on three
different channels. The set is designed to permit
easy installation of selective equipment to allow
dialing the ship from shore stations.

Western Eleclric 8 Gt

Manufacturing unit of the Bell System and the

DISIIIIUJOIX: IN U, 5. A.=— Graybar
Electric Company. IN CANADA AND NEW-
FOUNDLAND —Northern Electric Co., Ltd.

nation’s largest producer of communications equipment.
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"*MIRAGLAS o VARNISHED TUBINGS
SLEEVINGS & TAPES

WOVEN TAPES, TUBINGS
SLEEVINGS & CORDS ® C(OTTON TAPES & SLEEVINGS

CLOTHS, ETC. ® VARNISHES—WAXES—COMPOUNDS
* MIRAGLAS-MICA COMBINATIONS * Woven of Fiberglas Yarn

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

A PARTIAL LIST OF M-R' PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH - INSULATING PAPERS
AND TWINES - CABLE FILLING AND POTHEAD COMPOUNDS *+ FRICTION TAPE AND SPLICE -+ TRANSFORMER COM.
POUNDS - FIBERGLAS SATURATED SLEEVING + ASBESTOS SLEEVING AND TAPE - VARNISHED CAMBRIC CLOTH AND
TAPE © MICA PLATE, TAPE, PAPER, CLOTH, TUBING - FIBERGLAS BRAIDED SLEEVING * COTTON TAPES, WEBBINGS AND
SLEEVINGS - IMPREGNATED VARNISH TUBING - INSULATED VARNISHES OF ALL TYPES - EXTRUDED PLASTIC TUBING
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FILTERED BY FILTRON FILTERED BY FILTRON FILTERED BY FILTRON
8oeing Stratocruiser Republic F-84 Thunderjet North American Aviation F-86 Jet

FILTERED
BY FILTRON
Boeing XB-47 Stratojet

FILTERED BY

FILTRON

MEANS DEPENDABILITY < LIGHTER WEIGHT
QUALITY ¢ STRICT ADHERENCE TO SPECIFICATIONS

FILTERED BY FILTRON
North American Aviation FJ-T Jet

FILTERED BY FILTRON
Boeing (-97 Stiatofreighter

FILTERED BY FILTRON
North American Aviation B-45 Jet

AND

RADIO INTERFERENCE-FREE
PERFORMANCE

FILTERED BY FILTRON
McDonnell FH-1 Phantom Jet

FILTERED BY FILTROM
Fairchild C-119A Packet

FILTERED BY FILTRON
McDannelt XF2H1 Banshee Jet

FILTERED 8Y FILTRON
Boeing B-50 Superfortress

FILTERED BY FILTRON .. . These planes, and 3
others — that form '‘America’s Mighty Shielded Spherical-Seat Terminal

N . . . Filtron — designed for continuous high
Armada,'’ are equipped with electrical com- ottenuation from 150 kc to well above
ponents which are FILTERED BY FILTRON . . . 200 mc
Some with as many as 27 FILTRONS per
plane . . . These planes represent America’s
most advanced engineering and design — RADIO NOISE
and FILTRONS represent the most advanced FILTERS FOR:
engineering and design of radio noise filters. Electric Motors
FILTRONS ital t ¢ only i Electric Generators

are vital components not only i glectronic Controls 100 amp & 200 amp 50 Volt Aircraft

aircraft equipment, but wherever radio inter- Electronic Equipment Filtrons, size 3'h" x 32" x 21"
ference must be suppressed . . . FILTRON will B',‘;OBTESW“’ Lights
design the RIGHT filter for your circuit condi- Silgnu‘;r;‘:sr:ems
tions — and to meet your delivery require- Business Machines
ments. All measurements are made in our Electric Appliances

d ially designed shield Electronic Signs
new, modern, specially designed shielded Electronic Heating

Radio Noise Suppression Laboratory. Equipment

2.5 amp Filtron for.50 ¥.D0.C. opera-
tion size 13" x VY x Us”

; SEND FOR CATALOG p‘l‘ PN S
THE FHTRGN CO., INCORPORATED | jub shomeerme r e

<+
MANUAL No. FC-20 e
-,

38-25 BELL BOULEVARD « BAYSIDE, NEW YORK CITY, N. Y. v

LARGEST EXCLUSIVE MANUFACTURER OF RADIO NOISE FILTERS

ELECTRONICS — December, 1948 7




Models courtesy of the Microtone Co,

Hearing aids are smaller and lighter. Hearing aid performance Microtone engincers switched to Filper, herc’s what they found. 1
is better .. absolutely unaffected by moisture and humidity. Filpec cuts down size and weight by reducing the number of
Centraiab’s amazing Printed Electromic Circuit is an important components needed . . . increases production by ¢liminating many |
reason and the Microtone hearing aid is important proaf. When assembling operations. For all the facts, write for Bulletin 976.
A
!

Rasistor

Capacitor g \

e W\
[ A0SR
!“;.' SN
s g3 __;:u s
/’ .

“Filpec” Capacitor '
Z = Actual size / Actual size
- = : . - >
-..&.‘M
Model 1 Ruadiohm (Ieft), and ten Contralab’s Filpec is designed for use as a balanced diode lead filter, combines up to {
Filpecs molded into a single amplify- three major components into one tiny unit, lighter and smaller than one ordinary
ing unit (right) hzlp Microtone build capaciior. Capacitor values available from 50 to 200 mmf. Resistor values from 5

smaller, more efficient hearing aids. ohms to 5 megohins. For complete information, write for Bulletin 976,

December, 1948 — ELECTRONICS
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Electronic Industry

Greatstep forward inswitchingisCRL's To CRL's iine of high cuality ceramic Wide range of variations in CRL’s
New Rotary Coil and CamIndex Switch, capacitors, these miniature disc Hi- Model "M Radiohm simplifies pro-
Its coil spring gives you smoother ac- Kaps have been added. Combine re- ducticn and inventory. Bulletin 697-A
tion, positive indexing, longer life, liability, capacity. Order Bulletin 933. illustrates convenience, versatility!

ACTUAL
SIZE

and FM performance! Flat, horizontal design saves valuable space, allows short lead resistor, grid resistor, plate by
leads. convenicnt location to coils, reduced lead inductances for increased efficiency pass capacitor and coupling capacitor.

7 Centralab's development of a revolutionary, new Slide Switch promises impraved AM 3 CRL's Couplate consists of a plate
in low and high frequencies. Rugged, efficient. Write for Bulletin 953. Write for Bulletin 943

LOOK TO CENTRALAB IN 1949! First in component research that means lower costs
for the electronic industry. If you're planning new equipment, let Centralab’s sales

and engineering service work with you. Get in touch with Centralab!

Cen

DIVISION OF GLOBE-UNION INC.,, MILWAUKEE, WIS.

ELECTRONICS — December, 1948 9



IT PAYS TO LOOK AT COST PER PART
NOT PRICE PER POUND!

HERE'S certainly nothing complicated-looking about

the small stamped channel section of .042" gauge
copper shown in the accompanying illustration. And that’s
what makes this story all the mere interesting.

It is told by Mr. T. J. Newman, Manager of the Meter
Devices Company, Canton, Ohio.

“Even a relatively simple application can cause trouble,”
says Mr. Newman, "a lot of trouble—if you are not using
exactly the right metal for the particular job.

“In our case the problem centered around this small
stamped channel, originally made of electrolytic copper
with a Rockwell B 35/45. The part is bolted to a porcelain
base and mounted on the test panel in a standard electric
meter box. Used on the service box for test purposes, it
allows the connection of a small feed-in wire off the main
lines to supply the potential coils in the meter.

“Sounds simple enough. Yet complicated trouble came
quickly. It started with cracks in the bends. And that re-
sulted in a high percentage of rejections, along with
expensively close inspection.

“It was then that we called in the Revere Technical
Advisory Service. Acting on their recommendation, we
exactingly tested porential taps made of OFH C Copper with
Rockwell B 49/50. Results were so satisfactory that we
placed a considerable production order.

“In doing so we frankly paid a premium for OFHC.

Potential tap, made by Meter Devices Company,
Canton, Ohio, using Revere OFHC Copper

But that premium is much more than offset by our saving
in scrap and the all-around reduction in costs. Our poten-
tial taps now have no more cracks in the bends—there are
no rejections whatever—and expensive inspection has
been eliminated.”

Thus the Meter Devices Company has learned, by its
own exacting tests, that the premium purchase of OFHC
Copper is a real economy. Once again it is proved that the
real guide to economy is the cost of the finished part, not
the price per pound of the metal of which it is made.

This progressive company is only one of the many
modern industrial organizations that have profited by
calling in the Revere Technical Advisory Service. Perhaps
you would profit too. We suggest that you ask the nearest
Revere Sales Office for more information.

REVERE

COPPER AND BRASS INCORPORATED
Founded by Paul Revere in 1801
230 Park Avenue, New York 17, New York

Mills: Baltimore, Md.; Chicago, 11l.; Detroit, Mich.; New Bedford, Mass.;
Rome, N. Y.— Sales Offices in Principal Cities, Distributors Everywhere

10
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LL-AMERICAN FIVE

The' / ‘\\‘\\. N

and HYTRON go together

Build a better mouse trap and the word gets around—but fast. Same with Hytron
/\\ \ a-c/d-c tubes. Many years of experience. Many millions of tubes. Constant engineering co-

e operation with dozens of prominent radio set manufacturers. All help make Hytron a-c/d-c
tubes better. Make it natural to think of Hytron when you think of the All-American Five.
\ \ The lowly a-c/d-c tubes must pack a heck of a lot of performance —at a price. Hytron
\ \ tubes do. They offer the special advantage of being built to the strictest requirements of
\ \ \ leaders in the small set field. GT or miniature—you, too, will find Hytron a-c/d-c tubes your /
L best choice. /
N\ \

U MAIN OFFICE: SALEM, MASSACHUSETTS

ELECTRONICS — December, 1948 1




Developed by General Electric and proven by the thousands in the
war, these compact units are now available for any commercial
use. They find application in radar and industrial equipment
where the normal capacitor discharge shape is not suitable and
where an impulse having a definite energy content and duration
is required. The network consists of one or more equal capacitor
sections and the same number of inductance coil sections. Both
capacitors and coils are hermetically sealed in the same metal
container. Networks are treated with top quality mineral oil to
provide stability of capacitance characteristics over a wide range
of ambient temperatures. Sizes from which you can make your
selection range from a 0.5-kw output rating to 4500-kw. Write
for bulletin GEA-4996.

DESIGNED
FOR BETTER
READABILITY

General Electric’s new line of 3 15-inch
thin panel instruments will save space
and add to the appearance of your
panels. They’re dust-proof, moisture
resistant, and vibrations normally en-
countered in aircraft and moving
vehicles have no adverse effects. Espe-
cially designed for better readability, the
scale divisions stand out by themselves.
Lance-type pointers and new-style num-
bers mean faster reading. Available in
square and round shapes, depth behind
the panel is only 0.99 inches. Construc-
tion is of the internal-pivot type, with
alnico magnets for high torque, good
damping, and quick response. Check
bulletin GEA-5102.

December, 1948 — ELECTRONICS



SIMPLIFY CONTROL WIRING
WITH THESE TERMINAL BOARDS

Easy-action hinged covers protect
cont-ol wiriag, help give your product
a neat appearance. Hook-ups are easy
with the hard-gripping connectors.
Simply strip the wire end, screw down
the connector on the bare wire. Blocks
are durable, too. constructed of strong
Textolite with reinforced barriers be-
tween poles to insure against breakage.
Marking strips are reversible—white on
one side, black on the other. These
terminal boards are available with 4 to
12 poles, 2 inches wide, 114 inches
high. Send for bulletin GEA-1497C.

HOLDS
OUTPUT VOGLTAGE
CONSTANT

This latest addition to G.E.’s line of
automatic voltage stabilizers comes in
15-, 25-, aad 50-va ratings. Output is
115 volts, 60 cycles. The small size of
the unit makes it particularly applicable

ELECTRONICS — December, 1948

to shallow-depth installations in many
types of equipment. You may have a job
for this unit which will give you auto-
matically stabilized output voltage at a
low cost. There are no moving parts, no
adjustments to make; long scrvice is
assured. Check bulletin GEA-3634B for
more information about this and other
G-E voltage stabilizers.

LOOKING FOR
LIGHTWEIGHT SWITCHES?

Switchettes* are designed for applica-
tions which require a manually operated
electric switch in a limited space.
Though small, these switchettes are
lightning fast in action and are built to
withstand severe service. A wide variety
of forms and terminal arrangements
makes them particularly useful where
special circuit arrangements are neces-
sary. Switchette shown above has one
normally open and one normally closed

circuit, transferable when button is
depressed. Check bulletin GEA-4888.

* Switchette is General Electric’s trade name for
these small snap swiiches.

~ s

FOR YOUR COOLING FANS

Here’s a fractional-horsepower fan
motor suitable for many uses because
of its compact design, low servicing
requirements, and extreme quietness.
Long, dependable operation is assured
by sturdy, totally enclosed construction.
These Type KSP unit-bearing motors
are of shaded pole type design with low
starting torque characteristics especially
applicable to fans. A continuous oil
circulation system furnishes good lubri-
cation. You can use simple, hubless,
low-cost blades with the special mount-
ing arrangement. Write for bulletin
GEC-219.

[T T T T T T T T T T T

I General Electric Company, Section B642-19 I

/

I [JGEA-4996 Capacitor Pulse-
forming Networks

I [JGEA-5102 Panel Instruments
C1GEA-1497C Terminal Boards

NAM
I E

]  COMPANY

ADDRESS

CitY. ....STATE

Apparatus Department, Schenectady, N. Y. I

Please send me the following bulletins: I

[JGEA-3634B Automatic Voltage
Stabilizers

1 GEA-4888 Switchettes I
[1GEC-219 Unit-bearing Fan Motor

/
/
/
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Llectrical insulation is. by definition. a
material of such low conductivity that
current flow througluit is negligible for
practical purposes. \Whether a material
15 suited for insulation depends (among
other things) upon the amount of leak-
age curient allowable in a specitic ap-
plication.

Mecasurements of leakage currents are
usually expressed as “insulation resist-
ance”: the ratio of d-c voliage across two
clectrodes, in contact with or embedded
in the specimen, to the total current
between them.

Resistance measurements are useful
in comparing different materials as elec-
trical insulation. Also. in testing speci-
mens of the same material, they often
show the presence of impurities. mois-
ture or imperfections that are difhicult
to measure directly.

Two leakage current paths arc usuallv
considered: one through the body of
the material. the other through a thin
film of moisture or other semi-
conducting substance deposited
on the surface.

Insulation resistance is thus
dependent upon botin the vol-
ume and surface resistivities ol
the material as well as clectrode
configuration. Volume resistivity
is the ratio of potential gradient
in volts per centimeter, parallel
to the current flow in the maie-
rial, to current deunsity in am-
peres per square centimetcr:
surface resistivity is the ratio of
potential gradient in volts per
unit distance parallel 2o current
flow along its surface 10 currenc
in amperes per unit of surface.
Resistance measurements  vary
widely with temperature. hu-
midity, voltage and time of con-

14

LEAD FROM
GUARD

ditioning. factors thar must. therefore.
be dloscly controlled in testing. Wide
allowances on measured values should
be set in using insulation resistance as
@ basis for specification.

TEST FOR
INSULATION RESISTANCE

For separating insulation resistance 1o
approximate surface and volume resist-
ance, guarded mercury elecrodes of the
tvpe shown in Figure v are used. Addi-
tional apparatus consists ol a source of
d-c potential. a galvanometer, suitable
shunts. a calibrating esistance, revers-
ing switches and kevs.

I'heresistances are determined by the
deflecton method. Galvinometer deflec-
tions across the unknown resistance and
the standard resistance are noted suc-
cessively, "The unknown resistance is
then equal to the value of the standard
resistance multiplied by the ratio of the
deflection tor the calibrating resistance
1o the dellection for the unknown resist-
ance. also by the shunt ratio.

By this method. we measure (1) the
over-all imsulation resistance with the
guard clectrode attached to the un-
guarded clectrode, and (2) the volume
resistance. which is the resistance be-
tween the guarded and unguarded elec-
wodes when the guard clectrode s
maintained at about the smme potential
as the guarded electrode. This circuit
arrangement (see Figure 2) insures that
only the current flow through the
guarded electrode registers on the gal-
vanometer. Surface resistance is calcu-
lated from these measurements,

With volume and surface resistance
known. we can calculate the respective
resistivities from the tollowing formulae:

LEAD FROM
GUARDED
ELECTRODE

MERCURY

LEAD FROM
MERCURY
(UNGUARDED ELECTRODE)

Figure 1—Arrangement of mercury electrodes used in test-
ing insulation resistance of flat, solid materials,

~ Insulation Resistance Another Factor in

RA
t
when R = volume resistance
\ = area of guarded elecirode
t = average thickness of sainple
R'c

volume resistivity =

surface resistivity

when R= surface resistance
¢ = average crcumicrence of the
suarded electrode and of the
imner edge ol the guard elee-
trode
L distance between the
clectrodes
Fhe report includes: a) over-all insula-
tion resistance in ohms, b) volume re-
sistivity in olim-cm. units, ) surface re-
sistivity in oluns. d) Centigrade tempera-
ture. e) pereentage relative humidity,
) time ol exposure 1o thar humidity,
@) voliage used. and h) type ol electrodes.
GUARDEO ELECTROOE 'ASTM Designation:
\ _cuaro D257-46

7 _SPECIMEN

I
|
[! J
i I UNGUAROEO ELECTROOE
l lcnueanmc
I | RESISTANCE
AR -, ———
M
7
{ K1 |
| |
|
I K-2 |
| UNIVERSAL I !
SHUNT \BATTERY
I REVERSING
[ | SWITCH
| |
| _____ +__,___GALVANOMETER
| REVERSING SWITCH
|
| | —cuaro
|
I ~——— - }—caLvanometer
R |

= OPTIONAL GROUNO

Figure 2—Diagram of connections for determina-
tion of insulation resistance.

MICA
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Selecting Electrical Insulation

0 ve S s e o s
U o . .
| |
BEPSERDSE . 1

A COMPLETE LINE OF INSULATION, BACKED BY YEARS OF RESEARCH AND PRACTICAL EXPERIENCE

In concluding this series—which has touched only the more
important aspects of diclectric theory and application—we
invite vour inquiries for technical service on insulating prob-
Iems and in the selection of insulation materials.

Mica Insulator Company has, for 55 years, specialized in

the development and manufacture of clectrical insulating
materials. Our complete line ofters a wide selection to meet
specific requirements for increased cfficiency of eleetrical
equipment pertormance. Our Technical Service Department
will gladly bring their experience to hear on your problems.

7‘” /s Prapertes of
W e Heorrical fnsulating
N Mgﬁiﬂl&

SEND FOR CONVENIENTLY BOUND COPY OF THE COMPLETE SERIES

This convenient folder, in regular desk-file size, has been Designed to help you in the selection and application of

prepared in response 10 many requests, It contins reprints clectrical insulating materials, this scries contains basic
of all ten of the technical advertisements on diclectric
theory, testing and application,

information you will want to keep handy, It treats the fol-
lowing subjects:

1. Short-Tinie Diclectric Strength Test
. Step-by-Step Dielectric Strength Test

3. Three Theories of Diclectric Breakdown

1. Effects of Temperature and Moisture on Diclectric Breakdown

5. Ellects of Frequeney and Time on Dielectric Breakdown

6. Effccts of Geometry of Electrodes and Ambient Medium on Diclectric Breakdown
7. Physical Testing: Impact Tests

N. Tensile Strength Test

9. Compressive and Flexural Strength Tests

10. Testing for Insulation Resistance

Write today for vour copy of this useful reference folder. Simply ask for Folder E.

ELECTRICAL

INSULATION

COMPANY

SCHENECTADY 1, NEW YORK

l A‘Olunfa « Birmingham « Boston « Chtcm « Cincinnati « Ch_yulund * Detroit -fﬂwslon
Los Angeles « Milwaukee « New York « Philadelphia » Rochester » St. Louis » San Francisco

ELECTRONICS — December, 1948 15
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The Chicago Transformer
New Equipment Line

Chicago Transformer’s New Equipment Line fills an urgent
necd in the electronics fields for transformers designed exclusively
to fit up-to-date circuit requirements. Here’s why . . .

1. Voltage and Current Ratings of C.T. New Equipment Power

Transformers have been selected to conform closely to the plate

and filament loads of the tubes most widely used today. These

units are conservatively rated . . . will deliver their full

output with temperature rise well within RMA-
recommended standards.

2. Line and Voice Coil Impedances of C.T. New Equipment
Audio Transformers fit the accepted industry practice
of standardized 600 and 150-ohm line impedances;

16, 8, and 4-ohm speakers.

3. High Fidelity at Full Rated Output. Frequency response within
= 12 db for virtually all output and input transformers,
within = 1 db for all driver and modulation transformers,
is guaranteed. Recommended frequency ranges fit three
fields of general use — 30 to 15,000 cycles, 50 to 10,000
cycles, and 200 to 3,500 cycles.

Add to these features the sleek, modern appearance

‘ and compactness of C.T.’s outstanding drawn steel case

) a\ ... constructions—in two alternate base styles as

\:\\ illustrated —and you have the reasons why this is
the only transformer line of its kind!

WRITE FOR CATALOG TODAY

CAGO TRANSFORMER

DIVISION OF ESSEX WIRE CORPORATION

e Lo L e SR S B e T
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Let Ohmite
Help Solve

Your

Resistance

Problems

/
- £/
, ///
‘ 7 Rheostats
()hmite Resistance ** Know-How’ represents the combined thinking of our )

entire staff of resistance specialists. Remember . . . it's available 1o you
for the asking . . . to help solve your rheostat and resistor ﬁ
e problems . . . to analyze your requirements and saggest the correct
| units to fit your specific application. .
4 - £ ' Resistors

Years of experience in building dependable rheostats and resistors,
in helping others solve specialized resistance problems,
is your assurance that Ohmite “Know-Tlow” can help you. We
invite you to submit your problems to us.

Tap Switches




OIRIMIISIE
RHEOSTATS

in TABLE MOUNTING
CAGES

Used to prevent me-
chanical injury to the
rheostat or human
contact  with  cleetri-
cally “live” parts,
Tabletop mounting,
ventitated  enclosures,

with TOGGLE SWITCH

and EXTRA LUG
Permits ual switehing
of rheostt and inde-
pendent eireuits. Rheo.

stat winding is termi- 2
s omated at an extra g

located where the
switch opens,

TANDEM
ASSEMBLIES

Ohmite rheostats can
be mounted with two,
three, or more in tan-
dem, for simultancous
operation of several
circuits by one knol,

with BUSHINGS
for special
panel thickness

Rheostats can be fur-
nished with extra-long
bushings and shafts for
panels over 4" and
up to 2” in thickness.
Five bushing lengths.

with SCREW
DRIVER SLOT
SHAFT

Shaft ends ean he slot-
ted for operation with
a serewdriver, where
few adjustments are
needed. Minimizes
tampering with setting.

with DEAD LUG
OFF-POSITION

Opens the circuit at
the high resistance po-
sition  as the contact
passes on to the lug.
which is disconneeted
from the winding.

with SNAP-ACTION
OFF POSITION

Opens the cirenit at
the high or low resist
anee position. The con-
tact brush snaps into
an insalated noteh
next to the lug, provid-
ing indexing,

with DEAD-SECTION
OFF POSITION

Opens the civeuit at
the high or low resist-
ance  position as the
bruslt passes off  the
lug onto an insnlated
section. Medium duty,

with TOGGLE
SWITCH

Toggle switeh is oper-
ated with a positive
snap by the rheostat
arm at either end po-
sition. Used for heavy
duty applications.




VARGLAS TUBING

Impregnated with @3 PERMAFIL
\v

«ss MOreEe

JBLE
FLEX/EZ

This new tubing with a new synthetic coating of General
Electric Permafil on Fiberglas braid is ...

So FLEXIBLE that it can be twisted, bent, wrapped, tied in knots . . .

without cracking or peeling.

So TOUGH that severe use will not destroy its dielectric property —
7000 volts.

So HEAT-RESISTANT that it will withstand high temperatures and

can be after-treated in baking and varnishing operations.

Made in standard colors, in a wide range of sizes. It is
available in coils—so that you can cut the exact lengths
you need, without waste.

And . .. this is a premium tubing at a reasonable price.
Send coupon for free sample and full information.

VARFLEX Corporation, 308 Jay St., Rome, N. Y.
CORPORATION l Please send me full informcfi:m as well s a free sample of your new

Varglas Tubing impregnated with G. E. Permafil. | am particularly interested

Mokers ,Of I in samples suitable for. . ... . i e i i it s e i

Electrical Insulating I NGME . ..o eoeeeeeiscneeeeenaniinianas .. . SR

" Tubing and Sleeving COMPANY . o e eveiseeete e s ie i e oo e et e e teeteteetenanenananes
! I S R P P IS S S P PSRRI 5 5 0 IO 000 © © O
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For the best “look-in’’ on television

programming and transmission .. .
they are installing

DU MONT LARGE-SCREEN

Frecrure Monriors

PICTURE
TYPE 5108 12/ PICTURE MONITOR ,VD“ Mon: Geflectio MonNiTop
7 or better.th R System e ot
‘iation with  across inpul te'm”),al\ bayt v Full “ousual focus, “:r:p:.s:le Sianalen a 75 op
¥ Used in combind/O% Y B means of toggle swile icturs IRt OUIDUY from pg  and 2.8 ey loVe] between s
companion unit, le'-'seupply' rear. Psx;re tube operateq irom *$ Peak-to.peq) voltage
wer M . su & .
Low Voltage Po ble. V Type 5108:C fitted .w.nh image ”:’OP:OY. An excellent !lfool_proof. Front Panel
J Produces 2 ::lozf'f:fm}:mre 183" x 17V panel fitting even in lightuezhl enjoyed ;’es’ blngmness and com::r,-
sized image on e < trol consoles. "4 roo onfrols. At rear y
toring into contr 215 . linearjy are the
tube for program moni . ith t quare inches o ,,: Carly, focus ang of
of picture content. v Type 5108-D ,f’med wi i 4ure _ Excelleas resol 19* pic Cas'°na”Y~adiusred A her oc-
t standard candard 147 x 197 relay rac 50 lines ution _. v controls.
ates trom < h A .» 1¥pe 2116.A ;
t{la(zll:er:eganve composite Pic-  papel. v High voltage automay; Inch high-ﬁge‘?ir]vl-‘cmdes alo
iqnal with ‘evel in the dimensions, less removed shoul atically stalled w; I Speaker in
ture signa v Overall = . d  hor ith baff] A
range of 0.5 1o 2.5 volts peak- nel; 12.11/16 h. x 18%a SWeeD fail, in ordey g -oTi2]  assembly, e and grilje
jo-peak. 1000-ohm input im-  BHEE ol g Fyeight, 50 Ibs. Plcture tupe, © Protect

pedance.

¥ A 75-ohm input terminal is
provided and is inserted

’ Superlative rendition — that ac-
counts for the growing popularity of
Du Mont large-screen picture monitors.

Two models: Type 5108, 12-inch tube,
72-square-inch screen. Type 2116, 20-
inch tube, 215-square-inch screen. The
direct-view images are brilliant, sharp,
and pleasingly contrasty yet retain the
full range of all the half-tone values so

i eeds
Resolution exc !
usual commercial equipment.

START AS SMALL AS YOU
WISH, WITH THE DU MONT

gl |

that of

necessary for pictorial beauty.

The 12-inch model in combination
with Type 5112-B Low Voltage Power
Supply unit, is intended primarily for
control functions. The 20-inch giant-
image monitor is ideal for use on a
dolly in the studio, for visual cueing of
actors and studio personnel during a
performance. It may alsc be placed in

TYPE 2116 29~

¥ Mon;
Onitor Operateg from 5

s

(o]
¥ Overal) 45 .
verall dimensjons

o1 38" h.
lps, X730

d. Weight, 300

the lobby, in the studio manager’s of-
fice, in other executive cffices, and in
clients’ rooms.

L L] L ]

For superlative monitoring, as in
every other TV function from camera
to transmitter and again to receiver,
make it DU MONT for “The First with
the Finest in Television.”

’ Details on request. Submit your telecasting plans for that Du Mont “‘know-how’’ guidance. “

® ALLEN B. DU MONT LABORATORIES, INC.

ALLEN B, DU MONT LABORATORIES, INC,

JELEVISION EQUIPMENT DIVISION, 42 HARDING AVE., CLIFTON, N. J. =«

DU MONT NETWORK

AND STATION WABD, 5IS MADISON AVE., NEW YORK 22, N. Y.

PLACE, NEW YORK 3, N. Y. .

18

STATION WITTG, WASHINGTON, D, C.

DU MONT'S JOHN WANAMAKER TELEVISION STUDIOS, WANAMAKER
HOME OFFICES AND PLANTS, PASSAIC, N. J.
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With the introduction of this new lire of air variables, JOHNSON brings you
many important design advantages never before available.

Qutstanding of these is the use of perfected ceramic soldering which assures
absolute — and permanent —rigidity and strength, absolute — and permanent —
maintenance of capacities!

There are no eyelets, nuts or screws to work loose, causing stator wobble and
fluctuations in capacity. JOHNSON ceramic soldering leaves a bond which is stronger
than the rugged steatite end plates themselves. There's nothing to come loose,
because the stator terminals, mounting posts and rotor bearings are ceramic
soldered!

Silent operation on the highest frequencies is assured with a split sleeve
tension bearing that also prevents fiuctuations in capacity.

These new variables are ideal for peak clficiency even under the severest
conditions, such as portable — mobile operation. They are available in .030” and
.080" spacings.

Two sets of stator contacts are provided for connecting components to either
side of condenser without appreciably increasing inductance of the circuit. New
bright alloy plating is used. It has high coriosion resistance, is easily soldered and
possesses lower electrical resistance kan other common platings.

These variables are "available for all types of communications equipment
having tuned circuits operating as high as 500 me.

Peatures

1. Ceramic soldered for stability and strength S.
2. Soldered plate construction, heavy .020" é.

Steatite end plates
Long creepage paths

plates, new bright alloy plating 7. Low minimum capacity — maximum tuning
3. Beryllium copper contact spring, siver rarge

plated 8. Small size — end plate only 13" square
4. Split sleeve rotor bearings — no wabble

to shalt

Other capacities and spacings available on special order.

ELECTRONICS — December, 1948
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m the new JOHNSON 167 VARIABLES
e T N N T LI

BETTER FOR UHF - VHF.-LF

SINGLE SECTiON VARIABLES

.030" Spacing
Cap. Per Section Length
Cat. No. Max. Min. Behind Panel
167-101 1 2.8 15/16
167-102 27 35 1-9/64
167-103 51 4.6 1-7/1%
167-104 75 5.7 1-3
167-151 99 6.8 2-7/32
167-152 202 1.6 3-33/64
Also Available In .080" Spacng
0 DUAL SECTION VARIABLES
.030" Spacing
Cap. Per Section Length
Cat. No. Max. Min. Behind Panel
167-501 27 35 1-13/16
167-502 51 4.6 2.27/64
167-503 99 6.8 3.%
Alsa Available In .080" Spacing
Q DIFFERENTIAL VARIABLES
030" Spacing
Cap. Per Section Length
Cat. No. Max. Min. Behind Panel
167-361 n 2.8 15/16
167-302 27 35 1-9/64
167-303 51 4.6 1-7/16
Alsa Available In .080” Spacing
0 BUTTERFLY VARIABLES
.030" Spacing
Cap. Per Section Length
Cat. No. Max. Min. Behind Panel
167-201 10.5 2.8 1-3/64
167-202 26 4.3 1-7/16
167-203 1-15/16

51 6.5
Alsa Available In .080" Spacing

Write For NEW JOHNSON 167 YARIABLE CATALOG

JOHNSON ® © © a famous name n Radio!

MINNESOTA
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com’plete nmmg/ instrume /ts Our enginéers are re dy to
e cooperate,ot(any problem
SMILE - ipeparr - LABORATO
\
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... looks like a Carbonvl Iron Powder vear. Esti-
mates show that practically all Television sets.
and most of the Radio sets made in 1949 will
contain cores made of Carbonvl Iron Powders.
There must be a reason. Ask vour coil winder.

Ask vour core maker. Ask any good designer . . .

G.A.&F. CARBONYL IRON POWDERS

An Antara® Product of General Aniline & Film Corporation
444 Madison Avenue, New York 22, New York

ELECTRONICS — December, 1948
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Designed for modern applications...

A

Streamlined for compactness...

Built for dependable performance...

I-T-E wire-wound Oval Power Resistors—

Modern resistors designed for modern applications . .. I-T-E Oval
Resistor Assemblies . . . specially suited for installations where space is
limited, such as in aviation. sound, radio. and other electronics appli-
cations. I-T-E “"Ovals™ are distinguished by their high unit-area wattage
ratios, which are due in part to the heat dissipation qualities of the
mounting brackets. An I-T-E Oval Resistor—or an assembly of oval
units—has a much higher wattage rating than that of a conventional
round resistor of comparable size.

And I-T-E Resistors are better-built for a longer life of dependable per-
formance. Bases are best non-hygroscopic ceramics . . . resistance wires
are purest obtainable . . . resistances are uniformly wound. mechanically
tied, and silver-soldered at high heat for permanent. solid connections.

No matter what your resistor problem calls for—compactness. long life,
dependability. or exact tolerances—be sure to investigate I-T-E Oval
Resistors, the modern wire-wound Power Resistors. Complete technical
information, as well as valuable application data, is contained in the
new I-T-E Resistor catalog. Send for it todav.

There's an I-T-E Resistor for Every Purpose >

I-T-E OVAL RESISTORS
_ — e i —
Maximum Recommended Mounting
Type | Watts Length | Resistance Centers
I i) . |
108 Oval | 30 1 10000 2"
200 Oval | 40 2" | 15000 | 2%
3160val | 55 | 3w [ 25000 [ aur
424 Oval 1 65 | au" 35000 5"
600 Oval | 75 | 6" | 50000 6% e

L Resys
. T
5358 fequiremey rs_’z:' ’3 101 limitog
0

RESISTORS FOR spg
ordes |.7.g Powsr Resistor ade with g ng
ietances o 5% ang 33 are m; ;Zm.:::m.’“

e

5 / V;-

“ B

T el

STANDARD FIXED RESISTORS
from 5 to 20p Watts

ADIUSTAG ;oo
LE Res
from 10 to 200 V’lit’l‘s"”

1075 Wares

ORs
» for <onnectign,
) Tapeg Insettion illl; ,l:';‘:""‘"‘

- .
APPUCATIONS ,,q, .

b | POWER RESISTORS

The Leader In Technical Excellence

I-T-E CIRCUIT BREAKER CO., RESISTOR DIVISION, 19TH & HAMILTON STREETS, PHILADELPHIA 30, PA.
SWITCHGEAR o UNIT SUBSTATIORS o ISOLATED PHASE BUS STRUCTURES e AUTOMATIC RECLOSING CIRCUIT BREAKERS s RESISTORS e SPECIAL PRODUCTS

22
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LABORATORY INSTRUMENTS FOR SPEED AND ACCURACY

3 NEW -hp- INSTRUMENTS TO
MAKE YOUR MEASURING JOBS
EASIER .

-hp: 400C Vocuum Tube Voltmeter

Wide range, 20 ¢cps to 2 mc, 12 ranges. 0.001 v to
300 v, flat response, 10 megohms input impedance.

-hp- 415A Standing Wave Indicator

ACCUl‘ﬂtC measurements 300 cps to 2000 cps. For use with bolometer or

crystal rectifier. Previewed here for the firse time.

are fundamental to

the clectronic industry.

-/)p- precision instruments

are basic tools

~hp- 404A Battery-Operated Voltmeter

for Obtﬁinin o thCSC Light, compact, portable vacuum tube voltmeter.
O No ac power needed. 2 to 50,000 cps. 11 ranges,

. 0.003 to 300 v.
measurements swiftly,

For brief details of these and other -hp- precision
instruments, sce following pages. For complete

SUI‘CIY "lnd CﬁSlly. specifications, write direct to factory.

1782-A PAGE MILL ROAD . PALO ALTO, CALIFORNIA

Power Supplies Audio Signal Generators Amplifiers FM Monitors Frequency Meters

UHF Signal Generators Square Wave Generators Avdia Frequency Oscillators Attenuators

Frequency Standards Noise and Distortion Analy i Hi Wave Analyzers Yacuum Tube Voltmeters
q y Wotid Radio Histol :



MEASURING SPEED AND ACCURACY

FUNCTION MODEL FREQUENCY [ CHARACTERISTICS

1 0 Binding Past
HARDWARE - — rm——
Flexible caupler, ceramic insulated; permits mis- |
o~ 14 alignment of 1/32" and/ar 5° ‘
¢

.

f ;
-] ' IOOA 100 ke, 10 ke, 1 ke, 100 ¢ps Accuracy 3 ¢ps per mc per degree Centigrade
LOW FREQUENCY

STANDARDS

-

IOOB 100 ke, 10 ke, 1 ke, 100 ¢ps Temperature controlled; accuracy 0.0019,
] k T I
Controlled by T00A or 100B. Multipliers also
FREQUENCY DIVIDER ‘ 110 100 to 10 cps R e o o 1 ipliarsiets
. — ! - 4
zooA 35 10 35,000 cps Output 1 watt into 500 chms; 1%, distortion
0 T
200B i 20 ta 20,000 cps Output 1 watt inta 500 ahms; 1%, distortion
— S | FEN——— E— ——
zooc 20 to 200,000 cps Output 10 volts into 1,000 ohms; 1%, distortian ’
J 3
— P S = P .A’
200D 7 to 70,000 cps Output 10 volts into 1,000 ohms; 1%, distortion !.
zooH 60 to 600,000 cps Output 10 mw into o 100 ohm load; ﬂ
RESISTANCE-TUNED 3% total distortion |
OSCILLATORS : : ) "
200 I 6 to 6,000 cps Frequency setting closer than 1%,; output 10 volts

into 1,000 ohms; 19, distortian ]

- - — e el

20" B 20 to 20,000 cps Output 3 watts ot 1% and | watt at 2% H
distartion into 600 ohms |

=l - — —_—

{
2028 1/3 10 50,000 ¢ps For low frequency studies. Output 10 valts
into 1,000 ohms; 1%, distortion ’

202D 2 to 70,000 cps Output 10 volts into 1,000 ohms; 2%, distortion
S PRt &
2 4 2 to 20,000 ¢ Portable, battery-operated; output 5.0 volts to
0 A ° s 10,000 ohm load; 1%, distortion
[ o T a
205A Output 5 watts, 1%, distortion inte impedances of
20 to 20,000 cps 50, 200, 600, 5,000 ohms. Output VIVM and 110
db attenvator, 1 db steps .|
205AG 20 to 20,000 ¢ps Same as 205A,gr;|::: ::::sr:rO:m\/:r"\'/sM for complete e
AUDIO SIGNAL = L ) . 2 — - |
GENERATORS Ov’pu’ 5 watts, 3% distortion inte 50, 200, 500,
205AH 1 ta 100 ke
i a"nnquor l db steps -
N ——— e — a3 - |
" | Output 4-15 dbm with less than 0.1%, distartion ,
206A 20 1o 20,000 cps | into 50, 150, 600 ohm impedances. Output VIVM
| and 111 db attenvator in 0.1 db steps
— - — e e ]
SQUARE WAVE ’ 2" OA 20 to 10,000 cps ' Ovutput 50 volts peak to peak; 1,000 ohm internal |
GENERATOR \ ’ | |mpedun<e 70 db attenuator, 5 db steps Aj
44, Variable selectivity; measurement range | mv to s
WAVE ANALYZER \ 300A . 30 10 16,000 cps 500 valter 59, aceoracy

000 &

losai Mo

HEWLETT-PACKARD




THROUGHOUT THE ELECTRONIC FIELD

FREQUENCY CHARACTERISTICS

FUNCTION

MODEL

-
Y Meosures totol distortion os low os 0.1%,. 70 db
320A 400 cps ond 5 ke attenuator, 1 db steps for <ompori:on
3208 000 some o5 304
v SR : iy Meos;s 'o'ol-diswrﬁo;‘o_s low os 0.1%. lnpu'A
DISTORTION 3ZSB 30, go'7|5°°ig%°r;t;']°gok:ps' amplifier ond complete YTYM eoch usable
ANALYZERS & T = spariely
Similor to 325B but measures at any frequency
b 330B Any frequency 20 10 20,000 cps and includes AM detector
Similor to 330B, no AM detector. Meter has YU
330c Any frequency 20 to 20,000 ¢ps charocteristics to meet FCC requirements for
. : = FM broadcosting
FCC opproved. Monitors carrier frequency and
r FM BROADCAST ’ 3358 88 to 108 me modulation. High fidelity output for aural
MONITOR \ monitoring
110 db, 1 db steps; 5 watts, 500 ohm level.
350A Mox 100 ke Bridged T type. Accurocy 1 db in 50 db
‘ ATTENUATORS '~ - S . )
l 3508 Max 100 ke Same as 350B but 600 ohm level
- ~— - e - =
[ . Nine ranges 0.03 to 300 volts full scale. Accuracy
o 400A 10 ¢ps to 1 me +3%, 10 100 ke, *=5%, to 1 mc. Average reading.
Calibrated in rms.
Some as 400A with response flat to 2 ¢ps.
4008 2 ¢ps 10 100 ke 10 megohm input impedonce
P Twelve ranges 0.001 to 300.0 volts full scole;
accuracy 3%, to 100 ke, £59% to 2 me; 10
4ooc 20 cps to 2 me megohn input impedonce; overage reading;
calibroted in rms volts; may be used os 54 db
o amplifier
- - l
VACUUM TUBE | Portable, battery-operated; eleven ronges;
YOLTMETERS 404A 2 to 50,000 <ps 0.003 to 300 volts full scolle; occuracy *3%
AND to 20 ke; 10 megohm input impedance
AC: six ranges 1 to 300 volts. DC: seven ranges
ACCESSORIES 4] OA 20 ¢ps 10 700 me I to 1,000 volts. Resistance: seven ranges
! 0.2 ohm to 500 megohms
Stonding Wove Indicator for use with a
4] SA 300 to 2,000 ¢ps bolometer or crystal rectifier; stondard fre-
: quency 1000 cps, others on special order
Connects probe of 410A across 50 ochm tronsmis-
™ 455A te 1,000 me sion line. Type N fittings
458A Yo 1.000 me Connecis probe of 410A to open end of 50 ohm
; | ’ transmission line. Type N fittings
I 40 db and 20 db stabilized gain. Input imped-
AMPLIFIERS 450A 10 t0 1,000,000 <ps once | megohm shunted by approximately 15 uuf,
\
)
8 FREQUEENL:$T}R42:EI: : SOOA 5 cps to 50 ke Ten ranges, 2%, accuracy. Input 0.5 to 200 volts
J 505A 300 to 3,000,000 rpm Ten ronges, = 2%, accuracy
b ELECTRONIC = . x
TACHOMETER l 5058 5 to 50,000 rps Scme os 505A except calibrated in rps
> Calibrated output 0.1 microvolt to 0.1 volt. Internol
6] OA 00licRlsS0ime ‘ pulse modulation. Direct calibration
| Direct reading. Pulse modulation, CW and FM.
' SIGNAL GENERATORS 6] 6A EEO0NORE000)me Calibrated output 0.1 microvolt to 0.2 volts
- | |- M - SRR S
| Direct reading. Six bands. Output 3 volts to 600
650A ! U eppin e ohm load. YTYM and output attenuator
> - L, —_— 1 S |

.~ __ - . - L
I Any dc voltage 180 to 360 for 0 to 75 mo load;
POWER SUPPLY ‘ 7] OA ! opproximately 19, regulation. Also 6.3 volts,

5 omps ac.
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Wherever There's a CORE and COIL gl“g

Power and
Audio Transformers

Chokes ¢ Filters

Choose

POWER SUPPLY UNITS AND ELECTRONIC
ASSEMBLIES TO SPECIFICATIONS

o Jeviantli Eteclice, Inc.

30-A Rockefeller Plaza ® New York 20, N. Y.
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*COUPLATE" is made of high dielectric Ceramic-
X to zive long life, low internal inductance,
positive resistance to humidity and vibration. A
circuit diagram of CRL's Conplateis shown below,

m GRID GROUND
(Can be hed tied directly to
ground term. No. 1 it desired)

ELECTRONICS — December, 1948

How Admiral Radio uses
Centralab’s Printed Electronic Circuit

to build finer radios . . .

to cut assembling time!

Here you see *héw Admiral enginears -use
Centralab’s: custom- pentode “Couplote” in
their battery- portable AC-DC receiver. . In
addition to . unit, this set contains
ifive dependable:CRL “Hi-Kap” capacitors.

Chussis courtesy of Admiral Radio Corp,

*Centralab’s “‘Printed Electronic Circuit”
— Industry’s newest method for
improving design and menufacturing efficiency!

'[MAGINIE the time, the space, the material you save by using one unit
instead of six. That's just what Centralab’s amazing pentode
“Counplate” is doing for Admiral Radio Corporation, Chicago. This
complete interstage coupling circuit combines three resistors and
three capacitors into one tiny, dependable P.E.C. unit. “Conplate”
saves time for Admiral by eliminating many assembling operations.
It saves space and material by reducing the number of components
needed. What's more it improves performance by minimizing the
chance of broken or loose connections.

Lutegral Ceramic Construction: Each Printed Electranic Circuit is
an integral assembly of “Hi-Kap' capacitors and resistors closely
bonded to a steatite ceramic plate and mutually connected by means
of metallic silver paths “printed” on the base plate. E

You'll want to sec and test this exciting new electronic develop-
ment. For complete informatior about Cowplate, as well as other
CRL Printed Electronic Circuits, see your nearest Centralab Repre-
sentative, or write for Bulletin 999.

= (e

Division of GLOBE-LNION INC., Milwaukee

IN 1949!
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The NEW “dag” CRT Wall Coating |...

for all

CRT

glass

envelopes

Courtesy < :
Allen B. DuMons °

Laboratories Inc, B

Here’s an entirely new CRT Wall Coating, developed by Acheson
Colloids specifically and solely for use on CRT glass envelopes.

‘*dag®’ CRT Wall Coating is very easily applied ... adheres tenaciously
to all types of glass. .. does not yield objectionable by-products on heating.

Prominent cathode-ray tube manufacturers have already found this
opaque, electrically conductive **dag?® CRT Wall Coating eminently satisfactory,

especially in tubes intended for television reception.

Let Acheson Colloids help you with your CRT wall coating problem.
Mail the coupon today for information on this or other electronic appli-

cations of ‘*dag?* colloidal graphite dispersions.

Give me information on “dag” colloidal
graphite dispersions for:
Wall coating of CRT's
Electrostatic shielding
Corona prevention
Dry-film lubrication
Copper oxide rectifier disc coating
Electrical resistances
Filament cement

:JO0000o0og

=
a

40th Anniversary Year

da

REG. U.S. PAT. OFF,

Acheson Colloids Corporation | [

Port Huron Michigan
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Hi-Q DISK CAPACITORS /
© o Hi-Q

BPD Where space is a factor and \ ens
the physical shape is more adapt- \ ~
able than tubular unit try these 0
Hi-Q Disk Capacitors. Another NT
example of accurate dependable
miniaturization. this high dielec-
tric by-pass, blocking or coupling
Hi-Q Disk Capacitor has many
applications. Available in three
standard capacities. Type BPD-5:
005 mfd.guar. min.Type BPD-10:
.01 mfd. guar. min. Type BPD-1.5:
0015 mfd. guar. min.

,

Tllustration at right is actual size.

Hi-Q MINIATURE G. P.TUBULARS

G.P. By the use of our new Body
11, 5 mmf to 33.000 mmf capacity
ranges are now available which
will cover the majority of your
by-passing problems. These Hi-Q
Miniature G. P. Tubulars also
provide closer coupling of leads
thus insuring minimum induc-
tance and highest self resonant

HI1-Q components are uniformly superior frequencies.

because of rigid quality control through- SR RO S, ] 0

out all stages of manufacture. Final indi-
vidual inspection insures their conform-
ance to electrical and physical specifica-
tions. When you specify HI-Q components,
you can be sure they meet your most

stringent requirements for precision, de-
Ma

inta;
S Maufoeyy, o nod ove

. >
fing Controls flre

pendability, compactness and uniformity.

Write for complete information and en-
. v : h

eincerine data. k e smalj,
gineering « Wi 'Sp:cs;B,c\'Al

g com
I i"Creu;e Ving factors X
YOur profyys.

Plants: FRANKLINVILLE, N.Y.—~JESSUP, PA.
les Offices: NEW YORK, PHILADELPHIA, DETROIT, CHICAGO, LOS ANGELES
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MACHLETT TUBE USERS GET
MORE LIFE, BETTER VALUE

BECAUSE OF MACHLETT EXPERIENCE,
SKILL AND ““SINCERITY OF SERVICE"

® For over a half century Machlett Laboratories has pio-
neered and made notable contributions to the development
of the electron tube art.

Today, through its modern plant, development laboratories
and skilled personnel, it provides the best in tubes and service
for Broadcasting and Industrial uses. No matter what your
purpose —Broadcasting, Communication or Industrial elec-
tronics—you will find a Machlett tube to fill your needs—
and fill them well. And, no less important than the tube
itself, Machlett Service —valued by tube users for more than
50 years—will give you a new sense of value to apply to your
tube procurement problem.

If you want better value —more satisfaction—try MACHLETT.

Note To Broadcasters: Machlett Laboratories now produce for the Western
Electric Company its line of high power transmitting tubes—so well known
and respected by all broadcasting engineers. Made by Machlett Labora-
tories, in close collaboration with Bell Telephone Laboratories, these tubes
will continue to set the highest standard of performance in broadcast
service. These tubes are distributed exciusively for the Western Electric
Company by the Graybar Electric Company in the U.S.A. and by the
Northern Electric Company in Canada and Newfoundland.

This new combination of Western Electric Company and Machlett Labora.
tories, two of the pioneers in the electron tube field is your best assurance
of progress and performance in the further development of better tubes
to fill your needs.

December,

1948 — ELECTRONICS
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Equipment designers, broad-

casters, operators of point-to-

point services, and industrial

vsers of power tubes are in-

vited to write for complete in- i
formation.The Machlett Electron

Tube Data Book will be sent Over 50 years

y .
RojEsuEs of Electron Tube Experience

MACHLETT LABORATORIES, INC. 1
Springdale, Connecticut

ELECTRONICS — December, 1948 3




General pplicuﬁon

A - - LOAD RANGE *REGULATION
o 3 ! MODEL  VOLT-AMPERES  ACCURACY

i i | 25-150  0.5%
3-Phase Regulation | Extra Heavy Loads 25.250  0.2%
LOAD RANGE *REGULATION § 50- 500 0.5%

LOAD RANGE *REGULATION B MODEL VOLT-AMPERES ACCURACY 9
MODEL VOLY-AMPERES ACCURACY 100-1000 0.2%

5,000% 500 - 5,000 0.5% 200-2000 0.2%
3P15,000.1500-15,000 0.5% | 0-5.0 5% b

1 10,000* 1000-10,0 .59
3P30,000 3000-30,000 0.5% 15 008"' lgog-lg Ogg 8202
3P45,000 4500-45,000 0.5% .’ ! ’

* Harmonic Distortion on above models 3°/.. ' i
Lower capacities also available. [

_—

FOR AIRCRAFT.
Single Phase and Three Phase
LOAD RANGE *REGULATION
MODEL VOLT-AMPERES ACCURACY

D500  50- 500 0.5% GENERAL SPECIFICATIONS:

3?’:)2205% 12250:1225000 gg:;: * Harmonicdistortion max. 5% basic, 2% *'S” models

3PD750 75 - 750 0.5% Input voltage range 95-125: 220-240 volts (—2 models)
Other capacities also available Output adjustable bet. 110-120: 220-240 (—2 models)
. ;T Recovery time: 6 cycles: * (9 cycles)
Input frequency range: 50 to 65 cycles
Power factor range: down to 0.7 P.F.
Ambient temperature range: —50°C to +50°C

All AC Regulators & Nobatrons may be used with no load.

*Models available with increased regulation accuracy.
Special Models designed to meet your unusual applications.
' . i
Write for the new Sorensen catalog. It contains complete
L
The NOBATRON |.Ille specifications on stondard Voltage Regulators, Nobatrons,
Output Load Range Increvolts, Transformers, DC Power Supplies, Saturable Core
Voltage DC Amps Reactors and Meter Calibrators.

6 volts 15-40-]00 00000 000000 000000 000000 0060606060 000000 00000 cssa

SORENSEN & CO., ine.

* Regulation Accuracy 0.25%, from 1/, STAMFORD CONNECTICUT
to full load.

Represented in ail principal cities.
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“Give us the tools...”

. TO SURVIVE

America Must Have Better Tools

N THE past twenty years the United States
has failed to provide its workers with
enough new tools and equipment.

To most Americans this statement will come
as a shock — or will be doubted. We are quite com-
placent about our industrial equipment, for easily
understood reasons.

Throughout the '30s we heard continuously the
propaganda line that the United States had be-
come a “mature economy.” The job of equipping
America with industrial plants and tools was said
to be largely done.

Now, knowing that industry is spending bil-
lions to expand and rebuild its plants, many
people assume that the result must be a first-class
industrial system.

A further powerful inducement to compla-
cency is the vastly worse industrial condition of
most of the rest of the world. When Americans
look abroad in almost any direction they see
shattered plants and equipment. A natural reac-
tion is that we are sitting pretty.

That is a dangerous reaction. Between depres-
sion and war, we have failed to build the tools
and equipment we need. This condition is danger-
ous for three reasons:

1. From bitter experience we know that
national security depends first and foremost on
the capacity and readiness of our industrial
equipment.

All of our plans for stabilizing prosperity as-
sume a world at peace. The greatest menace to
peace would be an unarmed America, unable or
unwilling to keep herself strong and ready for
defense — strong in spirit, in resources and in the
all-important industrial plant and equipment.

2. Whether Americans live well —or badly —
depends directly on the kind and quality of tools
used by American workmen.

This is true for all workers, and for every
worker —from a garage mechanic and his
wrenches to a steel mill gang and its rolling equip-
ment. In a monumental study of “America’s
Needs and Resources” the Twentieth Century
Fund found this fact: The improvement in the
real income of the American people has more
consistently followed the amount of power used
in industry than anything else. What the work-
man worked with determined, more than any
other factor, the size of his pay envelope, and
what it would buy.

3. Our success in stabilizing prosperity will
depend largely on what we do about building new
tools and equipment.

About 30% of our industrial workers are em-
ployed in producing tools and equipment. Steady
employment for them is essential to our over-all
prosperity.

How far have we fallen behind in providing
new plants and equipment?

Estimates vary. Here is one rough estimate:
If we had built new industrial facilities during
1930-48 at the rate we did in the prosperous '20s,
we would have spent at least $100 billion more
than actually we did.

To get a better and more complete measure of
this deficit, McGraw-Hill is undertaking a survey
of American Business’ Needs for New Plant and
Equipment.

Businessmen all over the nation are being
asked to answer questions like this: How much




money would you need to put your plant in first
class condition? How much are you planning to
spend for new plant and equipment? Where do
you expect to raise the money? The results will
be reported later in this editorial series. Already
the survey shows we have fallen many billions of
dollars behind.

Some shortcomings are apparent to everyone.
They are revealed in a lot of rickety transporta-
tion facilities and in rundown buildings.

Many other deficiencies do not come into gen-
eral view. They are, for example, the antiquated
machines in our plants. Of the privately-owned
machine tools in use in 1945 — when the last cen-
sus of metalworking equipment was made by
AMERICAN MACHINIST — 54% were more than 10
years old. Their average age is higher today.

It is true that in recent years we have hit new
highs in total national production. But we have
done so by putting far more people to work than
ever worked before . . . and by driving equip-
ment to the limit of its waning endurance, some-
times beyond. It has not been done primarily in
what is by all odds the best way to increase pro-
duction—to use more and better and more modern
tools and equipment.

Haven’t we overcome much of this twenty-
year deficit by rushing to build new plants since
the end of the war?

No. For two clear-cut reasons:

1. The accumulated shortage is tremendous.
The total of about $40 billion, which has been
spent for industrial plant and equipment since
VJ-Day, has not wiped it out.

2. Some key industries have had difficulty in
getting the facilities they need. Take steel, for
example — the industry that turns out our most
basic industrial material. Its needs for new equip-
ment are measured in billions of dollars. To pay
for that equipment, it should have risk capital —
money which people are willing to invest with a
risk of losing for the sake of gain. For steel is an
up-and-down industry. Earnings on its common
stocks inevitably share both ways in those ups-
and-downs.

Since the war, steel, in common with most of
industry, has been unable to market new common
stock successfully. Its outstanding stock is now
selling for only about one-half the current net
worth of the industry’s present assets. With in-
vestors willing to pay only 50 cents on the dollar
for its facilities, the industry can not readily sell
stock to pay for new plant and equipment —at
higher prices even than the old.

Why can’t steel — and other industries — attract
people who are willing to risk their money retool-
ing America?

The full answer to that serious question must
be left to future editorials in this series, for it
involves many things . . . tax reform . . . mo-
bilization of small savings . . . a new respect for
corporate profits.

This first editorial seeks simply to emphasize
two fundamentals:

First, our standard of living improves with the
quality of our industrial equipment.

Second, American industry and American
workmen badly need billions of dollars worth
of better equipment now.

The American people must understand that not
only our continued prosperity but also our secu-
rity as a nation depends upon giving American
industry more and better equipment.

“Give us the tools.” This was Winston
Churchill’s cry for help to win the war. Only if
we give American industry new and better tools
will we have a chance to win abiding prosperity
at home and good order abroad.

President, McGraw-Hill Publishing Company, Inc.

% THIS EDITORIAL, and a series to follow, will be
devoted to a single problem — how to provide Ameri-
can industry with the equipment needed to improve
that envy of the world, the American standard of
living. No more important problem confronts us to-
day. Upon our wisdom in handling it depends not
only the degree of our prosperity, but also our
security as a nation.

THIS IS THE 69tn OF A SERIES




“Clocked” n

synchronizing output on basis of time required for manual operations

Experience of the Five Star Company, West
Chesire, Conn., shows how one manufacturer
can profit from use of Universal Coil Winding
Machines.

This company, manufacturing a variety of coils,
uses the No. 102 Winders shown below to produce
coils for electric clocks, winding six coils at a time
from unrolling spools of No. 38 enameled wire.

Relay coils, ringer coils and switch coils are
other bobbin-type coils wound on this machine
which permits synchronization of winding time
on the various heads with handling time per coil.

Coil size is accurately controlled by an elec-

Record Time

No. 102’s at Five Star Company increase production by

trically-operated counter which automatically
stops each head upon completion of the coil.
Steel-strap control of tension makes it possible
to handle even the finest wires.

Other Universal Coil Winders in this plant are
the No. 104 which winds paper-insulated coils
and the No. 96 which winds cotton-interwoven
coils for business machines.

Write for bulletins on Universal Coil Winders
—No. 84, lattice-type; No. 96, layer-wound; No.
98, gutter-wound; No. 102, spool-wound, non-
insulated; Nos. 104 and 105 paper-insulated, in
stick form.

UNIVERSAL WINDING COMPANY, Dept. L, P. O. Box 1605, Providence 1, R. I.

IN QUANTITY

FOR WINDING COILS
ACCURATELY . . . AUTOMATICALLY
~USE UNIVERSAL WINDING MACHINES
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EXPERIENCE
PLUS

COOPERATION
DOES IT!

There’s a lot of satisfaction in
working with radio engineers who
know exactly what they need to get
top efficiency from the transmitter.
To their specifications Blaw-Knox
applies an experience in antenna
tower building that dates back to the
days of ‘“‘wireless” . . . Together we
get results that reflect credit on our
structural designers and the station’s
technical experts . . . If your plans
call for more effective coverage or
directional changes we would wel-
come an engineering interview at
your convenience,

BLAW-KNOX DIVISION

OF BLAW-KNOX COMPANY

FARMERS BANK BUILDING
PITTSBURGH 22, PA.

Blow-Knox 550’ Heavy Duty Type H40 Tower sup-
porting o Federal 8 square loop FM antenna
74° high, Station WTMJ-FM, Richfield, Wisconsin.

BLAW-KNOX ==*TOWER

December, 1948 — ELECTRONICS
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Most prominent position in any parade is

3 ' 2 With power shortages playing hob with line

> voltages all over the country—isn’t it about
time that you too joined the parade of manu-
facturers who are featuring constant voltage
as a built-in component in their products.

This preamplifier phasing control section of a
medium power, low distortion restricted band
audio-amplifier employed in a new printing plate
engraving system couldn’t operate satisfactorily
on availabie line voltages. Robert H. Rigby Corp.,
solved the problem with a “built-in” SoLaA
CONSTANT VOLTAGE TRANSFORMER.

Unstable voltages varied the light output essen-
tial for sutisfactory operation of this precision
instrument. High voltages burned out the light
source, “‘Built-in” SOLLA CONSTANT VOLTAGE
TRANSFORMERS now provide a constant source
of light and enable R. 3. Wilder Company to
guarantee the life of the lamps.

WHEEL BALANCER

The H. C. Schildmeier Co. says, **We have found
the SoLA CONSTANT VOLTAGE TRANSFORMER
to be the solution to many of our troubles, by
maintaining a constant output voltage to actuate
a unit that is direct meter reading’ . .. a SOLA
CV transformer is a built-in component of every
Scal Line Balancer produced by this company.

SOLA HANDBOOK
BULLETIN DCV-102

A complete, and authoritative
treatise on voltage regulation.
Write for your copy.

SO LA rnirsiottas

Tronsformers for: Constant Voltcge + Cold Cathode Llighting * Airport lighting « Series Lighting + Fluorescent Lighting « Luminous Tube Signs
Oil Burner Ignition + X-Ray « Power « Controls + Signal Systems + etc. + SOLA ELECTRIC COMPANY, 4633 W. 16th Street, Chicago 30, llinols

Manufactured under license by: ENDURANCE ELECTRIC CO., Concord West, N. §. W., Australia « ADVANCE COMPONENTS LTD,, Walthamstow, E., Englaad
UCOA RADIO S.A., Buenos Aires, Argentina  + M. C. B. & VERITABLE ALTER. Courbevuic (Seine), France
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D-C

now in stock and ready for quick delivery

These Federal standard D-C Power Supplies are now avail-
able to meet a wide range of industrial and laboratory re-
quirements for both filtered and unfiltered D-C power, All <

Federal D-C Power Supplies are powered by Federal long- - Q
life Selenium Rectifiers with no expendable parts that de-
mand frequent replacement. Operation is dependable and
economical. Federal D-C Power Supplies are conservatively
rated. Heavy duty Selenium Rectifiers are able to withstand
momentary overloads . . . provide D-C power immediately
without heat-up period . . . operate quietly and efficiently
with practically no maintenance. For prices and information
on other Federal standard D-C Power Supplies, write De-

partment E-313.

|

-—
>
-
-
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g
-
-
»

i | 2

T @ Y

RATINGS
FILTERED UNFILTERED
A-C Input D-C Output A-C Input D-C Output
Code Number Volts | Phose|[Cycles | Volts | Amps Code Number Volis ]Phuse Cycles | Voits | Amps.
FTR 3093-AS 115 1] 60 12 3 FTR 3300-DS ns 1 60 2-32 50
FTR 3128-BS* 115 1 60 22-30 10 FTR 1342-AS 115 1 |50/6G L] 4
FTR 32446-BS s ] 60 6 10 FTR 3341-AS 115 1 |56/60 28 5
FTR 3138-8S 115 1 60 12 5 FTR 3339-BS | 115/230 ' ([50/60 |6-24 18
H FTR 3185-AS 15 1 60 12 7.5 FTR 3340-BS ns 1 |5C/60 |5-70 12
J *Filtered and regulated FTR 3352-BS 115 1 |50/60 |5/10 | 20/10
FTR)
An | T&T assaciate
= S SELENIUM and INTELIN DIVISION, 900 Passaic Ave., East Newark, New Jersey
KEEPING FEDERAL YEARS AMEAD...is IT&.]"s world-wide )
;'eesl:g;::v:::i::?i::\etro.ggrooz%?i"e‘:,u#::}.mjfP:’;‘:’:s";eur:i?,e"’l In Canoda: Federal Electric Manufacturing Campeony, Lid., Kionireol, P. Q.
Export Distributors:  International Standard Electric Cosp. 67 Broad St., N. Y,
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Yo
ur CUstomers will ¥

ne . ) _'
ver think of this wir. b 4
ire -

--.AND THATs GOOD/

When your product is internally wired with Rockbestos wire, cable or
cord, your customers will probably never see the wire at all. Most
likely, they’ll never even give it a thought. There’s no reason why
they should. For Rockbestos’ impregnated asbestos insulation 1s
permanent. It won't bake brittle, crack or flow under high
temperatures or conductor-heating overloads. It won’t carry or
support flame. It won’t rot or swell from exposure to grease,
oil or fumes. And, because of all of these things that it won’t
do, Rockbestos wire will make your product’s name synon-
ymous with dependable performance — will help bring
new customers in and old customers back. Write for
your copy of Catalog No. 10-F . .. today.
ROCKBESTOS PRODUCTS CORP., NEW HAVEN 4, CONN.
NEW YORK CLEVELAND DETROIT CHICAGO

PITTSBURGH ST, LOUIS LOS ANGELES
OAKLAND, CALIF.
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MORE THAN 50 GRADES OF G-E TEXTOLITE LAMINATED

PLASTICS ARE AVAILABLE

G-E Textolite grade No. 11500
is used extensively in heavy-duty
motors where high temperatures
and high mechanical stresses
have caused complete disintegra-
tion of cellulosic slot armor in-
sulation. It is composed of cotton
cloth and a phenolic resin and
was developed for use as slot
insulation for those applications
that require a semifiexible ma-
terial having a smooth, hard,
glossy surface. It is made in
thicknesses of 0.007 in., and
0.012 in.

TAKE YOUR PICK

G-E Textolite grade No. 11500 was developed to
reduce insulation maintenance costs on heavy-duty motors.

TEXTOLITE LAMINATED 1S SUPPLIED
IN FIVE FORMS

However, it isn’t the only grade of Textolite manufactured.
s Y8

> SHEETS, TUBES, AND RODS
There are more than fifty grades available, and EACH has ~—These standard shapes
are available in th d

an INDIVIDUAL COMBINATION of properties.
Some grades excell in heat resistance, some in dielec-
tric strength, others in loss factor. And you need this large

of sizes. Up-to-date manu-
facturing methods facilitate
quick deliveries.

' d

FABRICATED PARTS—G.E.

has modern fabricating

quip ! to hine Tex-

‘ tolite laminated plastics
parts to your own specifi-
cations.

assortment to select from if you want to produce your
products in the most economical and satisfactory way.
Then, too, these many grades of Textolite are supplied
in five different forms. Again you get a choice which can
pay you dividends in many ways. Plastics Division, Chem-
ical Department, General Electric Co., Pittsfield, Mass.

GET THE COMPLETE STORY!

Send for the new bulletin G-E
TEXTOLITE LAMINATED
PLASTICS which lists grades,

properties, fabricating instruc-
tions and detailed information
about the five forms of Textolite.
Fill in and mail the coupon be-
low for your free copy.

MOLDED-LAMINATED
PARTS—Textolite is custom
molded directly to shape.
Molded laminated products
aore among the strongest

r- 0 m oer m WO M o e Gn D Gn e EE G e G S NS ee e S e e e em plastics parts produced.
' PLASTICS DIVISION, CHEMICAL DEPARTMENT
i GENERAL ELECTRIC COMPANY (BA-12) LOW-PRESSURE MOLDED
§  ONE PLASTICS AVE., PITTSFIELD, MASS. PARTS — Extremely large
. ' o o d irregul Textolit
: Please send me the new G-E Textolite laminated plastics bulletin. :,:,P“r:"g ‘:;;om :‘:;d'e:
- by the low-pressure lami-
I Name nating process. .
: Firm
POST-FORMEDLAMINATES

I Address. —Sheets of Textolite lami-
i . nated plastics are custom

T - State ... formed into simple shapes
] . by this very inexpensive
' GENERAL 5 ELECTRIC
[ | . CIM8-M1
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AS TELEVISION VOLTAGES B
; CLIMB and CLIM

. . . these New Aerovox Electrolytics,
Aerovox Oil-filled Capacitors and

Aerovox Duranite Capacitors

HlGHER-VOLTAGE ELECTROLYTlCS Show the waY
Many types of Aerovox electrolytics aré |

available to meet the severe-?e'rwce ?i;: 7 |
ditions encountered in television ecgs o{ b .
ment. Especially where' iempera{tur . |

g5° C may be reached in hour-atter-n \

use. The Type AF twist-prong base elec-

trolytic here shown is fypical of the Aero-
[ vox trend towards higher voltages.

HlGHER-VOLTAGE OIL TUBULARS

Popular Type —89 midget-can oil 1“5%‘(1)10“:
P Ratings increased from 25‘00 %oh von:
D.C.W. Capacitances to 1 Higher i
age units with special terminals 19 i)ro;nin.
necessary creepage distance withou -

i - e Component performance can make or break this
creasing diameter or 1e“9m"o‘111‘“:£;13d new television industry. Greater capacitor safety
nated paper section- H;armeli:t::dyia cket factors become imperative. And that is where these

can. lnsu 1

{ :

w2 Center radial mounting new Aerovox capacitors blaze the trail.
Ky v strap. Now standard types, they are typical of how Aerovox
*Write for descriptive application engineering anticipates circuit and opera-
listings.

tional requirements. Yes, regardless of your voltage,
temperature and other severe-service conditions,

Aerovox can deliver capacitors that will stand the
gaff.

e Send us your capacitance problems for
engineering collaboration. Let us quote on
your capacitance requirements,

FOR RADIO-ELECTRONIC AND
INDUSTRIAL APPLICATIONS

FNEROVOX CORPORATION, NEW BEDFORD, MASS., U.S.A.
SALES OFFICES 1N ALL PRINCIPAL-CiTIES o Export: 13 E. 40th ST., NEw YORK 16, N. V.

Cllilg: ‘ARLAB’ o'“llh_C',,l'!Qla’;"‘lERDVOX Cl!“ﬂ LTD., HAMILTOR, ONT.
ELECTRONICS — December, 1948
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AMERICAN
PHILLIPS SCREWS

Break Driving-Time

Records on Trailers
...Stop Driver-Accidents...
Help Keep Sales Rolling in High

MWith American Phillips Screws . . . the way plywood panels

are fastened to trailer frames ... with power drivers. Owe man takes only 32
minutes to drive 522 screws! That's 509, faster than slotted screws, with half
the labor. And there are no corners too close . .. no angles too awkward.
No costly accidents to workers or their work.

. Buyers of all types of products are learning to recognize
this “high sign” of quality construction . . . the American Phillips Screw with
1 sMP OUT  the universal cross-recess. Just tell them the whole story of American Phillips

CAN'T
.WJNG:&?‘RN PERED RKES strength and vibration-resistance ... and watch sales pick up speed! Write.

AMERICAN SCREW COMPANY, PROVIDENCE 1, RHODE ISLAND
Chicago 11: 389 E. litinols St. Detroit 2: 3502 Stephenson Building

¥
azmy
=3
=

ALL TYPES

ALL METALS: Steel,
Brass, Bronze, Stain-
less Steel, Aluminum,
Monel, Everdur (sili-
con bronze)

40 December, 1948 — ELECTRONICS
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NICHROME V

METAL PARTS

The 5655 has fhree sections: (1) Image, (2) Scanning, (3]
Multiplier. The image section contains a semi-transparent pho-
tocathode on the inside of the face plate, and on this the scene
televised is focused by an optical lens system, This causes the
photocathode to emit .a stream of electrons from each illumi-
nated area (propontional to the light striking the area), and
these are focused an cne side cf the ""target’’ where they pro-
duce a charge pa-tern. “he opposite side of the target is
scanned by a low-velocity electron beam from an electron gun
in the scanning secfiom. Electrons from the gun are turned back
at the target forming a return beam which has been amplitude
modulated by deposition of the electrons at the target, in
accord with the cnarge pattern whose more positive areas
correspond to hichiights cf th> felevised scene. In the multi-
plier section, the return beam is directed to a 5-stage amplifier
(using secondary emission to amplify electron beam signals),
and here the modalated beam is emplified at least 300 times—
to drive the first stage of the viceo amplifier.

s

*Richrome is manufactured only by

Driver-Harris Compa

HARRISON,

NEW JERSEY

BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, San Francisco, Seattle
Manufactured and sold in Canada by
The B. GREENING WIRE COMPANY, LTD,, Hamilton, Ontario, Canoda

*T.M. Reg. U. S, Pat. Off.




HiGH VACUUM EQUIPMENT

optCA

BUILT TO MEET YOUR
PROCESS REQUIREMENTS

We design, engineer, fabricate and install
special High Vacuum process equipment.

In the High Vacuum field National Research

Corporation offers you unified, under-one-roof

control and responsibility. We not only build
equipment, but also undertake development
work for others in fields where the unique ex-
perience and ability of our own Research Divi-

sion can be used to your advantage.

If you plan, to profit from your own High
Vacuum process developments—if you require
assistance in developing your processes—you
should become acquainted with the National
Research Corporation, 70 Memorial Drive,
Cambridge 42, Massachusetts.

—" ; -
-

R
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A

Y-
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sl

COATING HIGH TEME. SINTERING | ‘

oy

HIGH VACUUM FOR INDUSTRY

NATIONA SEARCH CORPORATION
\YRCUUIM ™ s
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Truarc inverted rings align shafts,
2100 per unit

save 20 minutes

* Production savings and
sales advantages result from _
redesign with four Truarc rings

® Eliminote two drilling, two tapping operations, and
the fabrication of two collars and four pins.

® Eliminate two set screws,

® Cut dis-assembly, re-assembly time 75%.

® Make for closer tolerances.

® Make drive shaft self-aligning: operation by user
greatly simplified.

® Make more delicate adjustments easier for user.

® Streamline entire unit.

® TOTAL OVERALL SAVINGS, per unit . . . $1.00

Elevator-rod detail of Skyview Condenser En-
larger, where Truorc Inverted Retaining Rings
pravide unifarm shoulder for obutting curved
surfoce of helicol spring, imprave product.

—there’s a Truarc ring that does a better
job of holding parts together. All Waldes
Truarc retaining rings are precision engi-
neered, easy to assemble and dis-assemble,

Like the Skyview Camera Company of
Olmsted Falls, Ohio, re-design with Truarc
and you will cut costs and improve your
product too. Wherever you use machined
collars, nuts, bolts, snap rings, cotter pins

Sec us at the Power Show, Grand Central Palace, N. Y.
November 29-December 4, Booths 522-523

retain circularity always to give you a
never-failing grip. They can be used over
and over again. Send us your problem.
Waldes Truarc engineers will be glad to
show how Truarc can help you.

® Send for new Truarc booklet,

“New Development In Retaining Rings’’

wn Waldes Kohinoor, Inc., 47:10 Austel Place |
L n E s Long Island City 1, N. Y. ]
Please send booklet,’New Development In Refaining i

Rings''to i

\ Name I

|

~__.—{ Title. l
REG. U. S. PAT. OFF, | Company I
RETAINING RINGS L uines naves -

WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK | Ciy Zone State ]
WALDES TRUARC RETAINING RINGS ARE PROTECTED BY U, 8. PATS. 2,302,948; 2,026,454; 2,416,852 AND OTHER PATS, PEND, B e o e S B N S GUAN D IS WD S S SN Eu --
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THERES PROFIT FOR YoU IV
THE TIME AND MONEY-SAVING QUALITIES OF

PERMANENT MAGNETS

Several avenues of profit are open to you in Arnold
Permanent Magnets. You can improve the performance
and overall efficiency of equipment. You can increase
production speed, and in many cases reduce both weight
and size. And most important, you can maintain these
advantages over any length of production run or period
of time, because Arnold Permanent Magnets are com-
pletely quality-controlled through ervery step of manufac-
ture—from the design board to final test and assembly.
You'll find them unvaryingly uniform and reliable in
every magnetic and physical sense.

It’s our job to help you discover and then fully attain
these benefits. Arnold Products are available in all Alnico
grades and other types of magnetic materials—in cast or
sintered forms, and in any size or shape required. Qur
engineers are at your command-—check with our Chicago
headquarters, or with any Allegheny Ludlum branch office.

wW&D 1298

-

THE Altﬁo'l.li ENGINEERING CO.

ﬂ‘\ﬂ”—" Subsidiary of ALLEGHENY LUDLUM STEEL CORPORATION

4@3" 147 East Ontario Street, Chicago 11, lilinois

Specialists and Leaders in the Design, Engineering and Manufacture of PERMANENT MAGNETS
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Definitely cn the Picture
£0 A

/ ﬂ. o0 &_ -
—— IC——

Tubular Ceramicons
1—15,000 MMF

| Feed-Thru Ceramicons
3—1,000 MMF

—— o H

Plate Ceramicon |
.005 and .01 m‘d.

| Button Mica Condensers
| 15-—6,000 MMF

Stand-Off Ceramicons
1—2,500 MMF

15 KV—.0005 mid.
Filter Condenser

% L%
Custom Injection Molded
Coil and Transformer Forms

/)
Pty
Soceut wih 1,000 WAF ERIE RESISTOR

\ built in by-pass condensers

_\\N-

Vi T Tubular Trimmer

THE special problems inherent in tele- filtering circuits. Rated at 15 KV and havinga
vision receivers have been given careful atten- capacity of 0005 mid. these units are unusu-
tion by Erie Resistor engineers in designing ally compact and economical. Plastic coil and
condensers for these applications. transformer forms are custom injection molded

The components illustrated above have been to customer’s specifications.

correctly designed for efficient operation at We will be glad to send you technical data
high frequencies. The condensers have low and samples on any of the condensers shown
series inductance and incorporate specially above. Our engineers are at your service to
designed terminals and mounting arrange- develop special ceramic or mica condensers
ments. Of special interest is the high voltage for television applications.

Erie Double Cup condenser for power supply

«“Ceramicon'’ is a registered trade name and refers to ceramic dielectric condensers manufactured by Erie Resistor Corp.

ERIE RESISTOR CORP., ERIE, PA.

LONDON, ENGLAND ... TORONTO, CANADA

— c— A
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@D Am-m & Tv

TRANSMITTERS

are equipped with

RayTHEON Manufacturing Company’s am, Fm
and TV transmitters, including the famous
“RF-3” 3-KW FM, “RA-5” 5-KW AM and the new
“RTV-500" 500 watt Tv and “RTV-5" 5000 watt TV
equipment employ Adlake Relays for coNTROL.

Silent and chatterless, Adlake Mercury Plunger
Type Relays are an integral part of these stream-
lined transmitters which produce high fidelity
modulation with a low noise level.

Besides silent operation, Adlake Relays bring
these advantages to any job where relays are
used:
® Hermetically sealed contact mechanism is
impervious to dust, dirt and moisture.
® Liquid mercury-to-mercury contact prevents
burning, pitting and sticking.

® Adlake design armors relays against out-
side vibration or impact; they are usable on
either stationary or fixed equipment.

Whatever your relay needs are, there’s an Adlake
Relay to do the job. You’ll like our free, illus-
trated folder giving full details. Write for it
today to: The Adams & Westlake Company,
1107 N. Michigan, ELKHART, Indiana.

Adams éH;Vestlake

Est. 1857 « ELKHART, INDIANA « New York Chicago

Manufacturers of Adlake Hermetfically Sealed Mercury
Relays for Timing, Load and Controt Circuits

Adlake Relays -

& 5 G

(Above) Relay panel in Raytheon’s RF-3A
3-KW FM AMPLIFIER (shown below)

46
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The right material for your job
.. . right at your fingertips!

How to Save Pr'od’u'ctid'n Hours and Dollars
on Your Electrical Insulating Jobs . . .

One of the surest ways to reduce
unit costs on any job is to be right
the first time when selecting ma-
terials. Continental-Diamond’s
complete line of high strength
electrical insulating materials
makes proper product engineer-
ing easy.

There are trained C-D techni-
cians on hand at all times to give
you personal help in getting bet-

ter, lower-cost applications. To be
sure of being right the first time
in the selection of materials, call
your nearest C-D office whenever
the need arises.

C-D HIGH-STRENGTH PLASTICS

DIAMOND FIBRE—Vulcanized Fibre.
VULCOID—Resin Impregnated Fibre.
DILECTO—Laminated Thermosetting Plastic.
CELORON—Molded High-Strength Plastic.
MICABOND—Bondec Mica Splittings.

DE-4-48

BRANCH OFFICES: NEW YORK 17  CLEVELAND 14 « CHICAGO 11 e SPARTANBURG,S.C. + SALES OFFICES IN PRINCIPAL CITIES
WEST COAST REPRESENTATIVE: MARWOOD LTD., SAN FRANCISCO 3 e IN CANADA: DIAMOND STATE FIBRE CO., OF CANADA, LTD., TORONTO 8

)}
(,(-II/IH(/II/((/ l]/(unu/(/ FIBRE COMPANY

-
Estchlickay 1695 . Manufecturers of Lamincted Plastics since TQTT—NEMWALL 10 - DELAWARE
M
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use

AMERTRAN

all the way

N manufacturing, specialization is as im-

portant as it is in medicine or any of the
other professions. Since the founding of this
organization, we have specialized in the
development and manufacture of trans-
formers and allied components. Whether
| your requirements are for large liquid-
immersed units or small dry-type trans-
formers, special designs made in our job
shop or conventional designs manufactured
on our mass production lines, Amertran
engineering, experience, and adequate pro-
duction facilities are at your disposal.

For electronic transformers, Amertran all
the way!

AMERTRAN "K” llNE = A line of avdio and

power transformers and reactors available for mass pro-
duction requirements, AmerTran has the production facility

to maintain production schedules,

THE AMERICAN TRANSFORMER CO.
178 EMMET STREET .  NEWARKS,N. J.

50

MODULATION TRANSFORMERS AND
REACTORS ~— Supplied in matched units for every sixe

of transmitter.

“W’ DRY TYPE TRANS-
MITTER COMPONENTS—

Economical self-ceoled trans-
formers and reactors — for
better rectifier construction and

operation.

HERMETICALLY
SEALED
TRANSFORMERS —

Highly resistant to mois-
ture, shock, pressure and
femperature variation.
Either liquid-immersed or compound filled. Liquid-

immersed type for high voltages reduces size and

weight, with lower corona effect.

MANUFACTURING SINCE 1901 AT NEWARK. N J

Pieneer Manufacturers of Transformers, Reactors and

Rectifiers for Electronics ond Power Transmission

December, 1948 — ELECTRONICS
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1t’s your move! You are as.sembling a Home Entertainment Cen-
ter or a Ham Shack and need fine loud speaker performance
and cabinets for the ever expanding requirements of audio-
video equipment. Designed by leading furniture stylists and
electronics engineers, Customode’s “building block” versatility
enables you to create thousands of cabinet variations as you
wish—when you wish. I#'s your move! Write today for literature
and scale cut-up illustrations. Jensen Manufacturing Co., 6607
S. Laramie, Chicago 38, IlL
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sensitive
ALLIED
RELAYS

FOR A LIMITED POWER SUPPLY
OR PRECISE OPERATING
CHARACTERISTICS

This new folder shows 24 small, com-
pact Allied Relays with a carefully
detailed table of characteristics
and specifications. Write for YOUR
free copy today.

ALLIED

)
Ty L

ALLIED RELAY

SENSITIVITY:
9 MILLIWATTS

Supplied with contact ar-
rangements up to 2-pole
double-throw. Standard
silver contacts rated at 1
ampere at 24 volts DC or
110 volts AC non-induc-
tive. Coil rating 9 milli-
watts up to 38 volts DC
and 0.12 volt-amperes up
to 110 volts AC. Dimen-
sions: 134" x 234" x 234",

D

,
Type LJ

ALLIED RELAY

SENSITIVITY:
11 MILLIWATTS

Contact  arrangements,
single-pole double-throw.
Standard silver contacts
rated at 2 amperes at 24
volts DC or 110 volts AC
non-inductive. Coil rat-
ing 11 milliwatts up to 25
volts DC. Coils available
for DC operation only.
Dimensions: 114" x 134"
x 134",

TYPE
ALLIED RELAY

SENSITIVITY:
80 MILLIWATTS

Supplied with contact ar-
rangements up to 2-pole
double-throw. Standard
silver contacts rated at 2
amperes at 24 volts DC
or 110 volts AC non-in-
ductive. Coil rating 80
milliwatts up to 31 volts
DC. Coils available for
DC operation only. Di-
mensions: 135" x 1%0” x
134",

CONTROL COMPANY, INC.

2 EAST END AVENUE, NEW YORK 21, NEW YORK

32
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MORE SALEABLE WITH

Reg. U.S. Pat. Off.

You may build the best appliance of its
kind on the market —but if it sets up
local radio interference—you’ll have tough
sledding against today’s keen competition.
Your customers are demanding radio
noise-free performance in the electrical
equipment they buy.

The answer, of course, is to equip your
products with C-D Quietones. Why
Quietones? First, because they’re the best-
engineered noise filters — second, because
they guard your product’s reputation by

giving long trouble-free service — third,
because they’re designed and built to meet
manufacturers’ specific needs — efficiently
and economically.

Speed up sales — build prestige — boost
profits with C-D Quietones. Your inqui-
ries are invited. Cornell-Dubilier Electric
Corporation, Dept. K-12, South Plainfield,
New Jersey. Other large plants in New
Bedford, Brookline and Worcester, Mass.,
and Providence, Rhode Island.

Make Your Product More Saleable
with C-D Quietone Radio Noise Filters
and Spark Suppressors

MICA ¢ DYKANOL °* PAPER o ELECTROLYTIC

ELECTRONICS — December, 1948
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' Faster, Cheaper

Control

- FOR THE JOB THAT DEMANDS
; PRECISE CONTROL OF DRIVE SPEEDS

The textile industry supplies an excellent example of
how Westinghouse Electronic Controls are helping to
speed production of better products at lower cost.

The industry’s trend toward high-speed, high-quality
production runs developed a need for closer control of
warper drives. The answer was found in Westinghouse
Electronic Warper Drive—an adaptation of Mot-O-Trol
—which applied the precision of electronics to main-
tain the rigid but necessarily gentle control over yarn
tension and speed.

Many of Mot-O-Trol's unique features contributed
to its ability to handle this tough control job. Its ability

t to provide a wide, stepless range of speed control for
d-c motors from alternating-current sources; its ability
to start motors, to bring them up to a preset speed
smoothly and rapidly, to permit wide changes of speed
at any time, to regulate speed under varying loads, to
apply dynamic braking for timed stopping, to reverse
the motor when necessary.

All of these remarkable Mot-O-Trol functions, plus
many others, are the products of electronics. In which
of them do you spot an opportunity to boost the effi-
ciency of your men and machines . . . to produce faster,
better and cheaper? For complete details ask for booklet
B-3256. Call your Westinghouse representative or

write to Westinghouse Electric Corporation, P. O. Box

868, Pittsburgh 30, Pennsylvania. J-60682 Mot-O-Trol provides precise control in a pack-
aged drive that needs no additional equipment.

It can be mounted on or built into machines.

Westin ghouse

PLANTS IN 23 CITIES ... OFFICES EVERYWHERE
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INSUROK is a registered trade-mark of The
Richardson Company.

When it comes to serving industry through
plastics, the names of Richardson and
INSUROK command respect and attention

in high places.

To our old friends, we offer assurance that
past high standards of quality and materials
and skilled workmanship will be zealously

protected.

To new prospects, we offer an invitation—
let us prove our claim that Richardson
experience, talents and facilities can mean
worthwhile benefits for you in meeting

your plastics requirements.

RO

The RICHARDSON COMPANY

CLEVELAND e DETROIT e INDIANAPOLIS e MILWAUKEE o
BRUNSWICK, N.J. o NEW YORK e PHILADELPHIA e ROCHESTER e

LOCKLAND, OHIO L] FOUNDED IN 1858
Sales Headquarters: MELROSE PARK, ILLINOIS

NEW
ST. LOUIS
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WE CAN HELP YOU WITH ~

Dur experience—in  engineering, designing, - and NEED ARTIFICIAL LIGHTNING? Putent artificial
lightning bolts—at voltages up to 10,000,000—are

building performance tnlo energy-storage and dis- not a usual need. But when required—for univer-

charge capac'itors—ma?/ provide juSt the help you are sities, laboratory testing, or exhibition—General
looking for. Electric can build the capacitors. A typical example
is the 100-kv d-¢ unit, about 8 feet in diameter and
2 feet high. Units can be stacked, as shown, for
ease of installation and minimum space. In some

Do you make discharge welding or photographic
Alash-tube equipment? Radar equipment? F lash bea-

cons, aircraft signalling, or similar devices? Or re- instances as many as 100 separate units have been
search tools, from spectroscopes to cyclotrons? We placed in series to produce 10,000,000 volt dis-
have furnished a large proportion of the capacilors charges.

used for all of these applications.

Unusual applications, too—like those listed below
—are a specialty with us. Whatever your problem,
let our engineers give you a hand. Apparatus Dept.,
General Electric Company, Schenectady 5, N. Y.

NEED SQUARE WAVES? Pulse-forming networks can provide
them. Networks are used where the normal capacitor discharge
wave shape is not suitable and where an impulse must have definite
energy content and duration. The Type E network, produced by
General Electric, consists of capacitor and coil sections, adjusted
to close tolerances, and hermctically sealed in single metal con-
tainers. Built by the thousands for radar, they are now available

for commercial use.

OR DO YOU WANT TO TAKE A PICTURE? A maker of flash-
tube photographic equipment wanted a lighter capacitor for
his portable sets. Our designers went to work and came up
with just what he desired—and one which he could use, also,
for his studio equipment at a censiderable saving in price.
(In case you're interested, this capacitor is rated 1} muf, weighs
2V, Ih, and delivers 43.8 watt-seconds with 1000 hour service life
or 38 watl-seconds at 400 hours. Used i pairs, they replace a
28 muf-studio capacitor, save tu cost too.)

GENERAL ELECTRIC

407-176
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- RADIO « TELEVISION - INDUSTRIAL

to meet both your
specifications
and your budget

Write for Electronic Components Catalog RC-7 (e

Sample controls gladly submitted &
to specifications to quantity users.
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Fixed and Variable Resistors « Iron Cores (All standard and special types) « Switches
(inexpensive line, slide and rotary-action types) « Sintered Alnico Il Permanent Mag-
nets . . . and hundreds of molded iron powder, metal, carbon and graphite products.

Electronic Components Division

STACKPOLE CARBON COMPANY « ST, MARYS, PA.
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the latest great contribution to modern AM broadcastz'ng

The 21B/21L is the finest 5/10 kilowatt AM broadcast transmitter of
which Collins engineering and manufacturing skills are capable. No com-
promise has been made for reasons of economy. Without deviation, our
purpose has been to achieve the highest possible quality regardless of cost.

Yet the 21B/21Liscompetitively
priced.

When furnished as the Collins
21B, this is a five kilowatt trans-
mitter with provision for instanta-
neous reduction of power to 1,000
watts. It is designed to permit full
1009, modulation of the carrier at
frequencies between 30 and 10,000
cycles per second. The audio fre-
quency response is constant, plus
or minus 1.5 db, within this range.

Featured are utmost reliability,
with fine components, conservative-
ly rated; vertical chassis construc-
tion, and easy accessibility of com-
ponents and wiring; precise motor
tuning with eye-level metering
throughout; adequate air cooling;
dependable personnel and circuit
protection.

The 21B may be converted to be-
come the ten kilowatt 21L by in-
serting an additional power tube in

FOR BROADCAST QUALITY, IS ...

S i

COLLINS RADIO COMPANY, Cedar Rapids, lowa

11 West 42nd Street, New York 18, N. Y.

7\
N\

a socket already installed, and mak-
ing a few simple additions in the
exciter and power amplifier cabi-
nets. The 10 kw 21L (pictured
above) may be purchased initially.

If you are contemplating the re-
placement of obsolescent 5 or 10 kw
transmitter equipment, or the build-
ing of a new station of either of
these powers, the very efficient,
completely modern Collins 21B/21L
should be your first consideration.
We will welcome your inquiry for
further information.

438 South Spring Street, Los Angeles 13, Californio

ELECTRONICS — December, 1948
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414 894 824 10
LIMITER MONITOR AMPLIFIER CUTTER

Youre sure

WHEN IT’S 100% PRESTO

Pictured hereis an all-Presto
single channel recording sys-
tem. Above is the block dia-
gram, worked out for this
equipment by Presto engi-
neers.

HEN YOU NEED recording or transcription equipment you
-» i can’t go wrong if you make the complete system 1009 Presto.
For Presto is the world’s foremost manufacturer of recording and
transcription equipment and discs. And Presto’s experience with
countless installations, including all the big ones, will aid you in
achieving greater efficiency and trouble-free operation.
The recorder is the 8DG with direct gear drive. The amplifiers RECORDING CORPORATION
are the 39-B three channel preamp, the 41-A limiter, the 92-A 60
watt recording amplifier, and the 89-A monitor. Paramus, New Jersey
Mailing Address: P.O. Box 500, Hackensack, N. J.

Multiple channel installations consist of as many duplications of
the basic channel as are needed with the addition of switch or patch- In Canada: WALTER P. DOWNS, Ltd., Dominion Sq. Bldg., Montreal
ing facilities. When vou think of recording, think of PREsTO.

WORLD'S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT AND DISCS
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Indiana—world’s largest exclusive
producer of permanent magnets—is
the only manufacturer furnishing all
commercial gradesof permanent mag-
net alloys. Most commonly used are:

CAST:

Alnico I, 11, 111, IV, V, VI, and X!1;

Indalloy; Cunico; Cobalt.
SINTERED:

Alnico 11,1V, V; Indalloy; Vectolite.
DUCTILE:

Cunico; Cunife 1 and II; Silmanal.
FORMED:

Chrome; Cobalt; Tungsten.

Ask for free Book No. 4-E12—our
new permanent magnet engineering
manual. A note on your company let-
terhead will bring a copy to your desk.

40 YEARS OF BETTER
PERMANENT MAGNETS

*
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Indiana’s experience brings
Better Designs, Lower Costs

Recently our engineers, working with those of King-Seeley
Corp., helped design an entirely new permanent magnet for
a greatly improved speedometer. This Indiana magnet, made
of Cunife, weighs one third less than the previous magnet, yet
has 309 more energy. It reduces bearing load by 50%, and
is 750% more stable—is far more resistant to shock, temper-
ature change, stray magnetic fields. And it costs less.

WE MAY HAVE YOUR ANSWER, TOO

For four decades, the pace-setting design techniques at Indiana
have made possible new and better permanent magnets. This
“packaged energy” improves performance, adds new func-
tions, saves money in countless different products ... as mechan-
ical force in holding and separating devices . . . for chang-
ing electrical energy to mechanical motion and vice versa ...
for changing the apparent characteristics of materials. Indiana
offers you the experience and know-how of more than 30,000
different applications. Let's get our engineers together on
your problem. Write foday.

THE INDIANA STEEL PRODUCTS COMPANY

PRODUCERS OF "PACKAGED ENERGY*
6 NORTH MICHIGAN AVENUE

ELECTRONICS — December, 1948

CHICAGO 2, ILL.
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FM TRANSLATOR
General Electric Model XFM-1

S

Post-war version
of the old G.E. J.F.M-90

Translator which was vsed and enjoyed by
tens of thousands of discriminating radio
listeners,

Covers 88-108 mc range, diol 12 inches
long, uses guillotine tuning for highest
efficiency, high stobility. Designed for ex-
port, hos power inputs for 110 to 250
volts, 50/60 cy. Used in conjunction with
good audio section or seporote omplifier
will provide best FM listening you ever
heord. In oftroctive naturol walnut cabinet
~ 103" high x 15%" wide x 113;" deep,
complete with 8 tubes. Tropic-proof con.
struction. Quantity limited.

Special Price.......$49.50
TECHMASTER TV KIT

i Exactly
The Same as the , |

RCA 630TS TV Chassis ¥/

Compieie kit of parts, inciuding pre-wired
and aligned RCA frant end, condensers,
resistors, punched chassis, oll tubes in.
cluding kine, complete manual with service
notes, oll RCA...meecenern$198.50

MICROGROOVE

Harvey hos everything in microgroove
equipment: motors; pickups; GE and Picker-
ing cortridges, both sapphire and dia-
mond; Coltron sopphire; Astotic duol 33V4.
78 crystol arm; Livingston universol arm,
ete. Write to Horvey for oll your wonts in
LP-microgroove,

All prices Net, F.O.B., N.Y.C.
Subject to Change Without Notice

.Tel_epht)‘(le; LUxemburg 2-1500
HRAHRVEY;
[ 1 [ 3 o
Fh sl 1

RADIDXOMPANVANT:
103 West 43rd St., New York 18, N. Y,
R e TS

il
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BUSINESS BRIEFS

By W. W. MacDONALD

More About Mobilization: Since
last month (Nov., p 64) we have
learned that no less than four
plans for further mobilizing the
electronics industry in prepara-
tion for a possible war are being
studied in Washington. Two of
them, one apparently favored by
the military and the other by a
majority within the industry, ap-
pear to clash in basic principles.

The first envisions placement of
contingent contracts involving per-
formance of all the paper-work
connected with planning but stop-
ping short of actual additional
production. It places the major
planning responsibility upon in-
dustry but retains the power for
direction and policing of the job
within government circles. It vis-
ualizes use of a great many manu-
facturers as prime contractors
rather than subcontractors.

The second plan revolves
around the placement of leader-
operation  contracts for pilot
quantities of needed military
equipment. It places the major
planning responsibility upon gov-
ernment but suggests that con-
tracts be distributed by a civilian
member of the industry. It favors
initial use of some 40 or 50 com-
panies as prime contractors, with
other manufacturers serving as
subcontractors.

From where we sit it looks like
the answer is somewhere between
two imperfect plans, both of which
have their good and bad points.

It appears unlikely that any plan
calling upon manufacturers to do
a lot of paper work in peacetime
for peanuts will be conducive to
action. Some more effective method
of sharing the planning load
should be possible without ap-
pointing either an industry or a
government czar. And any pro-
posed limitation of the number of
manufacturers who would work
directly for government could not
be expected to meet with enthusi-
asm on the banks of the Potomac.

Our leg-men down in the na-
tion’s capitol think there will be
two and possibly three committees

at work on a compromise before
long and so . . . still more on the
subject later.

Major Users of industrial elec-
tronic indicating, recording and
automatic control devices are the
petroleum, chemical and public
utility industries, in about this
order. These three are so recep-
tive, in fact, that we suspect our
field is to some extent neglecting
others ultimately destined to be as
important, or more important,
from the standpoint of potential
business.

Automatic Electronic Control of
batching operations is a job at
which electronics shines in many
industries. Next major trend, we
think, may be automatic control
of continuous operations, to which
industry must lean more and more
in the interest of lowered produc-
tion costs.

Speaking Of Industrial Gear,
Brown Instrument’s George Mus-
champ uses a neat adjective to
distinguish highly precise elec-
tronic indicating, recording and
automatic control apparatus from
the simpler mechanical and elec-
trical variety. He calls it “sophis-
ticated” apparatus.

Temporary Tough Sledding for
f-m broadcast interests hinted at
last month in this column (p 65)
has led the FM Association to sug-
gest to the FCC that when holders
of construction permits surrender
them for one reason or another
they should not be permitted to
reapply within two years. The
Association, realizing that a snow-
ball increases in size only when it
continues to roll, wants people to
push or get out of the way for
those who will.

Speaking Of F-M, Dean Wis-
leder of Westinghouse has written
us an interesting letter in which
he says: “So far as f-m is con-
cerned, I would warn anyone who
tries to sound a death knell that

December, 1948 — ELECTRONICS



Fellow the Leaders to
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The Pewer for R-F

EIMAC VVYC $0-20 in an ultra-compact 4-250A | KW Amplifier.

Consider the advantages . . . and Eimac @ Capacitance variation is linear with shaft
Variable Vacuum Capacitors become the rotation.
essential component in modern circuitry. i ;L I
@ Extremely compact size reduces equip- i : il S I —
ment bulk. Type VVC 60-20 is less than i - —— 1
one-sixth the size of air-dielectric capaci- u:
tors with similar ratings. : e

@ Low temperature coefficient. Negligible

<‘§\ change in capacitance due to temperature

variance. (.004 mmfd. per degree cent.)

Eimac variable vacuum capacitors are immedi-

-I'H‘L—»qi —Jgr_l Coane o s eas
= " ol PeUR00S ately available. Ir addition to the type VVC

60-20 illustrated here, there are types VVC2
60-20 and VVC4 60-20.

@ Structural rigidity eliminates electro- GENERAL CHARACTERISTICS
mechanical vibration. Capacity  RF Pesk Voltage Memg [0
YYC 80-20 10-60 mmf, 20-KY 40 amp,
@ Low-torque tuning mechanism. V¥C2-60-20
Parallet 20-120 mmf. 20-KV 80 amp.
Split-stator  5-30 mmf. 40-KY 40 amp.
@ Unaffected by dusty or humid atmos- VYC4.80.20
. . . . Parallal 40-240 mmf. 20-KY 160 .
pheres. Ideal for industrial application. Splibstator 1060 menf. WKV 80 ampy

EITEL-McCULLOUGH, INC.

206 San Matee Ave., San Bruno, California

Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California
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" HATHAWAY
for EVERY purpose

$8-B General Purpose, 12 to
24 elements, for laboratory or field
use, quick-change transmission for
wide range of record speeds, auto-
matic titling and numbering, auto-
matic record-length control, tuning
fork time marker, galvanometer
attenuators, governor motor.

(Bulletin SP165)

88'( General Purpose, 24 to 36
elements, otherwise same as type S8-B.
(Bulletin SP165)

Ss-D General Purpose, 12 to 24 ele-
ments, similar to type S8-B except without
automatic controls. (Bulletin SP175)

$12-A Small Portable, Gen-
eral Purpose, the smallest com-
plete 12-element oscillograph.

(Bulletin SP167)

86'A Geophysical, 12 elements.
86'8 Geophysical, 24 elements.

$14-AStudent's Oscillograph,
6 to 12 elements, ultra-simple, low
in cost. (Bulletin SP183)

S1S'A Portable Self-Powered, 6 ele-
ments, for use where very small size is
essential and power is not available.
(Bulletin SP193)
8(16'A Cathode Ray. 6 elements,
very high frequency response and writing
speed, record speed to 6000 inches per
second. (Bulletin SP194)

RS9-A Automatic Oscillograph, 12
elements, for switchboard or portable use,
for automatic recording of faults or staged
" system testing, high-speed starting.

(Bulletin SP196)

. WHATEVER YOUR REQUIREMENTS MAY
BE THERE IS A
HATHAWAY OSCILLOGRAPH FOR YOU

WRITE FOR

-
INSTRUMENT COMPANY Z '/7

1315 SO. CLARKSON STREET « DENVER 10, COLORADO . .

BUSINESS BRIEFS (continued)

it is merely overexpanded for the
moment. There are several rea-
sons whny it will come through
with flving colors.

“People will buy f-m and a-m re-
ceivers because of vanity if nothing
else. In summer daytime, f-m
actually renders service at 100 to
150 miles from transmitters where
a-m stations are ineffective. Most
a-m broadcasters must offer their
client f-m too in order to keep up
with their competition.”

Down in Birmingham an elec-
troencephalograph, or brain-wave
recorder, is 1'epor§ed to be picking
up programs from local radio sta-
tions. Retaliation, no doubt, for
the strain placed upon the ma-
chine by patients seeking relief
from the effects of quiz programs.

C-R Tube Bottleneck may still
be present in the television picture
next spring but glassmakers are
now keenly aware of the market
waiting just around the corner
and are busting a gut to serve
tubemakers. Kimble Glass divi-
sion of Owens-Illinois tells us, for
example, that two years of prog-
ress have been telescoped into six
months. Machine methods are
taking the place of hand work, and
90 percent of the firm’s 600 em-
ployees have had special training
in such methods for the produc-
tion of 10 and 12}-inch envelopes.

We’'ve Commented several times
on the television installation and
servicing problem, and stuck our
neck out to the extent of saying
that there will come a day in the
not-too-distant future when dealers
and servicemen will have to do most
of it if sales are to keep up with
demand. Now we are reminded by
a reader that if and when this day
comes the flat annual charge idea
will probably go out the window.

At This Writing there are 70
brands of television receivers on
the market. Statistics concerning
the types of sets offered by manu-
facturers do uot necessarily indi-
cate what types the public will
buy, and this fact should be care-
fully noted, but they are of some
market significance so we offer
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them here for what they’re worth.

Models offered by the 70 com-
panies total 185, broken down as
follows:

449, table

35 console

10 commercial
9 kit
2 custom

List prices average $673, rang-
ing from $59.50 (kit) to $2,495.
A check on optical systems indi-

cates that of the 185 models 88 |

percent employ direct-view, 10
percent projection and 2 percent
mirror-reflected image systems.
With respect to c-r tube sizes:

419 have 10-inch tubes
2 12
16 15

<

7
20

16

] S1 ST IN== 1 o
«

Total number of tubes in the
average model offered is 29, with
11 the smallest and 48 the largest.

Some 51 percent contain no a-m,
f-m or s-w broadcast radio tuners.
Of the 185 models:

19% provide a-m and f-m radio
15 f-m

10 a-m, f-m and s-w
3 a-m

1 a-m and s-w

1 f-m and s-w

Record players are included in
72 percent.

Of the available models:

629% tune 13 channels
2 12

8
11
7

BB b 1D O 8

6
5

Two Straws In The Wind within
this issue of ELECTRONICS indicate
that we may be entering an era in
which research is made to pay for
itself more rapidly than in the
past. The first is Waldo Kliever’s
significant suggestion for selling
research ideas to management,
sales and production (p 68). The
second is the knowledge that Sono-
tone paid much of the freight on
further research in connection
with piezoelectric barium titanate
by quickly going into production
on phonograph pickups (p 94)
made of the new ceramic.

Story Of The Month: The
trouble with salesmen, says an en-
gineer who has evidently tried
without success to put over a
technical point, is that when you
tell them something it goes in one
head and out the other.
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RELAYS

ARE USED IN

Western Elecfric

POWER LINE
CARRIER TELEPHONE SYSTEM

Subscriber Terminal Equipment

‘Swm Instruments, inc.

,wwaﬁz/ae RELAYS

62 CEYLON ST., BOSTON 21, MASS.

The Western Electric M1 Power
Line Carrier Telephone System per-
mits telephone service in thousands
of farm houses having electric
power service but no telephone wire
line connections. It will help raise
living standards in many rural areas.

Sigma Relays are used for three
functions in this equipment, two of
which are unusually exacting. By
careful cooperative study of each
applxcatlon Slgma was able to work
out solutions using highly refined
but none the less conventional sen-
sitive relays of standard Sigma de-
sign — available at comparatively
low cost.

From veading machines to V-
Bombs specialized relay design
plus facility at solving problems
involving c¢'rcuit, relay and func-
tion enable Sigma to render valu-
able service.

SIGMA RELAY TYPES

A.C.-D.C.-POLAR
SENSITIVE - PRECISION - KEYING
SINGLE OR MULTIPLE CIRCUIT

From 68¢ to $25.00 each!
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FP Capacitor Assembly

For the past ten years Mallory FP Capacitors have set new standards of dependability.
Now new improvements make them more reliable than cver.

Q@ New design anode tabs cannot break from Lower tab to terminal contact resistance for
vibration. sensitive circuits.

(@ Extra heavy rubber seal for high temperature
and ripple conditions 1ith venting feature
preserved.

@ Ample air space retained for gas expansion
at elevated temperatures.

(@) New staking method beticeen anode and tab Heavier cathode tab for better tab to ring weld,

S . ower resistan nd more r ni
permits higher discharge currents. : ce and more rugged mechanical
construction.

(@) Improved high surge separator material better (® Special etched cathode (all voltages) reduces

at high temperatures. loss of capacity under high ripple conditions,
lowers RF impedance and remarkably reduces
(8) Unique processing improvements provide still intersection coupling.
better [)crfu‘rman(‘c’ at 85°C. No ”01“fg" de- Increased FP anode ratio of 12 to 1 at 450V
rating required by Mallory FP capacitors at and 15 to 1 at 150V provides better design
this temperature. (Including the 450V rating.) Jactors.

Still cost no more. Mallory FP capacitors have given exceptional performance
al prices comparable to ordinary capacitors. These new improve-
ments have all been accomplished withont extra cost to the user.

Yours for the asking!

Send for the Mallory Capacitor ERLMALLORV & CQ Inc.
Catalog, which contains useful
data on all types of Mallory Ca- C A P A C I T o R s

pacitors—sizes, elecirical char-

oomtig hardwarer o . (ELECTROLYTIC, OIL and WAX)

P. R. MALLORY & CO,, 'Inc., INDIANAPOLIS 6, INDIANA
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CROSS

» TELAUTO . .. The question of the bandwidth re-
quired to transmit intelligence at a given rate is, to
judge by its many appearances in this column, a
subject on which we’re hipped. At any event we were
much taken by Bill Tuller’s discourse on the weather
map and the telautograph, given at a recent com-
munication symposium in Washington. It is cus-
tomary to transmit weather maps by facsimile, using
the familiar line-at-a-time scanning process. But
this system ignores the evident fact that the map of
the United States stays reasonably constant from
day to day. What changes is the position of the iso-
bar contours and associated symbols. Recognizing
this fact, we might send the basic map through the
mails and employ a telautograph (the gadget com-
monly seen in stores, banks and railroad stations
which transmits handwriting by an electrically-actu-
ated pen) to transmit, handwriting-fashion, the con-
tours and symbols. The facsimile scanning system
needs a bandwidth of several hundred cycles. The
telautograph, freed from the necessity of transmit-
ting anything but the essential information super-
imposed on the map, needs a bandwidth of only 15
cycles to do the job at the same speed. Tuller’s
point is that a transmission system set up to take
account of the special characteristics of the informa-
tion to be transmitted may be much more efficient
than one which ignores said characteristics.

A logical extension of this philosophy applies to
television. The background of many television
scenes remains unchanged for considerable periods,
and need not be changed in less time than, say, a
quarter of a second. Suppose then that the back-
ground could be transmitted separately from the
central subject matter. If a storage screen were
available to retain the background it could be trans-
mitted at a slow rate, that is, in a narrow band. The
major part of the video band might then be reserved
for depicting the smaller area comprising the central
subject of the scene and the detail of this subject
would be correspondingly enhanced. The detail of
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the background, being sent at a slow rate, could
readily be made to match the hign value possessed by
the central subject. This proposal is easily stated,
much more difficult to achieve in practice, and its
application is limited to scenes having separately de-
lineated subjects and backgrounds. But in the long
run it may prove to be a practical method of enhanc-
ing the detail of television images.

» BROAD . .. Progress in the design of broadband
amplifiers for television, radar and pulse communi-
cation is so rapid that, for a change, the engineers
are ahead of the demand. When electronic television
came along in the early thirties, the tubes of the day
permitted amplifying a band no wider than a few
megacycles. Then came radar; in 1945 it was news
that an amplifier having a bandwidth of 20 mega-
cycles had been achieved. Now comes a new tech-
nique, called “distributed amplification” or “wave
amplification”. Several tubes are used in each stage,
the capacitance of each tube being isolated in a
separate section of a filter. In this way the output
currents of the tubes are added while their capaci-
tances are separated, and a wholly new order of
bandwidth becomes possible. In one such amplifier,
a bandwidth of 200 me. with 9-db gain, is achieved
in an amplifier using seven 6AKS5 tubes in a single
stage. Further progress must, in all likelihood, wait
until someone finds a use for what is now available.

It is indeed encouraging when the techniques thus
outstrip the applications. It gives the system engi-
neers something to think about: a 200-mc¢ amplifier
can transmit at one crack all the signals in the pre-
war frequency spectrum, all point-to-point, marine,
mobile services, all standard broadcast, f-m, fac-
simile, all television, navigation, and amateur sig-
nals. Looked at another way, a 200-mc bandwidth
can transmit messages at the rate of over a billion
words per hour, or a ten word telegram once a day
to every man, woman and child on earth. The ampli-
fier exists. Any takers?
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Here is an article that is definitely not technical. ELECTRONICS,
a technical magazine, is nevertheless proud to present it.

The subject is important to everyone in every manufacturing indus-
try. In a new and fast-changing industry like electronics, a continuing
supply of new products is particularly essential. Here, however, as in
so many other fields, the lifeline of idea-flow from research through
production is being throttled at dozens of points.

The author tells what you can do about it in your own plant.

—THE EDITORS

Selling Research Ideas

An idea born of research is useless unless pushed and passed on by those who come

after, right through production of the resulting new or better product. Idea promotion

requires cénvincing facts, good research reports, working models, repeated follow-ups

and frequent research-design-sales meetings

HERE ARE THOSE who would say

that after research people have
done their work it is up to manage-
ment or somebne else to see that its
results are used. That would be
lovely if it would work. I well
remember thinking, when starting
out in the business of research, that
when something good was devel-
oped there would be no doubt about
anyone being interested in it. How
innocent!

After working on a number of
problems I folind that while I could
develop what appeared to be good
workable devices to satisfy the
problems that had been assigned to
me, everything seemed to end at
that point. I would show the work-
ing models and everyone would say
“How nice” or “That’s wonderful,”
but that was hll.

Even the people who had asked
for the developments had in the in-
terim become interested in other
things and were not inclined to do
anything about it.

There I was as helpless as the
distinguished visitor trying to
make a phone call from the insane
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By WALDO H. KLIEVER

Director of Research
Minneapolis-Honeywell Regulator Co.
Minneapolis, Minn.

asylum. After failing sadly to get
results, he said in desperation to
the operator, “Do you know who I
am?” and she sweetly replied, “No,
but I know where you are.”

Something had to be done. In
talking with others and doing con-
siderable reading on the subject,
it became obvious that the problem
was not unique with me. One man*
confirms this as follows: “The re-
search director’s job, therefore, is
not done when the product has been
invented, designed, and proven in
theory. He has to sell it, just as
much as if he were a private
inventor.”

The Basic Problem

It is here that we bump into the
thing called human nature. People
are inclined to be interested in
their own ideas; accepting someone
else’s ideas requires considerable
effort, and there is also perhaps a
little strain on individual pride.
They have inertia; they don’t want
to be bothered. Whether it is for
these or other reasons, it is gener-
ally conceded that one of the most

difficult things in the world to sell
is an idea.

And so we come face to face with
the sales problem in research. Some
people say this should be the fune-
tion of top management. For this
reason those who direct research
are often included in top manage-
ment or in meetings with manage-
ment when decisions about new
products are made., However, the
director of research, the vice-presi-
dent in charge of engineering, or
someone in a similar position who
is very close to the research work
must still present the new ideas in
such a way that they will appear
sufficiently attractive financially
and otherwise to promote the neces-
sary interest. He must close the
gap between the technical facts and
their business significance.

The fact that any management
maintains a research organization
is evidence that it is interested in
new ideas, but it is the right and
duty of management to question

This paper was presented at the 1948
National Electronics Conference in Chi-
cago.
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Regular idea-evaluation meetings are one requirement for
acceptance of good new ideas. In this typical Minneapolis-
Honeywell research department meeting are, left to right: Glen

Seidel, administrative engineer;

these ideas and to require proof
that they are economically sound.

In looking for solutions to this
research-sales problem, one must
go all the way back to the origin of
the ideas. An idea originally sug-
gested by those who will have to
carry on with its future—an idea
that fills a real need that is appre-
ciated by everyone—will be ac-
cepted much more readily than an
idea which enters a completely new
field or replaces devices that have
not been a source of extensive
troubles.

New ideas may come from the
customer, the sales department,
managemert, the design engineer-
ing department, the research de-
partment, as by-products of work
on other probiems in research, and
from inventors outside of the engi-
neering and research departments.

It is helpful later, when the re-
sults of a project are considered for
production, if those concerned with
passing on it at that time are in
at the early stages, provided not too
much is promised at that fime.
However, the research department
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Raymond O. Anderson,

should have the right to carry on
some investigations, especially
those of a preliminary survey na-
ture, without requiring extensive
outside approval. Then, as the idea
progresses, it should be reviewed
more carefully in the light of tech-
nical feasibility, cost and market-
ability. Ideas that prove unpromis-
ing should be eliminated as early as
a reliable decision can be made.

The complete path of a good idea
may be as follows: (1) Basic re-
search; (2) applied research or de-
velopment; (3) design engineer-
ing; (4) engineering test; (5)
methods engineering; (6) produc-
tion; (7) sales. That is a long and
devious route involving many dif-
ferent people, and it is not surpris-
ing that it involves transfer prob-
lems.

Attitudes to be Recognized

Even the basic attitudes of vari-
ous groups toward problems will
differ. For example, in basic re-
search the objective is information,
while in applied research the ohjec-
tive is new products. Companies

coordinator of reseazch; Waldo H. Kliever, director of research:
John E. Haines, vice-president; John W. Magoftin, market
research department; George Muschamp, vice-president in
charge of engineering of Brown Instrument Division

differ widely in the amount of basic
research they do. Ideas often orig-
inate from basic research dome in
other organizations, including uni-
versities. Many companies spousor
basic research in universities or
research foundations.

Basic research is very important,
but this present study will be more
concerned with selling the products
of applied research. Applied re-
search has been described® as fol-
lows: “The pursuwit of a planned
program toward a definite practical
objective—a preconceived end-re-
sult. It takes the results of funda-
mental or exploratory research and
tries to apply them to a specific pro-
cess, material, or device.”

In the design engineering group
the objective is still new products,
but with more thought to how the
new product can be manufactured
and made to work reliably under
field conditions. The research man
is an optimist who takes ideas that
everyone says are impossible of
execution and shows how they can
be made to work. The design engi-
neer is a pessimist who takes ideas
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Research reports should be attractive and
spaced typing, liberal use of subheads and a convenient table of contents as in this
annual report. Note use of special printed stationery and spiral binding

that everycne feels zre ready for
production and finds the bugs
which might cause later serions
difficulties. This division of re-
sponsibilities has been defined® as
follows: “The research man. if he is
to be worth anything, must be able
to find the grain of gold in the pan
of gravel; the development engi-
neer must be able to see the fly in
the ointment. These attitudes—
the one traired to look for iwhat's
wrong, the other to see the valuable
fealures of a compicte failure—
make engineering and research
complementary to each other, but
also miles apart.”

What abeut the attitude of the
sales people toward new develop-
ments? They will want to know
what the device does for the eus-
tomer and how it compares with
competition in performance and
price. Don't bother them with tell-
ing how it works or how it :s made.

For convincing management of
the worth of the idea, dollar signs
must be used, along with other
pertinent information.

This diversity of methods of ap-
proach is necessary in the selling of
research ideas. Know your people.

70

styled for easy reading. This means double-

Quoting again,” “There is no part
of research more important than
sales, and this means, in order of
inereasing  importance, a good
article, proper preparation of sales
presentation, full knowledge of the
financial situation of wyour cus-
tomer, knowledge of the peculiari-
ties of the personality of those to
whom you sell, and most of all,
personal contacts.”

Transferring Ideas

Having reviewed a research proj-
ect after preliminary survey, with
due regard for marketability of the
end products, the project people in
applied research proceed with the
serious business of producing the
best solutions to the problem. Here
we must be careful, in our zeal for
results, not to restrict the neces-
sary freedom of the people in re-
search.

In general, the research depart-
ments will not come up with the
kind of device expected; if they do,
it is probably a sign that the re-
search was not very thorough.
Also, if the research department is
alert there may be several possible
by-products from the investigation

which often are more important
than the original objective. The
freedom in applied research, how-
ever, is always tempered by the
feeling that research is a serious
responsibility and that there are
general objectives to be kept in
mind.

Another characteristic of good
research people must be considered.
A good research man will always
see additional ways to make im-
provements on ideas and he will
insist that he should have a little
more time to study this or that,
until the development goes on and
on without end. When to transfer
an idea from research into produc-
tion design probably constitutes
one of the most important prob-
lems in research management.
Expressed another way, it is the
problem of determining the state
of perfection which should be re-
quired before transfer to the devel-
opment team.

One procedure is to let the re-
search man continue in his endless
quest, with the director of research
or the company management re-
viewing the work periodically.
When any development has pro-
gressed to a point where it offers
sufficient improvement over equip-
ment in current use or in a new
field to justify it, and when the de-
vice developed appears to be work-
able and saleable, the available
information is extracted from re-
search for conversion into produc-
tion. We do not wait for the final
perfect design, but often allow the
research to continue on the same
problem so that in one or two years
we can obtain from it further im-
provements in products. It is much
easier to justify spending money on
further work on a project after it
is bringing returns.

Requirements for Selling

When the director of research
has selected an item to be consid-
ered for production he faces the
two-fold problem of convincing
management and sales that the new
product should be manufactured
and informing and convincing the
production  design  engineering
people that the work done in re-
search is a good basis for the de-
sign of a product.

In the sale of research products,

December, 1948 — ELECTRONICS



as with other sales work, cergain
aids are essential:

(1) Basic facts. This is the most
important requirement on the list.
It includes not only information
about what the device is and what
it can do, including test results, but
in the final form will also have to
include a market analysis, along
with cost estimates for manufac-
ture and for design and tooling.
The research department may or
may not be responsible for the
latter, but must certainly be in-
terested to see that such informa-
tion is available.

(2) Research reports. These
should include illustrations, dia-
grams and complete well-organized
information and technical data.
Reports are also a useful adjunct
to laboratory records, especially in
connection with projects not con-
templated for immediate produc-
tion, and they help to clarify the
thinking of the research people who
write them. It is worth while to
make these reports attractive and
styled for easy reading. We have
a business manager in the research
department who makes it his busi-
ness to see that the reports are
written and are complete and com-
prehensible.

(8) Models. We strongly believe
in making up working models be-
cause they help to convince skepti-
cal people, especially the design
engineers, that something usable is
being presented, and make the idea
more interesting and understand-
able. Models also help the research
people, in that they give the con-
crete objective of producing a
working model.

(4) Meetings. Most people are
overburdened these days with con-
ferences and meetings, but there
still is a useful place for them. We
believe that in getting together the
interested parties and discussing a
new product when it leaves re-
search much can be gained. Many
questions will be answered and mu-
tual interest stimulated. The meet-
ing may also point up channels for
further research which are re-
quired or worthwhile.

(5) Field applications. The re-
search department will usually be
called upon to try out the idea on
various problems in the field. Some
of this type of work is good for the
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education of research people, for
better knowledge of the product
and for promoting confidence in the
research work. In general, much
of this application work in research
should be avoided because it can
easily grow to demand a consider-
able part of research time. Besides,
it provides a good means of ac-
quainting the production design
engineering department with the
problem if the application work can
be done there.

One thought which must perme-
ate all of the above sales methods
is “Be specific”. If possible, do not
propose three ways for solving a
problem and leave it to someone
else to make the choice. The re-
search department can generally in-
form themselves sufficiently well to
be in the best position for recom-
mending a definite solution. If
research has not progressed to this
point, it is better to study the mat-
ter further before making the sales
presentation. This principle is
probably not much different here
than it is in any sales work.

Follow-Up

Having presented a new idea and
obtained approval for production
design, along with work priority
assignments by the sales depart-
ment and the design department
where necessary, one could easily
feel that now the research depart-
ment can forget the matter. Such
is far from being true. In most
cases the matter would die quickly
if so neglected, or in any case would
take routes which have been shown
in research to be blind alleys.

Nobody Likes a Change

“The greatest durability contest in
the world is getting a new idea into
any factory. It is well if the manage-
ment understands this and will con-
stitute itself the sales department for
the research organization. Otherwise,
the hard-boiled men in the factory will
put research men out of business in a
fortnight.

“When we present a new idea to
people, their first instinctive reaction
is against it. Nobody likes a change.
That is the one great thing you must
understand in the psychology of re-
search.”—Charles F. Kettering

*

It is never possible to put all
the information learned in research
on paper. Experience has shown that
a close collaboration and follow-
up is needed for a long time after
the transfer of an item from re-
search to design. However, during
this period the research depart-
ment will have to be tolerant of
changes in the ideas and in the
device. Designers are creative
workers also and will contribute
ideas of their own. If this is not
permitted, life becomes uninterest-
ing and unpleasant for them and
yvou wouldn’t want that to happen.
Unless research people have good
reasons to argue with designers
that one of the design proposals
will lead to trouble, such modifica-
tions should be allowed. In general,
the changes will be for the better.
Incorporating many people’s ideas
into a product seems to lead to the
best end result.

This brings us to some general
considerations in the relationship
of research with other departments
in the company. The marketing of
product ideas becomes much easier
if the research department is well
acquainted with the problems of
salesmen, the problems of design-
ers, the problems of field sales
people and the problems of manage-
ment. This might be called
personnel relations work by re-
search. It involves a helpful atti-
tude toward other people’s prob-
lems, rather than competition with
these people. It involves instilling
in contacts with others a feeling of
confidence, rather than a spirit of
jealousy or excessive pride.

If these interdepartmental con-
tacts are properly handled, the re-
search department and the director
of research will find that others in
the company are regularly coming
to them with problems. Such con-
tact is not only a helpful condition
in guiding research work, but the
spirit of it is a necessity for bring-
ing research to that successful goal
which includes actual products
going out to benefit humanity.
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TELEVISION
STATION COSTS

Plans are suggested for a small station to which additional plant and facilities can be added

in normal process of growth. Building costs are estimated and figures are given for

equipment, beginning with bare essentials. Details show how to realize a maximum

HE installation and operation

of a well-equipped television
station today runs into astronom-
ical figures when compared with the
cost of construction and operation
of standard broadcasting stations.
In the early twenties there were
many stations aetually put on the

return for the investment

——By WILLIAM FOSS

Consulting Engineer,
Washington, D, C.

air for sums so ridiculously low as
to seem unbelievable. The writer
actually constructed several such
stations at costs under $10,000, this
expenditure being the maximum
sum that the owners invested.
These same stations and many
others like them are now operating

Table I—Initial Studio Equipment Costs

Remote Equipment

2 Camera chains complete. ... ....... .. .. . . . .. 832,750
1 Standard pickup truek. . ....... . ... ... .. ... .. 11,000
1 Auxiliary power supply.... .. ... ... .. .. ... ... .. .. 2,000
Audio equipment and spares. . ... ... ... .. .. ... 4,000
$19,750
Studio lighting equipment. . ... ... ... ... ... ... .. ... 3,500
ghing cquip 3,500
Projection room, consisting of 2 film camera channels with
controls complete, 2—16 mm projectors, 1 slide projector,
and 1 special picture projector
Equipment. ... ... ... . .. . 29,303
Installation..... .. .. 2,500
31,803
Total .. ... . ... ... . .. ... $85,053
Table II—Costs Including Control Equipment
Remote equipment. . ... ... . 549,750
Projection roomy. ' .. ... 31,803
Studio lighting .. ......... .. ... ... ... B 3,500
Control room—1 program console, 1 master monitor, | line
monitor, synchronizing, pulse and blanking equipment,
power supplies and miscellaneous
Equipment... . ... . o $32,000
Installation . . . 5,000
37,000
Total. .. . 8122,033
72

successfully, are affiliated with na-
tional networks, and have in many
instances brought returns to their
owners in sums of seven figures.

The television story is entirely
different. Construction costs can
not be met for less than $100,000
and this sum represents a station
such as a small town community
could support. This size station
would be limited by its incomplete
equipment to very few hours of
service per week and would prob-
ably have no studio. It would de-
pend on mobile pickup equipment to
televise sports and civic events,
with possible additional programs
from networks that are now fast
growing, and from the projection of
films.

In the design of suitable studio
and projection facilities for tele-
vision stations we face problems far
more complicated and considerably
more costly than those at standard
broadcast stations. It is not un-
usual for a broadcast station to be
able to find any number of buildings
in average cities that can be made
to accommodate the working force
and supply studio space without the
removal of a single partition. In
television broadcasting, however, it
is usually necessary either to build
a new structure from the ground up
or to perform a major operation in
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Complete 500-watt television transmitter and control console

the remodeling of an existing build-
ing a* a cost which is comparatively
high.

High Ceiling Necessary

The reason that remodeling a
building for studio facilities is usu-
ally necessary lies in the fact that
the ceiling must be high enough to
provide room for a special lighting
system which, of course, is not
necessary in standard broadeast
work. Since a television station
consists of two complete and
separate transmitters, namely, one
for the transmission of the picture
(the so-called video plant) and the
other a conventional f-m plant, it is
also necessary to treat the studio to
obtain the proper acoustic effects.

The trend at present seems to
indicate that television studios will
not be built to accommodate large
crowds of spectators since the
emphasis is on the pictures being
transmitted and these can be seen on
adegquate monitors or on outside
television receivers. The arrange-
ment is advantageous from the
financial standpoint because it elim-
inates the necessity of supplying a
finished show place to the public.
This article will not attempt to sup-
ply in accurate detail either the fin-
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ished plans of studios or the exact
costs to be met. It is, rather, the
intention of the writer to present
such plans and costs in general
that will stimuiate in the mind of
the reader ideas necessary to de-
velop concrete plans that fit each
individual case.

Tables of costs for equipment
alone which will be supplied here-

after indicate the importance of de-
signing in order to make every pos-
sible piece of equipment carry its
share of the financial load. From
these tables it will be noted that a
properly equipped pickup truck will
cost in excess of $49,000. If, for
instance, a station is able initially
to use the equipment in the truck
both for the televising of remote
events and for live programs at the
studio location, a considerable sav-
ing can be made by designing a
building so that the truck can be
backed up to the studio and the
equipment used in the studio with
the truck functioning as the control
room.
Truck Studio Control

Figure 1 shows such a plan. This
plan represents a building so ar-
ranged that the shop on the first
floor (A) can be used as a garage
for the truck, in addition to funec-
tioning as a scene dock for props
and scenery and a repair shop for
general repair and maintenance
work. It will also accommodate the
truck when used as a control room,
the truck being backed up to a large
window in the studio when so used.
The minimum investment neces-
sary to give continuous service will
be that necessary to equip a truck
for handling remote programs and
for equipping a projection room
where films, slides, and other piec-
tures can be televised.

The investment just mentioned

Typical night baseball pickup.

Note that remote cameras are semi-permanently

mounted on parapet
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Table III—Equipment Costs

with Studio and Control

Remote equipment. . ... ... .. .. . . .
Projectionroomu.... . ... ... .. ... . ..
Controlroom................. ... .. ..
Studio
Video and audio equipment
Lighting............... .. . .. . . .
Treatment ... ... ... ... . . . .
Installation... ... ... .. .. . . . .

$19,750
31,803
37,000

15,395
$163,918

does not include the transmitter,
antenna, and their associated ap-
paratus nor does it include a master
control room where the dispatching,
distribution, and main control of
the program ecan be centralized.
The transmitters and antennas will
be discussed later. In lieu of this
control room, simple switching de-
vices may be designed and operated
at the transmitter location, or they
may be installed at the projection
room location.

Table I indicates the equipment
costs for the plan shown in Fig. 1,
showing the projection room and
truck but not including the control
room and not including the trans-
mitter and its related equipment.

Figure 1B shows the second floor
plan of the same building. The
film projection room is so designed
that when the studio is to be
equipped with its own apparatus a
control room then can be built in. In
case the whole operation is a con-
solidated one, the transmitter may
also be installed in this presently
available space.

Table II also indicates equipment
costs for the plan shown in Fig. 1.
In this instance the control room is
equipped to dispatch and coordinate
the operation of the remote equip-
ment, the projection room, and net-
work terminal facilities. However,
the cost of equipping the studio is
not shown in this table. Studio
lighting will be necessary provided
a room such as shown in Fig. 1 is
used in conjunction with the equip-
ment from a truck. A rough esti-
mate of lighting costs may be ob-
tained by using the cost figures
$4.00 to $4.50 per square foot of
studio floor space. A pipe-work
grid should be installed on the
ceiling for the purpose of hanging
the overhead fixtures. This grid
should be made up in squares, each
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grid not larger than seven feet.

Table III indicates equipment
costs for the plan shown in Fig. 1
when the studio is so equipped as
to operate from the control room,

permitting the use of the remote
equipment purely for pickup.

The main drawback with the first
plan above described lies in the fact
that when the station first goes into
operation, the mobile equipment is
tied up whenever a live program
from the studio is necessary. A
further drawback becomes immedi-
ately evident when the first studio
is equipped. While the building of
control equipment into the studio
does free the mobile equipment to
pick up programs for which it was
primarily designed, station oper-
ators are still faced with a further
serious drawback. This lies in the
fact that adjacent or contiguous live
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FIG. 1—First (A) and second floor plans (B) for initial construction of a small station
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programs cannot be put on from the
studio and it will therefore be
necessary either to broadcast pro-
grams from the projection room or
from the mobile equipment while
studio scenery is being changed. If
the studio is large enough to accom-
modate more than one scene at a
time, the scene may be set up before
the series of broadcasts starts and
the cameras and associated appara-
tus may be moved to pick up each
scene in succession. However, no
scenes can be changed while the
studio is on the air because of the
noise caused in making such
changes.

Figure 2A shows a first floor plan

for the expansion of the same build-
ing to accommodate two studios and
Fig. 2B shows the second floor plan
of this enlarged building. In this
plan two completely equipped stud-
10os with a master control have been
provided in addition to the projec-
tion room which is necessary for the
station operation from the start.
In addition, the shop has been in-
creased in size to accommodate
props and scenery to be used in the
two studios. The turntable shown
installed in Studio A will be dis-
cussed separately.

Table IV indicates equipment
costs for the plan shown in Fig. 2.

Referring to the total cost as

shown in Table III, it is seen that
the cost of equipping a second
studio will be an additional $45,395
or a total of $209,343. This addi-
tional investment will furnish a
second studio and give the station
the necessary flexibility which will

Table IV—Equipment Costs for
Plan in Fig. 2

Remote equipment . . . .. $49,750
Projection room. .. .. ... 31,803
Control room. ... ... ... 37,000
Studio A. . ... ... ... 45,395
StudioB. ... ... ... 45,395

Total . . $209,343
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finally be needed to carry on con-
tinuous live programs.

The turntable mentioned above
and indicated in Fig. 2 is important
to this discussion for two reasons,
—first, to create a substantial sav-
ing when one studio alone is used;
and second, to add additional flexi-
bility resulting in increased facility
in the station operation.

The cost of such a table when
electrically driven varies from ap-
proximately $8,000 for a table 25
feet in diameter to approximately
$11,000 for a 40-foot table. The
wings or partitions segregating the
table into three parts may be swung
to vary the size of the settings or
may be completely removed from
the table when a rotating set is de-
sired. The table is planned to be
mounted flush with the floor of the
studio and so designed that it can be
loaded unevenly with a maximum
loading of about 50 pounds per
square foot.

This plan calls for a shop and
scene dock behind the studio in
which the main body of the table is
located so that work can be done on
the sets on the shop side of the table
while televising is proceeding in the
studio. If the table is to be in-
stalled in the studio before the
second studio is built, a certain
amount of flexibility can be ex-
pected with a construction saving
of from $30,000 to $40,000, depend-
ing upon the size of the table.

Most manufacturers currently
design and construct transmitters
of only two sizes, namely the 500-w

Typical small-studio control room with audio controls at left, video at right.

Table V—Transmitting Station Costs

500-W Transmitter

5.000-W Transmitter

Channels Channels Channels Channels
2-6 =13 2-6 7-13
Transmitter 26,500 31,000 82,165 88,200
Spare tubes and parts..... ... 3,000 4,000 8,015 9,288
Aural monitor. ... ... ... 1,600 2,000 1.980 2,000
Visual frequency monitor. 675 675 675 675
Picture demodulator. ... ... . 650 650 650 650
Waveform demodulator. ... 900 900 900 900
Power supply. ........... ... 365 365 365 365
Adapter kits.......... . ... 20 20 20 20
Rack cabinet. ... ... .. . . 390 390 390 390
Autenna. . .......... ... 12,000 13,000 12,000 13,000
Tower, 100 ft.. ... ... .. .. ... 2,000 2,000 2,000 2,000
Transmission line. 2 lines 150
ft..... ... ... ... 500 500 2,000 2,000
Transmitter house. .. ... ... 3,500 3,500 7,500 7,500
Tower lighting. . ... ... .. . . 800 800 800 800
Labor.......... ... .. ... . .. 8,000 8,000 12,000 12,000
Total. ......... ... . .. 60,900 70,800 131,490 139,788
Contingencies 109,. .. ... . . 6,090 7,080 13,149 13,979
Grand total............. 66,990 77,880 144,639 153,767
Table VI—Test Equipment List and Costs
Equipment Remote Studio Transmitter
3-in. oscilloscope. ... ... $195.00  $195.00  $195.00
3-in. oscilloscope . . ... L L 550.00 550.00
Square-wave generator.............. ... . . . 225.00 225.00
Capacitance—resistance bridge. ... . ..... 39.50 59.50 59.50
Voltohmeter. ........... ... ... . . . . . 39.50 39.50 39.50
H-v multiplier. . .......... ... ... ... . 18.75 18.75 18.75
Audiooscillator. .. ... ... ... .. ... . ... 500.00 500.00
Distortion and noise analyzer. .. ... ... . . . 575.00 575.00
Video sweep generator. . .......... ... . .. .. .. 1,000.00 ... ...
Wavemeter....................... ... .. ... .7 38.00
V-tvoltmeter.................... .. .. . 150.00 150.00 150.00
Tubetester.......... ... . ... .. ... . .. ... ... 59.50 59.50
5-in. oscilloscope (Tektronix type)....... ... .. 795.00 795.00
Total........ . .. ... 0 . .. .. ... F162.75  $1,167.25  $3,205.25

or so-called community transmitter
and the 5-kw or metropolitan type.
The transmitter may be installed
either at the site of the studios or at
a remote location which affords the

The

program director sits at the desk
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radiation system a more favorable
location for the purposes of propa-
gating the wave.

Since television channels are lo-
cated in the very-high-frequency
band, the radiated signal is subject
to shadowing by obstacles between
transmitter and receiver. It is usu-
ally necessary, therefore, to take
into consideration the possibility of
shadows and reflections when select-
ing a site for the transmitter
proper. Simply stated, if you can
see it, you can hear it, although
service may be rendered beyond the
line of sight under some conditions.

Transmitter Costs

In Table V the costs of the trans-
mitters and associated equipment
have been set up. This table is ap-
proximately correct except that no
consideration for the cost of land
has been given.

It will be noted that both types of
transmitters designed for channels
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Mobile field unit that can double as initial control room for the small station. One
camera and 7,000-mc relay equipment are mcunted on the roof

2 to 6 are less expensive than those
designed for channels 7 to 13. Since
the band including channels 2 and
6 represents frequencies from 54 to
88 mc and the band including chan-
nels 7 to 13 includes frequencies
from 174 to 216 me it is evident that
tube design as well as transmitter
design and construction is more ex-
pensive at the higher frequencies.

Relay Links

Where the transmitter and studio
are situated at remote Jocations and
also in cases where the remote
equipment is functioning at sites
away from the studio, it is present
general practice to connect these
units with relay circuits. Equip-
ment has been developed and is
operating successfully on several
microwave channels. Notable in
this category are circuits on ap-
proximately 2,000, 4,000, and 7,000
mc.

Since the equipment coastructed
for the higher frequencies can be
manufactured in more compact
fashion its high degree of portabil-
ity renders it best for remote pick-
up work. The 7,000-mc equipment
is therefore most popular to serve
as a truck-to-studio link while in
many instances the lower frequen-
cies have been used between studio
and transmitter. For the purposes
of this paper, an approximate priee
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of $10,000 for each complete link,
consisting of a transmitter at the
originating point and a receiver at
the incoming terminal, has been
used.

Testing Equipment

A certair. amount of test equip-
ment with every television installa-
tion is an actual must. Operating
crews cannot be expected to main-
tain the apparatus nor can they do
the necessary trouble shooting
without an adequate complement of
this equipment. As stated above,
the transmitter is often located at
a different site from the studio and
the remote equipment needs main-
tenance and repairs when in the
operating location. Table VT lists
equipment of this type.

The foregoing indicates the
approximate equipment costs that
a prospective television station
builder may expect to meet but does
not include the price of real prop-
erty either at the studio or that
necessary on which to construct the
transmitter. It has been estimated,
however, that the cost of construct-
ing a building such as that shown in
the plans illustrated above will be
in the neighborhood of $66,000 for
the first stage of construction and
an additional $59,000 fcr the
finished building.

The approximate costs have been

so tabulated, however, that any
combination of equipments can be
correlated and the resulting costs
obtained from the tables. For in-
stance, it is evident that the type of
station which can be most inex-
pensively constructed is one which
is equipped to receive network pro-
grams only. Thus, by referring to
Table II, the control-room item
shows an equipment cost of $32,000
with an installation cost of $5,000,
bringing the total to $37,000 and
from Table V a 500-w transmitter
operating on channels 2, 3, 4, 5, or 6
will cost approximately $66,900. If
the transmitter and control room
are located in the same building, the
owner should then be able to con-
struct a station for approximately
$103,990 and with the additional
test equipment shown in Table VI,
an additional $3,205 will complete
the station.

If, however, the prospective
owner is considering a well-equip-
ped station with two studios, pro-
jection room and remote equipment,
Table IV furnishes figures showing
a total cost of $209,343. Table
V for a 5-kw transmitter operating
on channels 7, 8, 9, 10, 11, 12, or 13
shows a total of $153,767. Such a
station will probably be so con-
structed that the transmitter and
studios at different locations and
the remote equipment will be sup-
plied with radio relay links, two
such circuits costing approximately
$20,000.

In addition to the items stated
above, test equipment in the amount
of approximately $7,500 will be
needed, bringing the total expendi-
ture for equipment installed to ap-
proximately $390,610. Some few
organizations have already gone
well beyond this amount in con-
structing stations but in this paper
it has been the intention of the
writer to point the way for the be-
ginning of such an operation in a
comparatively modest way rather
than to describe the more elaborate
procedures of the larger companies.

The writer wishes to thank the
personnel of the following organ-
izations for their assistance in com-
piling the data herein: Radio Corp.
of America, General Electric Co.
Allen B. DuMont Labs., Inc., Tele-
vision Associates and Lester V.
Johnson Associates.
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Frequency Stabilization

Rear view of Liebel-Flarsheim model SW.227 short-wave diathermy unit having

FCC type approval.

Single tube minimizes maintenance problems.

At lower

left of tube is plug-in monitor unit

RIOR to the establishment of fre-

quency allocations for short-
wave diathermy units, frequencies
anywhere in the range from about
10 to 60 mc were used by various
manufacturers, depending on the
type of applicator furnished. Since
the therapeutic benefit is due to
heat alone, all frequencies are
equally effective in the treatment of
tissue.

To suppress wasteful use of the
frequency spectrum, three bands
were assigned by the FCC for medi-
cal apparatus, in conformance with
those adopted by the International

Radiocommunicatiohs Conference,
as follows:
Band Center Tolerance
Freq.
13.5532-13.5667 me¢ 13,56 me  6.75 ke
26.9573-27.2827 me¢  27.12mec 162.7 ko
40.6597-40.7003 mc 4068 me  20.3 ko

Although there ig no limit to the
amount of radiation permitted
within these bands, harmonic radia-
tion must not exceed 25 microvolts
per meter at 1,000 feet.

The 13.56-mc band serves ade-
quately for pads and inductive
applicators, but is generally unsat-
isfactory for air-spated plate appli-
cators because the associated high
reactance requires excessive pa-
tient-circuit voltages. The 27.12-
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mc band effectively operates all
known types of applicators. The
40.68-mc band is usually unsatis-
factory for inductive applicators
because of excessive turn-to-turn
voltages and resulting high dielec-
tric loss, but is satisfactory for
pads and spaced plates.

The wider frequency tolerance of
the 27.12-mc¢ band permits the de-
sign of simple self-excited oscillator
circuits, obviating the complica-
tions and maintenance problems in-
volved in crystal-controlled circuits.

Frequency-Shift Problems

The frequency stability of a self-
excited diathermy oscillator circuit
is affected by five major factors:
(1) mechanical vibration or dis-
placement o frequency-determin-
ing parts and components; (2) re-
placement of tubes; (3) replace-
ment of parts; (4) frequency drift
due to heating of oscillator circuit
components; (5) frequency shifts
due to patient-circuit loading and
tuning.

Mechanical factors can be elimi-

Phantom view of Wavemaster monitor unit,
showing di‘ferential relay and coil of
resonant circuit

nated by building strong and sturdy
circuit components and fastening
them rigidly.

Changes due to tube replacement
can be minimized by using a high
tank capacitance so that variations
in tube interelectrode capacitance
will produce only small frequency
changes. Here a limit is quickly
reached due to the inefficiency of
high-Q tank circuits, hence under
the best practical conditions it is
reasonable to expect up to a 50-ke
shift in either direction due to in-
terchange of tubes of identical
make. When tubes of different
manufacturers are interchanged, at
least three times this shift is some-
times experienced.

Frequency shifts due to circuit
heating can run as high as 150 ke,
but by proper design this can be
limited to 20 ke.

Patient-circuit loading is the
bugaboo of all short-wave dia-
thermy design. Applicator and
patient-circuit impedances may
range from 5 ohms to 150 ohms of
resistance and from +32,000 ohms
to —52,000 ohms of reactance. Vari-
able coupling Is therefore necessary
to couple a patient circuit efficiently
to an oscillator. A coupling for a
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of Diathermy Units

Analysis of problems involved in building medical diathermy units that stay in FCC-

allocated frequency band despite movements of patient or replacement of tube, and design

of plug-in monitor that stops oscillator and sounds a buzzer when frequency drifts

beyond predetermined acceptable limits for any reason

5-ohm load will not transfer enough
power for higher-resistance loads;
on the other hand, if the coupling is
set for the high-resistance load and
a low-resistance load is connected,
frequency shifts will occur.

Example of Suitable Design

The short-wave diathermy circuit
in Fig. 1 was designed to meet all
of the above requirements. It em-
ploys a single type UE468 oscillator
tube operating on 27.12 mc with a
power output of 300 watts. Use of
one tube minimizes circuit compli-
cations and service factors by elim-
inating such matters as tube bal-
ance, excitation adjustments and
balance, neutralization, and im-
proper lineup of driver or power
amplifier stages.

The Q of the tank circuit on full
load is 90. The maximum frequency
shift due to patient-circuit loading
is =50 ke (A f = tank efficiency
multiplied by f/4Q). This holds
for the condition of critical coup-
ling, which just loads the circuit
to rated full load with the patient
circuit tuned to resonance.

The single-ended tank circuit per-
mits use of a high tank capaci-
tance, giving a high ratio of tank
capacitance to tube electrode capaci-
tance. This in turn tends to mini-
mize frequency change with inter-
change of tubes having otherwise
tolerable interelectrode capacitance
variations.

The output of the generator is
adjusted primarily by the variable
coupling control. The maximum
possible coupling is designed to the
critical value corresponding to the
highest patient-circuit resistance to
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be treated under normal conditions.

The parallel-tuned output circuit,
controlled by the tuning capacitor,
gives ample tuning range to reso-
nate all types of applicators. Since
the main switch is embodied in the
coupling control, the operator auto-
matically increases the coupling
control from zero coupling each
time the unit is turned on. The
output of the unit is metered by
measuring the difference between
the plate and grid currents, to indi-
cate true power independent of
patient-circuit tuning for any given
load condition.

Frequency shift due to thermal
drift is controlled by a bimetallic

temperature compensator. The
thermal shift is held to 20 ke, with
the greater portion of this shift oc-
curring during the first two
minutes of operation. The genera-
tor operates well within the FCC
limits if the initial frequency is
set correctly and the output control
is not advanced to a position which
grossly overcouples the patient cir-
cuit to the oscillator. Incorrect
operation is only possible when the
output circuit is not tuned to reso-
nance.

Trimmer C, is used to adjust the
frequency of the oscillator over a
range of = 200 kc from the center
frequency. This range is adequate

TO ELECTRODES
ON PATIENT

3uH

n5va-c MONITOR GIRGUIT

BUZZER

MOVERLOAD
RELAY

jg

RESONANT
CIRCUIT

HOLD~._ OFF
_ﬁ GOMBINATION
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FIG. 1—Basic circuit of short-wave diathermy unit operating in 27.12-mc band and
using monitor circuit to stop the oscillator and sound a buzzer when frequency drifts
beyond legal limits
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to compensate for frequency varia-
tions due to change of tubes or
other components and mechanical
instability.

Frequency Monitor

A monitor circuit insures that
the unit will alwayvs operate within
the band. It consists essentially of
a thermally and mechanically stable
high-Q resonant circuit which oper-
ates a sensitive relay through a
rectifier tube. When the circuit is
excited the relay completes the
cathode circuit of the oscillator.

When the oscillator frequency
deviates more than a predetermined
amount from 27.12 me, the voltage
across the monitor circuit decreases
to the point where the relay opens,
interrupting the cathode circuit of
the oscillator. At the same time a
low-voltage buzzer is energized,
notifying the operator immediately
of the condition. The monitor cir-
cuit (covered in U. S. patent appli-
cation) is set to allow operation in a
band of=+100 ke; this is well within
the FCC type approval limit of 70
percent of allocated channel width.

The uppermost curve in Fig. 2
illustrates the response of a simple
resonant circuit energizing a relay
through a rectifier to monitor a
frequency band for various values
of deviation from the frequency to
which the circuit is tuned, ex-
pressed in effective resonant-circuit

Q values. When the frequency dev-
iates so that resonant-circuit re-
sponse falls below the control level
the relay will become deenergized.
Such a method of control requires
that the relay contacts be bridged
by an auxiliary switch momentarily
in order to start oscillations.

The lower solid curve in Fig. 2
shows that a 15-percent reduction
in r-f excitation results in a 17-per-
cent reduction in the pass band.
This weakness of the simple system
can be overcome by the use of a
differential relay. One winding is
connected to the resonant circuit,
and the other winding is connected
through a rectifier to a voltage pro-
portional to the high-frequency ex-
citing voltage of the resonant cir-
cuit, as in the monitor cireuit of
Fig. 1. These two windings are
connected so their electromagnetic
fluxes are adding in the magnetic
circuit operating the relay arma-
ture.

The dotted curves in Fig. 2 illus-
trate the characteristics of such a
differential circuit. A 15-percent
reduction in excitation voltage here
results in only a 7-percent change in
frequency band width at the differ-
ential relay control level.

Operation of Circuit

When the main power switch in
Fig. 1 is turned from OFF to HOLD,
the oscillator tube and the rectifier
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FIG. 2—Solid-line curves give character.

istics of simple frequency monitor circuit,

while dotted-line curves show how effect

of reduction in r-f excitation of diathermy

unit is minimized by using differential con-
trol in monitor circuit
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FIG. 3—Intensity of radiation of short-

wave diathermy on various harmonics

when center frequency is 27.32 mc. Unit

represented here is well within legal maxi-

mum of 25 microvolts per meter at 1,000
feet

in the monitor circuit warm up.
Plate power is not, however, applied
to the oscillator tube. During the
brief period that the power switch
is turned from the HOLD position to
the ON position an auxiliary switch
momentarily applies plate power to
the oscillator tube. Oscillations
start immediately, and if the fre-
quency is within the operating band
the monitor differential relay con-
tacts close and hold the plate power
on. If the oscillator frequency is
outside the limits, the monitor relay
will not hold the plate power on and
a buzzer will operate.

Trimmer C. is adjusted by de-
termining the low and high-fre-
quency limits of the monitor and
setting the trimmer at a point mid-
way between these two limits. This
is normally done after allowing the
unit to warm up for two minutes,
thus automatically compensating
for the frequency shift due to
initial heating.

Harmonic Radiation

The reduction of harmonic radia-
tion of short-wave diathermy ma-
chines to limits prescribed by FCC
allocations requires application of
standard methods of shielding and
filtering. In actual test it was found
that a 40-millivolt 135-mc signal
applied to the plate applicators
would produce a field intensity
equal to 25 microvolts per meter at
1,000 feet. This illustrates the de-
gree of suppression required. Even
though the actual signal voltage re-
ceived by the field intensity meter
decreases with the higher harmon-
ics, the field intensity, as computed
by the induced signal voltage and
divided by effective length of the
antenna, tends to stay high because
the effective length of the antenna
decreases directly with wavelength.

Harmonic tests are conducted
preferably on open terrain. Field
intensity meter readings are taken
either 100 or 500 feet distant from
the diathermy unit. The diathermy
unit is mounted on a rotatable plat-
form which is turned 360 degrees
during a given reading. Maximum
signals are recorded. The unit is
connected to a gasoline-powered a-c
generator and is tested with appli-
cators under all conditions. Figure
3 shows typical results of tests per-
formed on production units.
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FIG. 1—Typical R-C networks used in tone control for boosting and attenuating audio signals. Taps on attenuation network provide half

the indicated effect

Versatile Tone Control

Treble and bass frequencies are independently hoosted or attenuated in steps to provide

121 different response curve combinations for reproduction of speech or music. Gain at

500-cycle crossover is automatically held constant by switching in cathode followers

HE TONE CONTROL described

here originated largely with a
desire to compensate for the limita-
tions of recording techniques. With
it, treble frequencies can be boosted
ol suppressed. and bass frequencies
can be similarly treated independ-
ently, all in small steps.

The bass and treble controls each
provide sharp rise or fall starting
at 500 cyvcles ov uny other crossover
frequency chosen. Bass control
produces no substantial effect above
crossover, and treble control pro-
duces no substantial eftect below.
The rising or falling slope is adjust-
able in steps of one db per octave up
to a maximum of 5 to 7 db per
octave. The overall volume level at
the crossover frequeney is un-
changed by applying any bass or
treble compensation, or by applyving
both simultaneously. All frequency-
determining components are resis-
tances or capacitances. All curves
flatten off above 10 ke and below 25
cveles.

R-C Networks

Selective frequency boost is
achieved by attenuating one group
of frequencies and readjusting the
overall level with flat amplifiers. The
basic R-C networks used for this
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Machlett Laboratories, Inc.
Springdale, Conn,

purpose are shown in Fig. 1, along
with the networks used primarily
for attenuation.

Treble boost (Fig.1.\) is obtained
with a bass attenuation network
having a gradual drop near the
crossover and a sharp flattening off
at the lower frequencies. When
this curve is s=lid up the frequency
axis until the sharp bend reaches
the crossover frequency, it becomes
treble boost.

Treble attenuation (Fig. 1B)
gives an abrupt drop near the cross-
over frequency and a smooth flatten-
ing off at higher frequencies.

Bass boost (Fig. 1C) is obtained
with a treble attenuation network
having a gradual drop near the
crossover and a sharp flattening off
at the higher frequencies. When
this curve is in effect slid along the
frequency axis until the sharp bend
occurs at the crossover frequency,
it becomes bass boost.

Bass attenuation (Fig. 1D) gives
an abrupt drop near the crossover
frequency and a smooth flattening
off at lower frequencies,

Any desired crossover frequency
ma He achieved by selection of re-
sistance and capacitance values for
the R-C networks. TIor example,
doubling all indicated resistance
values without changing the capaci-
tances will skift the entire curve
toward lower frequencies by a
factor of two. Doubling all capaci-
tances produces the same effect,
while decreasing resistances or
capacitances »or both shifts the
curve bodily toward higher fre-
guencies.

The impedance any network pre-
sents may be zltered by a factor N,
without altering the frequency re-
sponse curve, by multiplying all
resistance values by N and at the
same time dividing all capacitances
by N.

Complete Circuit

The final tone control circuit is
shown in Fig. 2, along with the re-
sponse curve combinations obtain-
able and the control switch settings
for each. Sirce all the required
compensation ecannot satisfactorily
be provided in variable form in one
network section, composite net-
works consisting of three such sec-
tions in tandem or cascade are used
for bass and treble attenuation,
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with provisions for tapping the
composite network at the desired
points.

The succeeding sections in any
one network increase in impedance
by a factor of four or five each time,
so that succeeding sections do not
furnish loading which would alter
the frequency response characteris-
ties of preceding sections.

Because of the nature of the basic
bass boost section, the building up
of a network from several such sec-
tions would add many bulky com-
ponents. Instead, therefore. a
switching arrangement was devel-
oped wherein three sections of 1.4,
2.8, and 2.8-db boost per octave
were combined successively to give
in turn 1.4, 2.8, 4.2, 5.6, and 7-db
boost per octave. The same system
is emploved for treble boost, and
the network sections again increase
in impedance as they are added.

Two  six-pole eleven-position

are required. The five
positions of boost and the five posi-
tions of attenuation are wired to
one switch for each frequency
range, along with a neutral position
in which no bass or treble alteration
occurs. Continuous control is not
provided, but small enough steps
make the action gradual as the
switches are rotated.

The overall result, then, is to have
one switch for bass, giving from 7
db of boost per octave to 5 db of sup-
pression per octave in ten steps, and
one switch tor treble, giving from
5-db boost per octave to 6-db reduc-
tion per octave in ten steps, with
no interaction between controls.
The words per octave here refer to
the number of octaves displacement
from 500 cycles.

In order to achieve a constant
volume level at the crossover fre-
quency, a stepping gain control was
added, ganged to the bass and treble

switehes

switches, in the cathode circuits of
two cathode followers. In this way,
the proper amount of input signal
is chosen for each position of the
selector switch in order that the
gain at 500 cycles may remain con-
stant. In practice, this is easily
achieveable within one db if care is
taken in selecting components.

Cathode Followers

The cathode followers serve the
main purpose of transforming a
high-impedance input signal down
to a low impedance so that the net-
works may begin at low impedance
and build up as described. It has
heen found that stray coupling be-
tween high-impedance networks can
seriously alter the ideal frequency
response curves. With capacitance
values all larger than 400 micro-
microfarads, a small unintended
coupling capacitance (on a switch
wafer, for example) will not pro-
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FIG, 2—Complete tone control system. When inserted in an audio amplifier, its overall gain is zero at the 500-cycle crossover fre-
quency. The inset tables give the positions of the contact arms of the two six-pole eleven-position control switches to provide the indicated
bass and treble control curves. Treble curves were taken with bass control at B6 (neutral), and bass curves with treble control at T6
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duce a noticeable effect on the tone.

Amplification must be provided
(not necessarily within the tone con-
trol) in order to re-establish the
original volume level. At the same
time, it is advisable to amplify and
then again transform down to low
impedance between the bass and
treble controls. This serves the
added purposes of isolating the bass
and treble components electrically
and keeping either from operating
at too low a voltage level. All these
networks are bound to have inser-
tion loss at any frequency, and a
total of 10 db of attenuation at 60
or 120 cycles (as provided by hass
suppression and treble hoost, before
re-establishment of the 500-cycle
level) could push the signal into the
heater-to-cathode hum voltage level.

Amplifier Design

Choice of tubes for this tone con-
trol proved somewhat vexing. The
6SL7 twin high-mu triode would
have been most convenient, but even
a 6SLTW proved to be usually too
microphonie, and alwayvs too rich in
hum introduced through the heater
circuit. The 6SN7 does not have
enough ¢ain; the 6SC7 has only
one external cathode lead. The 6SF5
high-mu triode was found to be
available and free from hum in a
sufficient number, and so this type
was decided upon.

In the amplifier stages, cathode
resistors were left unbypassed to
make the neutral amplification
curve as flat as possible, at the sac-
rifice of some gain. A total of 12 db
more of gain may be obtained by
suitable bypassing of these two
resistors. All plate supply circuits
must be decoupled as shown, and all
blocking capacitors must be large
enough so that low frequencies are
not attenuated.

The input signal level must be low
enough so that. after boosting,
neither the bass nor the treble sig-
nal will overload either level-restor-
ing amplifier. A gain control is
therefore provided directly at the
input to the tone control. This is
not intended as a main gain control
for the entire control and program
amplifier combination, but as an
auxiliary which may be set accord-
ing to the maximum level of the in-
coming signal.

In commercial

recording, com-
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pression takes place before the
mechanical limitations of recording
techniques produce their tone-modi-
fving effects. Therefore, the tone
control should be used before a
volume expander. This also lessens
the danger of overloading the
amplifiers in the tone control.

Construction and Testing

All parts were selected, using a
resistance bridge and a capacitance
bridge, from stock :-watt resistors
in RMA sizes and stock capacitors.
In many cases resistance values
were chanced slightly from nominal
values shown in order to achieve a
smooth consistent family of curves.

Assembly may be alone lines con-
ventional for low-level audio cir-
cuits. Compactness was achieved
by wiring virtually all the resistors
and capacitors on the two switches
hefore installing the switches on
the chassiz. The tone control with
its two switches, four tubes, a spare
seiected 6SF5 tube and a 3-tube
a-m tuner were assembled on a
9x11-inch chassis, the audio ampli-
fier and power supply being remote.

Checking Response Curves

A testing method was evolved for
this tvpe of work, which eliminated
disturbing effects due to such fact-
ors as voltmeter frequency response,
loading, signal generator variations,
and distortion. As shown in Fig. 3,
an audio oscillator with load re-
sistor was fed to the input of the
tone control, across which an elec-
tronic voltmeter was placed. The
linear db scale on the Ballantine
voltmeters  simplified measure-
ments since all data could be ob-
tained directly in decibels and
plotted immediately ; any odd points

could be immediately investigated.

Each network was tested individ-
ually, after which the entire tone
control was tested as a unit.

The output from the last 6SF5
was transformed down to low im-
pedance in an auxiliary cathode fol-
lower (6J5) and another voltmeter
was placed across the cathode
follower cathode resistor. The oscil-
lator was set for 500 cvcles, its out-
put set for midscale (10 db) on the
input monitor meter, and the input
gain control adjusted for midscale
(10 db) on the output meter, on the
1 volt scale.

Precautions

Any change in oscillator output as
frequency was changed was elimi-
nated by alwavs adjusting the oscil-
lator output control so that the
input meter read 10 db. A series of
measurements was taken by setting
the frequency, setting the oscillator
output, and recording the output
reading in db as the treble or bass
control was varied throughout its
range. The tone control net effect
is the output reading in db minus
10.

Great care must be taken in plan-
ning this tvpe of measurement since
it is easy to overlook a cable lumped
capacitance, which will change
hevond recognition an otherwise de-
sirable curve. It is also advisable
to monitor. on a good oscilloscope
or harmonic aralyzer, the audio out-
put from the tone control. to avoid
recording false readings due to
overloading and consequent wave-
form distortian.

The author wishes to express an-
preciation to Dr. Hugh F. Gin-
cerich. to whom credit for the basic
network design is due.
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Power Amplifier
for the Citizens Transmitter

Construction details and circuitry of a two-stage power amplifier for use in conjunction

with the transmitter described in November 1947 ELEcTRONICS. Simplified design of

cavity resonators and mounts permits duplication of the unit with the use of hand tools only.

By WALTER C. HOLLIS

Project Fugineer
Fugineering Division
The W, L. Marsen Corporation
New York, N. Y.

Part V

HE UNIT illustrated is designed

to be added to the ELECTRONICS
Citizens transmitter to provide the
higher power needed for covering
greater distance and more reliable
communication. With it, the quar-
ter-watt output of the mobile trans-
mitter is increased to 10 watts, a

No machining is necessary

total gain of 16 db. Although in-
tended primarily ior fix=d station
operation, where a conventionai 115-
volt power line is available, the in-
put requirements are sufficiently
low as to permit mobile operation
from a vibrator or dynamotor power
supply.

The power amplifier consists of
two stages of class-C grounded-grid
amplification employing type 2C43
tubes. The complete circuit diagram
is shown in Fig. 1.

The first stage is operated single
ended and is driven through a

Complete amplifier with one cover removed. Resonant cavities are formed by the
metal case and the partitions
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type-N panel jack, J.. Loop L, is
a short length of tubing which ap-
proximately resonates out the grid-
to-cathode capacitance of V,. A
wire shielded within the tubing pro-
vides one connection for the heater
voltage and the other is returned to
ground through an internal connec-
tion in V.. Capacitors C, and C, are
button mica types that maintain
both filament connections and the
three cathode d-c connections at the
same r-f potential. The cathode r-f
connection is provided through a
built-in capacitor between the shell
and cathode of the 2C43. Cathode re-
sistor R, develops the required grid
bias and serves as overload protec-
tion for the tube in case of drive
failure.

Coupling

The output tank circuit is of the
transmission-line type and consists
of a length of short-circuited trans-
mission line, L., resonating with the
urid-to-plate capacitance of V,, and
a variable capacitor, C,, located part
way up the line. The resonant cir-
cuit thus formed is shunt fed
through a pi filter consisting of
C., C. and the inductance of the
length of wire connecting these
capacitors. Output from the first
stage is fed to the second stage by
means of an adjustable tap on L,
through a length of transmission
line, T'..

The second stage consists of two
2C43 tubes, V, and V,, operated in
push-pull. Tubing L, and L, are
similar to and serve the same pur-
pose as L,. Capacitors C,, C;, C; and
C, have the same function as C, and
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T.,. T.—See text

Vie Ve, V5-2C 13

3. )-UG=38/0 tvpe-N jack
L, L
Ry Ra. 135-76% ohms. | watt, Allen Bradley

s L, L, Lie—See text

Co Co G CoL G G310 ppf, Erde button
mica, type 370-BA

(';, e Chron Ci Cp (;“ -1.000 uyf. lirie
button mica, type 370-BB

C-Miniature variable capacitor. B T
Johnson., No. 160107

Cie Co-Minlature butterlly  capacitor, E. F.

(NS

+400 TO 500V OUTPUT

(+1]
J Johnson, No. 16{:-205
+400 T0 500V

FIG. 1—Complete circuit of

the two stages of the power amplifier

C.. Resistors R.and R, provide grid

bias and overload protection. The HOLES

cathodes of V, and V; are driven by T_, . A-1 DIAMETER

the output of V, through transmis- 15 2 8- '

sion line T.. Amplifier V. is driven | Ea . oae
directly and V, is driven through an < ::,?c')m?_'u THROUGH
additional half-wave line, T., which | I ole ;

. . o F-Z DIAMETER
serves as a phase inverter. This is Db b 632+ -
one form of the balance-to-unbal- St 1—83)(3 sLoT
ance transformer (balun). i il J- :Lx% )

The output tank circuit consists
of a length of short-circuited paral- oo 37
lel transmission line, L. resonated "4" o
by the grid-to-plate capacitance of e
V, and V, and a butterfly capacitor ele |
located part way up the line. The P
resonant circuit thus formed Iis ~ o2 .
shunt fed through pi filters consist- e aatl® E\ ALL BENDS
ing of C., Cu, Ciu Ci. and their re- B ' . . UPWARD 25
spective connecting leads. The out- : B e " e T
put of this stage is coupled out ) T 135 i

through J. by means of coupling

]OOp L. FIG. 2—Layout of two L-shaped shields that form the metal cabinet. All dimensions
are given in inches
Construction Details
c c c T c © c

As shown in the accompanying -}F—-——-‘f- [ — g nlfi = *? % 3—
phot(.)gl-ap.hs, the two stages. 91 [‘““zil'z"_ _ "Z’L'_"ﬂ i P 25
amplification are assembled within _]."ir_ _ *%r_ ‘\%?" ‘ L
a sheet-metal shield box T+s x 67 x J4 . e 1 T £
415 inches, consisting of two L- e L :lp 4 \ +— =k |
shaped flanged parts and two covers. | ' :_ ' ! =k

The shield box is divided into four i ] ) M 1
compartments by three partitions. g g ! = -?D A
One compartment each is used for r;_ ';_.1 l r ; ‘
the input cathode circuit of V,, out- ey R R B 0 é,ll;
put resonant circuit of V., input l 4 -+D—— ! I _:%‘f%' I
cathode circuits of V. and V,, and " _,b | D) >
output resonant circuit of V.and V.. T 1 — 1 1:: - ! A
All parts for the shield box are i : | e _?
made of 1/32-inch sheet brass and o ":-' E . b —1— 95— |
held together by 4-40 binding-head o I J ! t L 1 779_]\ l L
SCrews. Ak [ Sy Tk o4 et

The layouts for the two L-shaped
flanged parts are shown in detail
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FIG. 3—Ground-plane partitions
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Single-ended input stage at right uses components at left and mounts with outout stage to

form the metal cabinet

in Fig. 2. Two partitions, which
serve as ground planes, are shown in
Fig. 3. The smaller partition, which
shields the input of the first stage
from the input of the second stage,
is shown in Fig. 4. The two line
assemblies are detailed in Fig. 5

and 6. Figure 5 shows assembly
details of the input amplifier line
1
|
!
3%
i
3
2R !
. L
L J
'I: ot 4ie
oL 2 I
32" 32
| t | * s
T " @ | ~|w
%— — ¢ =
fo - I% » 2

FIG. 4—Small partition to separate the

stages
4-40 TAP ONE ON . . SUPPORT
PLATE CAP
EACH SIDE r:; 2 ASSEMBLY
i ;;J
m:'ﬁ
4-40 TAP- THREE ON
"EACH SIDE
po-2 '1 o~ 4 4 BRASS TUBING
- B _;f, "4 708

SLIDING
TA COPPER
VIRE

o G
"HEAD SCREW

“10CO up
BJ I'TON MICA
£, TYPE 370-88
TYPE N JACK' == 2% < 5 9Rass RoD
-UG-58/U 1" LONG

assemboly. Figure 6 omits these
details as they were identical.
Assembly is done exclusivelv with
soft solder. Details of the covers
are shown in Fig. 7. Two are re-
quired and screening is soldered
over each opening on the inside sur-
face. After all parts for the box
are made, tapped holes on the
flanges are spotted from the covers.
Figure 8 shows all other details.
The grid fingers shown in Fig. 8
are centered and soft soldered over
the holes in the ground planes (Fig.
3). They should be soldered on the
side opposite the flange with the
fingers protruding. Fingers similar
to these may be purchased from
James Millen Mfg. Co. as part No.

33446. Only the middle size is used.
After all metal parts are made, they
may be silver plated for improved
conductivity, as was done with the
model.

Assembly
All metal parts are held together
by 4-40 screws and lock-washers.

In addition to the parts called for in
Figures 1 w0 8, the following are

required: four feed-through ter-
minals, such as Vitroseal Corp.
Terminal No. 1901-9LHT; about

18 inches of shielded wire, such as
Precision Tubing’s No. 20(10/30)
wire in silver-plated copper shields,
0.1495 0.D.x 0.011 wall thickness;
three NMillen type 33008 steatite

4-40 TAP 4-40 TAP - THREE ON EACH SIDE #‘54 DRILL
\ )
.2,
32 ]‘;‘, . 3 .
[}
| = P ——
w ﬁ.a |
N =
N 4 V| - =
J
SNGu I
y = L %H‘f—_:«
e { )a — =i .7 7_;1
' ' ‘0 o — 1 —‘I\‘% _ -l i _'LI i
{ & T - ‘ 1 '
| ] | A | 2 DiIaMETER
! ; = v !
w3 ST — J._.:‘,:J
i6 i6 I P -
P! - -8 —lo ~™1 !
~= 2? HJ .
1 L:f_i aa
4-40 TAP
ONE ON EACH SIDE

FIG. 5—Resonaat-line assembly of input
amplifier
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FIG. 6—Output amplifier ressnantlice cesembly as shown pictorially ot teo of tollowing
page
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Components cnd shields of the push-pull output stage, left, form the assembled unit at right, halt of the cabinet

octal =ockets; six 6-32 fillister head
serews. 1! inches long; about 13
inches RG-5/U cable; and one
UG-18/TU plug.

The shicided wire is soldered to
the chassis and cathode mount as
shown in the phatographs to form
L., L. and L, respectively. The
inner wire supplies the filaments of
vV, V., and 7. Filament and
cathode connections are made
through an octal socket.

The cathode bypass capacitors
and bias resistor are mounted on
the socket as shown in the photo-
graphs. The outer rim of each
button mica capacitor is soldered to
terminals 3, 5. and 8 of the =ocket
and one is stacked above the other.
The lug of the lower capacitor is
soldered to terminal 2, which is con-
nected to terminal 1. providing
a eround return fo the shell of the
2C43. The lug of the upper capac-
itor solders to terminal 7 which con-

nects to the filament lead. The bias
1 A Ty .
+ I3 1
[ aLL woLes ] i
#3| ORILL [rzu_ 1
} | %,
switiafl]
* 1 e
Pl w
Lo J
IL & —¢ l'
-1
N
J.i
» g —reme T 2T" 4
; ~1gs
L. a3 S %
3

FIG. 7—Cop r screening is soldered over
the ozenings of the covers
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889;:E'R ~6-32 BINDING 4-40 TAP rs N
© MEAD SCREW 2 :
STRIP _@ SOLDER TO ale 2. L%Z[J °  0005" SPRING
#30RILL PLATE CAP Nal o L BRASS OR
i AND COPPER ’ LES . = i BERYLLIUM
N ] STRIP P ; bl CGPPER
- N - L A --4-40 FILLISTER
v “GRID CAP g 5 BRASS HEAD SCREW
ICA NO 1550 #41DRILL 4-40 TAP  SOLDER TO SLIDING TAP-ONE
. e ® 0005" 5 RIP i
3. HEAT RADIATOR  MATERIAL-GE 1422 DRILLE TaPFOR  REGUIRED
) BUD TC 488 SUPPORT - 3 REQUIRED 4-4C SCREW L DA
16
PLATE CAP ASSEMBLY
3 REDUIRED i &
e 1 ‘Q “le
1 1 “k- ﬁk J‘ 1
R 20-0 010 WIDE 6-32 TAP~ - |- 53 e
SAW CUTS, ¥ 2REQUIRED  mie Dot
=y — EQUALLY SPACED ale 2 =2 s |
Py i
1200, ~ V. 1y
L- =3+ 210 - |3 — T
d - o i Al T J =
@ 4-40 TAP- DEEP
Ty ' " EACH SIDE MATERIAL-BRASS
'ﬂTSC%&'_,C)( SzEk— S CATHODE MDUNT
- S aTe v MATERIAL-GE ¥1422 3 REQUIRED
MATERIAL - BERYLLIUM COPPER SEACERRORECURED
GRID FINGER- 3 REQUIRED

FiG. § Small parts recuired are plate caps. grid fingers. supgports, spacers, tuning
clips and cathode mounts

resistors span terminals 1 and 5.

The resonant lines are assemblad
as shown in Fig. 5. The GE 1422
supports are secured to.the brass
tubing by means of 4-40 set screws.
The purpose of the support is to
take all ztress oft the fragile button
niica capacitors. The rest of the
assembly is readily completed by
referring to the photographs.

The halun, 7., is an 8+-inch length
of RG-5/U cable with the inner con-
ductors soldered to the cathode
mounts of V. and V,. One side of
the outer shield is connected to the
shield of transmission line T.. The
inner conductor of T, also ter-
minates on the cathode mount of
V.. Line 7. is a 6-inch length of
RG-5/U cable terminated in a
TG-18/U plug.

The firsi stuge showed a power
gain of 10 db with a driving power
of | watt, and an output of 2.5
watts. The plate input was 22 ma
at 500 volts. The serond stage
showed a gain of 6 db with an out-
put of 10 watsz. The input was 30
watts, vie'ding a plate efficiency of
33 percent. 1Y lower power Iis
desired, the first stage may be used
alone.

PI1.LIOGRAPHY

ISlectronics  sponsors  Citizens  Radio
Project., BrsoTreNtes, p 80, Nov. 1947,

W, . Holliz, T ansmitter for the Citi-
zens Nadio Seryice, ISLECTRONICS, D 84,
1947,

T Sa nueison,
zehs Band, FKLRECTONICS

W, ., Hoilis, Receiv
Radio Serivice, liiecrroNtcs, p 80, Mar.
1048,

Howard J Towlandg, Antennas for Citi-
zens Radio. ISLECTRONICS, b 46, May 1948,

William . Lurte, Citizens Band Trans-

ceivers, ISLIECTRONICS. D 6. \ug. 1948.

IMield Tests for Citi-
p 492, Jan. 1948.
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Precision
Interval Timer

timer chassis, The
mourted underneath

Complete

relay is

By SIDNEY WALD
Aviation Equipment Engineering
RCA Vietor Division
Canulen, New Jersey

WIDE variety of modern in-

dustrial jobs require accurate
timing. Control of current duration
in welding and timing of exposure
in high-frequency heating and pho-
tographic enlargement are but a few
possible applications.

Electronically operated timing
circuits almost universally employ
4 combination of resistance and ca-
pacitance, wherein the measured in-
terval is the time required for the
capacitor to reach some predeter-
mined voltage. While the relation-
ship between the charge or dis-
charge time and RC product is pre-
dictable and accurate the practical
embodiment of this statement
usually results in the introduction
of other circuit variables such as
tube electrode potentials, aging and
loss of calibration through tube re-
placement.

The electronic timer to be de-
scribed eliminates these sources of
error while retaining simplicity.

The formula which governs the
discharge of a capacitance through
a resistance is

v = VyeW/RC (1)
where v = voltage ‘across the capacitor
after time ¢ seconds Ll
1% = initial voltage across the
capacitor

C = capacitance in pf
It = resistance in megohmns
e =2 71N

If we permit the capacitor to dis-

88

High accuracy of timing intervals from 0.01 to 100

seconds for industrial control applications is provided

by permitting a capacitor to discharge through a voltage

source of reversed polarity

charge to the point where v =
(1/n)V, we have
1

n
or e '/#C = 1/n

Thus for a given R and C it al-
ways takes the same time to dis-
charge the capacitor to a given frac-
tion of the initial voltage. Note that
this time is independent of the value
of V,.

] = 1'.et RC

Modified Circuit

By the simple expedient of dis-
charging the capacitor through a
voltage source of reversed polarity,
it is possible to make v = 0 when
the ratio 1/n = 1/2. This type of
discharge is shown in Fig. 1. Mak-
ing use of these facts in Eq. 1 ve-
sults in the following

el /HC = 1/2 2
loge 1/2 = — t/RC
from which ( = 0.603 RC 3

Thus, after 0.693 RC second, the
voltage across the capacitor will be
zero regardless of the initial volt-
age V..

In the circuit of Fig. 2, a minia-
ture thyratron fires when its grid
voltage passes through zero. A re-
lay in the plate circuit pulls in and
either energizes or interrupts a load
circuit, depending on the contact
arrangement. To repeat the cycle,
the thyratron plate current is mo-
mentarily interrupted. This action
permits the negative grid to regain
control, holding off conduction until
the capacitor discharge curve again
passes through zero.

When the device is first connected

to the a-c¢ line, the 4-uf timing ca-
pacitor, C,, is in a discharged state
and consequently the thyratron fires
as soon as the plate voltage derived
from the 6AL5 power supply builds
up. This action causes the plate cir-
cuit relay to pull in and C, charges
to 200 volts negative, with respect
to the cathode of the 2D21. The
grid of the latter, being perma-
nently connected to C,, likewise
goes 200 volts negative. The thyra-
tron remains in a conducting state,
since one property of gas-filled
tubes is the loss of control by the
grid once the gus ionizes.

The circuit is now ready for the
initiation of a timing cycle. It is
accomplished by momentarily inter-
rupting the continuity of the plate
circuit. When the toggle switch
marked RECYCLE is thrown to either
position, the plate circuit is inter-
rupted for a period equal to the
transit time of the switch element.
For the ordinary toggle switch, this
may amount to a few milliseconds.

The tube is thus extinguished, the
relay is de-energized and the highly
negative grid regains control. At
the same time, the normally closed
contacts on the relay change the cir-
cuit so that the timing capacitor
starts to discharee through the dec-
ade resistor (marked x 1and x 10)
and through the power supply. The
action of the discharge circuit is
clearly shown in Fig. 1.

When the potential across the ca-
pacitor reaches about 2 volts, the
thyratron fires and the relay pulls
in and remains that way until the
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FIG, 1—Discharge of RC circuit

circuit is again recycled. If a load,
such as photographic enlarging
lamp is connected in series with the
a-c line and another pair of nor-
mally closed contacts on the relay,
the light will go on for the precise
period of time determined by the
setting of the vresistor decade
switches.
Accuracy

The accuracy of the timing inter-
val which may be obtained with this
circuit depends on two principal
factors, slope of the discharge curve
near the firing potential of the thy-
ratron and tolerance of the timing
resistors and capacitor. Both of
these are not only controllable but
highly stable.

The value of the slope of the dis-
charge curve at the firing point can
be shown to be V,/RC volts per sec-
ond where V., is initial voltage
across the capacitor, R is given in
megohms and C in microfarads.

To ascertain the timing error due
to variation in firing potential of
the tube, assume a maximum grid
voltage drift of plus or minus 1 volt.

For a timing interval of 1 sec-
ond, RC = 1/0.693 or 1.44; V,/RC
= 200/1.44 139 volts per second.

A more useful concept is the num-
ber of seconds per volt. Thus,
1/139 = 0.0072 second per volt. For
the assumed variation in firing po-
tential, we have a timing error of
-+0.0072 second. Since we were
considering an interval of one sec-
ond, this is equivalent to an error of
=+0.72 percent.

For a timing interval of 100 sec-
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FIG. 2—Stable timer circuit provides intervals repetitive to 0.75-percent accuracy

onds, we have an inverse rate of
0.72 second per volt and again

-
the error is %2 X100 _ g 72 per-

100
cent.

This shows that regardless of the
timing interval, the percent error
due to small variations in critical
¢grid potential is fixed and, for most
purposes, insignificant.

Resistance and capacitance toler-
ances affect the accuracy of timing
directly since the measured interval
is directly proportional to RC. If
we consider equal tolerances on the
capacitance and resistance, then the
timed interval ¢ kR (1=1p) C
(1 = p) where p — percent toler-
ance and k = 0.693. This leads to
the relationship, ¢ E[RC = RC
(2p) + RCp*].

For tolerances up to 10 percent,
the second order term may be disre-
garded with the result that the re-
sulting interval is in error by double
the percent tolerance on either R
or C. Thus, to insure one-percent
accuracy, one must use half-percent
resistors and capacitor.

An interesting case of cancella-
tion occurs when the tolerance of
one component is on the high side
and that of the other component is
equally on the low side. Then t =
k RC (1 — p*) = k|RC — RCp?].

For example, if the resistance is
10 percent high and the capacitance
10 percent low, the product error is
1 percent low. For 20-percent com-
ponents, the timing error would be
on the low side by only 4 percent.

The present design will give elec-

tronically timed intervals which are
repetitive to an accuracy of at least
0.75 percert and absolute within
about 5 percent, from 1 second to
110 seconds in 1-second increments.
By making use of the relationship,
t = 0.693 RC and using suitable
values of R and C, it is possible to
extend the timing range consider-
ably below and somewhat above that
given. The plate circuit relay oper-
ate time limits the shortest possible
timing operation. With ordinary re-
lays, it is possible to go down to
0.01 second. There are two limiting
conditions for measuring long inter-
vals. One is the necessity for ex-
tremely large RC values and the
other the need for a steep discharge
curve at the firing point.

Maximum Time Interval

With 400 volts on the plate of the
2D21, a 10-uf timing capacitor and
a discharge resistance of 43.3
megohms, a maximum of 5 minutes
might be successfully attained. It is
believed, however, that a mechanical
timer of some type would be inher-
ently more suitable for such com-
paratively long intervals. The diffi-
culties involved in procuring and
maintaining extremely high stable
RC are well known and in spite of
recent advances in insulation and
hermetic sealing techniques, it is
well to avoid such circuitry wher-
ever possible.

Credit is due J. S. Russo, also of
Aviation Equipment Engineering,
who was instrumental in the devel-
opment of this electronic timer.
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REMO

elevision
TE VIEWERS

By VIN ZELUFF

Associate Editor
ELecrroNics

HE ADVENT of television has
brought unusual desires to
many set owners like the author.
One of these, the desire for a larger
screen, has not been found too im-
portant after the first year of oper-
ation. More confining have been the
limitations imposed by having only
one picture tube in the home. This
tends to involve constant attend-
ance in the living room when duty,
homework, mealtime and other
activities require presence in other
rooms away from the picture tube.
In answer to this second desire,
three different remote viewers have
been devised to provide video pro-
grams in other rooms. These view-
ers permit occasional monitoring of
the evening programs while en-
gaged in other tasks and also per-
mit a large number of people to be
entertained in several groups of
convenient size. Having two or
more screens for larger groups
eliminates the confusion of assem-
bling all available chairs in one
room.

Independent Seven-Inch Viewer

The television receiver itself con-
tains a seven-inch tube requiring
electrostatic focus and deflection.
For the first remote viewer, similar
video and deflection circuits were
assembled to form the unit shown
in the block diagram of Fig. 1. This
unit is an independent viewer that
requires only a video signal of
about two volts for picture opera-
tion. It contains cathode-coupled
multivibrators for both vertical and
horizontal oscillators, deflection
amplifiers, a sync separator and, in
the interests of economy, a single-
stage video amplifier. For the same
reason, d-c restoration is accom-
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Independent viewer for attachment to video amplifier of any receiver. A second
chassis, not shown, contains the low-voltage power supply. audic amplifier ard
loudspeaker

. VIDEO = HY
! AMP SUPPLY
TClRECEIVER CRT
= VIDEO
AMP
SYNC VERTICAL VERTICAL TO | a-F 1
SEP osc aMP RGV-_R SUPPLY _G:
=1
HOR HOR LY
0sc AMP SUPPLY

FIG. 1—Independent remote viewer contains its own sync-separation and deflection
oscillators and is fed from the cathode of the video amplifier stage of any receiver

plished by utilizing the current
through the grid 1esistor of the
video amplifier tube.

An unterminated coaxial cable is

used to carry the video signal to the
remote viewers. A cathode follower
wasg installed at the receiver for
feeding the video signal at low out-
put impedance to the cable.

It was considered desirable to in-
vestigate tne possible design of
simpler remote viewers. Here sim-

plification of cireuit connections
and minimizing of changes in the
receiver were indicated.

Design Simplification

Elimination of the extra tube for
the cathode follower was desirable
and found feasible. This was ac-
complished by inserting a 500-chm
resistor in the cathode circuit of
the receiver’s video amplifier and
feeding the voltage developed
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Cathode loading of a video amplifier stage in a receiver permits feeding two different types

of picture-tube repeaters. By the same method, a third type, a simple slave repeater, can be

fed from one of the viewers or from a receiver having electrostatic deflection

Complete slave viewer and audio channel.

The electrostatic independent viewer or

the receiver is used as a master unit

Ten-inch independent viewer constructed on a prepunched chassis.
cable and audio line are needed for operation of this unit

across it to the remote viewers. The
normal plate load circuit of the
video amplifier was left unchanged.
The final circuit is shown in Fig. 2.
Only slight loss of video voltage to
the receiver picture tube resulted
from the dual output loading, and
this was readily compensated by
adjustment of the i-f gain control
used as a contrast control.

The video signal has been fed
through various types of cable, in-
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Only the video

cluding RG8U, RG59U, micrcphone
cable and even 300-ohm flat trans-
mission line. All of the shielded
types proved satisfactory in lengths
up to 100 feet. Distances greater
than this would not nsually be en-
countered in the average home and
would probably require a termi-
nated line to eliminate standing
waves at the highest frequency.
The independent viewer can be
connected to any receiver at a point

where a positive video signal of the
proper voltage is available. If it is
necessary tao use a negative signal,
the input can be made to the cath-
ode of the remote’s video stage.

The circuits of several receiver
models available show an unby-
passed cathode resistor in one of
the video amplifier stages. From
this point, these sets can be con-
nected to remotes with only a pos-
sible addition of a signal divider if
the video level is too high.

The first remote viewer included
its own sound channel, using the
simple infercarrier system, for
demodulating the f-m signal pro-
duced at 4.5 megacycles by the
transmitter., This required four
tubes and was found to be an un-
necessary luxury. A single audio
stage is used in the viewers illus-
trated. Each of these is fed by an
audio line from the receiver.

An alternative would be to elimi-
nate the audio tube and connect
loudspeaker voice coils to the audio
line with low-impedance pads for
individual control of audio level at
each viewer. The system shown
was adopted because of simplicity
in circuit arrangement, as well as
because it allows any remote viewer
to be operated at a higher sound
level than the receiver.

The picture controls of the inde-
pendent viewer are essentially the
same as those in a conventional re-
ceiver. Width, height, brightness,
focus, vertical and horizontal fre-
quency and centering controls are
provided. Sufficient variation of
contrast is provided by a 100-ohm
rheostat in the cathode circuit of
the video amplifier.

Simplified Seven-Inch Viewer

Cathode loading suggested a
means of designing a slave remote
unit in which there would be no

9N




6F6

——+—H

HORIZONTAL
INPUT

47,000

”E};{ﬁ 5000 47,000 ’_-)'L
- MANAAAANA _—”W"

0.0012 6SN7

) 50,000
g > - BRIGHTNESS
o~ 8_
8 0.l

VIDEO
INPUT

T

VERTICAL
INPUT

2MEG
AVAAA"s

TR

FIG. 3—Complete circuit of slave viewer.

need for a sync separator, vertical
oscillator or horizontal oscillator.
The complete circuit of a slave re-
mote is shown in Fig. 3.

The two 6SNT7 tubes are oper-
ated as two-tube paraphrase ver-
tical and horizontal deflection amp-
lifiers feeding the appropriate
plates of the cathode-ray tube.
Sawtooth pulses for the two ampli-
fiers are supplied from the cathode
circuits of the deflection amplifiers

VIDEO

~v__VIDEO LINE TO
REMOTES

e

|

FIG., 2—Low-impedance output for re.
mote viewers is obtained from the cath-
ode load resistor of the video amplifier
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in the recciver (or from the inde-
pendent master remote).

The values shown in the sche-
matic provide a raster whose corn-
ers just touch the periphery of the
cathode-ray tube screen in the slave
remote when the width and height
controls of the master unit are ad-
justed for that condition. Different
types of picture tubes that operate
at higher or lower voltage would
require slightly diiferent sweep
voltages to fill the screen. To mini-
mize changes in the original re-
ceiver, it is best to vary only the
values of components in the slave
unit. In operation, the size of the
slave picture varies directly with
change in size of the master unit.

Four controls are provided on the
front panel of the slave viewer.
These are focus, contrast, bright-
ness and audio gain. The vertical
and horizontal centering controls
are mounted at the rear of the
chassis.

Figure 4 shows the connections
of the cables to the deflection am-
plifiers in the receiver. Most com-

Three 35-foot sections of RG59U carry the video signal and vertical and horizontal deflection
voltages. A separate line carries the audio signal

mercial receivers have similar cir-
cuit arrangements of the deflection
amplifiers. The cathode circuit of
the first vertical amplifier usually
contains a resistor that can be util-
ized as the load feed to the remote
amplifier.

Usually the horizontal amplifier
has the tube cathodes grounded,
and a resistor is inserted as the
cathode load. The values shown
were found optimum for the par-

VERTICAL
AMPLIFIER

HORIZONTAL
AMPLIFIER

TO SLAVE REMOTE

FIG. 4—Changes in receiver circuits to
provide sawtooth output for the deflection
circuits in the slave viewer
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ticular receiver; others that use
6SL7 tubes will probably require a
different value.

In some veceiver designs, the
second tube of the paraphase may
have a cathode resistor which can
be used without change. Since this
tube is handling the opposite phase
of the first, the slave viewer would
then produce a mirror image of the
picture. leversing the deflection
plate connections to the coupling
capacitors of the slave unit will
then give the proper image at the
remote.

Deluxe Ten-Inch Viewer

It was felt that a larger and per-
haps brighter picture unit was the
next step. This need was quite ade-
quately met by the General Electric
10FP4 picture tube, and an inde-

pendent electromagnetic remote
viewer using it was constructed.
The circuit of this unit is shown in
Fig. 5.

The blocking oscillator trans-
formers and focus and deflection
coils are RCA components and their
circuits are the ones recommended
for these parts, although the tube
line-up is different from that em-
ploved in the RCA receivers.

Like the independent seven-inch
viewer, the ten-inch remote con-
tains a single-stage combined video
amplifier and d-c restorer. Sync
pulses are taken from the video
cable by the 6SK7 sync separator
at the left in the schematic dia-
gram. Some misgiving was felt
initially at the use of this simple
grid-leak biased pentode circuit, but
it has proven quite satisfactory.

The focus coil is arranged in the
positive low-voltage line for con-
venience in mounting the filter
capacitors. The plate current re-
quirement of all tubes in the viewer
is 150 milliamperes.

If the audio stage (not shown)
is omitted, the values of the resist-
ors shunting the focus coil may
need to be changed and a bleeder
resistor may be necessary in the
power supply to keep the current
through the coil sufficient for focus-
ing.

Damping resistor R can be com-
posed of a fixed resistor of 5,000
ohms and a rheostat of 3,000 ohms.
Less than 5,000 ohms causes the
picture to foid back on itself at the
left side. A value upward from
5,000 ohms controls trace linearity
of the left side of the picture.
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AMPLIFIER AND H PEAK AMPLIFIER H¥ RECTIFIER
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—
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-_ — o =14 °
100,000 9 = 250,000 | = 100 8 = e,%oo o w ’
o WiDTH i 378 | |svae =
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[‘VVV—jWGL o
TO REGCEIVER = 104000 150
VIDEO AMP H HOLD =S TERIN
CATHODE H |CENTERING
HEIGHT HLIN
1000003 250000,
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! 0005 0.
20904 20% |88 T T I
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FIG. 5—Complete circuit of ten-inch independent remote viewer with electromagnetic deflection and focus
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By L. GRANT HECTOR

Vice President and Director
Research and Engineering

and
H. W, KOREN

Senior Engineer
Physical-Chemical Section
Sonotone Research Laboratory
Sonotone Corporation, Elmsford, N. Y.

EVERAL YEARS AGO, an investiga-

tion was begun in these labora-
tories of newly developed high di-
electric materials. Potential use in
capacitors for hearing aids was en-
visioned. As a result of this study
it was predicted that some of the
materials might show piezodielec-
tric properties while under the in-
fluence of a direct-current polariz-
ing fleld. The junior author, with
the assistance of Joseph Crown-
over, then with this company, made
an experimental study of the pre-
diction. This work disclosed that
such piezodielectric properties did
exist and, furthermore, that perma-
nent polarization remained, giving
some of these materials permanent
piezoelectric properties.

The application of such materials
to numerous types of transducers
such as microphones, vibration and
pressure detectors, frequency-con-
trol units, modulation units and
phonograph pickups was at once
indicated. A project covering these
and other related items of develop-
ment was started. To muake this
project self-supporting it was de-
cided to exploit the use of the ma-
terial in a phonograph pickup car-
tridge at the start. A part of the
general research was concerned
with an investigation of various
materials which showed the piezo-
electric property from the point of
view of picking out a material that
represented the best combination of
sensitivity, freedom from tempera-
ture variation and ease of handling.
The material finally chosen was
barium titanate in the form of a
ceramic.

Properties of Barium Titanate

The property of permanent piezo-
electricity for the materials studied
occurs at temperatures below the
Curie point. The Curie point cor-
responds to a maximum point in the
dielectric properties of the material.
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To test each cartridge, it is placed on a vibrating platform which

is driven in

frequency across the audio spectrum. Oscilloscope and meter show pickup response

Ceramic

For the case of pure barium
titanate this temperature is ap-
proximately 120 C. Sensitivity of
the material shows negligibie
change between —70 and +70 C.
The material is also independen: of
humidity effects. In addition to
these properties of permanence, the
material also lends itself to a svm-
metrical construction which con-
tributes to the flatness of frequency
response of a transducer. This
property, in combination with pe:-
manence under varving conditions
of temperature and moisture,
makes it an ideal material for use
in phonograph pickups.

Pickup Characteristics

A phonograph pickup cartridge
was developed which gives a nomi-
nal output of 0.75 .volt at 1,000

cycles per second on a standard test
record. The construction is such
as to permit this pickup to be made
Jor the low-cost market in spite of
its excellence in performance and
durability. The standard cartridge
originally produced carries a per-
manent sapphire needle with a tip
of 0.0027-inch radius. The compli-
ance of the device is sufficiently
nigl to permit a tracking weight
of onl: 22 grams for use on 78-rpm
records.  (TEkis cartridge has been
used in large quantities in phono-
graphs marketed by Sears Raebuck
& Company for considerably more
than a year under the trade name
Svntronic. Pickups are marketed
directly by the Sonotone Corpora-
tion under the trade name Titone.)

The ceramic material is cut in
narrow strips, tne sides of which
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NYLON BUSHING

LEFTHAND TERMINAL |

STRIP

INSULATOR
ARMATURE

6P g

RUBBER SLEEVE

ASSEMBLED
CARTRIDGE

RIGHTHAND
TERMINAL STRIP
WIiTH GROUNDING LUG

Parts of the ceramic pickup for 78-rpm records are shown in their order of assembly.
is formed by the two ceramic sirips that are soldered to the armature.

/8 RIGHTHAND HALF SHELL

’ CUSHION
CERAMIC

STRIP

K L3

o
bl %

/,
INSULATORS
METAL WASHER

EYELE:

LEFTHAND
HALF SHELL

ARMATURE
ON HALF SHELL

— JEWEL-TIPPED NEEDLE

SHANK

_#<—SOLDER STRIPS
GERAMIC STRIP

ARMATURE GLIP

RUBBER CUSHION

The sensitive element of the pickup

Terminal strips and cushions hold it in shell

Phonograph Pickup

Two synthetic bharinm titanate sl

abs are mounted between three electrodes and then made

pleloelectl ic by applving high voltage to form a pickup that is unaftected by humidity or

normal temperatures. The artificial piezoelectric is gener ally applicable as a transducer

are covered with a silver frit. Two
such pieces are fastened by solder-
ing to the opposite sides of a thin
metal armature. One end of the
armature is clamped in the case.
forming a hinge. To the other end
is soldered a small metal arm carry-
ing the sapphire needie. Plastic
pads on either side of the assembly
act as lateral dampers and control
the compliance. DPractically. there
is an optimum thickness of the bar-
ium titanate ceramic which is a
compromise between a thin strip for
high capacitance, high compliance
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and low mass on the one hand and
a thick strip for ecase in handling
and freedom from dielectric break-
down because of effects of surface
rouglmess during polarizing on the
other hand. Theoretically, thin
strips would be best as there would
then be more strain energy stored
in them to produce the piezoelectric
voltage.

Compliance, Inertia and Damping

At low frequencies, compliance
(the reciprocal of stiffness and the
mechanical analog of capacitance)

is of primarv importance. The
ratio of the distance from the
center of effective force of the plas-
tic dampers to the hinge and from
the needie tip to the hinge forms a
step-down lever so that large mo-
tions at small force (high compli-
ance) on the needle produce less
motion but large force (low com-
pliance) on the ceramic element.
This arrangement is necessary, the
compliance ol the titanate struc-
ture beine too low to drive directly.

In designing a pickup, one wants
a high needlepoint compliance for
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Frequency response of pickup for 78-rpm records is substantially flat at low frequencies
despite small size of sensitive element because of its high dielectric constant

tracking at low frequencies, but in
general the higher the compliance,
the lower the sensitivity. The
needle is therefore mounted on a
short extension fo give a reasonably
high compliance. This extension is
also used to give very high vertical
compliance to provide freedom
from surface noise and to lessen
vertical shock. The proportioning
of inertia (inductance), compliance
(capacitance) and damping (resist-
ance) is such as to give good
transient response, which is re-
quired for clear reproduction of
speech and music.

High-frequency response is pro-
vided by coupling the 7,000-cps
needle-arm mode with that of the
lowest mode of the system, which
occurs at 2,000 cps. The provision
of sufficient damping in the plastic
pads smooths the resonances due
to these modes to provide the re-
sponse shown in the diagram.

Of great importance for proper
tracking at high frequencies is the
value of the effective mass of the
pickup at the needle point. This
mass is measured rather than cal-
culated because of the many uncer-
tainties and assumptions required
in a system of distributed param-
eters. The measurement is made
by observing the deviation in fre-
quency, produced by the loading
introduced by the pickup needle,
of a reed driven electromagneti-
cally. An inertia of four milligrams
was measured at 10,000 cps.

The production pickup for 78-
rpm records, tested on the 1,000-cps
band of a standard test record,
gives an open circuit output of 0.75
volt; it has a lateral compliance of
0.5 X 10~ ecm per dyne or better.
The active material 'in the pickup
has an effective dielectric constant
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of 1,200, giving a total internal
electrical capacitance of about 900
uuf. The internal generator volt-
age 1s directly proportional to the
needle excursion amplitude plus a
lift above 5,000 cps due to the effect
described above. For nominal per-
formance the pickup should work
into a load resistance of one
megohm.

A pickup for microgroove rec-
ords, with a 0.001-inch radius
needle tip and a tracking weight of
6 grams using the same materials,
develops 0.25 volt at 1,000 ceps on
a standard test record. This 337
rpm pickup has a compliance of
0.75 x 10° em per dyne. Models
have also been made of a dual car-
tridge for playing both 78 and 333-
rpm records.

Manufacture of the Pickup

In describing the design and re-
sponse of the pickup, its general
construction was outlined. The ac-
companying labeled parts-view
photograph indicates the construec-
tion of the pickup for 78-rpm rec-
ords. The barium titanate used in
the sensitive element is in the same
class as that used commercially in
ceramic capacitors, although the
purer it is the better. Strips for
the cartridge are cut from silver-
frit coated sheets and solder-
sweated onto the metal support.
The metal wets the ceramic at high
temperature and, in cooling, con-
tracts more than it, thus putting
the ceramic strips under longitud-
inal compression. The titanate is
brittle, but by thus placing it under
precompression, the assembled ele-
ment can be handled safely during
production and is negligibly subject
to damage from rough handling in
use.

The ceramic is then polari~
applying high voltages to
trodes. Polarization takes a2 aCLI0L
of an hour, the exact time de
pending on the voltage used.
ever, some combinations of .
materials are very sluggish, even
taking days to polarize.) Inasmuch
as the barium titanate breaks aown
above approximately 100 volts per
mil the charging voltage is limited
by breakdown, although for rapid
production the highest safe voltage
is desirable.

After the units are polarized,
they are tested for sensitivity. The
pickup is then assembled and finally
tested for response. In some pro-
duction items a sampling technique
can be used to test for quality,
especially if a limited number of
variables affect the final perform-
ance. However, in such production
items as pickups where overall re-
sponse is a function of every vari-
able in the unit, sampling is inade-
quate; quality control must be
maintained by checking each unit
for its response. Efficient operation
of the production line depends, in
part, on a practically automatic
means of testing each assembled
pickup.

Barium titanate ceramic is a
polycrystalline aggregate with a
high dielectric constant. Other well
known materials with comparable
piezoelectric properties are Rochelle
salt and ammonium dihydrogen
phosphate. These latter materials
are used in the form of single crys-
tals. It would not ordinarily be
expected that strong piezoelectric
properties would be observed in
polyerystalline aggregates of ran-
dom orientation. The fact that
a strong effect is observed in
barium titanate ceramic may be ex-
plained on the assumption that the
material exists in the form of tran-
sitional-type crystals intermediate
between the ionic and valence types.
It appears to be possible in this
type of structure to orient the do-
mains by means of an applied polar-
izing field.

The project in which the above
work was accomplished is now
being expanded to include a study
of piezoelectric properties of single
crystals of barium titanate and in
their potential applications to other
transducer problems.
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To obtain dense, nonporous slubg of barium titanate from which highly sensitive synthetic piezoelectrics ccn be made, the temperature
of this special kiln in which the material is fired is held constant to one part in a thousand

New Synthetic
Piezoelectric Material

Pure barium titanate, fired into a ceramic, can have piezoelectric properties induced into

it permanently by applying a direct-current polarizing field. The design considerations for

transducer elements made with the synthetic material, its properties and production

are described

By G. N. HOWATT, JOSEPH W. CROWNOVER and ABRAHAM DRAMETZ

Viee President

The Gultoa Manntacturing Corporation, Metuchen,

ARIUM  TITANATE has Dbeen
B studied extensively recentiy
because of its high dielectric con-
stant and piezoelectric properties.’
It is a heterogeneous, randomly
oriented polycrystalline, dense cer-
amic.

While {his material has been
used for several years as a high
constant  dielectric, in recent
months it has attracted consider-
able attention for use in such piezo-
electric transducers as microphones
and phenograph pickups. In both
these applications, a double-slabbed
element is strained in Dbender
fashion so that a mechanical lever
advantage is gained. This article
describes the bases of these appli-
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Director of Research

cations and the method for making
the material piezoelectric®.
Size of Transducer

In fabricating transducer ele-
ments of the size used in micro-

Researeh Eagineer

AN

phones and phonograph pickups,
two ceramic sheets of the desired
size are bonded together, such as
by soldering, after which leads are
attached. These barium titanate
ceramic e ements, after being sub-

they tell an interesting story.

APPLICATION AND MATERIAL

The preceding article described the application of a new material to phono-
graph pickups. This article describes the material itself in greater detail. Together,

Barium titanate, studied during the war, was found to have a remarkably
high dielectric constant so it was produced as a substitute tor mica in capacitors.
Later a way was found to make it piezoelectric.

With the resumption of peace-time research, the properties of this material
were further studied, and ultimate use in transducers of many kinds seems likely.
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Jected to high electric fields, exhibit
induced piezoelectric properties.

The thickness to which the cer-
amic is extruded is determined by
the practical optimum thickness of
the transducer element, which has
been found to be 0.010 inch, a com-
promise of low compliance on the
one hand and voltage breakdown
strength due to corona on the other
hand. That such elements can have
good frequency response is illus-
trated in Fig. 1A. Here the calcu-
lated midband and low-frequency
responses are given for several mi-
crophone elements feeding through
a 400-uu.f cable to a 5-megohm load.
The curves, calculated on the basis
of the equivalert circuit included in
Fig. 1A, are given for elements of
five different widths, indicated by
their capacitances.

Changing the width of the ele-
nient has two effects upon the re-
sponse. First, an increase in width
decreases the longitudinal stresses
in the material and hence the mid-
band response is decreased. Sec-
ondly, increasing the width of the
element has the effect of increasing
the series capacitance and thus in-
creasing the flatness of response at
the low frequencies. To illustrate
this point, note that the 1.600-uyf
unit has the smoothest overall re-
sponse, going down to half power
(0.7 volt) at 17 eps. But this flat-
ness is gained at the sacrifice of
the midhand level.

If the width of the unit is too
small. not only is the low-frequency
response sacrificed, but the mid-
band response drops as well. This
is illustrated bv the curve of the
200-+.f unit in Fig. 1A. Tn Fie. 2
the midband response of an element
is plottad as a funection of its capac-
itance (width) for several cable
loadin~s, From these c¢raphs, we
can expert the 400-uuf element to
give the best resnlts.

While the curves of Fig. 1A and
Fig. 2 are caleulated, actual tests
of the frequency-resnonse charac-
teristics on microphone and Glen-
nite pickup elements in Astatic
housings have been made and the
results, as indicated in Fig. 1B and
1C, are comparable.

Induced Piezoelectricity

The ceramic is made piezoelec-
tric, after it is fabricated into the
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transducer element, by applying a
polarizing potential.

The limiting factor on the usable
charging potential is the dielectric
strength of the titanate material.
The breakdown voltage was found
to be approximately 100 volts per
mil, but when corona is completely
eliminated, breakdown strengths
approximating 200 volts per mil
are obtained. A much smaller
charging potential is capable of
producing almost the same degree
of polarization when exerted over a
longer period.

The time delay for polarization
to take place and the saturation can
be understood from the nature of
the polarizing action. Initially, in-
dividual cubic erystals are twinned
within themselves (optical axes of
different domains of a crystal are
at 90 degrees to each other). When
the polarizing potential is applied,
the domains of one orientation
grow gradually at the expense
of the others so that, finally, the
crvstal approaches a single domain.
This growth of one domain and
shrinkdge of the other can be seen
with a microscope, using polarized
light. Because in polverystalline
ceramic materials the orientation
of some crystals may not favor the
growth of one domain at the ex-
pense of the other, not all the crys-
tals will contribute to the overall
plezoelectric effect. It is interest-
ing to observe that a single crystal
of barium titanate that has been

polarized has a sensitivity one
order higher than does Rochelle
salt.

Figure 3A shows the dielectric
constant and tan ¢ of the material
versus temperature. It will be
noted that the dielectric constant
is quite wuniform through the
normal temperature range. Figure
3B shows the piezoelectric modulus
(sensitivity) over the temperature
range from —60 to +140 C. There
is a drop in sensitivity at low
temperature (not shown) due to
the lowering of the dielectric con-
stant. The piezoelectric effect is
lost if the material is heated above
the Curie point, represented by the
peak in the dielectric constant
shown in Fig. 3A. The peak occurs
at about 248 F, (120 C), therefore
the maximum practical operating
temperature has been found to be

"2 CAPACITANGE OF ELEMENT

- 10— ; —

5 10 =

(S5 |

208 LOADING 400 wuF

o | CABLE INTO SMEGS

Yose —1 G, CAPACITANCE OF 1

= ELEMENT

: C!' CAPACITANCE OF }

g04 C CABLE (400 uuF)

o i c.3R R: RESISTANCE OF LOAD

x g I 2 €: DPEN CIRCUIT 4
| VOLTAGE OF LQAD 1

10 40 100 400 1,000 4,000 10,000
FREQUENCY IN CPS

m —

a

= o .

w | cowum

v GAPACITANCE 1,000 uu F

Z-201~ L0400 5 MEGOMMS + 100 uuF

g GDB 1VOLT PER BAR

5-40lB) TEST RECORD-COLUMBIA (0,000 a-M |

g 10 40 100 400 1,000 4,000 i0,000
FREQUENCY IN CPS

m

a

£ 5 -

8 0 DB-60 DB FROM 1 VOLT PER BAR \

% -10{ - CAPACITANGE - |5004<L).|61F EFNqu:,E

$.20/(C)L0AD-5 MEGOnMs " HHT UABLE

w N9 40 100 400 1,000 4,000 10,000

FREQUENCY IN CPS

FIG. 1-—(A) Capacitance of ceramic ele-

ment aifects theoretical frequency re-

sponse, but if the optimum thickness and

area of ceramic are used, the measured

responses of pickups (B) and microphones
(C) made from it are uniform

L e —

Qua APACITAN
\‘/E L C C CE

1.0 1 | I a—

= N 900 4uF g,

g . 60 SABLg
8 <600

rgo. Ly F CABLE

N

woe ; . BOO wuF CABLE |

=3

=

3

004

@

02

oL

200 400 600 800 1000 1200 1,300 1,600
ELEMENT CAPACITANCE IN:ug F

FIG. 2—For maximum midband response,

the capacitance of the piezoelectiric ce-

ramic element should be made equal to
that of its connecting cable

212 F, which leaves some margin.
The manner in which the relative
piezoelectric sensitivity is affected
by charging time is shown in Fig.
4 for a bender-type element at vari-
ous charging potential gradients.
The sensitivity of elements is easily
determined by observing its hys-
teresis loop on an oscilloscope.®

Physics of the Phenomena

No complete theory has been ad-
vanced to explain the phenomenon
of an induced piezoelectric effect.
However, there does appear to be a
close resemblance between the abil-
ity to produce the magnetic effects
in ferromagnetic substances and
these phenomena; that is, there ex-
ists small regions in which dipoles
can be oriented in the same direc-
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sooner with higher potential gradients,

but even small voliages polarize the
material ultimately

tion under the influence of strong
electric fields and these regions re-
tain an electric moment after the
externally applied field is removed.

Like all piezoelectrics, electrical
charges can be generated in the
sensitized barium titanate on the
application of mechanical stress.
llowever, the features which dis-
tinguish the piezoelectric ceramic
material from the natural piezo-
electrics are: (1) the piezoelectric
effect is induced, (2) oriented cuts
of the piezoelectric ceramic are not
required because the material is
polycrystalline and random in
distribution, while in the norm-
ally accepted material, oriented
cuts of single crystals are used,
(3) the induced piezoelectric effect
can be removed and reinduced
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repeatedly with no discernible
deterioration of the material, (4)
oppositely sensitized adjoining re-
gions may lie within a single strip
of ceramic, and (5) it does not ab-
sorb moisture.

The piezoelectric effect, due to
hvdrostatic pressure, has been
measured and found to be on the
order of 100 107 esu per dyne.

If this geiteral phenomenon ex-
hibited by the material can be
considered as conforming to prop-
erties of certain piezoelectric ma-
terials. it means that the piezoelec-
tric ceramic material will exhibit
primary pyroelectric effects. This
would place a limitation on the use
of barium titanate in high power
mechano-electric transducers, be-
cause application of high alternat-
ing potentials would heat the cera-
mic. possibly above its Curie
temperature, in which event the
induced piezoelectric effect would
be lost. However. it can be used
for low-powered devices, such as
tweeters.

Producing the Ceramic

As in all ceramics, control of the
composition of the raw material is
highly important. However, for
piezoelectric purposes this alone is
insufficient. Several steps must be
taken to remedy slight variations
of impurities in the raw material.
The necessity of processing barium
titanate into thin sheets has called
for a new ceramic method.

The raw materials are intimately
blended by severe agitation and
grinding with the vehicles and
binders. The mixed suspension is
then placed under vacuum to elimi-
nate entrapped gases. which tend
to lower the density and dielectric
strength of materials made by
tvpical methods.

The treated suspension is next
spread evenly on a moving belt

.where it is dried and then removed

in sheet form resembling paper.
The sheets are then punched to a
convenient size and are placed on
highly pure ceramic tile for firing.

Firing of the ware is a step
where extreme control must be
maintained to obtain high-quality
ceramiecs of uniform characteristics
economicallv. It has been found
necessary to design and build a
special tunnel kiln where tempera-

tures between 2,400 and 2,500 F
can be maintained within == 3 F.

The fired ware is then silver
coated using ceramic fired-on silver.
Control at this point must be main-
tained to apply the correct electrode
thickness properly. Ceramic sheets
are then cul by an abrasive wheel
into the sizes required for piezo-
electric app:ications.

It is well {o note that this process
can be adapted to the fabrication
of capacitors and other dielectrics.
Sheets from 0.003 to 0.020 inch
thick can be processed up to 16
square inches in area.

An additional ceramic of consid-
erzble interest, which is not piezo-
electric at room temperature, is one
having a hizh voltage coefficient of
capacitance: Fig. 3C gives its
capacitance versus voltage as well
as its capacitance versus tempera-
ture. This ceramic material could
facilitate the construction of a
sweep-frequency generator. The
frequency of an oscillator can be
changed by applving biasing volt-
ages to the ceramic capacitor. It
has been found that a varying bias-
ing potential can be conveniently
used to modulate an oscillator. An
inexpensive sweep-frequency gen-
erator for television testing pur-
poses conld be easily made with it.
Thus it can be anticipated that cer-
amics will play an increasingly im-

portant nart in the electronic
indnestry!
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High-Voltage Supplies

Discusses several types and their adaptability to portable applications. Describes system

found to be best suited for such applications and gives curves showing typical operation

under normal operating conditions

By ALEXANDER THOMAS

Tracerlab, Inc.
Boston, Mass.

URING the past decade, a num-

ber of battery-operated light-
weight power supplies for use with
Geiger-Muller counters operating
between 800 and 1,500 volts have
been described, and data on their
performance characteristics have
been recorded. Where light weight
has been the prime consideration,
as for example, in cosmic-ray meas-
uring equipment sent aloft in bal-
loons, specially designed batieries
are often required. These are of
such small size that they are usually
exhausted in the few hours required
for a test.

For applications involving field
service work, it is desirable that
standard batteries be used. They
must be light in weight but capable
of supplying the equipment for sev-
eral hours per day with intermittent
use over a period of several months.

Metering

For all work with power supplies
for G-M tubes, it is usually desir-
able to have a direct and fairly ac-
curate indication of the voltage. In
this way, the voltage may be
checked with the data supplied by
the manufacturer to insure that the
operating point aof the tube is on
the Geiger plateau or level portion
of the counter characteristic.

One of the simplest ways to ob-
tain accurate voltage indication is
to insert a sensitive meter in series
with an accurately known bleeder
resistance across the high-voltage
output. With a high-voltage source
of low internal resistance, such as a
battery, the resistance and the me-
ter may be switched out of the cir-
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FIG. 1—Circuit of poriable 900-volt power supply with adjustable output voltage

cuit except when the voltage is
measured. With sources of high in-
ternal resistance, such as in port-
able ¢lectronic h-v supplies, the load
regulation is poor and the bleeder
should be in the circuit at all times
during operation. The meter, how-
ever, when not being used as a volt-
age indicator, may be switched for
use elsewhere in the apparatus, as,
for example, for indicating the inte-
grated counting rate in an amplifier
circuit from the G-J tube.

For the sake of ruggedness, a me-
ter drawing 50 ua at full scale ap-
pears to be desirable. With high-
voltage sources of high internal
resistance, the use of a 50-ua meter
is also preferable to a 20-ua meter
because of the improvement in regu-
lation with variable G-M tube loads.

The need for metering the high
voltage and its consequent ramifi-
cations, particularly when used in
circuits of high internal resistance,
presents a further problem, the
efficiency of power transformation.
In the sense that the bleeder power
is useful, in that it makes possible

a necessary voltage indication, the
output power may now be consid-
ered the sum of the power dissi-
pated in the bleeder, meter, and G-M
tube circuit. The power expended
in the meter and G-M tube circuit
is negligible compared with the
power dissipated in the bleeder. A
bleeder current of 50 wa at 1,500
volts represents a power output of
75 milliwatts, a requirement which
has a direct bearing on the battery
size for the desired life. It also
points to the need for good power
transformation efficiency.

For example, suppose that four
midget  67!-volt batteries, each
weighing 12 oz., are arranged in
series-parallel to deliver 135 volts
at 2.5 ma for a desired useful life
of 325 hours. Suppose that at this
battery input a voltage-multiplyving
circuit has been found that will de-
liver 50 ua at 1,500 volts. The effi-
clency or ratio of power output to
power input is 22.2 percent. If the
efficiency were 44.4 percent, the
battery weight could he reduced
from 3 1b to 11 1b.
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For G-M Counters

Midget batteries are now avail-
able up to 300 volts (Eveready No.
433). A high-voltage supply con-
sisting of a multiple of 300-volt
units has much in its favor. The
units are fairly compact and ex-
tremely simple to install. The life
is essentially the shelf life when
used with normal G-M counter cur-
rents of less than 1 wa. Even when
counting at a rate of 250,000 counts
per minute, the current drawn by a
small G- tube is seldom more than
3 ua, which is still a negligible
drain. Because of the low internal
resistance, the metering may be
done intermittently; hence there is
no metering drain during operation.
Disadvantages include lack of volt-
age variability, changes in voltage
with battery age, and higher weight
and replacement cost than that of
some electronic circuit substitutes.

Charged Capacitors

Instead of using batteries, the
possibility of storing a charge in a
capacitor might be considered.
Prior to taking the equipment into
the field, a capacitor is charged to
the desired operating voltage. Sup-
pose that the total load and leakage
current is 1 ua and the permissible
voltage drop over 3 hours antici-
pated field use is 100 volts, and the
G-M tube has a useful plateau 100
volts wide. The required capacitance
is the ratio of change in charge to
change in voltage AV. Then C =
it/AV where 7 is the current and ¢
is the time. Substituting the values
from the above example, a capacity
of approximately 108 uf is required.

A single voltage unit might be
arranged to charge a number of ca-
pacitors in parallel and discharge
them in series, thus building up the
voltage to the desired value. The
best method proposed has been to
connect the capacitors in series, and
charge each one successively by
switching the battery voltage with
a pair of commutators mounted on
a rotating shaft. The shaft may be
spring driven or motor driven. Be-
cause of the inevitable losses in
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switching, the resulting voltage is
not an integral multiple of the bat-
tery voltage and will, of course, vary
as the battery ages. This calls for
voltage metering. By suitable choice
of shaft speed, number of commuta-
tor sections, and capacitor values,
the percent ripple and the internal
1esistanee can be made low and the
metering circuit may be removed
except when a voltage reading is
required.

If a batterv-powered electric mo-
tor is used to drive the commutator
shaft, the problem of the weight of
this battery in relation to its useful
life enters in. The smallest electric
motor is rated at 1/2,000 h-p or 373
milliwatts. The battery supplying
this motor for 325 hours intermit-
tent service weighs almost 3 lb.

For sake of comparison with
other systems, the efficiency is com-
puted when the voltage is being
metered (when there is appreci-
able output power). Assuming a
power transformation factor for the
voltage-multiplying circuit of 75
percent, and as before, that the de-
vice is supplving 50 uwa at 1,500
volts, the efficiency will be 15.85 per-
cent.

At 900-volt operation, the effi-
ciency is only 6.6 percent. The dif-
ficulty of adjusting the voltage and
the relatively high power require-
ments of the motor make this sys-
tem a doubtful solution to the prob-
lem.

Vibrators

Considerable interest is being
shown among commercial and gov-
ernmental agencies in the devel-
opment of small high-voltage
low-power devices employing me-
chanically vibrating reeds. These
vibrators normally operate from a
battery supplyving 1} to 6 volts. The
high voltage is obtained by the
rapid collapse of the magnetic field
produced in a transformer supplied
by the same battery. The vo'tage is
readily controlled by a series vari-
able resistor in the low impedance
side of the transformer.

One type of vibrator supply is
reported to deliver 50 pa at 1,100
volts with an input drain of 250 ma
at 8 volts. A battery delivering this
input intermittently for 325 hours
weighs 5 1b 10 oz. The power trans-
formation efficiency is 7.34 percent.

Vibrator-type power supplies for

TABLE I—Comparison of Portable High-Voltage Power Supplies

Type

Straight  Battery Operation (Using
Eveready 300-volt midget batteries)

Chlarged Capacitor (Large capacitor
charged to desired voltage prior to
tuking equipment into field)

Capacitors in Series (Charging capaci-
tors in parallel with low voltages and
discharging them in series for desired
Lizh volitage)

Vibrators (Vibrating reed causes peri-
odic collapse of magnetic field in
transformer)

R.F Power Supply (High frequency
feeding into step-up transformer)

Limitations for Pertable Use

No voltage variability. Voltage changes
with battery aze, Heavy. Replacement
cost high

Leuakage current causes voltage to drop
between time charged and time when
unit is used. Large capacitor needed
{over 100 rf). Bulky. expensive, and
annoying to charge before use

A wotor-driven switching system is re-
quired, with accompanying motor
power requirements. Low efficiency at
desired voltage. Discharge voltage de-
pends on condition of charging battery.
Switching losses

Heavy low-voltage battery. Low power
transformation efficiency for high-
voltage low-power applications. Bulky

Transformer losses. Low overall effi-

ciency
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automobiles have an efficiency be-
tween 60 and 75 percent. Unless the
efficiency of the high-voltage low-
power types can be made 15 percent
or more, metered power supplies of
light weight and relatively long
battery life are not very practical
by this method.

R-F Power Supplies

High-voltage r-f power supplies
for cathode-ray tubes have been in
use for some years and it is natural
to consider the applicability of this
type for portable G-M counters.
Again the efficiency is the prime
consideration.

In the r-f type of power supply,
a feedback oscillator drives the
primary plate coil closelv coupled to
a larger secondary coil.

A commercial coil unit was tried
in a circuit emploving a 1U4 oscil-
lator and a CK1013AX cold-cathode
rectifier. It became apparent that
the rectifier did not perform prop-
erly in the frequency ranges tested,
80 to 400 kc. A filamentary type
rectifier, a type 1654, performed
satisfactorily, but the best B-bat-
tery efficiency secured was only 13.4
percent. A coil combination made
from commercially available chokes
gave approximately the same
efficiency.

The chief source of loss occurs in
the secondary winding. In order
to keep the losses in the secondary
small, the equivalent parallel resist-

ance of the secondary at resonance
must be large compared with the
load resistance. As the output load
is to be 30 megohms, the secondary
must have at least this resistance.
Quoting from an article by 0. H.
Schade (see bibliography), *“ . . .
secondary circuits of such high
impedance are too expensive and
large for practical use.”

If a sawtooth voltage is applied
to the grid of a vacuum tube in the
plate circuit of which there is a high
inductance choke, the rapid changes
in plate current induce large volt-
ages across the winding in the
choke. This induced fluctuating
voltage may be rectified and
smoothed to provide high d-c
voltages.

As an alternative, a cold-cathode
grid-controlled thyratron is ar-
ranged so that the RC-derived
voltage periodically gains control
and cuts off the plate current. This
would have the great advantage of
requiring no filament battery sup-
plv.  Unfortunately, experiments
with a CK1089 tube indicated that
stable oscillations could not be se-
cured with less than about 500 milli-
watts input.

A Dblocking type of audio oscil-
lator was also tried, using the
secondary of the transformer in the
plate circuit and the primary as
tickler feedback in the grid circuit.
The efficiency of this svstem was
relatively low.
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Another way to generate a suit-
able sawtooth voltage is by means
of a multivibrator. A pair of vac-
uum tubes, resistance and capac-
itance intercoupled, operate in a
free-running flip-flop arrangement
and the voltage developed in the
output circuit of one tube drives the
amplifier. Subminiature tubes of
low power drain are excellent.

Neon-Controlled Oscillator

A very simple method which pro-
vides slightly better overall efli-
ciency than the multivibrator is to
use a neon bulb supplied through
a resistor from the B-battery sup-
ply and shunted by a suitable capac-
itor. The sawtooth is generated by
the voltage rise across the capacitor
and sudden drop when this voltage
reaches the ionization potential of
the gas.

The proper choice of iron-core
choke in the plate circuit is usually
found by trial and error. Commer-
cially available interstage audio
transformers are often used with
primary and secondary connected in
series aiding. There is a marked
difference in the performance of
units supplied by different manu-
facturers, even among units whose
design characteristics for their
originally intended purpose are the
same.

A rectifier capable of withstand-
ing at least 2,000 inverse peak volts
is desirable. In the unit to be de-
seribed, the CK1013AX cold-cathode
gas rectifier is efficient and has the
advantage that no filament battery
is needed. Voltage is supplied to
the starter electrode through a 10-
megohm resistor.

Where voltages over a wide range
are required, a convenient control
is to use a series variable resistor
in the screen grid circuit of the out-
put tube. In this way, variable
voltages can be obtained at maxi-
mum efficiency.

A number of experimental cir-
cuits emploving a neon-controlled
oscillator operating at audio fre-
quencies and driving a 1U4 or 1TA
were tried. For obtaining 1,500
volts or more, about 200 volts plate
supply is required in addition to the
50 ma at 1.4 volts drawn by the fila-
ment. At 1,500 volts, an overall
power transformation efficiency of
22 to 23 percent is normal. At
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lower output voltages, the filament
power drain is a larger factor and
consequently the overall efficiency is
less.

900-Volt Power Supply

Figure 1 is the circuit used for a
900-volt supply and on which the
performance curves of Fig. 2 and 3
are plotted. In this case, the ob-
jective was a single-control con-
stant-voltage supply that could be
compared for cost and weight with
three 300-volt batteries. The con-
trol is necessary in order to adjust
for the slow drop in voltage over
the useful life of the two midget

67i-volt plate and neon supply
batteries.

The frequency is determined by
the time constant of the RC com-
bination in the neon supply circuit,
by the particular characteristics of
the plate-circuit choke, and to a
lesser extent by the supply voltage.
The choke is a UTC 0-5 hearing-aid
transformer with primary and
secondary connected in series. The
NE-2 neon bulb may be replaced
by a NE-51, which is a based type
of identical characteristics. In oper-
ation, the neon bulb glows suffi-
cientlv to act as a pilot light. Its
characteristics do not appear to
change with use. A half dozen
NE-2 and a couple of NE-51 bulbs
have been tried in the circuit with
inappreciable differences in re-
sponse.

In order to keep the battery drain
over its useful life at about 1.1 ma
or less, the output voltage control
was placed in the plate circuit and
the values of the screen dropping
resistor and by-pass capacitor were
adjusted until satisfactorv opera-
tion was secured. The effect of
battery aging on the output voltage
at two settings of the variable re-
sistor is plotted in Fig. 2. The in-
troduction of resistance in the plate
circuit decreases the efficiency of
the circuit when a new battery is in-
serted. As the batteries age, the
setting is advanced and the effi-
ciency increases, permitting opera-
tion at 900 volts output over a
fairly wide range in battery volt-
age. The overall power transfor-
mation efficiency at the 900-volt
operating point when the batteries
are new is 13.2 percent. For ex-
pended batteries (decreased to 97
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volts), the overall efficiency is 17.0
percent.

Fig. 3A shows the output voltage
regulation as a function of the ex-
ternal load, as would be produced
by a G-M tube operating at high
counting rates. This would be con-
sidered adequate for a G-M tube
having a normal flat-plateau char-
acteristic. If the G-M tube does
not have a flat plateau, the voltage
is returned to the proper operating
potential by adjusting the resist
ance in the plate circuit. Such re-
adjustment would be necessary only
at counting rates of several hundred
thousand counts per minute.

Battery-Aging Effects

The effect of changing filament
voltage on output voltage is given in
Fig. 3B. The data recorded was
taken at 135 volts battery supply.
At 105 volts battery supply, the
curve is similar with very little
change in output voltage as the
filament battery decavs from 1.5 to
0.8 volt.

A 0.04-2f capacitor was selected
for convenient physical size and
low cost as output smoothing ca-
pacitor. With the circuit deliver-
ing 900 volts the ripple is 0.3 volt.

The weight of all the com-
ponents of Fig. 1 including batter-
ies is 2.1 Ib. Three 300-volt batter-
ies weigh 2.8 Ib. The two 67}-volt
batteries in the circuit may be used
as low-current plate supply in asso-
ciated amplifier circuits fed from
the G-M tube. With a 900-volt bat-
tery pack, an additional low-voltage
battery is required for the pulse-
amplifying and recording circuits,
adding another 0.7 1b to the weight
of the battery pack system. The
total cost of components is very
nearly the same as the cost of a
900-volt batterv pack. On the other
hand, the battery replacement cost
for the neon-oscillator circuit is

about one uarter of the total re-
placement cost for the battery pack
svstem.

Available literature on 673-volt
midget battery characteristics in-
dicates that the circuit of Fig. 1
should operate 300 hours at 6 hours
per day intermittent use before the
batteries must be replaced. The
unit was tested continuously ftor
126 hours at 900 volts output with-
out failure.

The high peak voltage which ap-
pears across the plate of the output
tube suggests the possibility of
early tube breakdown. A circuit
similar to Fig. 1, but using the
miniature type 1U4 tube and higher
plate and screen voltage, delivered
1.900 volts output for several hours
without evidence of voltage break-
down. XNevertheless, with a d-c
voltage source, three type 1U4,
with plate and screen connected to-
cether and tested at grid bias suffi-
cient to limit the current to 1.0 ma,
broke down between 1,500 and 1,700
volts. Apparently, the tubes with-
stand higher instantaneous voltages
than would be indicated by tests
made under static conditions.

In conclusion, the author wishes
to extend his grateful acknowledg-
ment to R. P. Ghelardi for his help-
ful counsel and encouragement dur-
ing the course of this investigation.
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Carrier-Frequency
VOLTMETER

Strength of signals received over power lines, telephone lines and cables in the range

between 20 and 500 ke is directly indicated in db, using a fixed-gain double-superhetero-

dyne receiver. A built-in calibration oscillator is provided
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FIG. 2—Complete circuit diagram of the instrument
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Electric Company. Special features
were suggested by engineers of the
3ell Telephone System.

The instrument is essentiallv a
fixed-gain  double-superheterodyne
radio receiver covering the required
frequency range. The d-c cutput of
the final detector operates a micro-
ammeter calibrated in ab. A vari-
able attenuator, connected between
the input terminals and the first
grid, provides a wide range of meas-
urable voltages. An injection oscil-
lator, in effect a signal generator,
is included to facilitate ealibration.

Circuit Details

Referring 1o the Lblock diagram
of Fig. 1 and the complete sehe-
matic of Fig. 2, the input filter is
of the bandpass variety. The attenu-
ator consists of a wire-wound sec-
tion and a carbon-resistor section.
and operates in 10-db steps.

The variable-frequency oscillator
beats with incoming signals in the
carrier-frequency range and pro-
duces a 1,500-kc signai at the input
of an adjustable-gain i-f amplifier.
Temperature stabilization of the
vfo is accomplished by means of a
variable capacitor consisting of two
fixed plates ahout % inch by 1}
inches in size and an intermediate
movable plate operated by a 2}-tiin
spiral of thermostatic bimetal. The
output of the 1,500-k¢ amplifer
combines in a second detector with
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The carrier-frequency voltmeter

Internal construction of the instrument

that of a 1,675-ke erystal oscillator
fo produce a 175-ke signal whick is
fed to a fixed-gain i-f amplifier.
Output of the 175-ke amplifier goes
to a third detector. The audio out-
put of this detector drives an a-f
amplifier operafing a headset used
for monitoring. The d-c output of
the third detector operates the indi-
catirg meter, which is a 0-200 mi-
croammeter.

The injection oscillator delivers
Q.77 volt (0 db) to the input circuit
of the instrument, operating at 100
ke. A switch permits the output of
the injection-oscillator monitering
diode to be read on the indicafing
meter for calibration purposes.
Adequate signal input is provided

so frequency calibration of har-
monic points apbove 100 kc on the
dial can be checked from the injec-
tion oscillator.

Performan:ze Characteristics

The carrier-frequency voltmeter
will handle from 77 microvolts to 77
vo'ts at the input. or 80 db below
to 40 db above zero level (1 milli-
watt into 609 ohms). Selectivity
characteristics are approximately 6
db down at 1 ke cft resonance, 18 db
down at 3 ke off resonance and 40
db down at 7 ke off resonance.

Input impedance is 10,000 ohms
in the rejection band, and approxi-
mately 20,000 chms in the pass
band.
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Multichannel Radio

Developed to transmit cosmic ray and other high-altitude data, the Aerobee telemetering
system combines a high degree of flexibility and package design with light weight and
small volume. Uses special circuits for transmitting voltage and pressare data

ECENTLY publicized work in

high-altitude research has
been highlighted by the develop-
ment of the 3,000-mile-per-hour
Aerobee sounding rocket. In order
to collect data for high-altitude
studies, a telemetering system with
a high degree of flexibility, light
weight, and small volume was
needed.

One purpose of the Aerobee pro-
gram is to measure cosmic rays at
high altitudes, using Geiger tubes
as the primary end instruments.
These tubes feed secaling-down and
thyratron circuits, the outputs of
which consists of negative pulses of
short duration and random timing.
The telemetering system must then
transmit these pulses as faithfully
as possible and record them as a
function of the cosmic rays.

Vt F-M | DISC 400CPS
_ RECEIVER | = RECORDER REF.FREQ. | |
[ 3 al 1
BAND-PASS [a-F LMiTER |
¥ FILTER | = AND DISCRIM-
23KCE759, | INATOR 1 T
[[29KO= 73 %)) INATOR o
<
BAND-PASS A-F LIMITER ®
bl FILTER 2 AND DISCRIM-
3KCET75% | INATOR 2 g
-
BAND-PASS A-F LIMITER »
sl FILTER 3 [==d{ AND DISCRIM- bl =
39KCt759% INATDR 3 o
. w
BAND-PASS A-F LIMITER [}
> FILTER 4 p==p{ AND DISCRIM- it
5.4KC175% INATOR 4 R
4
BAND-PASS | A-F LIMITER -
=™ FILTER 5  l=d{ AND DISCRIM- fmmeed ©
7.35KCET5 %) INATDR 5 g
o
BAND-PASS | A-F LIMITER w
b FILTER 6 =P AND DISCRIM- fremi{
12.3KC*759, | INATDR 6

FIG. 1 —Block diagram of ground-station
equipment which receives and records tele-
metered information
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Additional requirements imposed
upon the system include meuasure-
ments of several different pressures
in the missile, and a variety of d-c
voltages, both positive and negative.

The Telemetering System

The basic telemetering svstem
now being used is of the frequency-
division type, utilizing six audio
subcarrier bands whose oscillators
are frequency-modulated by end in-
struments actuated by the intelli-
gence to be transmitted. Frequency
response tor the bands is approxi-
mately 60 cps and is presently
limited by the response time of the
recording galvanometers used.

A method of measuring higher
frequency components lies in the
use of a multivibrator oscillating at
50 ke, which is frequencv-modulated
by the signal voltage. Response of
this unit is good to 10 ke. The out-
put of this oscillator modulates the
radio transmitter directly and, for
recording, a 50-kc¢ discriminator is
employed, the output driving a re-
cording-camera-type  oscilloscope.
Frequency and amplitude may be
read from the film obtained from
this method.

The subcarrier oscillators are de-
signed to be used in any band and
give a varying frequency output as
a function of the input intelligence.
The simplest tvpe of oscillator, for
measuring pressures, utilizes an
iron-core coil whose inductance is
varied by a mu-metal slug attached

to a flexible diaphragm to which the
varying pressure is applied. Other
types of oscillators are more com-
plex in order to measure such vari-
ables as temperature, voltage and
strains, but all perform in the same
manner to give a frequency-modu-
lated audio signal.

The outputs of the oscillators are
adjusted to proper level, mixed to-
gether through an isolating net-
work, and the complex voltage is
applied to the grid of a reactance
tube in an f-m transmitter, giving
direct frequency modulation.

The ¢ground station equipment for
recording the transmitted signal
consists of an f-m receiver, a set of
audio discriminators, and a multi-
channel recording oscillograph. The
receiver detects and demodulates
the transmitted signal in normal
f-m fashion, and the complex audio
output is applied to a set of
filters in the audio diseriminators.
These filters are of the band-pass
tvpe tuned to cover the respective
subearrier bands and have sub-
stantially flat-topped response in-
side the band, with steep skirts at
each end. Each filter output is then
passed through limiter and clipper
stages and is fed to a tuned audio

discriminator whose output is
linear with frequency. A cathode-
coupled push-pull power output

stage drives a string in the oscillo-
graph for the actual photographic
record. A block diagram of the
eground station equipment is shown
in Fig. 1. Auxiliary equipment in
the ground station includes a
large disc-recorder for simultaneous
recording and interpolation oscil-
lators for calibrating the audio
discriminators.
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Telemetering for Rockets

FIG. 2 —Back view of audio case showing commutatirg switch and vecltage-controlled
oscillator, This unit weighs about 5 pouncs

The Aerobee telemetering system,
as supplied to the user gioup, is
broken down into two parts: the
audio case and the r-f transmitter.
These units are mounted separately
in the missile and are connected by
a cable,

The audio case is of aluminum
construetion, occupies a volume of
281 cubic inches and has a maxi-
mum weight of five pourds. The
use of commutation and switching
of oscillators inereases the amount
of data which may be transmitted
and a maximum of fourteer oseilla-
tors is provided for in the nnit. A
complete audio unit is skown in
Fig. 2.

The transmitter is also of alumi-
num construction, has a vclume of
60 cubic inches and weighs 1! lb
including cover and mounting plate.
Figure 3 shows a front view of the
transmitter. Excitation of the mis-
sile is emploved to radiate the r-f
signal and is accomplished by
means of an insulated spike
mounted in the nose. A slug-tuned
loading coil couples the spike to the
transmitter through a coax cable.

Power for telemetering is sup-
plied from the missile power supply
system, consisting of 28 volts of

ELECTRONICS ~~ December, 1948

storage pattery driving a bank of
dynamotors, with three allotted
to telemetering. These dynamotors
furnish approximately 220 volts at
60 ma, although one may give as
high as 400 volts to supply the
transmitter final stage. Filament
supply is taken from an 8-volt tap
on the main battery and is adjusted
to 6 volts by u resistor.

Audio Chassis

Three types of audio systems
have been produced to date, with
different elecirical requirements for

FIG 3 —Front view of r-f portion of the
telemetering transmitter

each one. Figure 4 shows the block
diagram of the unit used in recent
tests. Provision for the separation
relay and commutating switch is
included in all types and may be left
out if not needed for the particular
application at hanc.

Two basic tvpes of subcarrier
oscillators are used: the TOL-1A
inductance ~oscillator for pressure
measurements, and the TOE-1A
voltage-controlled oscillator for
voltage measurements, including
cosmic pulses. These units are di-
mensioned in a multiple system of

COSMIC RAYS COSMIC RAYS
oR OR [ PRESSURE GAGES —]
MAGNETOMETER :
PRESSURE| - MAGNETOMETER
g;l | | osaGE |] l l I l I | | l I I
I
1c 2¢ 3A 38 4c 5C 6CI 6c2 6C3 6ca
TOE-1A| |TCE-Ia| |TOL1A| [TOE4A| |TOE-1A| [TOE-iA] [TOLia| |TOLiA| |TOLIA| [TOL-1A
1 SEPARATION COMMUTATING
RELAY SWITCH
: J
TOE: VOLTAGE-CONTROLLED TOL: INDUCTANCE-CCNTROLLED
2SEILLATOR TRANSMITTER OSCILLATOR

FIG. 4 —Block diagram of audio case used in recent Aerobee flights
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lengths, the TOE-1A being twice as
long as the TOL-1A. Since both os-
cillators are the same width, two
TOL-1A oscillators occupy the same
space as one TOE-1A and these
units may be interchanged in this
fashion. A total of 10 TOE-1A os-
cillators may be used or 8 type TOL-
1A oscillators in combination with
6 TOE-1A oscillators to give 14
channels of information. The verti-
cal mounting panel in the case is
drilled and tapped in universal
fashion in order to take a variety
of the two oscillators. Replacement
or addition of escillators on either
side of the panel is readily accom-
plished in a short time.

The inductance-oscillator circuit
for pressure measurements utilizes
a single tube, the subminiature type
6K4. The pressure gauge forms the
inductance of the tank circuit of the
oscillator, a change in pressure

GRID
STABILIZING RESISTOR

6,800 £10%
BIAS RESISTOR STABILIZING

VYW RESISTOR
100,000+10% 10,000%
08 0,000%5%

» FREQUENCY-SETTING 6V (50 MA
\' MICA CAPACITOR
. R

1

\ | ECOILIN END INSTRUMENT 'l
AAAAAAAAAA

L,‘_ - —\.Q_QQQ.-:_‘:",‘,&C;.'Q\&:-

GRID BLOCKING 0

CAPACITOR

H PLATE SUPPLY
=TT 90V AT 2 MA

FIG. 5-—Schematic diagram of sub-carrier
oscillator with variable inductance end in-
strument

varying the spacing of a mu-metal
pad with respect to the iron-core
coil. The gauge is mounted remotely
from the oscillator unit and the two
are connected together by a three-
wire cable. Band selection is ac-
complished by tuning to the desired
frequency by means of mica capaci-
tors connected across the gauge coil
and mounted in the oscillator unit.
Current drain for the oscillator is
approximately 3 ma at 108 volts
while filament drain is 150 ma at 6
volts. The circuit is shown in Fig. 5.

The TOE-1A voltage-controlled
oscillator is a four-section phase-
shift oscillator using three tubes.
The resistance of one leg of the
phase-shift network is supplied by a
modulator tube, which has its plate
resistance varied by the voltage
under measurement applied to the
modulator grid. A miniature tri-
ode, the 6C4, is used for the modula-
tor; a subminiature 828 A pentode is
used for the oscillator stage, and a
6K4 functions as a cathode follower.

Since the cosmic-ray instru-
mentation output is in the form of
negative pulses, the TOE-1A oscilla-
tor operates over the range from
zero to —10 volts. With zero input
to the modulator, the oscillator fre-
quency is at the top end of the band.
For the —10 volt condition, the fre-
quency shifts downward to the low
end of the band, giving a total
change of 15 percent in frequency.
Pulsing of the oscillator is straight-
forward and has given very good
results.
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FIG. 6—Circuit diagram for voltage-controlled oscillator
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In addition to the cosmic-ray
pulse service, the TOE-1A has also
been used to telemeter the operation
of the emergency fuel cut-off re-
ceiver in the missile by measuring
the limiter-grid voltage and the out-
put thyratron grid and cathode volt-
ages.

Modulation sensitivity is a con-
stant percentage function for all
bands, the zero to —10 range giving
iull bandwidth in each case. Sensi-
tivity in cycles per volt varies from
35 cycles per volt on band 1 to 200
cycles per volt on band 6. The cir-
cuit diagram is given in Fig. 6. B+
current drain for the oscillator is
3.5 to 4 ma at 108 volts and A+
drain is 450 ma at 6 {folts. Band se-
lection is carried out by installing
four mica capacitors in the phase-
shift network and tuning to exact
frequency with a small mica capac-
itor in parallel with the input capac-
itor of the network.

Two separate regulated B voltage
supplies, with OB-2 miniature regu-
lator tubes, are used in the audio
case. These tubes are fed from
separate dynamotors whose output
voltage may vary over a wide range,
due to load conditions or drop in
primary battery voltage. All oscil-
lators operate at a common value of
108 volts and may be interchanged
from one supply to the other, with
no change in calibration, and with
good stability.

Provision for extra data beyond
the normal six channels is accom-
plished in two ways: commutation,
and channel switching by means of
a relay. For commutation, a motor-
driven cam-type switch using a
maximum of four Acro snap-action
switches is used to switch outputs
of the oscillators at a rate of ap-
proximately four samples per
second. A long cam-section gives
an identifying mark for the record.

The relay switching system
serves to substitute oscillators dur-
ing flight and is applied in regard to
booster action. Booster pressure is
measured until separation, at which
time the relay coil, normally ener-
gized, is de-energized by a pull-out
plug on the booster. The booster
pressure oscillators are turned off
while another set is turned on. By
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grouping outputs and switching
with the 3-pole, double-throw relay
normally used, any desired oscil-
lator-time sequence may be ob-
tained.

Output voltages from all oscilla-
tors are fed to a terminal board
where each voltage is adjusted to
proper level by means of individual
voltage dividers. Provision is made
for commutating at the same board
as well as grouping of outputs for
the separation relay.

Connections to the audio case are
accommodated by three plugs
mounted on one end of the case. The
largest, a 19-pin AN connector, con-
nects all end instruments to their
oscillators. The second plug, a 10-
pin AN connector, supplies all
power and control circuits, while the
third, a 5-pin connector, connects
the r-f transmitter to the case and
furnishes power and audio input to
the transmitter.

The Transmitter

The f-m transmitter (Fig. 3) is
a multistage unit with a reactance-
modulated oscillator, a frequency-
doubler stage, and a 2E26 tetrode
final amplifier. Miniature tubes are
used in the low-power stages, and
are readilv replaced in case of
failure.

The low-power stages are sup-
plied with 200 volts with a current
drain of approximately 40 ma, while
the B voltage for the final amplifier
may be 250 to 400 volts supplied
from a separate dynamotor. Cur-
rent drain varies between 50 and 85
ma between the above limits. Total
filament drain is 1.4 amp at 6 volts.

Deviation of the transmitter is
set at = 65 ke for 1 volt rms input
to the reactance tube grid and har-
monic distortion is less than 2 per-
cent for this condition.

Tuning is accomplished by means
of silver-plated slugs in all coils ex-
cept the final amplifier, eliminating
the need for variable capacitors.
Tuning of the transmitter is con-
ventional and straightforward. A
low impedance link and coax cable
couple the output to the missile
nose-spike.

To facilitate rapid production of
complete systems for future use,
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FIG. 7—Telemetering record from recent firing at Almagordo. Missile near peak of
frajectory

emphasis was placed on simplicity
of design. The units are produced
in two definite phases. In the first,
the units are assembled in large
numbers and held in stock for fu-
ture use. Separate calibration
curves are supplied with each audio
unit and thev are used in the final
phase, the calibration of the basic
units.

Results of Firings

The first round, fired in Novem-
ber, 1947, reached an altitude of ap-
proximately 200,000 feet. It was
found necessary to cut off the rocket
motor during flight since the missile
drifted out of the prescribed tra-
jectory limits. An emergency cut-
off receiver in the missile, triggered
from the ground, was telemetered
and the record proved of value in
determining the point of cutoff, as
well as operation of the receiver
during the critical part of flight.

The second round, fired March 5,
1948, proved even more successful.
This missile attained an altitude of
78 miles and a wealth of useful cos-
mic-ray data was obtained from the
telemetering records. Four chan-
nels of intelligence were devoted to
cosmic rays, one to missile aspect,
and the sixth was commutated to

telemeter four rocket motor pres-
sure functions. All channels func-
tioned without failure and signal
strength from the missile held up
well during the flight despite the
fact that the r-f <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>