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MINIATURE COMPONENTS
FROM STOCK...

SUBOUNCER UNITS

FOR HEARING AIDS...VEST POCKET RADIOS...MIDGET DEVICES

UTC Sub-Ouncer units fulfill an essential requirement for miniaturized components hav-
ing relatively high efficiency and wide frequency response. Through the use of special
nickel iron core materials and winding methods, these miniature units have per-
formance and dependability characteristics far superior to any other comparable items.
They are ideal for hearing aids, miniature radios, and other types of miniature electronic equipment.

The coils employ automatic layer windings of double Formex wire...in a molded Nylon bobbin. All
insulation is of cellulose acetate. Four inch color coded flexible leads are employed, securely anch
mechanically. No mounting facilities are provided, since this would preclude maximum flexibility
location. Units are vacuum impregnated and double (water proof) sealed. The curves below mdlcate
the excellent frequency response available. Alternate curves are shown to indicate operating charac-
teristics in various typical applications.

D.C
Level Pri. Imp. in Pri.

+ 4VU 200 0
50

List
Price
$6.50

Sec. tmp. Pri. Res. Sec. Res.

250,000 16 2650
62,500

10,000 0 90,000 225 1850

3 mil 200 1300 30 450
1.5mil. 500

S0-4 + 20V.U 1.0 1
$0-5 Reactor 50 HY at 1 mil D.C 3000 ohms D.C. Res
$0-6 Qutput + 20vVU 100,000 .5 mil. 60 3250 3.8

*Impedance ratio is fixed, 1250:1 for SO-1, 1:50 for S0-3 Any impedance between the values shown
may be employed.

SUBOUNCER UNIT
Dimension /16" x 5/8” x 7/8”
Weight .. 03 Ib.

Type Application
*$0-1 Input

+ 4Vl
+ 20vVU

"S0-2  Interstage/3:1
*$0-3

SUB-SUBOUNCER UNITS

FOR HEARING AIDS AND ULTRA-MINIATURE EQUIPMENT

UTC Sub-SubOuncer units have exceptionally high efficiency and frequency range in their ultra-minizture
size. This has been effected through the use of specially selected Hiperm-Alloy core material and speciaf
winding methods. The constructional details are identical to those of the Sub-Ouncer units described
above. The cirves below show actual characteristics under typical conditions of application.

SUB-SUBOUNCER UNIT

Dimensions....7/16” x 3/4” x 5/8”
Weight ... b,

Type
*$50-1

§50-2
$50-3

$50-4
$S0-5
$80-6

ma

Application
Input

Interstage/3:1
Plate to Line

QOutput

Reactor 50 HY at 1 mil.

Ouptut

Level
LA

+ 4VU
+ 20VU

+ 20VU

+ 20 V.U.

Pri. Imp.

200
50

10,000

10,000
25,000
30,

100,000

0.C.
in Pri.

3 mil.
1.5 miil.

1.0 mil.
D.C. 4400 ohms D.C. Res.

.5 mil.

Sec. Imp.

60

Pri. Res. Sec. Res.

13.5

750
2600

2875

4700

3700

3250
35

4.6

33

.02 1b. *Impedance ratio is fixed, 1250:1 for SSO-1, 1:50 for SSO-3. Any impedance between the values shown
be employed.
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the marion Sensitive, Ruggedized
Null Indicator

SHADED POLE FACES

ALNICO Y
MAGNET

CORE SHIELDS

SOFT IRON CoRe  MOVING COIL 5

The Marion RUGGEDIZED Null Indicator offers advantages ULl oS
) N CHARACTERISTICS
never before found in meters of this kind.

Its special construction permits the use of the null system for
precise measurements under very severe field conditions, allows
design engineers to use a Null Indicator in new applications.

This meter is hermetically-sealed and its mounting require-
ments and physical dimensions are in conformance with JAN-I-6.
It has very high center-point sensitivity (1 microampere per mm.
or higher), yet due to its shaded pole face and shielded core con-
struction it gives sharply logarithmic attenuation as it departs
from the null point, thus providing ample overload protection
for the indicator. Maximum safe current is ten times actual
rated full scale value.

The Marion Null Indicator is made in two models, the HS2
(2%" size) and the HS3 (3'%" size). Each of the two models is
available with numerous current sensitivity and internal resist-
ance characteristics.

LE CUEHENT

LY

W FUCl

Demands of our national mobilization program come first, of
course, but we will gladly supply further information and serve
you to the best of our ability.

S | G T s e 1= R L < T )
ANGULAR DEFLECTION — DEGREE'S
r— e I

MARION ELECTRICAL INSTRUMENT CO., 401 CANAL ST., MANCHESTER, N. H.

e i T s ) é:-.‘":ﬁ 5, 1
marion . ieiexrs

MANUFACTURERS OF MARION z?faz’zjﬁcﬂ PANEL METERS
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W esETons z@ /

A 100% increase in output of composition resistors —
that’s IRC’s answer to current Government and

Industrial needs! And this tremendous expansion is
accompanied by fully mechanized step-ups in all
other IRC resistor lines. In addition, licensees in
Canada and Denmark supplement IRC capacity —
while licensees in England, Australia and Italy
serve our foreign markets. Even your urgent experi-
mental and maintenance requirements can be met
with little delay. For ’round-the-corner delivery of
standard sizes and types, simply call your nearest
IRC Distributor.

- Where JAN Specifications are a problem,



essential

When you need dependable small-size controls, specify IRC
%s'* Type Q Controls. New Type Q's are rugged ond ¢om-
pact, yet increased arc of rotation permits the same resistance
ratios used in larger IRC controls. Type Q's are characterized
by low noise level, unusual durability and efficiency, negligible
changes in resistance even after long exposure to humidity,
adaptability to a great variety of small-space applications.
Complete mechanization of production and testing assures
uniformity of construction ond performance —and offords
greater availability. Bulletin A-1 gives full details.

Where o combination of characteristics is
essential in precision applications, you'll cut
costs with [RC PRECISTORS. These deposited
carbon units solve availability problems in high
frequency applications, metering and voltage
divider circuits—combine accuracy and econ-

omy where carbon compositions are unsuitable
and wire wounds too expensive. We make the
two sizes of PRECISTORS to customers’ speci-
fications, rather than to standard RTMA values
—subject, of course, to minimum and maximum
values for each type. Write for complete data
in Catolog Bulletin B-4,

For exceptional stability and economy in low range applications,
choose IRC Type BW Insulated Wire Wound Resistors, Uniformly
wound ond completely insulated, these compact units have excellent
performance records in meters, analysers, low-range bridge
circuits, high stability attenuators and similor applications. Type

When experiments, pilol runs or main-
tenance demand standard resistors double-
quick, you'll appreciate the advantages
of TRC’s Industrial Service Plan. This
enables you to get prompt, 'round-the-
corner service from the local stocks of
your IRC Distributor. Call him for your
minimum-quantity requirements. If you
don’t know him, we’ll gladly send you his
name and address.

BW's are supplied in standard RTMA ranges, tolerance +10%
stondard—volues of 10 ohms and above in +5%. Available also
in motched or balanced pairs. Full data in Catalog Bulletin B-5.

INTERNATIONAL RESISTANCE COMPANY
403 N. Broad Street, Philadelphin 8. Pa.

Send me additional data on items checked below:
Advanced BT Resistors

Deposited Corbon PRECISTORS
Nome ond address of local IRC Distributor

Type Q Controls

NAME

TITLE—
COMPANY. .
ADDRESS. .
_STATE

Iy ZONE

Type BW Wire Wound Resistors



PLASKON

Rejects cut 70%

Like so many manufacturers, Globe-Union, Inc., received substantial rewards
in a hurry from a simple switch to Plaskon Alkyd Molding Compound.

In their television high-voltage capacitors, the outstanding electrical properties
of this quick-curing plastic reduced rejections 70% when the parts were
submitted to a high-voltage breakdown test. This manufacturer also reports:
“Very appreciable labor savings have resulted from the use of Plaskon Alkyd”
.. “Plaskon Alkyd has at least doubled the productive capacity of molding

equipment”...“The life of molding dies has been increased.”

Again... faster, more economical production of an improved product —
thanks to Plaskon Alkyd. Again...important evidence that it might pay you

well to investigate Plaskon Alkyd in relation to your product.

New bulletins giving complete details of the many
important properties of Plaskon Alkyd Molding
Compound are now available. Write for them now!

mold it better and faster with

DIVISION ¢ LIBBEY s OWENS « FORD GLASS COMPANY
2136 Sylvan Avenue ¢ Toledo 6, Ohio
In Canada: Canadian Industries, Ltd., Montreal, P.Q. @

8ranch Offices: Boston, Chicago, New York, Rochester, Los Angeles ALKYD
Manufacturers of Molding Compounds, Resin Glues, Coating Resins
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OUR SPECIALTY isengi-
neering capacitors to
exacting requirements.

We invite your inquiries.

MANUFACTURERS
Glassmike Capacitors
Plasticon Capacitors
HiVolt Power Supplics

consist of capacitor

elements enclosed in hermetically

sealed glass tubes. The capacitor elements

are wound with the plastic film which accentu-

ates the electrical characteristics you require.

The metal-glass housing assures retention of

these characteristics under unusual climatic
and operating conditions.

GLASSMIKES are available which
assure superior performance for
the following applicaticns:—

* Low current power supply filters
e Saw-tooth oscillator circuits

* Audio and RF coupling

* Pulse forming networks

* De-spiking networks

* Audio and RF Bypass

* Electronic computers

* Resonant circuit systems

* Geiger counter capacitors

* Electrometer circuits

* Laboratory standards

* High resistance applications

* Extreme temperature applications

All Phones: AMbassador 2-3727

Pulse Forming Networks ondenser roducts Company

: 75'31:("7."qulb' ‘Clark Street o Chicago 26, tllinois
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ADLAKE RELAYS AT W ORK—0ne of a series of advertisements on specific ADLAKE applications.

foolproof -maintenance free

Western Electric, one of America’s leading
electrical manufacturers, uses foolproof
maintenance-free ADLAKE relays in its com-
munication equipment.

ADLAKE Relays are designed and built to meet
industry’s most exacting requirements. Their
mercury-to-mercury contact prevents burn-
ing, pitting and sticking, and their sturdy con-
struction armors them against outside vibra-
tion or impact. And, most important of all,
they require no maintenance, for they are her-
metically sealed against dust, dirt, and
moisture.

Adams & Westlake

For the full story on the part ADLAKE Relays
can play in your business just drop a card to
the Adams & Westlake Company, 1107 No.
Michigan, Elkhart, Indiana. No obligation of
course.

Every Adlake Relay Gives You These Advontages:

HERMETICALLY SEALED —dust, dirt, moisture, oxidation and

temperature changes can't interfere with operation.

MERCURY-TO-MERCURY CONTACT—prevents burning, pit-

ting and sticking.

SILENT AND CHATTERLESS « REQUIRES NO MAINTENANCE
ABSOLUTELY SAFE
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FORCE
STRAIGHT-LINE THINKING

WITH NEW ALDEN COMPONENTS
FOR PLUG-IN CONSTRUCTION

TERMINAL MOUNTING CARDS
ORGANIZE CIRCUITS QUICKLY

ALDEN BASIC CHASSIS

Easily fabricated sub-assemblies built
into equipment that has utmost ease
of service and operation.

7

Portable

To design Electronic Equipment that must be produced quickly and in quantity, make
your model with Alden Basic Chassis and “20'' Packages. Save vital engineering and
planning time — machine and tool hours — critical material and manhours.

(D orGANIZE cIRCUITS
QUICKLY FOR SYSTEMATIC
LAYOUT AND CONSTRUCTION

Schematics of most all electronic equipment can be
broken down into circuit blocks of logically associ-
ated functions. These functional circuit blocks can
be mounted readily either in the Alden 20" plug-in
packages or Basic Chassis unit. The cube sockets
and associated components lay out quickly on full
scale Unit Planning Sheets for mounting on terminal
cards. These special pre-punched, multi-hole ter-
minal cards have wide flexibility to take an infinite
variety of circuit variations. Both sides of card
can be used to obtain maximum component densicy
area. Using the Unit Planning Sheets, functiona!
circuit units — components and housings — are
all planned in one step.

For Smaller Units Alden
“20” Plug-in Packages

@ ceT THE MOST NATURAL,
EASY SUB-DIVISION OF
LABOR IN MANUFACTURE

Soldqr terminals and sockets quickly rivgr to Alden
terminal card according to layout on Unit Planning

Sheet. Components snap into the special Alden
Miniature Terminals which hold them for solder-
ing. — (No twisting or wrapping of leads neces-
sary). — With all tube sockets and their associated

components mounted on one card — the wiring
and soldering of circuits is an open, easy-to-work
sub-assembly operation.

2

A

N

!
—

Minioture Terminals
650 Series

Terminal cards have been designed to accommodate
tremendous number of circuit variations — to make
neat tube and component sub-assemblies with a
minimum of wiring.

i

Here is a plug-in package unit using the above
method of converting schematic into finished as-
sembly quickly. Simply mount the completed ter-
minal card sub-assembly on the Alden 20" Non-
Interchangeable base, dip soldering the leads and
adding cover or housing and handle . . . In opera-
tion, visual or instrument checks are easily made
— if trouble occurs doubtful units are quickly
isolated — these units easily unplug and a compre-
hensive inspection made. Spare units can be plugged
in 50 equipment doesn’t have to be inoperable while
repairs are in process.

*20"" Non -Interchangeable

Base
a Mounting Sockets

'"20"" Rack and Chassis

Constuction

Shielded
Construction

@INSURE THE LOWEST
OPERATING AMD SERVICE
COSTS IN FINAL EQUIPMENT

The ALDEN BASIC CHASSIS UNIT is rapidly
completed by mounting terminal cards into the
chassis — soldering unit cables and making con-
nections to Alden Color Coded Back Conncctors
and detachable front panel. Completed unit is
easily piloted in and out of rack with the Serve-A-
Unit Lock. Open sided construction, aided by the
ncat direct front and back connections, gives instant
accessibility for rapid circuit checks and service.

Alden Terminal Caord System means minimum of
intercabling — but even this cabling can be laid
out easily and proceed as simple sub-assembly. Open
sided chassis construction makes cable casy to wire
to front panel, terminal cards and back connectors,

Back Connectors — 462 Min Series

The Alden Back Connectors are units that can be
discretely positioned on the back of the chassis —
isolating lines with incompatible voltages, currents,
or frequencies. This design insures accessible solder
terminals for soldering — avoids rat nests of con-
gested conventional back connector wiring. — Color
coded. the Alden back connectors provide beautiful
operational or service check points for all leads to
and from chassis.

Hinged front panel design of chassis — allows rhco-
stats, indicator lights, jacks, etc. to be mounted on
panel as another easy-to-work sub-assembly. This
panel attaches easily to chassis — is wired — swung
up and fastencd with Alden Target Screws.

Assembled — Basic Chassis simplifies the operation
of your equipment — Slashes service and mainte-
nance time. Smooth, positive insertion and removal
of the chassis is provided by the Alden "'Serve-A-Unit
Lock™

1'0 GET STARTED QUlCKL Y-' ‘phone our New Products Director for an appointment to visit our plant

— Wire for a sample Basic Chassis at $40.00 or an Open and Closed Alden ‘20°* Plug-in Package at $10.00 —

or write Dept. E

for Booklet:"Basic Chassis and Components for Plug-in Unit Construction’’.

ALDEN PRODUCTS COMPANY

117 North Main Street : Brockton - Massachusetts



= with a new line of Broadband
VHE-UHF TV Test Equipment

Type 904 VHF-UHF Noise Generator

This calibrated broadband noise source per-~
mits direct measurements of noise factors as
high as 20db for r-f amplifiers and receivers
operating in the range from 10 to 1000 mc/s.

Type 584
UHF
Frequency
Meter

470-890 MC/S

o DIRECT READING FREQUENCY
DIAL, CONTINYOUSLY VARIABLE

o HIGH-Q CAVITY
« PRECISE CALIBRATION
o RESOLUTION BETTER THAN 0.1 MC/$

Type 396 Balun
Balance-Unbalance
Transition

 FREQUENCY RANGE: 475 TO 890 MC/S

s VSWR: LESS THAN 1.3 OVER THE BAND
 IMPEDANCE LEVEL: 50 OR 75 TO 300 OHMS
© LENGTH: APPROXIMATELY & INCHES
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e YD D END GED GED SR IV NN MeD S S E SED

202 TILLARY STREET, .IFDEKLYH I, H.¥, =OFFICE: 35 JOHNIQON STREET, BROOKLYHN 1. M. ¥

RESEARCH NOW unpgg

AVAILABILITY TO BE
ANNOUNCED SOON...

40 o 950 MC/S

Fundamental Sweep
Frequency Oscillator

® OUTPUT: 1 VOLT ACROSS 75 OHMS
o MINIMUM SWEEP WIDTH AT 40 MC/S: 15 MC/S

—ASK FOR
PRD TYPE 907 -

VHE g DDITIONAL
"UHE INSTRUMENTS
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here’s how to IRON OUT

your power factor curve

for more information on ceramic capacitors
with lowest power factors available anywhere

see the next two pages - - - - - ’}




of standard and extended temperature coefficients (NPO through

power factor — very low inductance — more capacity per area N5250). Capacity, tolerance and nominal TC clearly identified by
available non-insulated (top row above) or insulated (bottom row). JAN-20 or RTMA color code. Recommended for VHF and UHF.

Conform to JAN-C-20 electrical specifications. Offer full range Write for Bulletin 42-18.

TEMPERATURE COMPENSATING TUBULAR CAPACITORS have extremely low

HIGH VOLTAGE HEAVY CURRENT CAPACITORS. Capacitance: 5 to 500
mmf., 5 KV to 20 KV D.C. working. Ideal for portable or mo-
bile cquipment of high voltage and high frequency requirements,
Check Bulletin No. 42-102 in coupon at the right,

TV HI-vO-KAPs are the standard high voltage capacitors for the
TV industry. Capacitance: 500 mmf., 10 KV, 20 KV and 30
KV D.C. working. For more information, check Bulletin 42-10R
in coupon at right.




give you lowest power factors...
highest electrical efficiency

That “thief of electrical efficiency” — high power factor
— won’t rob you when you specily Centralab Ceramic
Capacitors. Tor example, Centralab TC Capacitors have
an initial power factor of less than 1% minimum . . . io
only 3% maximum after 100 hours at 95% humidity!
Then returiz to normal !

What's more, all Centralab capacitors are made to
applicable portions of JAN specifications.

Low power factor is built into every Centralab Ceramic
Capacitor. Centralab’s Ceramic X—used for the ceramic
body—is non-hygroscopic. Moisture absorption is .007%

or less — ultimate in reliability under severe humidity.
Ideal for tropical climates,

The ceramic capacitor itself will casily withstand tem-
peratures of 85°C — higher than generally encountered
in most electrical apparatus. The silver electrodes are
bonded to the ceramic with a minimun tensile strength
of 3000 Ibs. p.s.i, preventing any possible change in
position of the electrodes.

These exclusive features of Centralab Ceramic Capa-
citors are your assurance of lowest power factor —
highest cfhiciency.

Compare with all others — and you'll standardize on Centralab for highest efficiency.

CERAMIC DISC HI-KAP CAPACITORS hold
thickness to a minimum. Very high
capacity in extremely small size. Used
in r.f. by-pass and coupling. Send for
Bulietin No. 42-4R.

EYELET-MOUNTED FEED-THROUGH CERAMIC
CAPACITORS ar¢ exceptionally small and
sturdy. Capacities range from 10 to 3000
mmf. Voltage rating, 500 V.D.C.W,
Check Bulletin No. EP-15 in coupon.

BC HI-KAP TUBULAR CERAMIC CAPACITORS
available in 48 preferred values. Ideal
for use in r.f. by-pass and audio-
coupling. Check Bulletin No. 42-3
on coupon below.

HIGH ACCURACY CERAMIC CAPACITORS for precision r.f. cir-
cuits. Especially suited to resonant application in oscillator
circuits of primary and secondary frequency standards and
meters. Check Bulletin 42-123 bclow.

For more information on the capacitors listed
in this ad, fill out coupon below and check
bulletins you want. For complete informa-
tion on Centralab electronic components . . .
switches, controls, ceramic capacitors and
printed electronic circuits . . . see your Cen-
tralab representative or your local Centralab
distributor. Ask for Catalog 27.

Centgalab

Division of GLOBE-UNION INC. Milwaukee 1, Wis.

Centralab, Div. of Globe-Union Inc.
914 East Keefe Avenue, Milwaukee 1, Wisconsin

Please send me the Technical Bulletins on Ceramic
Capacitors as checked below:

[ 42-18 [ 42-10R O 42-102 O 42-4R
O 42-3 O 42-123 [ EP-15 O EP-16
Name PO ERPOION
MINIATURE CERAMIC TRIMMERS can be mounted Address . —
to chassis or terminal mounted to coil or
terminal board. No. 821 (shown) has volt-
< 3 . s C any.. e e ST s T T
age rating of 500 V.D.C.W’, Available in ompany
various trimming ranges. Check Bulletin No.
Title = F— W= —— vy

EP-16 at the right.



A) B-4 Booster Pump. Takes over at fore-
pressures up to 1 mm. Handles large
amounts of gas in range from 1 — 30
microns. Ideal for roughing or backing
manifolds to speed up exhaust cycles or
as prime pump on aluminizing equip-
ment or wherever high speeds are re-
quired.

(B) Alphatron* Leak Detector and Contro!
Unit for Gas Filling. The latest high speed
rotary exhaust equipment demands split
second vacuum control. The Alphatron
Controller responds to pressure changes
in about two tenths of a second. It is used
to close off leaky tubes on a station with
only a two second cycle. Instantaneous,
accurate pressure response makes it a
natural for gas filling where accuracy of
fill pressure is important or where valu-
able gases are used.

{C) Gas Free High Purity Metals. Copper,
nickel, cobalt, and iron. Special melts
on request. Ingot weights up to 600
pounds.

(D) Alphatron* Vacuum Gauge. Instan-
taneous response with accurate gauging
from 1 micron to 10 mm. A rugged metal
ionization type gauge for industrial
»~e. Can be adapted for recording and
mlling.

(E) B-1 Booster Pump. Specially designed
for rotary exhaust units in miniature and
subminiature tube production,

(F) Type 710 Thermocouple-lonization
Gauge Control. One control with two
thermocouple gauges (1 — 1000 mi-
crons) and one ionization gauge (103
mm. to 10 8 mm. Hg range). Automatic
input regulation and protective circuit.

(G) Type 701 Thermocouple Gauge Con-
trol. A light, portable instrument for
vacuum testing in range 1 — 1000 mi-
crons — compact and rugged.

(H) H-4-P Purifying Diffusion Pump. Sim-
ilar to H-2-P but with speeds of over 300
liters/sec from 1073 to 107 mm. Hg
range.

(1) H-2-P Purifying Diffusion Pump. Over
50 liters/sec in 1073 mm. to 1076 mm.
range. Operates against forepressures as
high as 0.300 mm. Blank-off 2 x 1077
mm. Hg. For exhausting cathode ray
tubes and magnetrons, and aluminizing
operations on automatic equipment.

(J) Vacuum Seals. For introducing motion,
power, gases, Or connecting gauges.

(K) Standard Vacuum Furnace. A versatile
packaged unit for many metallurgical
operations under high vacuum or inert
atmospheres. Temperatures to 2000° C.
Useful for degassing tube parts, produc-
tion of germanium crystals, research and
production of improved metals for tube
parts, as well as general high vacuum
metallurgical research work.
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iL) Narcoil Diffusion Pump Fluids. Three
different oils fulfilling industrial and
scientific workers’ requirements.

® Tube Dollies. Special NRC mani-
folds, dollies, and vacuum systems de-
signed and built for electronic industry
to increase production and lower costs.

ELECTRONICS — December, 1951
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with a COMPLETE LINE of
HIGH VACUUM EQUIPMENT
for the ELECTRONIC INDUSTRY

You may be using one or two of our products
without realizing that at this one source you
have available such a full line of high vacuum
equipment.

You will find a unique quality in most of these
products. They were created to ““ideal” speci-
fications drawn up by manufacturers who, in
many cases, never dreamed we could fulfill their
exacting requirements. The products are meet-
ing these requirements day after day on pro-
duction lines.

Let us supply all your high vacuum equip-
ment needs. You will gain the benefits of a
single source of supply plus the high standards
of performance designed into National Re-
search products. Write us for further details.
National Research Corporation, Memorial
Drive, Cambridge, Mass.

N R ARCH : M RGY
W 5
DUSTRIAL RESEARC! !II !!" ETALLURG

PROCESS DEVELOPMENT 3‘ A DEHYDRATION
HIGH VACUUM ENGINEERING ‘” = DISTILLATION COATING
AND EQUIPMENT APPLIED PHYSICS

National Research
Corporation

*Reg. U. S, Pat. OF. Seventy Memorial Drive, Cambridge, Massachise:!s
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Wire termination in military equipment
can be just as important as each mis-
sion, each flight or each engage-
mert. Successful operation depends on
the proper function of every part. Thot's
why AMP solderless terminals and pre-
cision installation tools are specified
and approved for all critical instalia-
tions. Write for new TECHNICAL DATA

CATALOG and approval lists.

AMP PRE-INSULATED DIAMOND GRIP*
Solderless Terminal

U.5. Potent Nos. 2,410,321
AMP SOLISTRAND™* Solderless Terminal

2,379,567, 2,405,111, 2,468,169
U.S. Potent No 2,535,013, other U5 Patents Pending

other U.5 Potents Pending

*Trode-Mork
AMP Trode-Mark Reg US Pei Off
% <

AIRCRAFT-MARINE PRODUCTS INC.

2100 Paxton Street, Harrisburg 10, Pa.
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These Quality Features of All Tung-Sol Picture Tubes
mean Better TV Receiver Operation

o8

“The TUNG-SOL engineering which has produced the Low

Focus Voltage Electrostatic. Cathode Ray Tube is con-
stantly at work on a multitude of special electron tube
developments for industry. Many exceptionally efficient
general and special purpose tubes have resulted. Infor-
mation about these and other typesis available on request
to TUNG-SOL Commercial Engineering Department.

TUNG-SOL ELECTRIC INC., NEWARK 4, NEW JERSEY

SKI.ES OFFICES: ATLANTA + CHICAGO - DALLAS <« DENVER - ETROIT - LOS ANGELES -« NEWARK

TELEVISION TUBES' » RADIC TUBES - DIAL LAMPS + ALSO ALL-GLASS ISE/\lED BEAM LAMPS AND SIG}%AL FLASHERS '
) DECEMBER, 1951




Disc Cathode Speeds Assembly-
Improves Performance

® Electronics manufacturers find it
pays to be a customer of Superior.
They receive good service, quality
products and the benefits of
Superior’s methods and metals
research that constantly improves
upon already good products.

An example is the new, improved
Disc Cathode. Investigation proved
that a slight flaring of the open end
minimized the danger of heater
cathode “‘shorts” caused by scrap-
ing of the heater wire coating dur-
ing insertion, while speeding the
operation.

This feature added to an already
excellent cathode, resulted in a

part that does a better job at a
lower cost.

The Disc Cathode is only one of
the hundreds of products which
Superior supplies . . . but the samc
program of product improvement
is applied to all of them. That’s why
most manufacturers in the elec-
tronics field are already friends and
customers. If you are one of the
exceptions, it will pay you to find
out more about Superior and
Superior products. Forinformation,
consultation about production
problems, design help or research
assistance, write today to Superior
Tube Company, 2500 Germantown
Ave., Norristown, Pennsylvania.

Expanded Facilities . . . more space, equip-

ment and trained co-workers help to meet
growing demand.

Inspection and Gaging . . . equipment for
checking “E” dimensions of Disc Cathodes.

== S i

52,600 Seamless Nickel Cathodes, compared

under a lens with an ordinary pin.

Which Is The Better For

SEAMLESS ... ? The finest tubes
that can be made. Standard produc-
tion is .010” to .121’" O.D. inclusive,
with wall thicknesses of .0015"’ to
.005*. Cathodes with larger diameters
and heavier walls will be produced to
customer specification.

Your Application. . .

Or LOCKSEAM* . .. ? Produced di-
rectly from thin nickel alloy strip stock,
.040""t0 .100”" O.D. in standard length
range of 11.5 mm to 42 mm. Round,
rectangular or oval, cut to specified
lengths, beaded or plain.

= All analysas .00 to %" OD.
Certainonalyses [IEE" max. wdl, Bp to 1%" o.D. ]

=

*Mfd. under U.S. Pats.—Superior Tube Company e Electronic Products for export through Driver-Harris Company, Harrison, New Jersey » Harrison 6-4800

ELECTRONICS — December, 1951
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SPARE PARTS BOXES

No. 1025—1

No. 1025—6 12 x 6" x 6"

18" x 9" x 9

24 STOCK SIZES

Made to Army-Navy specificotions — jon-B-233, amendment — 2 -‘-‘@-"- ) ;
Mor. 10, 1950, Army No. 65-15. Navy No. 42B9C, Army green, S

Navy grey. Immediate Delivery. ”

Number | Length| Width | MHeight Number | Length | Width | Height
1025- 12 6 6 fro2503| 18 18 12
1025 12 9 102514 | 30 15 12
1025- 12 12 102515 | 24 15
No. 1025 ' 1025- 12 9 102516 | 24 15
102517 | 24 18
102518 | 24 18
1025.19 | 24 18
102520 | 24 12
102521 | 42 9
102522 | 36 12
102523 | 30 15
102524 | 42 12

(Partitions not ¢ 1025- 18 9

1025- 18 12
1025. 18 [
1025- 9 18 15
1025-10 18 12
1025-11 18 15
1025-12 18 12

1
2
3
4
30 x 15 = - 1025. 5 | 18 9
)
7
8

NINIOIVIOV v o|w/|o o

t |

COLE STEEL EQUIPMENT CO.

285 MADISON AVE., NEW YORK 17, N.Y.

FACTORY: YORK, PA.
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n Production

The design of the Collins 51V-1 receiver,
now on the assembly line, is based on “Glide
Slope Receiver Characteristics” issued by Aero-
nautical Radio, Inc.

This receiver, together with the Collins 51R
navigation equipment, will fulfill ILS receiving

requirements for commercial and private as well
as military aircraft.

The 51V is designed for reception of 90/150
cps tone modulated glide slope signals on all
ten present and ten planned channels in the
UHF range of 329-335 megacycles. It utilizes
crystals identical with those employed in R-89B
receivers and is electrically and mechanically

FOR PROGRESS IN INSTRUMENT LANDING SYSTEMS, IT'S . ..

Collins 51V Glide Slope Receiver

interchangeable with modified ten channel
R-89B’s, greatly simplifying installation in pres-
ent aircraft.

The 51V receiver control circuits are integrat-
ed with the standardized R/theta channeling
system, with channel selection provided by a
Collins type 314U remote control unit.

Choice may be had of a dynamotor for 12 or
24 volt d-c operation or an a-c power unit for
operation from 115 volt 400 cycle supply.

If you are not thoroughly acquainted with
this new glide slope receiver from previous con-
tact or correspondence, write us for the 51V il-
lustrated descriptive bulletin.

I
il

~
>

COLLINS RADIO COMPANY, Cedar Rapids, lowa

11 W. 42nd St., NEW YORK 18 1937 Irving Blvd., DALLAS 2 2700 W. Olive Ave.,, BURBANK
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——NEW GENERAL ELECTRIC PLANT—
——PRODUCES RECORD VOLUME OF

1. MAXIMUM METAL PURITY is essential in the man- —“‘*——.G E R M A N I U M——

ufacture of diodes. In photograph above dioxide powder is

being reduced to pure germanium metal. D I 0 D E S

NEW METHODS OF MASS PRODUCTION in G.E.s
germanium products plant® at Clvde, New York are
hooming diode output to the highest peak in the industry’s
history. An oflspring of the mother plant ai Flectronics
Park, this factory is equipped to produce 12 million
diodes a vear. Television receivers, compulers, communi-

o

cation systems and military requirements present an ever-
increasing demand for these minute but vital components.

WITH EXPANDED LABORATORY FACILITIES for the
development of new germanium and other semi-conductor
] . items, G. E. is prepared to suggest electronic solutions to
=s GERIETLEN EEFLENS ure}uounled to pin assemblies vour design and manufacturing problems—solutions that

. prior to assembly in cases. Precision centering as well as ; °© X

® speed are essential to produce these quality units at low cost.

may well save you money and improve your product,

Would you like more information on this? Ask us to
call. General Electrie Co., Llcctronics Parl:, Syracuse, N. Y.

*Which vou are invited to inspeel when in the Syracuse area. Mean-
while, let us send vou additional information and specilications on
G-E diode praducts. Write for bulletin #A57-01A.

3. FORMING, SHEARING, AND WELDING WHISKERS 4. ORDERLY BANK OF WHISKER MACHINES is typical
on diode pin assembly calls for careful manipulation under of modern production facilities in the new G-k plant. Quan-
microscope for accurately formed .003 inch diam. whisker, tities up to 12 million units a year can be produced here.



5. CONTOUR PROJECTION of diode parts for microscopic 8. AUTOMATIC TEST SEPARATION of diodes by types
inspection. Pellet and whisker (on screen) must follow rigid eliminates costly hand sorting ol thousands of units per hour.
specifications. This is typical of quality control processes. Every G-E diode is tested many times.

6. FIMAL ASSEMBLY of whisker and pellet pins in
plastic cases requires special machines designed by G-E
engineers for speed and accuracy.

9. HIGH-FREQUENCY TESTING of diodes {or television
applications has proveil successful in supplying over 2 million
G-E units to television manufacturers for high efliciency needs.

e s AR

' /
| 4 /
/
/] /
\ /
N W ;
| g
. 4 4
4
1 2
/ /
i /
\ /
7. ASSEMBLY MACHINES turn out diodes of 12 dif-
ferent varieties. This process represents unusual advance-
ment over former “hand-made” methods. ;
i %3
£

10. FINISHED G-E DIODES of various types are small,
rugged, eflicient, and low in cosl. These components can replace
«ome categories of vacuum tubes.

n‘/mm/w‘/oa/zp Gtence o7 —
GENERAL @3 ELECTRIC




Better performance...lower cost

¥

- |

Transmitter performance goes up —costs go down . . . the inevitable result of
specifying Eimac tetrodes to fill key sockets. Costs will stay down because the serv-
ice life of these time-proved tubes is long, replacement costs are low, and the cir-

cuit simplicity they allow keeps power bills down.

Eimac tetrodes are made for a wide range of power from 65 watts plate dissi-
pation to 20,000 watts dissipation. They are unexcelled for amplifier, oscillator, and
modulator service. All are backed by the experience and know-how of America's

foremost transmitting tube manufacturer.

Take the advice of countless users and equipment manufacturers who consistent-
ly not only recommend but rely on . . . Eimac tetrodes for unvarying performance,

exceptional service life, and compatibility to modern circuit techniques.

Write For The Free Eimac Quick Reference Tube Catalog

302

Foliow the Leaders 1o

INC. /855

The Power for R-F

EITEL-McCULLOUGH,
San Bruno, California

Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California
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NAL PANELS Sy
ELECTRICAL COMPONENTS

Flug-ir type of terminals are becoming increasingly populor becouse of
the easy, fool-proof nature of their use. The tengued centering key fits a
correspondingly grooved socket, FUSITE offers o large variety of this style
terminal ranging from 2 to 20 electrodes and in several flange sizes and

treatments. All terminals are regular FUSITE glass-to-steel construction,
Sockets are available for all FUSITE Plug-in terminals.

ILTIPLE Vg

Available Flange Treatments

124500

2000 V (RMS)
Available 2 to 8 hollow
tube electrodes.

TYPE 2 "
Uil 7-900 HTO Series with
7-900 HTO Series special 90° solder flange. 7-900 HTO Series
with standard 60°

Caps 1”7 O.D. can. Also
available as Type 2B to
cap 1.540”70.D. can. and
Type 2C to cap 1%”

with special offset
flat solder flange.

solder flange.

O.D. can.

2000 V (RMS) ™ 090

Available 11 to 20 o |

hollow tube electrodes. ‘—L — 1M

Wf‘j.:j‘;'

— O

&

/
OF COMPLITE LINE e

AND ENGANEERING DETAILS -- DEPT. B

B e
'. . THE F“SITE CORPORATION

6028 FERNVIEW AVENUE - CINCINNATI 13, OHIO
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IFPMIENDI

QIVeS 7 High Magnetic Saturation

W High Permeability at very high
Flux Densities

w High Value of Positive Magnetostriction

W Design Possibilities for Savings
in Weight, Space and Materials

Typical use of Permendur
in the ADL ELECTROMAGNET

(ARTHUR D. LITTLE, Inc,)

PURE IRON YOKE

77/
777
COPPER COILS w il E//
= -7/ 7,
= /7
wal |p /,;/j”/‘
L /Y,
1 /// /' /s 7
| / 7/ POLE
# 7 PIECE
: : BOLT
PERMENDUR 7
INTERCHANGEABLE / //
POLE PIECES 77 4 7 /
NI 777/
HEAVY SOUD LINE SHOWS PERMENDUR ES=
POLE PIECE WITH 1" DIAMETER FACE | :_’: =
DOTTED LINE SHOWS PERMENDUR POLE | | |=E 55
PIECE WITH 11" DIAMETER FACE EEE
T2 /
COOLING FLUID LINE i
_‘.L—u
Sectional Detail of Yoke Half
Permendur is available in Forgings, Castings, Hot-Rolled Bars and Plates
to meet your design needs for form or shape. wMﬁ,M%W_
*Manufactured under license arrangements with Western Electric Co. wap 3929
=

Tma ARNOLIS ENGINEERING COMPANY

SUBSlDIARY OF ALLEGHENY LUDLUM STEEb CORPORATION
1 General Office & Phnf Maréngo, Illmous
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hundreds
of PRESTO

Turntable Tape Reproducers sold in the past six months!

Since its introduction last spring, sales of the new PRESTO TL-10 have surpassed even our expectations.
The reason . . . it’s an inexpensive instrument that fills a definite need in the nation’s stations and
recording studios. Look at the advantages listed below—then join the ranks of the hundreds of

satisfied TL-10 users by calling your PRESTO dealer today.

©® Reproduces tape quickly and efficiently— ® Speeds of 7%4’” and 15" per second, response
without tying up a regular tape recorder. up to 15,000 cps.

® Easy to attach and remove from any stand-
ard 16" turntable. ® Easy to operate and maintain.

© No motor—turntable acts as motor. © Costs only $140.00 complete, but has repro-

® Can be plugged into any standard speech duction quality and fidelity of a high priced
input equipment. machine.

The TL-10 is an exclusive PRESTO product—made by the world’s largest manufacturer of

recording equipment and discs.

DRESTO

WORLD'S LARGEST MANUFACTURER OF PRECISION RECORDING EQUIPMENT AND DISCS




GUARANTEED
ACCURACY
1 part in 100,000
(.001%)

Uses

Time bases, rate indicators, clock systems, chronographs,
geo-physical prospecting, control devices and for running
small synchronous motors.

Type 212

TERMINATION Heatures
R PLETS 1. Bimetallic, temperature-compensated fork, no heating or
CONSTRUCTION heat-up time is required.
Standard 8%" x 19" Panel 2. Fork is hermetically sealed, no bharometric effects on
HOUSING frequency.
83" x 19" x 8" Metal Cabinet 3. Precision type, non-ageing, low coefficient resistors used
WEIGHT where advantageous.
25 pounds 4. Non-linear negative feedback for constant amplitude
control.
5. No multi-vibrators used.
6. Synchronous clock simplifies checking with time signal.

&eciﬁcaf[ané

Accuracy—1 part in 100,000 (.0019%,).
Temperature coefficient—1 part in 1,000,000 per degree
centigrade (or better).

Outputs—
A — 1. 60 cycles, sine wave, 0-110 volts at 0 to 10 watts
American Time Products, Inc., (adjustable).
580 Fifth Ave., New York 19, N. Y. 2. 120 cycle pulses, 30 volts negative.
Gentlemen: 3. 240 cycle pulses, 30 volts positive and negative. Pulse
Please send descriptive folder, No. 212 duration, 100 micro-seconds.

product of
Name

Compay AMERICAN T&ME PRODUCTS

Add
o 580 Fifth Avenue ., New York 19, N. Y.
7% SLUC Operating under patents of the Western Electric Company
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THE VARIED AND OFTEN UNUSUAL APPLICATIONS THAT
HAVE BEEN FOUND FOR TOROIDS AND FILTERS IN MILI
® TARY ELECTRONICS HAVE KEPT OUR ENGINEERING STAFF
CONSTANTLY ON ITS TOES. EVERY DAY WE ARE CON.
FRONTED WITH THE TECHNICAL PROBLEMS OF OUR CUS.
P TOMERS WHO ARE TRYING TO MEET THE DEMAND FOR
SMALLER, LIGHTER AND MORE SERVICEABLE EQUIP-
MENT. FORTUNATELY OUR INGENUITY AND EXPERIENCE
[ ] HAS SERVED US IN GOOD STEAD IN THE DEVELOPMENT
OF FILTERS TO MEET THESE DEMANDS. CONSEQUENTLY
IT IS WITH MORE THAN A LITTLE PRIDE THAT WE SEE
& OUR PRODUCTS SPECIFIED BY MORE AND MORE ENGINEERS
WHO CANNOT BUT REALIZE THAT IN THE DESIGN OF
QUALITY EQUIPMENT THE “BILL OF MATERIALS” SHOULD
INCLUDE BURNELL PRODUCTS.

9
f ) AR ! ‘i
z 0
. l J l D
£ EXCLUSIVE MANUFACTURERS OF COMMUNICATIONS NETWDRK COMPORENTS
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New Resisors (% on Wy arrucrons

¥ and other planes, guided missiles,
St 550c to + ] 5 ooc 4 tanks, ships and submarines, portable
or mobile equipment and all other

military communications. Manufac-

-aridity t turation ... A -
CefmpIate et Wy, 10 -fatwradian T — tured from specially developed ma-

precedented temperature and humidity range | terials, these absolutely unique vari-

able resistors are now available in a
complete range of sizes. (See chart

at bottom of page.)

TYPE 65
L TYPE ’95 TYPE .'90 {minioturized)
A DIAMETER " $he T2
% F : , 2 watts @ 70°C 1 watt @ 70°C Vs wott @ 70°C
oy wm“;;?:gvohcg. with 300 V mox. with 500 ¥V max. with 350 V max.
ocross end terminels across end terminaly ocross end terminals
+430°6 15 =5$°¢

s

PHETOE MRSV UC POUEATISIS



JAN-2.94, Type RV-3A
CTS Type 35, 14" Dicmeter
Compoii-lon

JAN-R-94, Wype RV-28
CTS Type GC 45 with Switch
Comptsitn
o O
; Y 7 7R
{ > \
‘ | I' 9
agy=y 1 L

L\ &

N\

- ‘ N\
— | —
JAN-R-94, Type RY-IB

CTS Typa GC 2 with Switch

Composifion

JAN-R-94, Type RY.2A
CTS Type 45, %4 Diameter
Compoiition

MEETS ALL
JAN-R-19 SPECIFICATIONS

JAN Type RV-48
CTS Type FGC 95 with Switch
Composition

f}* '. ¥
y i
&/

1N Type FA 20A
2 Wait 1€1S Tyse 252

JAN Type RA 208
2 Walt (CES Type GC-252)

JAN Type RA 25A ar 30A
3 or 4 Watt (CTS Type 25}

P Military
il Opecifications

Ay
) -
e T

JAN Type RV.4A
CYS Type 95, 114" Diameter
Compotition

JAN Type RA 258.0r 308
3 or 4 WaitlCTs IypeGC25)

SHICAGO TELEPHONE SUPPLY
%)m/w/ud?a/n

FOUNDED 1396

. W. S. Harmon Company -

REPRESENTATIVES

:Iemrqu, :a;derj - Jose Luis Pontet

Pgi'ladeol’::hiu'%‘i Pe'r::se;lvaniu‘ Buenos Aires, Argenting

Phone: Walnut-2:5369 Montevidea, Uruguay
Rio de Janeiro, Brazil

Sao Pavla, Brazil

OTHER EXPORT

Sylvan Ginsbury

8 West 40th Street

New York 18, N. Y.

SOUTH AMERICA

1638 So. .la Cienega Bivd.
Los Angeles 35, California
Phone: Brodshaw 2-3321
IN CANADA

C. C. Meredith & Co.
Streetsville, Ontario

v
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Miniature Telephone Type Relay

NEW LK RELAY

MOUNTING: End m?unﬁ.n’g for back DIMENSIONS:
of panel or under-chassis wiring. Inter~

changeable with standard “Strowger” 1% HIGH, 27/3;" LONG,

3
type mounting. 13/3 WIDE

COIL POWER: From 40 milliwatts These are the dimensions
to 7 watts D.C. for the 6 pole relay.

CONTACTS: standard 2 amperes,
special up to 5 amperes. 2 amperes up
to 6 P.D.T. 5 ampere contacts (low volt-
age) up to 4 P.D.T. Special 20 ampere
power contacts S.P.S.T., normally open,

Will meet Army and Navy
aircraft specifications
as a component unit,

paralleled.

Can be furnished
hermetically
sealed with

solder terminals.

PLUG-IN MOUNTING-
SPECIAL.

SK RELAY

MOUNTING: Front of panel mount.
ing and wiring.

COIL POWER: From 100 milliwatts
to 4.5 watts D.C.

CONTACTS: Same as “LK".

DIMENSIONS: 1/ HIGH, 1%,
LONG, 3!/35" WIDE.

These are the dimensions
for the 4 pole relay.
Will meet Army and Navy
aircraft specifications
as a component unit.
CAN ALSO BE FURNISHED
HERMETICALLY SEALED

WITH SOLDER TERMINALS.
PLUG-IN —SPECIAL.

ALLIED CONTROL CO. INC. 2:asTEnD AVE, NEW YORK 21, N. Y.
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SMALL PARTS

—figuring

in
Electronics!

3 HermeTically Seated
MULTIPLE HEADERS and SEALED LEADS

Hermetically sealed muiltiple headers and leads are vital parts
P — of countless electronic and electrical assemblies. E-l offers these
ILLUSTRATED important components in over 100 different standard types with

LITERATURE a variety of optional features. Thus, E-l offers a quick, economical

AVAILABLE NOW! solution to most terminal problems. For specialized applications,

Deraited doto or stondard E-I engineers can design and produce multiple headers and

e fol S e race sealed leads to meet your requirements at a practical cost. If

literature just off the press.

ad lwiadh X ol Uy your problem involves the hermetic sealing of terminals and

special problems is alsa avail-

2hie_pithow oblisstion, leads, consult us today!

Pleose oddress r=quests
ELECTRICAL INDUSTRIES ° INC.

“27744 SUMMER AVENUE, NEWARK 4, NEW JERSEY

on compavy letterhead.

=
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10-kw UHF Transmitter Type TTU-30A

RCA’s answer to high power on channels 14 to 83. With an RCA
high-gain UHF antenna, this transmitter can prodace up to 200 kw,
ERP. One standard; easy-to-handle tube type is used in all power stages!

t ~of
1

" .

EH;JL “Hg uiunhull
f

“s ,,4 ( Humu

l



RCA’s new 1-kw and 10-kw UHF transmit-
ters (and RCA’s high-gain UHF antennas)
will give you power combinations up to 200
kw ... on any TV channel!

If you are planning high power UHF,
RCA’s new 10-kw transmitter is the answer.
If you are planning to start with low power
UHPF, then RCA’s new |-kw transmitter will
meet your needs (increase power later simply
by adding matching amplifier uniss).

Cull or write the RCA field office nearest you

Chicago 11, .
666 North Loke Shote Driva
Telephone: Delaware 7-0700

Dallas 1, Texas
1907-11 McKinney Ave.
lelephone: R-1371, 1372, 1373

Clevelond 15, Ohio
718 Keith Building
Telephone: Cherry 1-3450

Atlanta 3, Ga.

522-533 Forsyth Bidg.
Forsyth and Luckie Sts.
Telephone: Waolnut 5946

Washingron 6, D. C.
1625 K Streer, N. W,
Telephone: Cistriet 1260

Hollywoed 28, Calif.
1560 N. Vine Street
Telephone: Hollywood 9.2154

New High-Gain Antenna for UHF

The most economical way known to produce high effective radiated
power for UHF~and more kilowatts per doMar,
coverage in all directions. Power gain, 24 to 28, depending on channel.

R

2

LR

1-kw U4F Trunsmitter Tvoe TTU-1B
This :ransmiser, aad a high-gain RCA UHF an-

tenr z, can peaduce ap to 20 ke, ERP on chan-
ne:s 14 to 8.4 Type TTU-IB & all air-cooled.

Be sure your station planning is correct from
the start . . . before you invest a single dollar.
Your RCA Broadcast Sales Specialist will
show you exactly what equipment you’ll
need to get on the air at lowest cost.

Available only from your RCA
Breadcast Sales Specialist
A G4-page book on RCA's new line of
TV broadcast equipment for all chan-
nels, 2 to 83! An indispensable refer-
ence for station planaing.

Kansas City 8, Mo.
221 W, 18th Street
Telephone: Yicter 6410

New Yerk 20, N. ¥,
36 W, ©®+h Street
Telephoue: Circle 6-4030

San Frercisco 3, Calif.

1355 Morket Street
Telephone: Hemlock 1-8300

Excellent “close-in”

*Effective Radiated Power

CAMDEN.N.J.

B



CHD dluays s oot

N TUBULAR capaciTorS!

Shown here are 9 good reasons why it pays
to standardize on Cornell-Dubilier tubular capacitors,
right down the line. Write today for engineering
bulletins on the types in which you are most interested.
Dept. K-121, Cornell-Dubilier Electric Corp.,
South Plainfield, N. J.

_ GORNELL-DuBILIER
1.0.151@ CAPACITORS

PLANTS IN SOUTH PLAINFIELD. N. J.: NEwW BEDFORD. WORCESTER, AND
CAMBRIDGE. MASS.: PROVIDENCE. R. 1.: INDIANAFOL!S. IND.: FUQUAY
SPRINGS, N. C.: AND SUBSIDIARY, THE RADIART CORP.. CLEVELAND. OHIOQ

SUBSIDIARY
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Newly Designed “‘Diamond H’ Miniature

New ’‘Diamond H'’ Relay Mounted
Beside Standard 6547 Tube

¥

AIRCRAFT TYPE RELAY
with 50 “G” Operational Shock Resistance

PERFORMANCE NEVER
BEFORE ATTAINED...

% In Operating Shock Resistance

% In Mechanical Shock Resistance

% In Temperature Range

% In Transit Time

% And Other Important Characteristics

An hermetically sealed, 4-pole double throw miniature
relay, this newly designed unit meets the exacting re-
quirements of such air, marine and ground devices as:
GUIDED MISSILES, ROCKETS, SUPER-SONIC
AND HIGH ALTITUDE AIRCRAFT, RADAR,
GEOPHYSICAL, AND COMPUTER APPARATUS.

Designed to meet U.S.A.F. Specification MIL — R —
5757, it has applications wherever it is important to
provide unfailing performance, miniaturization and

light weight under conditions of high or low tempera-

ELECTRONICS — December, 1951

ture, vibration and shock. Variations in basic specifi-
cations are available to meet a wide range of specific

requirements,

®

WRITE TODAY FOR CERTIFIED TEST DATA
ON THIS NEW RELAY.

The Hart Mfg. Co.
202 Bartholomew Ave.
Hartford, Conn,

Send me further information about your new relay.

Name
Title .
Company__

Street o - o

City__ , State

T T T P P P L L L P P Yy
L L L L T T T Y|

W
[



“A rush job..... stopped!”

Two o’clock in the afternoon . . . pro-
duction clicking along like a through
express. Only forty more television cabi-
nets to be sprayed by 4:30. The new
exhaust fan in Booth 3 was whirring
along at a great rate, keeping the air
fresh and fume free. Then . . . it
stopped! That did it — no exhaust —
no work — because of health and fire
regulations. Took quite awhile to find
the trouble. Turned out that the elec-
trical insulation on the brush shunt lead
of the fan motor had stiffened — it
couldn’t take the heat. Just another case
where a few cents 'saving’ in manufac-
turing costs made a big difference in
performance.

Electrical insulation is minor in cost
and major in product performance. This
is why BH Special Treated Fiberglas
Sleeving has found wide acceptance in
the electrical industry. Its ability to
withstand heat, up to 1200° F, and cold
as well, below -67° F, makes it depend-

able electrical insulation for long
service.

Add the features of permanent flexibility
—special patented treatment to prevent
fraying, without the use of a saturant—
easy spreadability to cover knobs,
terminals and irregularities—tubular
shape for easy handling and rapid
installation—and you have electrical
insulation adaptable to a wide range of
home, industrial and laboratory
equipment.

BH Special Treated is one of a family
of BH insulations, each designed to
meet particular conditions in service.
Give us a few facts about your require-
ments—product, temperatures, voltages.
We will furnish production samples

for testing.  Address Dept. E-12

Bentley, Harris Manufacturing Co.
Conshohocken, Pa.

sBH Non-Fraying Fiberglas Sleevings are made by an exclusive Bentley, Harris process (U. S. Pat, No. 2393530). “Fiberglas’’ is Reg. TM of Owens-Corning Fiberglas Corp.
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Typical of the TOUGH POTENTIOMETER JOBS
Ied hy

The potentiometers illustrated above are typical examples of the tough problems
HELIPOT engineers are solving every day for modern electronic applications. 1f you have a problem
calling for utmost precision in the design, construction and operation of potentiometer units —

coupled with minimum space requirements and maxi

daptability to i and operat-

ing limitations —bring your problems to HELIPOT. Here you will find advanced ““know-how,”

coupled with manufacturing facilities

fed in the ind

.'!

The HELIPOTS above—now in production for various military and industrial
applications—include the following unique features . ..

O This 10-turn HELIPOT combines highest
electrical accuracies with extremes in mechan-
ical precision. It features zero electrical and
mechanical blacklash...a precision-supported
shaft running on ball bearings at each end
of the housing for low torque and long life
... materials selected for greatest possible
stability under aging and temperature ex-
tremes . . . special mounting and coupling for
"plug-in” convenience ... mechanical and
electrical rotation held to a tolerance of 15°
... resistance and linearity accuracies, =1%
and *0.025%, or better, respectively.

12 This four-gang assembly of Model F
single-turn potentiometers has a special
machined aluminum front end for servo-type
panel mounting, with shaft supported by pre-
cision ball bearings and having a splined and
threaded front extension. Each of the four
resistance elements contains 10 equi-spaced
tap connections with terminals, and all parts
are machined for greatest possible stability
and accuracy.

© This standard Model A, 10-turn HELI-
POT has been modified to incorporate ball
bearings on the shaft and a special flange (or

II I-
Mo nat

THE
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ring-type) mounting surface in place of the
customary threaded bushing. This HELIPOT
also contains additional taps and terminals
at the 14- and 934-turn positions.

) This standard Model B, 15-turn HELI-
POT bas a total of 40 special tap connections
which are located in accordance with a
schedule of positions required by the user to
permit external resistance padding which
changes the normally-linear resistance vs.
rotation curve to one having predetermined
non-linear characteristics. All taps are perma-
nently spot-welded and short ont only one or
two turns on the resistance element—a unique
HELIPOT feature!

& This six-gang assembly of standard
Model F single-turn potentiometers has the
customary threaded bushing mountings, and
has shaft extensions at each end. The two
center potentiometers each have 19 equi-
spaced, spot-welded tap connections brought
out to terminals. Each tap shorts only two
turns of 009" diameter wire on the resist-

ance element.
&

This Model B, 15-turn HELIPOT bas
been modified to incorporate, at the extreme

Compactness

ends of mechanical and electrical rotation,
switches which control circuits entirely sepa-
rate from the HELIPOT coil or its slider
contact.

D This 10-turn HELIPOT has many de-
sign features similar to those described for
unit No. 1, plus the following additional
features . . . a servo-type front end mounting
...splined and threaded shaft extension ...
and a center tap on the coil. All components
are machined to the highest accuracy, with
concentricities and alignments held in some
places to a few ten-thousandths of an inch
to conform to the precision of the mechanical
systems in which this HELIPOT is used.
Linearity accuracies frequently run as high
as £0.0109%/!

. This single-turn Model G Potentiometer
has been modified to incorporate a ball bear-
ing shaft and a servo-type front end mount-
ing. Special attention is given to contact de-
signs and pressures to insure that starting
torque does not exceed 0.2 inch-ounces under
all conditions of temperature.

Representatives in all major areas of the United States. Export agents: Frathom Co., 55 W. 42nd St., New York 18.

CORPORATION, SOUTH PASADENA 2, CALIFORNIA
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Aerovox Application Engis
neering is yours for the ask-
ing. It means the RIGHT
capacitor in the RIGHT cir-
cuitry for the RIGHT operat-
ing conditions. All adding up
to Aerovox ‘‘performance
insured’’ capacitors.

THE HOME OF CAPACITOR CRAFTSMANSHIP
AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S.A.

Export: 41 E. 42nd St., New York 17, N. Y. o Coble: AEROCAP, N. Y. o In Conado: AEROVOX CANADA LYD., Hamilton, Ont.

SALES OFFICES IN ALL PRINCIPAL CITIES

December, 1951 — ELECTRONICS
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"One Picture Is Wortlz a Tltousanal Worcls”

Trade Mark
Registered

PICTURE this trade mark in your mind when you want

cabinets and housings to enhance your finished prod-
ucts with step-ahead styling ... absolute uniformity ... ease
and economy in your assembly operations . . . greater serv-
ice benefits to the user. The Blueprint Man symbolizes all
this, on jobs both simple and exacting . . . at prices figured
with a sharp pencil. Write for our data book.

KARP METAL PRODUCTS CO., INC.

215 63rd STREET, BROOKLYN 20, NEW YORK
Specialists in Fabricating Sheet Metal for Industry

ELECTRONICS — December, 1951



SOLA adjustable,

THE SOLA FAMILY OF - harmonic filtered
type CVL:

5 Vo//q/f /?{f”/ﬂ/ﬂ/ Z/'/e.s' RO Hialas 15652
MEETS MOST Ouéﬂuéoof’i(i:;;:able from
MILITARY and INDUSTRIAL i

REQUIREMENTS

[7.3
.

SR R T g v

%f S RIS Jﬁ_.l- Ve el
) SOLA television
i

Regulation
+1%

receiver type CVA: filament type CVE:

Regulation +=3% Regulation 3%
Plug-in accessory unit

CHARACTERISTICS OF SOLA CONSTANT VOLTAGE TRANSFORMERS

11

Regulation =1%

Harmonic Distortion
less than 3%

o g N i .
,W'e:i'n,vi'te you to write regarding your voltage réﬁ‘:fﬂlg prob-
lems, or for inclusion of your name on our technical mailing list.

S O “.—rl':k‘\u rnnusroﬁ%:ns

Teansformers for: Constant Valtage ¢ Fluorescent Lighting ¢ Cold Cothode lighting ¢ Airport Lighling ® Series Lighting ¢ Luminous Tube Signs
Oil Burner Ignition ® X-Ray ® Power ® Controls ® Signal Systems ® etc. ¢ SOLA ELECTRIC CO., 4633 W. 16th Street, Chicaga 50, linois

Made under one or more of
the following patents: 2,143,745;
2,212,198; 2,346,621; 2,552,11};
2,489,245 and patents pending.

Manufactured under license by: ADVANCE COMPONENTS LTD., Walthamstow, E., England ® M. C. B. & VERITABLE ALTER, Courbevoie (Seine), France
ENDURANCE ELECTRIC CO., Concord West, N. S. W., Australio ®* UCOA RADIO 5.A., Buenos Aires, Argentina
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REPUBLIC FOIL

THE RECOGNIZED S5TANDARD OF
PRODUCT EXCELLENCE WITH
ELECTRICAL-ELECTRONICS INDUSTRIES

Fine quality Republic condenser foil, having uaiform thickness, sur-
face, and strength, is avcilable in all commercicl gauges and widths.
Meticulous care is tak2n to assure close tolerances and clean straight
edges free from slivers. Enginzered pocking insures safe delivery.
Orders and inquiries for all types of foil will be given prompt and
courteous attention,

REPUBLIC FOIL & METAL MILLS

INCORPORATED
. 239 V. Jackson Blvd., Chicago 6, I
SALES OFFICES: 656 Mission S$t, San Fraacisco 5, Cal.

DANBURY' CONNECTICUT




Quick-easy Selector Chart
for

TS
DS
P70
YOLTAGE TEMP. MAX. CAP. INS. RES.
Key Model RANGE CAP RANGE DIELECTRIC CASING RANGE CHANGE (Megs. x Mids.) (P Group
1 TR 200--40KY 00005~ 2MFD  Thermofilm  Bakelite or Ceramic ~$52C 4 150°C 2% o 0001 a
1s 200--40KY .00005-~10MFD  Thermofitm Metal Can all types ~48°C + 150°C 2%, 100 0001 a
™ 200— SKY .00005— 2MFD  Thermofilm Molded plastic ~65°C + 150°C 2% 19+ 0001 a )
DR 500—40K  ,00005— 2MFD Durene Bakelite or Ceramic ~$5°C + 70°C 2% 107 0005 b
DS 500—40K 0005 —{OMFD Durene Metal Cans all types -$5°C 4 70°C 2% [l 0005 b
| B P6M 200—20KY .00 — & Paper Molded in bakelized tube —40°C + 85°C 5% 2500meg—MFD 005 <
E " P8 200~-20KY 00025~ :. Paper Molded in Bakefite —40°C + 85°C 5% 2500meg—MFD 005 c
& * PC 200--20KY 00025~ 7.0t Paper Muolded in Ceramic -40°C 4 85°C 5% 3000meg—MFD  .005 c
& " P8M 2001000 0001 — 200 Paper Muolded in Bakelite —40°C + 85°C 5% 2000meg-~MFD  .00S 3
4 * PCM 2001000 0000 — 2.0 Paper Molded in Ceramic —40°C 4 85°C 5% 2500meg—MFD 005 @ " OFEP-I
PCF 400— 600 01 — 22 Paper Ceramic —40°C + 85°C 5% 2500meg—MFD  .005 d
PCST 600—1000 001 — 048 Paper Ceramic ~40°C + 85°C 1% 3000meg—MFD 005 d
£t P-20 1002000 .00F — 2MFD Paper Metal Tubular Can --20°C + 100°C 5% 3000meg—MFD 005 [3
&=* P2l 1001500 .05 ~— SMFD Paper  Metal Bathtub with Silicone ~40°C 4+ 85°C 59, 2500meg—MFD 005 e
Rubber Seal
Lat P-22 1001500 05 — SMFD Paper Metal Bathtub with Glass Seal  —40°C 4+ 85°C 5% 3000meg—MFD  .005 3 i
dlea P.70 £00—6000 .05 —IOMFD Paper Rectangular Metal Can —40°C + 85°C 5% 3000meg—MFD 005 3 \
& FPI 200400  .00005~ IMFD Paper Flat Miniature Paper wiapped —50°C 4+ 85°C 5% 2000meg—MFD 005 f
& * RP2 200—600  .00005— 2MFD Paper Round Miniature Cardboard ~—40°C 4 85°C 5% 2000meg—MFD 005 f
i Tube
! ! SuperCap 6—450  4—1000 Metal or Paper Tubes 9 I
i_ 3 - e et - - B - g
} DPF 190-—400V 3 - BMFD Paper Metal Cans Fluorescent-Lighting Power Factor Correction Capacitor
'| RU 120—240 Radio Noise Suppressors  {45% & 85% noise elimination)
Key: & = Cun be supplied with plastic imptegnation for 125°C operation (cap. variation 15%}—improved moisture proef qualities.
# = Can be supplied with Duroil impregnate for 160°C
t = Can be supplied with Silcone oil impregnate for 125°C (capacity variation 3%).
Group a: TR—{ Suitable for high temperatures with high Greup d: PCF Fieproof capacitor.
TM { TS~ > stability and low power factor, PCST Circuit Stabitizer {tefevision]. ;‘9
TM—ji Completely molded, otherwise same as & . P20 T
abuve, haip €: 4“ A hetmetically seated line of metal casing EI. -
i capacitors with glass seals, silicone rubber 8 n
Greup b: DR—Highly stabie low power facter capacitor. P22 seals, plastic seals, ceramic bushings. ;‘: ]
DS—Highly stable low power factor capacitor. p-70 F E
Gr 1 P6M: Group f: FPI Flat wax or plastic impregnated adapted to 'E
R e Quahity low cost commerciat capacitor ling close spacing. ]
Py with long fife and low Jeakage RP  Round wax or plastic impregnated. g
FiIM Miniature line similat tq the alio«e Group g: Super Cap. These =zlecirolytics are available in |E
FLM Miniature line similar to° the abare hermetically sealed cans, %._

Serving Electronic Engineers Since 1928

DUMONT ELECTRIC CORP.

308 Dyckman Street, New York 34, N. Y., Telephone LOrraine 9-2800
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yokes ¢ toroids o shield cans e loop antennas ¢ oscillator coils
i. f. transformers ¢ metal frame padder condensers e magnet and litzendraht-
textile served wire o compression type mica trimmers ¢ dual compression trimmers
output transformers o antenna coils ¢ assemblies o r f tuners

Besides specialized quality control, custom built
plant equipment and exclusive production
techniques, there is yet another important reason
why Guthman is the World's largest independent
maker of coils and basic electronic components
—research personnel! Eager for the challenge of
new coil development are engineers like

Richard Huber whose academic background and
practical training under the guidance of long
experienced Guthman research experts eminently
qualifies him to solve today's coil problems. So
we confidently urge you to incorporate Guthman
components into your next design . . . products
engineered and fabricated within the Guthman
plant like the BC348Q oscillator, detector, R. F.
and antenna stages—and Guthman engineers
will gladly design components especially for you.
For a comprehensive descriptive brochure of
Guthman facilities, write Dept. G.

— COIL QUALITY

l)egins with labbratory design

_ o e
' %ﬁiﬂ_ﬂ oo, edwin i. guthman & co., inc.

introducing 15 s. throop st. chicago 7, CH 3-1600 also attica, indiana
richard huber

SUATON ANOWNE ADYERTISING



Hew!

LAPP TUBE SUPPORTS

for mounting

forced-air-cooled tubes

Now available as a standardized line, these Lapp
insulated supports for mounting forced-air-cooled
tubes facilitate design of transmitter and other
high-power circuits. They are simple, compact and
efficient. For high frequency tubes they are avail-
able either in Lapp porcelain or Lapp steatite; for

standard broadcast frequencies in Lapp porcelain.

WRITE for specification sheets. Radio Specialties
Division, Lapp Insulator Co., Inc., Le Roy, N.Y.
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D-H RADIO ALLOYS
/@//r//ﬁé &/W/}’Wf PWZ@

Latest development in picture tubes is the Du Mont Selfocus Teletron
which provides automatic focus at all times without the aid of external circuits
or devices. This eliminates the focusing coil or PM unit now used on standard
electromagnetic-focus picture tubes, affording a substantial saving of vital
materials in the manufacture of television receivers.

The Selfocus Teletron employs electrostatic focus with magnetic
deflection, and this type of receiver is unique among electrostatic-focus tubes
because its focusing element is operated at zero volts and is tied internally to
the cathode through a resistor.

The elimination of focus circuits from the receiver is made possible
largely by the focusing cylinder of the Selfocus picture tube. The unusual
design of the cylinder and the precision with which it can be located in the
electron gun produce increased picture quality by minimizing defects which
have been inherent in conventional picture tubes. With greater control of
these defects, it is possible to maintain quality uniformly from tube to tube.

Driver-Harris, who has been supplying Du Mont with alloys for cathode
ray tubes for more than 10 years, supplies Stainless Steel 18-12 and special
‘ DD-H Nickel No. 599 for manufacture into important parts of the electron gun

of Du Mont’s new Selfocus Teletron. The special requirements of this facet of
U" the television industry are well served by the properties of these metals.

inevitably on strict allocation. However, we shall be glad to make recommenda-

(' At present, strategic materials and the alloys made from them are
tions based upon your specific needs, and serve you to the best of our ability.

Makers of the most complete line of
electric heating, resistance and electronic alloys
in the world

Driver-Harris Com[wm)/
HARRISON, NEW JERSEY

*T.M. Reg. U.S. Pat. OF. BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, San Francisco
In Canada: The B. GREENING WIRE COMPANY, LTD., Hamilton, Ontario, Canada
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PROBLEM:
How to get a good contact surface on
Magnesium to provide proper joint conductivity?

GENERAL PLATE
Provided the solution with “Copper on Magnesium

... A composite Metal Combination”

cOPPEE

Recently the General Plate was asked how to overcome the
difficulty of attaching leads to magnesium and attain good joint
conductivity.

General Plate Engineers provided the solution by bonding a
thin layer of “copper on magnesium.” This new type cled metal gave the
contact surface required, as well as a surface on which soft soldering
operations were readily performed.

No matter what your problem, it will pay you to consult with
General Plate. Their vast experience in cladding precious to base
metals, or base to base metals can overcome your problems . . .
often reduce costs.

General Plate Products include . . . Precious
metals clad to base metals, Base metals clad to base
metals, Silver solders, Composite contacts, buttons and
rivets, Truflex® Thermostat Metals, Alcuplate®,
Platinum fabrication and refining, Age-hardenable, #720
Manganese Alloy. Write for information.

Have You a Composite Metal Problem?

General Plate can solve it for you

GENERAL PLATE

Division of Metals & Controls Corporation
312 FOREST STREET, ATTLEBORO, MASS.
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Celemetering - Data Recording
with AMPEX and Magnetic Tape!

Multi-channel recorder for seis-
mograph data recording in the
field with remote control. Custom
construction by AMPEX.

{é."w

MODEL 303 is a pulse recorder designed to record and accu-
rately reproduce pulse width modulated telemetering data.
The input signal is converted to sharp pulses defining the
leading and trailing edges of the square waves which are
recorded on the tape. The sharp pulses are reproduced and
reconverted 1o square waves, restoring the original pulse
width modulation,

MODEL 306 is designed tw record low frequency data within
the spectrum of 0 to 2,500 cycles +1 db.

MODEL 307 is specially designed to record all relemetering

channels including 70 kc channels. Multi-channel playback and aux-

iliary recorder for shock and
vibration study. Custom construc-
tion by AMPEX.

MODEL 375 Precision Capstan Motor Amplifier provides an
accurate source of G0-cycle power to drive the capstan motor
of Model 300 series recorders, thereby providing constant
tape spced independent of power line frequency variations.
This unit consists of a precision, temperature-compensated
tuning fork which drives a power amplifier with ample
capacity to run the drive motor.

MODEL 381 Speed-Lock automatically adjusts the playback
speed to insure that any recorded frequency is played back
the same as it was recorded, regardless of tape dimensional
changes, power line frequency changes, or slippage.

MODEL 500 Low Flutter and Wow of less than 1% peak
to peak over the spectrum of 0 to 10,000 cycles is achieved
by an exclusive-with-Ampex drive system. Complete specs
and data describing this and all other special AMPEX equip-
ment are available on request.

Model 375 Capstan Motor Power
Amplifier; front and rear views,

AUDIO & VIDEO PRODUCTS CORPORATION represents AMPEX ELECTRIC CORPORA-
TION in the sale of Magnetic Tape Recording Equipment. We also maintain an engineering con-
sultation service in the fields of telemetering and data recording. Please do not hesitate to make
use of this service. There is no obligation or fee.

Specifications and Data Are Available On Request

For Immediate Details, Wire Or Telephone Collect: PLAZA 7-3091

Audio & Video

—_———_——

| Please send

PRODUCTS CORP.

730 Fifth Avenue « New York 19, N.Y.

Multi-channel continuous loop re-
producer. Custom construction by
AMPEX.

Low frequency data recorder.
Custom construction by AMPEX.

Mobile multi-chgnnel shock and
vibration data recorder. Custom
construction by AMPEX.

1
descriptive data on the followingl

' AMPEX models: |

Cable Address: ‘“‘AUDIOVIDEO"’
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Button, Button whos qot the Button (¢ )7

Sangamo can furnish
SILVERED MICA BUTTON CAPACITORS
for any requirement...

You can look to Sangamo whenever you need small sized, light
weight button capacitors, with extremely low series inductance, for

[

application in high frequency circuits. Sangamo Button Capacitors
are encased in silver plated, corrosion resistant brass and are excep-
/ tionally stable over a wide temperature range. The case is utilized

as the low potential terminal.

|~. Sangamo Silvered Mica Button Capacitors meet all requirements of
R V.H.F. and U.H.F. applications. They can be furnished with tem-
perature coefficients and drift characteristics up to and including
“E” of Armed Services specxﬁcatlon JAN-C-5. The normal operating
temperature range is from minus 50° C. to plus 85° C. Higher oper-

T Id;_:a_m s ating temperature requirements will be considered and may be
—- = negotiated with The Sangamo Capacitor Engineering Department.
m ) Catalog No. 830 gives full details—write for your copy.

7#e SANGAMO 7zcte

PAPER- MI(A SIlV!R ELECTROLYTIC
CAPACITORS

SANGAMO ELECTRIC COMPANY
SPRINGFIELD, ILLINOIS

IN CANADA: SANGAMO COMPANY LIMITED, LEASIDE, ONTARIO
December, 1951 — ELECTRONICS

BCE1-7

48



BRING ouT BUILT-IN PERFORMANCE oF MOTORS AND MACHINERY

PANEL MOUNTED

ARROW

NEWTYPE'RA' (AH

HART

SURFACE MOUNTED

MAGNETIC
STARTERS

JUST %2 THE SPAC

 EASY, LOW COST
Pa/ MAINTENANC

Arrow-Hart Type “RA"” Magnetic Starters and Contactors are designed
with easy, low cost maintenance in mind. Because the A-H starter occupies
only % the space of conventional starters, there’s more working room in
the box, less space required for control panel layout. Wiring is easier,
because it's straight-thru all the way. All terminals and contacts are easy
to reach. Terminals are front wired. line and load wires connect at

opposite ends. The switch itself is easily installed with three mounting

screws. Contact inspection or replacement is readily made by loosening
two hood retaining screws. This ease of wiring and servicing is made
possible by the revolutionary “RA” (Right Angle) Balanced Mechanism

exclusive in Arrow-Hart starters.

BUY WITH CONFIDENCE  PROFIT BY PERFORMANCE

THE ARROW-HART & HEGEMAN ELECTRIC COMPANY, HARTFORD, CONN., U. S. A,

-
3

/r\—\




||l;'v|!u|||»l|||ll|| NENEARE

INCHES SMAI.I.ER...

EVERY INCH A CHAMPION!

Type CRA'CONTACTOR

The revolutionary new Arrow-Hart Size 00 Type “CRA”

Contactor measures just 23%” x 2% — cuts inches off any

other contactor on the market — yet is every inch a champion!

Take the design: from Arrow-Hart's exclusive new “RA" (Right

Angle) mechanism — the same which enabled A-H engineers

to build the compact control package described on the pre- ACTUAL
ceding page — to the 00‘s automatic positive contact pressure

control, this ingenious multi-pole convertible contactor results

in big savings of space, work, time, money; assures you un-

paralleled performance throughout its long life.

ONLY 4 BASIC SECTIONS

2 STATIONARY CONTACT BASE MOVABLE
. 3 CONTACT

Here are just a few of its host of extra features: Right Angle mechanism,
reducing size by as much as ¥a e Ultra-functional design ® Fewer
components — reduced handling e No-twist no-rock frame ¢ Com-
pactness within own framework e Unit stability and rigidity e Fool-
proof, guided assembly throughout e Contacts operate in vertical
position e Self-aligning contact action e Unusual ability to handle
a multiplicity of circuits ® Movable contact carrier o Enclosed contact
chambers o All wiring in line and straight-thru e Mat-finished cover
plate for terminal markings ¢ and many more,

ARROW-HART




A ONE-PIECE
FERRULE RESISTOR

. W X
T gt KM/

This Hardwick, Hindle ferrule type is “one-piece” instead of
the usual cemented or bolted type construction.

It is unique. It is integral—securely fastened before enamel-
ing and also later enameled to the tube, sealing completely all
wire connections.

It is outstanding in its sturdiness; and it is a thoroughly
dependable unit, which assures you absolutely of longer life
and better performance.

The ends of the tube are left open for fullest air circulation
through the entire inside of the tube.

Hardwick, Hindle ferrule resistors give you:

1. Extra strength for most rugged treatment.

2. Simple, inexpensive installation.

y/21

3. Our new crazeless gray enamel which completely elimi-
nates crazing that results in failure of the resistive element due
to moisture penetration from humidity, salt and severe atmos-
pheric conditions—providing greater dielectric strength.

Plus other well known Hardwick, Hindle features.

Manufactured in accordance with JAN-R-26A specifications.

HARDWICK, HINDLE, iINC.

Rheostats and Resistors

Subsidiary of

THE NATIONAL LOCK WASHER COMPANY

Established 1886 NEWARK 5, N. J., U.S.A.

The mark of quality for more than half a century

ELECTRONICS — December, 1951
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a switch

with “built-in” atmosphere

Automatic Electric

Leaders for more than 60 years in
the design and manufacture of com-
munication and electrical control

equipment.

Relays, too! For example, here are six
relays, completely wired, in the some
housing as shown above. Relays and cir-
cuit to your specifications,

50

i Actual size
view shows compactness
| and high quality construction.

Here's a stepping switch that can’t be stopped by grit, dust or damp-
ness! It’s Automatic Electric’'s Type 44 Miniature Stepping Switch,
hermetically sealed in an atmosphere of dry nitrogen. Highly resist-
ant also to shock and vibration, this switch provides the extra de-
pendability that is vital for many military and industrial applications.
The Type 44 switch has a top speed of 75 steps per second. It can
be supplied with ten points (plus “home”) in one, two or three
Jevels, or with twenty or thirty points (plus “home”) in one level.
It is available for any d-c voltage—6 to 110. All this, hermetically
sealed, in an enclosure only 318" by 4 16" by 2 346" in size!
For stepping switches, relays or other components exactly right
for your purpose, get in touch with Automatic Electric. Just address:

AUTOMATIC ELECTRIC SALES CORPORATION
1033 West Van Buren Street, Chicago 7, Illinois
Offices in principal cities

=~

RELAY SWITCHES

PRODUCTS OF THE 'I tNDUSTRIAL DEPARTMENT OF

CHICAGO

December, 1951 — ELECTRONICS



2 TRUARC RINGS
ELIMINATE BULKY THREADED RETAINERS

...SAVE 41 MINUTES...*4.02 PER UNIT

E An internol (series 5000) and an ex-
ternal (series 5108) Truarc Ring are set into 2 grooves.
Light, strong, economical Truarc Rings simplify assembly,
disossembly, maintenonce. Unit is smaller, more efficient.
Greater occurocy becouse of positive stop positions!

OLD WAY oOversize internol and external retaine-s
required costly milling, turning and threading opera-
tions. Assembly and disassembly {for inspection and seal
replocement) wos slow, difficult ond expensive. Wcil

thickness ond weight were excessive

Sperry Products, Inc., Danbury, Conn., saved 41 minutes in manu-

facturing and assembly time by using 2 Waldes Truarc Retaining USE OF 2 TRUARC RINGS ELIMINATED THESE COSTS

Rings in place of old-fashioned threaded retainers in their self-

sealing couplings! With Truarc Rings many tooling operations were MACHINING:

eliminated . ..important savings per unit were made in raw mate- . X

rial (1% Ibs. metall, overall size (3/16" diam.), and weight (1 Ib.). outer shoulder ring: 15 minutes .. .. $1.12

Unit efficiency was greatly increased! inner retainer: 20 minutes . . . . . . .. 150
Redesign with Truarc Rings and you, too, will cut costs. Wherever threading: 4 minutes . . ... ...... .30

you use machined shoulders, bolts, snap rings, cotter pins, there's

a Waldes Truarc Retaining Ring designed to do a better job of ASSEMBLY ......... R . 13

holding parts together. Total labor savings . . .. $3.05
Truarc Rings are precision-engineered . ..quick and easy to

assemble and disassemble. Always circular to give a never-failing MATERIAL:

grip. They can be used over and over again. brass threaded retainers . .. ...... .97
Find out what Truarc Rings can do for you. Send your blue- O

prints to Waldes Truarc engineers for indiviJual attention, without TOTAL SAVINGS WITH TRUARC RINGS . .. $4.02

obligation,

For precision Internal grooving and undercutting . . . Waldes Grooving Tool.
o r-----—-—--—----—---

=27 Waldes Kohincor, Inc., 47.16 Austel Place, L. I. C. 1, N. Y.
] rj'l Please send engineering specificotions and data on Waldes

WALDES TRUARC RETAINING RIRGS AND PLIERS AREZ PROTECTED BY ONE OR MORE OF THE FOLLOWING
V.S, PATENTS: 2.382.947: 2.392.048, 2.416.052; 2.420.021; 2.428.341; 2.430,705: 2.441.046;: 2.4558.185;
3.483.300: 3.403.383; 2.407.002. 1.407.003; 2,401,308, 2,309,081 AND OTHER PATENIS PERDING.

City Zone State_____s5478

-----------—--—--—-J

i
}-III-' Truarc Retaining Ring types checked below. E-1z. :
wnnnns ."f-'l O Bulletin #5  Self.locking ring types I
— ,l'l." O Bulletin #6 Ring types for taking up end-ploy I
J i I O Bulletin #7  Ring types for radial ossembly i

;*I. == il O Bulletin #8 Basic type rings
' I | 1 H : O Send me information about the Waldes Grooving Tool. :
"W 1R ] Name ]
REG, U. §. PAT OFF I ri'l‘ I
RETAINING RINGS I Company !
WALDES ROHINOOR, INC., LONG ISLAND CITY 1, NEW YORK I gusi Address i
1 i

L
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Muliiple Unit Coil winding at Standard Transformer Corporalion.
This operation requires uniform quality insulating materials. Uniform-
ity of thickness and texture aid in niecting close space factors. Natvar
varnished paper is used as interwinding insulation because of its high
diclectric s!rcngl}l and chi[)ilily. It conforms to the winding without
"puckering." thus permitting a compact coil that will withstand even
the severest requirements.

. hed ¥ opet

Tans[ormers, reactors and re-
lated components manulactured by Standard Trans-
former Corporation, C]licago. have gained wide
acceptance for all electronic app]ications. Their uni-
formity and durability in military and civilian appli-
cations are the result of sound engineering, careful

workmanship and quality materials.

Natvar Varnished rope stock Paper is used as inter-
winding insulation “'because of its high dielectric

strength and llexibility.”

Natvar Varnished Paper and other Natvar flexible in-
sulations are available from conveniently located

wholesalers’ stocl(s or direct [rom our own,

o
(MONAL VARNISHED

Cable Address
NATVAR: Rahway, N. J.

Telephone
Rohway 7-8800

December, 1951 — ELECTRONICS
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JOHNSON

Types C&D

Rugged, dependable and low cost
capacitors. Available in 52 stand-
ard single and dual models from
12 to 496 mmfd. and voltage rat-
ings 3,500 to 11,000 volts. Extreme
rigidity assured by heavy aluminum
end frames, .051" plates, 5/16"
tie rods. All are equipped with %4”
cadmium plated shafts, laminated
phosphor bronze rotor contacts and
Steatite high frequency insulators.
Mounting brackets furnished for
normal or inverted mounting. Panel
space required: Type C, 5%2" wide
x 5%"” high; Type D, 4%” wide x
4" high.

Type L Variables

Built for the gruelling applications
where dependable performance is
a must. Tie rods soldered directly
to ceramic end frames. Rotor and
stator assemblies full soldered con-
struction. No parts can work loose
— capacity can't fluctuate. Metal
parts are brass, plated with corros-
ion resistant Bright Alloy. Numer-
ous sizes single, dual, butterfly and
differential types from 11 to 200
mmfds. available with .030” spac-
ing. Manufactured with .020", .060"
and .080" spacing to special order
in production quantities. Panel
space required is 1%” square.

Type M Miniatures “Space Savers”

Smallest air variables ever built.
Manvufactured to extremely close
tolerances these Lilliputs are quality
condensers. Features of their con-
struction are: Steatite insulation,
split sleeve bearings, beryllium cop-
per rotor contacts. Finish of metal
parts is nickel plate. Capacitances
of stock models range from 1.5 to

19 mmfd. in single, butterfly and
differential types. Mounting area
required is %" x %". Flats on single
hole mounting bushing keep con-
denser accurately positioned. 3/16”
diameter shaft is slotted, may be
tuned with either knob or screw
driver.

ocket for virtually every frans-

electronic components
.. aceepled by the Tndustny!

JOHNSON manufactures d iuk.>e s
mitting and industrial apphca_honi
functional design, low loss insu

contacts.
BAYONET SOCKETS

The 123-21158 “fifty watt’’ socket pic-
tured is an example of JOHNSON bc{y-
onet type 1ransmitting sockets. Steatite
base insulation extends under <ontc<$ls
to prevent arcs to ground. Double berz‘-
lium copper ﬁlumem.c?ntccts hcr? e
high current with minimum hecifn.gd.
Heavy aluminum shel! provides righ
support for the tube in any position.

SEPTAR SOCKETS

The 122-101 socket uuommodates2;’ﬂ
Septar based VHF tubes such cs.8|d s
and 832's. The ventilated base shield &
designed for mounting of butLon 'm::
bypass condensers at the tube te i
inals. Contacts and :omud.spnngs ar

sitver plated and recessed ln{the cera-
mic insulation to prevent.c{xlcl move-
ment. Contacts and retaining sprinjs

hold tube securely.

' J‘OHNSON...@;Wmazmz

F. JOHNSON CO., WASECA, MINNESOTA

Characteristics of all types are:
ation and permanen'{ly positive

MINIATURE SOCKETS

For 7 pin miniature tubes JOHNSOkN'

120-277B miniature socke
o ) d base and 120-267
ring shields.

SINGLE BUTTERFLY DIFFERENTIAI.

equipped with shiel ]
for applications not requt ) :
Both I"\’cve Steatite insulation with float-
ing phosphor bronze silver plfned con-
tacts. Lengths of shields available fgr
the 120-277B are 138", 133" and 2V

WAFER SOCKETS

JOHNSON wafer so:k?ts are simple
and sturdy. Insulation is grade L-ltﬂc;v
better glazed and impregnated Steatite.
Contacts are brass with steel retm;meg'
springs and cadmium plciet.i, l"wles
heads are recessed and mo.ummg °
bossed to permit sub-chassis moun:mng
Locating grooves fccilhc‘te tube inser-
sion. Available for 4 pin 5, 6, 7 pi
med. and octal based tubes.

ELECTRONICS — December, 1951
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Two types of STABILINE Automatic Voltage Regu-
lators are offered by The Superior Electric Company
to meet the requirements of maintaining constant
a-c voltage to electrical equipment.

INSTANTANEOUS ELECTRONIC

Type IE is a completely electronic unit with no moving
parts. It provides almost instantaneous correction of
line voltage or load changes. Waveform distortion
never exceeds 3 per cent. Qutput voltage is held to
within = 0.1 per cent of nominal for wide line
variations; to within = 0.15 per cent of nominal for
any load current change or load power factor change
from 0.5 lagging to 0.9 leading. Type IE is versatile
in application finding wide use in laboratory work,
on test lines and as a component of other equipment
where the most exacting voltage regulation is neces-
sary. There are 28 standard models for 115 and 230
volts, 50 or 60 cycles, single phase operation ranging
in capacity from % to 5 KVA, Special units are
available for higher frequency operation . . . to
meet government agency specifications . . . or for
unusual applications.

ELECTRO MECHANICAL

Type EM is an electro mechanical unit with a very
sensitive detector controlling a motor-driven POWER-
STAT variable transformer which feeds a buck-boost
auxiliary transformer. Its outstanding advantages are
zero waveform distortion and high efficiency. Type
EM is most often used in the control of industrial
loads, However; the demand of today’s electronic
equipment for constant voltage with absolutely zero
waveform distortion necessitates the incorporation of
o type EM as an integral part of the assembly.
Type EM is offered in standard models for 115, 230
and 460 volts, 50 and 60 cycles, single and three
phase duty in ratings from 2 to 100 KVA. Special
units can be designed for higher frequencies, for
conformance to government agency requirements
and for individual needs.

FOR INFORMATION ON STANDARD STABILINE AUTOMATIC
VOLTAGE REGULATORS SEND FOR BULLETIN 5351
COMPLETE WITH ENGINEERING DATA, PHOTOGRAPHS,
RATINGS, DIMENSIONS AND DIAGRAMS.

me SUPERIOR ELECTRI

: E
ERISTOL, CONMNECTICOE

412 CHURCH STREET, BRISTOL, CONNECTICUT

MANUFACTURERS OF POWERSTAT VARIABLE TRANSFORMERS,
STABILINE AUTOMATIC VOLTAGE REGULATORS, VARICELL D-C
POWER SUPPLIES, VOLTBOX A-C POWER SUPPLIES, SUPERIOR
5-WAY BINDING POSTS, POWERSTAT LIGHT DIMMING EQUIPMENT.
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NEO-NIL

CORPORATION

0C.8 0C- 12
Ty

1 13 -
LCHARACTERS - ¢ LCHARACTERS ooypiom
18 > 20930 Py t | . Tyt

\ 3 \H /795010

- S
5 'p -IJ

FLASH OVER VOLTAGE 6500V PIN TORIM

6000 ¢ P & TOmIM : HERMETIC SEAL
MULTIPLE TYPE HEADERS FUSE HOLDER WATERSEAL BUSHING

1000 SERIES AVAILABLE 2000 SERIES Avall ABLE “Hermetically Sealed “Rotary Waterseal Panel
WITH 2 70 10 TERMINALS WITH 2T 6 TERMINALS Fuse Holders are available Assemblies, with GRAF-SIL

‘Mmkgm (€ iisélﬁf? g i for 3-AG and 4-AG fuses. Packing Glands, have an ex-

\ i 7 cinaar, T 050 \ Ccmce ~—om These units are completely cellent five year customer

’.",\ ,:"'\'N cll- sealed from moisture with history on gas filled pressur-
1 0;0, &9y - ag" iz ‘ or without the cap or fuse ized components. They are
P ‘\J = inserted and are applicable available for %4’ shafts and

u | losso, L n ] s o) N ossoem for use on vacuum or gas for potentiometers and

i3

! filled units.” switch bushings.”
& : Oyl Bt -
FLASH OVER VOLTAGE 6500V PIN TO RIM sy e
65C0V PIN YO AIM

NEO SIL HERMETIC SEALS

INDIVIDUAL TY2E TERMINALS
E-t €-5
®

- (,,f..o e (_,..|;--.o o 9-|;|-.o "NEO-SIL'S proven Hermetic sealing components are
" ' | pressure checked ot 25 psi—to meet military require-
ments and as applied to our units, NEO-SIL rubber will

2500v | WOLTAGE v resist abusive temperature cycling, salt water, most acids
TEST DATA and alkalies, and withstand high pressures and vacuums."
Th It of the Electrical Testi i " ; :
Inc., Report =330655, duted March 15, 1840 o "In addition to the items illustrated above, NEO-SIL
this material shows the fcllowing: 1 1
ok i ot P offers many other components, suc!a as E.Senes terrrinals,
Room Temperature 25°C  R.H. 30 percent Octal Type Plug In Headers, Multiple Pin Headers, Her-
Megohm-inghe ol cutimeter, . . .
w108 s X107 metically Sealed Cables, Hermetically Sealed Lire Cords
Diclectric Cons d Dissipati .
Maibdanes |t o ':"'°; v With Plugs For European use, Meter Gaskets, Pael Gas-
e i 9h ¢ sy actor . .
g ! Fiee: kets, Adapters (U.S. to Continental), Coil Forms Crystal
@ 60 cycles per second .
9.22 .058 5.32 Contacts and other molded bakelite and NEO-SIL rub-
1 megacycle per second . -
6.17 0455 .28 ber units.
50 megacycles per second
5.35 0.22 1.1 Your special probl are solicited

Diclectric Strenath at 60 cycles
Volts per mil —- 370

Durometer Averace 80 = 5

Temperature Rated az a Class A material cén-
servatively + 160° to —70° centicrade.

The Flashover Voltage- indicated were taken at
a temperature of 68° Fawrenheit, and 47 Rela-
tive Humidity,

CORPORATION

NEO-SIL

26 CORNELISON AVE., JERSEY CITY 4,N. J,
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—hp— 8098 UNIVERSAL PROBE CARRIAGE
with —hp— 810A WAVEGUIDE SLOTTED SECTIONS

Now-—a single probe carriage operates with
up to 5 diffierent slotted sections — wave-
guide or coaxial! This means important
savings in time; lower investment in in-
strumentation. The new ~hp— 809B Univer-
sal Probe Carriage mounts slotted sections
covering frequencies from 3,000 to 12,400
mec (see table on opposite page) —and you
lenn interchange sections in 30 seconds or
ess!

~-hp-809B Carriage is accurately caljbraled

HEWLETT-PACKARD

—~hp—- 417A VHF DETECTOR

For use with —frp—803A VHF Bridge. |
A super-regenerative (AM) receiver
covering all frequencies 10 to 500 me
in 5 bands. Offers approx. 5 gv sen-
sitivity over entire band; quick, easy
operation, direct-reading frequency
control. Thoroughly shielded, suit- |
able for general laboratory use in-
cluding approximate frequency
checks, measurements of noise, in-
terference, etc. $200.00 f.o.b. factory.

in mm. for readings as low as 0.1 mm. Dial
gauge may be readily mounted if more ac-
curate readings are needed. Carriage trav-
els on a new 3-point ball-bearing suspen-
sion system, and operates in conjunction
with -hp— 442A Broad-Band Probe and
—hp— 440A Coaxial Detector combination;
or with —~hp— 444A Untuned Probe. The ex-
tremely broad usefulness of this new Uni-
versal Carriage means far greater flexibil-
ity and lower cost for complete microwave
instrumentation.

COMPLETE
COVERAGE!

CONTINUOUS microwave coverage, 10
mc to 12,400 me. High mechanical stabil-
ity. Simple operation. Broad applicabil-
ity. Precision accuracy. Compact size!

New —hp— microwave equipment gives
you complete coverage for VHF, UHF
and SHF impedance measurements. In-
strumentation includes VHF Bridges as
well as the slotted coaxial and waveguide
sections which are fundamental tools in
impedance measurements. These instru-
ments can be used to measure load or
antenna impedance, system flatness, con-
nector reflection, percentage of reflected
power, standing wave magnitude or
phase, characteristics of coaxial trans-
mission lines or rf waveguide systems,
characteristics of rf chokes, resistors,
condensers.

For complete details see your —hp—
sales representative or write direct.

HEWLETT-PACKARD COMPANY

2160A Page Mill Road - Palo Alto, California

Sales representatives in principal areas.
Export: Frazar & Hansen, Ltd.
San Francisco, New York, Los Angeles

—~hp— 415A STANDING WAVE INDICATOR

Designed for use with all waveguide
or coaxial slotied sections, to give
direct reading of standing wave ra-
tio in VSWR or db. Consists of
high gain amplifier with low noise
level, operating at fixed frequencies
between 300 and 2,000 cps. (Normal
frequency 1,000 cps., plug-ins for
other frequencies available). Input
circuits for use with crystal detector
or bolometer. $200.00 f.o.b. factory.

INSTRUMENTS



10 to (2 Z00 me.

—hp~ 803A VHF BRIDGE

Gives direct readings in impedance magnitude
and phase, 10 to 500 mc. Rapid operation for new
speed, convenience in reading impedance, or re-
sistance and reactance. Operates on new principle
of sampling magnetic and electric field of trans.
mission line. Useful for comparative measure-

—hp—- 805A/B COAXIAL SLOTTED SECTIONS ments, 5 to 1,000 me. Impedance range 2 to 2,000
o o
Continuous coverage 500 to 4,000 mc. High accuracy ohms. Phase angle —90 '°_+90 sat 52 me a_nd
and mechanical stability ; negligible slope, minimum above. Of’fel:s utmost convenience in t!elergnmms
leakage. Incorporates radically different structural characteristics of antennas, transmission lines, rf
design employing rigid parallel planes and a non. chokes, resistors and conder_lsers; in measuring
bowing central conductor. Probe setting readable in connector impedances, standing wave ratios, per-
mm. to 0.1 mm. Maximum VSWR of basic section centage of reflected power, VHF system flatness.

and connectors less than 1.04. ~hp— 805A, 50 ohms
impedance, for Type N connector and flexible ca-
bles. Model 805B, 46.3 ohms impedance, for %"
rigid transmission lines.

~hp— 806B COAXIAL SLOTTED SECTION

Continuous coverage 3,000 to 12,000 mec. Employs
same time-tested parallel plane principle as ~hp—
805A/B. Designed for use with —hp— 809B Universal INSTRUMENT R (o o T
Probe Carriage. Maximum VSWR of slotted section

and connecters is 1.06 to 10,000 mc. Negligible slope,

=hp— IMPEDANCE MEASURING EQUIPMENT

. 495.
50 ohm impedance. Uses Type N connectors for 803A VHF BRIDGE O RO SAeieg
flexible coaxial cable. Sets new standard for mechan-
ical stability in coaxial slotted sections. 805A/B SLOTTED SECTION 500 to 4,000 mc $475.00
8068 SLOTTED SECTION 3,000 t0 12,000 mc $200.00
~hp— 440A COAXIAL DETECTOR S810A SLOTTED SECTION 2,60010 3,950mc  $450.00
Tunable crystal and holometer mount. May be used
as an rf detector for coaxinl systems hetween 2,400 395010 5850 me $ 90.00
and 12,400 me. Fits Type N connectors; operates EEVEE EIOTERNESICT ' e
with bolometer or silicon crystal. $85.00 f.0.b. factory.
J : i J8108 SLOTTED SECTION 5,850t0 8,200 mc $ 90.00
—hp~ 442A BROAD-BAND PROBE
p H8108 SLOTTED SECTION 7,050 to 10,000 mc $ 90.00

May be used in combination with ~hp— 440A to pro-
vide highly sensitive, easily tuned detector for slot-
ted sections. Micrometer depth adjustment provides X8108 SLOTTED SECTION 8,200 to 12,400 mc $ 90.00

quick control of rf coupling. $75.00 f.0.]. factory.

~hp— 444A UNTUNED PROBE

Frequency range 2,400 to 12,400 mc. Includes 1N26
silicon crystal. Highly sensitive, compact, easy 10 use.
Requires no tuning. $50.00 f.0.b. factory.

8098 UNIVERSAL PROBE For slotted sections, 3,000 to 12,400 mc $160.00
CARRIAGE

Data Subject to Chonge Without Notice

HEWLETT-PACKARD INSTRUMENTS
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1_ Tantalytic Capacitors

&

—

N

12 Muf 150 VDC
8 Muf 150 VDC
2 Muf |50V NP
| Muf 1SOV NP

Here is one of the fastest moving developments
in recent years—General Electric’s new electrolytic-
type capacitors. These Tanrtalytic capacitors with
their small size and large capacitance per unit of
volume have excellent low temperature character-
istics, long operating lifc and in many cases can
replace bulky hermetically-scaled paper capacitors.
Ratings presently available for consideration range
from .02 muf up to 12 muf at 150 volts dc. Units
pictured are representative of these ratings.

Other features of G-E Tantalytic Capacitors include:
® Extremely long shelf life.

® An operating temperature range from —55°C
to +85°C.

4 Muf 60VO0C

=

.04 Muf |50 VNP,

25 Muf 156V uP
| Muf 150V NP

R

® Excecdingly low leakage currents.
® Ability to withstand severe physical shock.

® Completely scaled against contamination.

If you have large-volume applications where a

price of 3 to 5 times that of hermetically-sealed
paper capacitors is secondary to a combination of
small size and superior performance—get in touch
with us. Your letter, addressed to Capacitor Sales
Division, General Electric Company, Hudson Falls,
N. Y., or your nearest Apparatus Sales Office will
receive prompt attention.

General Electric Company, Schenectady 5, N. Y.

GENERAL ELECTRIC

407-306
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_ PERMANENT MAGNETS WITH
> -

*the permanent magnet ;
material that offers an aver- /
age energy product of 51 /
million BH max or more, LW Jor)
with 54 million guaranteed! /

There is logic in selecting INDIANA HYFLUX
Alnico V for every application calling for per.
manent magnets.

With its 16% greater energy product, it performs
old applications better and at the same time
permits more compact design in new products.
Yet premium quality INDIANA HYFLUX Al
nico V costs no more than regular Alnico V.

PEPMEANCE COENNICIENT. Y
om0 .

o
INDUCTION.0-K1LOGAUSS
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DEMAGNETIZING FORCI-H-QFRSTEDS [GILBERTS PER CM)

DEMAGNETIZATION AND ENERGY PRODUCT CURVE

PERMANENT
MAGNETS

SPECIALISTS
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INDIANA HYFLUX Permanent Magnets are vital compoe
nents of guided missiles, proximity fuses, radar and thousands
of other military and industrial applications.

INDIANA HYFLUX Alnico V is not a new alloy. It is the
result of new precision techniques applied to dependable
Alnico V, including new procedures, controls, instrumenta-
tion, equipment — and PRECISE supervision over every
step of production.

It’s the most important development in permanent magnets
since the introduction of Alnico V itself!

INDIANA is the only manufacturer furnishing all commercial
grades of permanent magnet alloys. You have a choice of cast,
sintered, formed or ductile materials.

g AR | =" f\”,"_‘ ; Many types and sizes of INDIANA HYFLUX Alnico V permas-
= i nent magnets are available from stock for your experiments.
: i }
3 |_ .
: | [ I i ) THE INDIANA STEEL PRODUCTS COMPANY, world’s
; _INDIANA largest producer of permanent magnets, offers free of charge

every engineering assistance in the design and application of
permanent magnets best suited to your products.

Take advantage of this wealth of experience and “know how"
that has developed more than 30,000 successful applications.

Write, wire, or phone INDIANA today!
Ask for Catalog No. 11A-1, that describes
stock experimental magnets.

LPIIYJ\ THE INDIANA STEEL PRODUCTS COMPANY

VALPARAISO, INDIANA

e« » o Sales Offices Coast to Coast

“PACKAGETD ENEROY" SINCE 1908
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The |deal Dielectric
ror new [ HIE = TV #7rcanons

=for low loss

at low cost!
® LOW-LOSS FROM 60 CYCLES/SECOND

TERISTICS TO 24,000 MEGACYCLES/SECOND
4 CHA)‘:ACSRADE 410 ©® MAXIMUM EFFICIENCY, UTMOST
E
OF MYCAL " ADAPTABILITY, LOWEST COST
power factor. 1 megacyde le 9.2 @ AVAILABLE MOLDED TO PRACTICALLY
Dieteciric constant: 1;3:9"“‘ ootk ANY SHAPE OR SIZE WITH OR WITHOUT
ac 0
Lools: f:::::rs."\ﬂ:‘g‘::' volts/mil ““;‘5 METAL ELECTRODES OR INSERTS
ele f .
volume resistivity, °‘;':‘ o 250 FCC Approval of UHF TV has introducea an era of engineer-
Arc resistance: secon f1—tb/in. of notch 0.7
tmpact strength 1z0d, 1. °c 350

X safe operati ,°F 650
N\aXl‘m‘:"“‘“ safe operating temperature
Maxim

i to meet these more critical requirements. MYCALEX 410 is
hours "
Water obsorption % in 24 1ix10-®
<ot f linear
Coefficient ©

ing and manufacture to standards seldom before attained in
mass production. Many materials, dielectrics in particular, fail

expansion,

6000
Tensile strength, ps!

WRITE -
This comprehensive co
technical and mg.‘e !
cludes complete

fectriC jnformation.

one exception. This dielectric can be molded to close tolerances
with or without metal inserts—high efficiency to well over
24,000 megacycles. MYCALEX 410 can be molded in volume
at low cost. It can be produced to closer tolerances than higher
priced ceramics. Electrically and mechanically, MYCALEX 410
is the ideal dielectric for tube sockets, tuners, condensers,
switches, coil structures and many other UHF components,

TUBE SOCKETS

MYCALEX glass-bonded mica sockets are
injection molded to extremely close toler-
ance. This exclusive process affords superior
low-loss properties, exceptional uniformity
and results in a socket of comparable quality
but greater dimensional accuracy than cera-
mics—all at no greater cost than inferior
phenolic types. These sockets are available
in two grades, featuring high dielectric
strength, low dielectric loss, high arc resist-
ance and fully meet RTMA standards.

Write for Tube Socket Data Sheets

MYCALEX 410 is priced comparabla
to mica-filled phenolics. Lass facler
is only .015 1 mc,, insulation resisi-
aonce 10,000 megohms, Fully ap-
proved as Grade L-4B under N.M,E.5.
JAN-1-10 *Insulating Materials Cer-
amic, Radio, Class 1.”

MYCALEX 410X is low in cost but
insulating properties greotly sxcoed
those of general purpise phenolics,
loss factor is only one-fourth thot
of phenolics {083 ot1 mc.) but cost "

is comparoble. Insulation resistance
10,000 meachms.

SINCEI9I9

MYCALEX CORPORATION OF AMERICA
Owners of ‘"MYCALEX’ Patents and Trade-Marks
Executive Offices: 30 ROCKEFELLER PLAZA, NEW YORK 20 — Plant & General Offices: CLIFTON, N.J.
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Veneatily
Multi-channel --

telegraph Al or

telephone A3.

Components
conservatively
rated. Completely
tropicalized.

Model 446 transmitter operates on 4
crystal-controlled frequencies (plus 2
closely spaced frequencies) in the band
2.5-13.5 Mcs (1.6-2.5 Mcs available).
Ol)er(ILes on one frequ,ency at a time;
channeling time 2 seconds. Carrier
power 350 watts, Al or A3 AM. Sta-
bility .003% using CR-7 (or HC-6U)
crystals. Operates in ambient 0°to +
45° C using mercury rectifiers;-35°
to + 45° C using gas filled rectifiers.
Power supply, 200-250 volts, 50/60
cycles, single phase. Conservatively
rated, sturdily constructed. Complete
technical data on request.

3090 DOUGLAS ROAD

High stability (.003%) under
normal operating

conditions.

Here's the ideal general-purpose high-
frequency transmitter! Model 446...
4-channel, 6-frequency, medium power,
high stability. Suitable for point-to-
point or ground-to-air communication.
Can be remotely located from
operating position. Co-axial fitting to

accept frequency shift signals.

Pat. Off.

Consuliants, designers and manufacturers of standard or special
electronic, meteorological and communications equipment.

62
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Use “dag”
Colloidal Graphite for
CRT Exterior Wall Coating

“Dag’’ Exterior Wall Coating is a specially processed
dispersion of electric-furnace graphite in a lacquer-base vehicle.

It is easily applied to CRT surfaces by spraying ... dries very
rapidly, enabling tubes to be handled in 2 or 3 minutes. Maximum
adhesion is obtained by drying at room temperature for twenty-four hours.
If faster action is desired, infra-red drying at 100° C. for ¥ hour can be used.

The smooth, uniform, conductive black coating obtained adheres tenaciously to
all types of glass. Its adhesive properties are so good that it resists scratching
and cannot be readily loosened in water.

An interesting brochure describing the uses of *‘*dag® colloidal graphite in the
electronics and electrical industries is yours for the asking.

l Write today for your free copy of Bulletin #433-5M.

DSEERSI Acheson Colloids Corporation Port Huron, Wich.

.alsa Acheson Collids Linited, London, England

]
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For Industrial Servicing. Safety is the prime feature of
Type YNA-4. Its plywood and fibre case is fully insulated
and oil-resistant. Light in weight, easy to carry. High
stability. Internal amplitude calibration.

For medium band width operation (20-5 mc)—the ST-2C
(below) is just the ticket. This instrument is particularly
good for microwave relay servicing, where desired repro-
duction requires broad band width and fast sweep. Easily
carried—weighs only 43 pounds.

Eliminate Guesswork

SPECIFICATIONS

Sensitivity— Oscilloscope Type ST-2A (opposite page)

Vertical

AC Input—.015 volts RMS per inch

DC Input-—2.0 volts DC per inch

Probe .20 volts RMS per inch
Horizontal—.4 RMS volts pey inch
Maximum Input Potential—500 V peak, Vertical or Horizontal
Deflection Plates—Vertical: 27 V DC per inch

Horizontal: 33 V DC per inch

Sensitivity — Oscilloscope YNA-4 (left)

Vertical attenuator position

Open Grid 0.5 (0.18 RMS, ac)
X1 0.5 (variabte) (0.18 RMS)
X1 5. (1.8 RMS)

X.01 50. (18. RMS)
Horizontal: 0.6 volts dc/inch (.21 rms)

Sensitivity— Oscilloscope ST-2C (bottom left)

Vertical

AC Input 0.075 volts RMS per inch

Probe-—-1.0 volt RMS per inch
Horizontal—0.4 volt RMS per inch
Z Axis—negative 15 volts peak to intensify
Deflection Plates—Vertical: 27 V. DC per inch

Horizontal: 33 vV DC per inch
Maximum Input Potential- Vertical: 500 volts RMS
Horizontal: 10 volts RMS

Power Supply YPD-2
DC voltage output: 250-450 volts (positive or negative may be
grounded to chassis)
DC current output: 0 300 milliamperes
AC output: 6.3 volts 10 amperes unregulated

This YPD-2
24 hours 2
Highly reli-
f rigorous

vatively Rated. h
power supply will worv
day for you if necessary-

able, it is the end produ‘zt sheCks.
laboratory tests and fie

Conser

Min. sensitivity volts dc/inch
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0SCILLOSCOPES

Here's the precision testing equipment that delivers
reliability, accuracy and speed for TV servicing,
laboratory and industrial applications

]Illllll

N TV receiver testing, the ST-2A scope

shown at right has earned the praises of
manufacturers and engineers alike. The scope
responds instantly when signal is turned on
or off, even under overloads. Intensity level is
excellent and trace definition extremely fine.
Operator sees all pips clearly.

One of our factory customers has 50 of these
scopes in constant operation. In oue year, re-
placement for them has consisted of only two
dozen tubes and one selector switch.

The General Electric oscilloscopes you see
here will give you more accurate service, over
a longer period, than ordinary scopes of the

. . Sharp Picture reduces operator fatigue. This ST-2A unit
same class. The G-E electronics office in your is primarily a general purpose instrument for laboratories

city has full information on this subject. and servicing. Its wide frequency response (0-1 mc) also
makes it useful for television receiver circuit work, the
application shown above.

YOU'LL WANT THESE BULLETINS

General Electric Company, Section 4121
Electronics Park, Syracuse, New York

Send me your new bulletins on General Electric Scopes and Power Supplies.

NAME
ADDRESS— - -
Ccity STATC

- GENERAL @D ELECTRIC
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1472 FEET ABOVE THE STREET! Steeplejack protects TV cables from abrasion with

et » 1 #

“Scotch’”’ Electrical Tape No. 22 on top Empire State Bldg., New York.

Tough tape cushions cables
in world’s tallest antenna!

Strong winds and
structural sway cause
plenty of abrasion prob-
lems on TV cables in-
side the world’s tallest
antenna on the Empire
State Building. Insula-
tion failure can put five
stations off the air. Repairs can be
costly, dangerous.

Solution? “Scotch” Electrical Tape
No. 22 protects all contact points, de-
pendably insulates in all kinds of

weather—rain, snow, sleet, salt air and
burning sunlight. That’s tough punish-
ment for any insulation!

And this stretchy, stick-at-a-touch
plastic tape is giving top-quality per-
formance on many other installations.
It can do a better job for you, too —
a faster, neater application —a more
lasting job thatcansave youreal money.

Try it today and see. Insist on
“Scotch” Brand Electrical Tape—it’s
the one tape that does the job of two.
There’s nothing else like it!

HARNESSING CABLES with
“Scotch” Electrical Tape No. 22
prior to installation in Empire
State T'V antenna. Plastic backing
of tape resists abrasion, gives di-
electric strength of 10,000 volts.

P

CONTACT POINTS between coaxial
cable and structural steel members
are cushioned with two half-lapped

layers of “Scotch” Electrical Tape
No. 22. Tape is tough, stretchy to
absorb vibration and sway.

Scorcy

Flecricq

FREE BOOKLET “Tapes for Tele-
vision’”’ gives many time-saving
uses of pressure-sensitive ‘‘Scotch’
Electrical Tapes. Write: Minnesota
Mining & Mfg. Co., Dept. E-121,
St. Paul 6, Minnesota.

D T

B Electrical Tape
| No. 22

The term “Scotch” and the plaid design are registered trade marks for the more than 100 pressure-sensitive adhesive tapes made in U.S.A. by
Minnesota Mining & Mfg. Co., St. Paul 6, Minn.—also makers of “Scotch” Sound Recording Tape, “Underseal” Rubberized Coating, “*Scotchlite”
Reflective Sheeting, “Safety-Walk’” Non-slip Surfacing, '3M"’ Abrasives, '3M"’ Adhesives. General Export: Minn. Mining & Mfg. Co., International
Division, 270 Park Avenue, New York 17, N. Y. In Canada: Minnesota Mining & Mfg. of Canada, I.td., London, Canada.

66
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34 57| designs

o7 5‘ years of specialized experience
AG)

ARE avanasemw B LS

On any problem irvolving technical made expe-imental o- test designs can

ceramics, the cooperction of our engi- be mode quickly end ot recscrable
nee-s is available o1 request. Their cost. ‘When the design hcs been tested
half a century of specialized experi- and perfeted, quontity product on is
ence has enabled them to help solve now mdre jJuickly avaikcble frem our
ma-y different zesign problems. Hand new clants whick are in prcdestion

SOTH YEAR OF CERAMIC LEADESSHIP

AMERICAN LAVA CORPORATION

| g 5 ¢
CHATTANOOGA 5, TENNESSEE ~Sminy ; x5
- ", # L -
- -

OFF 35S METROOLITAN AREA: oM Braad 51, Newark, N Mitche! u 2.8189 ¢ CHICHGO, 228 Morrh LloSetls St., Camtm &1720

PHE ADELPMIA, 1649 Nerth Brood St Stewenson 1-28 F£l LOS NGE.ZS, 23T Gouth Hi | St., Mutecl 2076

NEW ENGLAND 1174 Messcchu.aats Ave, C b dq' Maws,, KIH d 7-44 ! o« Su Lleuls, 1123 Washingten Ave., Gerf sld 950

SOUTHEST, Green Co 5 Grio . Cofia. 9, Jixor 97 3




SWITCHBOARD INSTRUMENTS SOCKET INSTRUMENTS

WES TINGROUSE

i

v
R
20

AMPERES 100

WIBE NGOULE

PORTABLE INSTRLMENTS

INSTRUMENT AUXILIARIES RECORDING INSTRUMENTS
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The most complete line
in the industry!

In the complete line of Westinghouse Electrical Instruments, you’re sure to
find the right answer to your measuring requirements. Moreover, you’'ll get a
wider selection for specific applications, whether it be a-c or d-c current and
voltage, single or polyphase circuits, watts or vars, frequency, power factor, syn-
chroscopes, temperature indicators, ground detectors or position indicators.

For laboratories, production lines, power plants, field service, or military
operations—whether the requirement is for recording or indicating—for
portable or permanent application—Westinghouse Instruments give you
lasting accuracy.

Meets A.S.A. Performance Requirements

Every Westinghouse Instrument is built to meet the rigid performance require-
ments of the American Standards Association. No more exacting guarantee
of an instrument can be made.

Competent Application Assistance!
Westinghouse Instrument Application Engineers are available to help you in
selecting and applying the proper instruments for your application. Simply
call your nearest Westinghouse office.

For complete information on Westinghouse Instruments write for Booklet
B-4696. Address: Westinghouse Electric Corporation, P. O. Box No. 868,
Pittsburgh 30, Pennsylvania. J-40406

e mmuﬂlﬂﬁ..ll 'y

“@stmghouse

S St e e v s e -

L
i

Jorr

W
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For all your potentiometer needs

check this complete L&N line

When you’re looking for the right potentiometer to do
a specific job, it will pay you to check the complete
L&N line first. Whether you need the extreme precision
of an N.B.S.-certified Wenner, the convenience of a
Micromax or Speedomax recorder, or an intermediate
instrument, you’ll find the characteristics you want in a
soundly engineered L&N potentiometer.

More than a score of models comprise the line. Just
glance at the table below. There’s a potentiometer for
practically any purpose—measurement of low voltages,

temperature vs. temperature-difference, calorimetry, pH

and other emf cell work . .

. self-contained portables for

temperature and pyrometer checking . . . and the popular,
general-purpose Type K’s. Models run from highest to
moderate precision. They come in convenient single,

double, even triple ranges . .

. to suit the job at hand.

Naturally, we can’t begin to tell you all you want
to know in so short a table. So for complete details, let
us send you catalog information. Simply write our nearest
office, or 4979 Stenton Ave., Phila. 44, Pa.

LIMIT OF ERROR}

CAT.
MODEL NO PURPOSE bottor 0% | 37 of RANGE
03% |.3% o
° -tot;a% 0% | 02% to 1% | range
Wenner ) 7559 thermocouple;othe:ovﬂltiges 0 _x 0t_o0.011111 v;0to0.11111 v_ :
(N.B.S.-certified) 7558 maintain primary standards X 0t00.19111v;0t01.9111 v
7620 thermocouple voltages; calorimetry X 0t00.01v
(Single) -
7621 thermocouple voltages; calorimetry X 0t00.1v
White o S — o
7622 temp; temp-difference; X 0t00.01v
(Double)
7623 temp-current; etc. X 0to0.1v
Type K-1 7551 general X 0t00.161v;0t0 1.61 v
Type K-2 7552 general x 0t00.0161 v;0t00.161 v;0to 1.61 v
Students’ 7651 general X 0t00.016v;0t01.6 v
Indicator *| 7655 pH, emf’s x Oto1.110v
* 17659 corrosion testing X triple; 0to 4.1 v total
Millivolt * | 8667 pyrometer check (lab.); temp. X Oto 111 mv
Indicator * | 8656 B,D,X| pyrometer check (plant); temp. X 0to 16 mv; 0 to 70 mv; or as spec. -‘
* | 8657 pyrometer check (plant) ; temp. X 0to 16 mv & 16 to 64 mv; or as spec.
* | 8662 pyrom. check (lab. & plant) ; temp. x 0to16.1 mv; 0to 80.5 mv
* | 8658 pyrom. check (lab. & plant); temp. X single; direct-reading temp.
Temperature * | 8659 pyrom. check (lab. & plant) ; temp. X double; direct-reading temp.
Indicator * | 8663-CD body temps. x 25t0125F;—3.9to +51.7C
* | 8663-X temp. check (lab. or plant) x single or double, as spec.
Panel Indicator *| 8671-76 temp. meas. x single or double, as spec.
pH Indicator * | 7663-A1 pH; emf cell potentials X 0to13pH;0t01.100 v
Brooks 7630 l .ammeter, voltmeter: wat_tmeter test. X Oto 153 mv }used with volt boxes
(Deflection) 7640 lamp efficiency test. x 0t01.53v and shunts
i icrom-ax _ _‘ automatic indicating, recording, x e _
Speedomax * controlling: voltage, temp., pH, etc. X as spec.

*Self-contained

Jrl. Ad EN(12)

tUnder normal operating conditions, except when using lowest part of ranges.

KM LEEDS & NORTHRUP CO.

i MEASURING INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS - HEAT-TREATING FURNACES
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EbnT B2 bI-d S DI-4: DI-5 D6

Illustrations approximately actual size.

Temperature Compensating DISK Capacitors

Capacity range from 475 mmf on the DI-6 N1400 material down to .3 mmf on the DI-I size with
tolerances of + 59 or greater. Conservatively rated for working voltage at 500 volts DC and flash
tested at 1500 volts DC. Insulation resistance at 100 volts is well over 10,000 megohms. Electrodes
are fired directly to the low loss dielectric and are coated with a non-hydroscopic phenolic for protec-
tion against moisture and high humidities. Conform to RTMA Class 1 ceramic capacitors.

Extended Temperature Compensating DISK Capacitors

Produced from a recently developed group of extended coefficient ceramics, this type of Hi-Q Disk
permits a much wider temperature compensating range than was possible on the formerly available
normal linear temperature coefficient ceramics. Specifically developed for applications requiring a
very large gradient of capacity versus temperature. These new Hi-Q Disks exhibit relatively higher
dielectric constants permitting capacities in the range intermediate between the high K and linear or
normal group of ceramics. The Q (a minimum of 250 at 1 megacycle) is somewhat lower than the Class
1 ceramics. It has, therefore, not been classified by RTMA as Class 1. However, characteristics are
superior to by-pass Class 2 ceramics.

Companion Lines to the Popular
Hi-Q By-pass DISK Capacitors

ELECTRONICS — December, 1951

Type Diameter Lead Width Thickness
o 5/16" max. | 3/16" + 116" | 5/32" men. T-l]C wu.le]y use_d HiI-Q .By-pass Disks are fixed cerz-nmc
) , dielectric capacitors which meet RTMA Class 2 specifica-
DI2 | 3/8" Max. | 1/4” +1/16" | 5/32" Mox. . . . .
i tions. They are available in the complete capacity range
L4 Jav L4 A
D3 | 7/16" Max. | 174" Tl 5/32" Max. of from .3 mmf to 30,000 mmf. Standard tolerances of 5%
DI-4 | 19/32" Max. 1,-"-t”t"i':|? 5/32" Max. thru 209 where applicable can be furnished.
DI-5 [ 11/16” Max. 38" +1/8” | 5/32" Max. Wri E I c
rite for L L etin Givin
DI6 | 3/4" Max. | 3/8” £1/8" | 5/32" Max. A AL ring
Details of all HI-Q DISK Capacitors

*Trade Mark Registered, U. S. Patent Office

OLEAN, N. Y.

SALES OFFICES: New York, Philadelphia, PLANTS: Olean, N.Y., Franklinville, N, Y.
Detroit, Chicago, Los Angeles Jessup, Pa., Myrtie Beach, S. C.

A



How about this for a starter?

You are looking at the business end of a synchronous
motor starter. The two parts magnified—a shaft insulator
and high-voltage panel—are made of Synthane laminated
plastics—for good reasons.

Important requirements of the insulator and panel are
excellent electrical insulating ability and ease of machin-
ing to close tolerances. The shaft has to be dimensionally
stable, remain straight and true. The Clark Controller
Company found in Synthane the proper combination of
properties for these two parts of their 4160 Volt—3
Phase Synchronous Motor Starter.

You may need an entirely different combination for
your application. In Synthane you have strength, light-

weight, resistance to moisture and abrasion, hardness,
denseness, toughness. Synthane is also unaffected by oils,
greases, many corrosive atmospheres, gases and solutions.
Itis available in many grades for easy selection of specific
qualities and in various forms such as sheets, rods, tubes
or ready-fabricated parts, or may be economically molded
from laminated or macerated materials.

In short, Synthane has the right combination of prop-
erties and forms for electrical, mechanical and chemical
jobs in every industry.

Write for the new complete catalog of Synthane Lami-
nated Plastics, containing grades, properties and uses.
Synthane Corporation, 6 River Road, Oaks, Pennsylvania.

—
-

PLASTICS WHERE PLASTICS BELONG SYN’IT[ANE!
— r‘"
) qe—— -

72
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Manvufacturers of laminated plastics
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a statement of fact---

AMP CAPITRON CAPACITORS and
AMP Pulse Forming Networks,
fabricated with AMPLIFILM, are

smaller and lighter, at working
voltages of 3 KV and higher, than any
other products of equal electrical characteristics.

>

wwm

) CAPITRON

Trade-Mark

HIGH VOLTAGE CAPACITORS
20 KV Pulse Forming and

Network redesigned
using AMPLIFILM.

e ™| PULSE FORMING NETWORKS

AMP CAPITRON High Voltage Capacitors and Pulse
Forming Networks are particularly suitable for applica-
tions where miniaturization or maximum conservation
of weight are paramount factors. Units can be installed
adjacent to irregular or curved surfaces with terminal

outlets placed to permit the most efficient and compact
circuiting. They will operate effectively at both lower
and higher temperatures than ordinary units which use
paper, mica, or plastic dielectrics.

8,000V, .5 micro-farad
capacitor redesigned
using AMPLIFILM.
Volume and weight
reduction: 570%!

Write for complete information.

>

AMPLIFILM DIVISION

Aircraft-Marine Products, Inc.

2100 Paxton Street, Harrisburg 10, Pa.
AMP Trade-Mark Reg. U.S. Pat Off.
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Brain power,
experience,

\

superb facilities 4

all in one package at

GRAY
RESEARCH

® Television

@ Video and display systems
® Audio and communications
® Teleprinter techniques

@ Precise electro-mechanisms
@ Aeronautic control devices
® Data transmission and recording

® Facsimile

In each of the defense-important fields listed here, the Gray organization has recently solved important
problems. These facilities are available to prime contractors and to the military services as our contribution
to the national effort in furtherance of communications, engineering or electro-mechanical designing. A
booklet telling more of the Gray story will be sent for the asking.

. Please write for Bulletin RB-12 describing the above equipment

Nl & Oieann
| President

AND DEVELOPMENT CO,, INC., 16 ARBOR ST., HARTFORD 1, CONN, . € ,& Vv
i N, AUDOGRAPH 474
Division of The GRAY MANUFACTURING COMPANY— &k W7
Originators of the Gray Telephone Pay Station gnd the Gray Auvdograph =
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RESPOMNSE

in your radar-response
curve with G.E.'s new
A-TR Type GL-6038!

NOW READY FOR DESIGNERS AND USERS!
General Electric’s pace-setting A-TR tube
licks slow recovery time by employing a long-
life deionizing agent.

MEANS A BETTER SCREEN IMAGE! The fast
recovery of the GL-6038, by levelling off the
radar-response curve, helps produce a screen
image that is steady and complete, with no
fadeout tendencies. Your equipment “sees”
more dependably.

Short recovery time
is a built-in feature!

BE SAFE, BE SURE ... SPECIFY G-E! Broad-
band gas switching tubes for microwave
applications were pioneered by G-E. This re-
search and extensiveknow-how stand squarely
back of the new GL-6038’s performance, as
with other TR, A-TR, and Pre-TR types
bearing the G-E name. Get up-to-the-minute
information! Wire or write for Bulletin ETD-
158. General Electric Company, Electronics
Division, Section 9, Schenectady 5, New York.

G. E. OFFERS THESE HIGH-PERFORMANCE GAS SWITCHING TUBES TO MEET YOUR MICROWAVE NEEDS

X MAX PEAK LEAKAGE RECOVERY
'ROUP TYPE NO. FREQ. RANGE POWER POWER TIME, MAX
TR GL-1B63-A 8490-9578 mc 250 kw - 30 mw 4 musecat—3db
Wi MIN FIRING LOADED Q
< POWER TYPICAL
A-TR GL-6038 9000-9600 mc 100 kw 5 kw 4
GL-1B35 9000-9600 me 250 kw 5 kw 4
GL-1B37 8500-9000 mc 7250 kw 5 kw 4
GL-1B44 2680-2820 me 1000 kw 20 kw 4
GL-1B56 2775-2925 mc 1000 kw 20 kw 4
LEAKAGE ENERGY
PRE-TR GL-1B38 2700-2910 mc 1000 kw 100 kw .0002 joules
= — - ?-'A-\‘
- — N ; TosRT
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ACTUAL
SIZE

JF TINY TYPE 85LPT

TUBULAR
PAPER
CAPACITORS

Fit anywhere!

Suitable for
85°C. operation!

CAPACITAMCE RANGE:
000 TO .5 MFD.

VOLTAGE RANGE:
00 TO 400 V., INCLUSIVE

Sturdily built in phenalic-
impregnated tubes. Ends
are plastic-sealed.

WRITE FOR COMPLETE LITERATURE

Representatives and Distributors
Threughout the U.5.A. and Canada

3

N

S

PYRAMID

PYRAMID ELECTRIC COMPANY

CARLE ADDRESS

76

1445 Hudson Boulevard

North Bergen, N 1, UL 5. A

TELE

PAMS WLUX MNorlh Bergen, M. J

Pyramiduse

BUSINESS BRIEFS

By W. W. MacDONALD

LAST MONTH we intimated
that the peak of military equip-
ment production, originally
planned %o occur in mid-1952,
might not be reached until much
later, and that the resulting con-
tinued shortage of most critical
materials could easily hold down
produection of civilian goods in
even the last quarter of next year.
Since then, additional government
appropriations have been added to
the already large budget, so relief
that seemed unlikely now appears
downright impossible.

Cessation of hostilities in
Korea could cause a lull in mili-
tary equipment production, but
the lull would probably be quite
tmporary. People in government
whose opinions we have had
reason to value in the past say
that Washington is now generally
convinced that we must have a
large military establishment in
being, and that nothing, even an
election, would more than tempo-
rarily delay its completion.

SO FAR, about 60 percent of the
military dollar spent for elec-
tronic equipment has gone for a
relatively small number of highly
complex items not lending them-
selves ideally to mass production
methods. Deliveries for such items
will probably be stepped up about
300 percent in 1952. Eventually,
about 150 different kinds of equip-
ment are expected to account for
75 percent of total planned pro-
curement of military electronic
equipment, and many of these do
lend themselves to mass produc-
tion methods.

SPEAKING OF SUBCON-
TRACTS, Gilfillan has a multi-
million-dollar order for CPN-4
ground-controlled-approach radar
equipment. There are 159 subcon-
tractors at what is known as the
first level; 47 percent have 25 or
less employees, 20 percent have
from 26 to 50 employees, 16 have
from 51 to 100, 11 have from 101

to 200 and € percent have over 200
employees.

Involved in the order are such
people as Weber Showcase & Fix-
ture, building the trailer body and
using 37 subcontractors of its
own, O’Keefe & Merritt, making
the diesel generator and using 42
subcontractors, and Air Equip-
ment, making cases and reflectors
and using 15 subcontractors.

The list of suppliers to the
prime contractor and to the vari-
ous subecontractors reads like a
manufacturing who’s who in
America. We have it, but it is too
lengthy to publish here. The busi-
ness is really spread around.

A GALVANOMETER MAKER
tells us that his tiny instrument
coils are wound on cores made of
walrus tusk, this material having

fine electrical and mechanical
properties. He’s had to buy his
tusks lately from GI's, who

brought them home as souvenirs,
because the supply among taxi-
dermists is nearly depleted. Fed-
eral law, it seems, protects the
walrus to the extent that the
beast’s choppers cannot ordinarily
be imported through normal com-
mercial channels.

TRAVELOG: National Elec-
tronics Conference in Chicago
pulled 3,200 men (including four
from ELECTRONICS) to the Windy
City, as against 2,200 in 1950 and
2,000 in 1949. Exhibits overflowed
into the halls, a condition that will
be rectified in 1952 by shifting the
Conference to the Hotel Sherman.

Bulletin board at the Edgewater
Beach was crowded with ads for
engineers. Electronic Associates
booth contained a sign reading:
“Applications for engineering posi-
tions gleefully accepted.” Emerson
Radio distributed free morning
newspapers to all hotel rooms, af-
fixed a sticker urging engineers to
“phone John J. Hopkins if inter-
ested in job opportunities.” Sid
Chertok of Sprague suggested that
some enterprising engineer might
profitably wear a sandwich-sign
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Guided muissiles...

and 1n the ground receiving system...

¥

Electronics Division, 1740 Broadway, New York 19,N.Y.

ELECTRONIC DEVICES; RADIG TUBES; TELEVISION PICTURE TUBES; ELECTRONIC TEST EQUIPMENT;
FLUGRESCENT TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LICHT BULBS; PHOTOLAMPS;
TELEVISION SETS
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IN the Air Material Command’s guided
missile research at Alamagordo, N. M.,
transmitters in the airborne units, operating
on a pulse system modulated with reference
to time, send out pertinent data on tempera-
ture, air pressure, speed and structural
strains. The signals are received by the
ground telemeteringsystem shown at the left.

This ground system uses a total of 29
Sylvania Crystal Diodes—25 1N34’s and
one IN38 (Germanium) ; 3 1N21B’s (Sili-
con). Major reasons for the selection of the
Sylvania Diodes are their reliability and
accuracy—outstanding advantages of these
components wherever they are used, but par-
ticularly important in operation under desert
conditions.

Sylvania Crystal Diodes may improve the
performance standards of your equipment—
or permit morecompact designs. Get the facts!

Mail coupon for literature

Sylvania Electric Products Inc.
Electronics Division, Dept. E-1012
1740 Broadway, New York 19, N. Y.

Gentlemen:
Please send literature on your Germanium and
Silicon Diodes.

Name

Position
P

pany
Street Address.
City. State

T ane oo v A e S ——
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NEW ALL METL
BARRYMOUNTS

for Unusual Airborne
Applications

These new Bar rymounts pr ov1de the
aircraft and electronic engineer with
a vibration isolator designed to meet
the unusual temperature and envi-
ronmental conditions encountered in
high-altitude, high-speed flight. Em-
ploying no organic materials, these
mountings are not subject to tem-
perature influences that may affect
the performance of other mountings.

ALL-METL Barrymounts offer a
wide load range with uniform per-
formance. They have a natural fre-
quency of about 7% cycles per second,
with low horizontal stiffness for maxi-
mum isolation of horizontal vibration.
Transmissibility at resonance is only
4%, There is no snubber contact nor
resonance carry-over when ALL-
METL Barrymounts are vibrated at
government-specified amplitudes.

These mountings are designed espe-
cially for unusual military condi-
tions. They meet the vibration re-
quirement of JAN-C-172A, MIL-E-
5272 (USAF), and MIL-T-5422
(BuAer). For details of sizes, ranges,
and construction of unit mounts and
bases using ALL-METL Barry-
mounts, see catalog 509.

FREE CATALOGS

® 502 - Air-damped Barrymounts for
aircraft service; also mounting
bases and instrument mountings.

® 509 — ALL-METL Barrymounts and
mounting bases for unusual air-
borne applications.

® 504 — Shock mounts and vibra-
tion isolators for marine, mobile,
and industrial uses.

® 607 — How to cut maintenance
costs by using Barrymounts with

punch presses.

'.'T' H"é '-E

Ilodbuhr
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See our advertisement in Electmnlc Buyer’'s Guide pages 240 241

ﬁnv CORP.
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| “RUGGEDIZED”
BARRYMOUNTS AND
MOUNTING BASES

Now Available to Meet Shock
Requirements of AN-E-19

Barry vibration isolators and
mounting bases are now available
in “ruggedized” construction, to with-
stand the severe shocks of arrested
landings in aircraft carrier service
and of crash landings. These units
are tested to meet the shock-test re-
quirements of Specification AN-E-19,
for the equipment sizes listed in
JAN-C-172A.

: &,ﬁ B
%R@h *f'f'f”j@ ﬁ"
ki =

‘““Ruggedized’’ Barrymounts are
available in both the air-damped type
ande thc ALL-METL type.” Air-
damped Type 770R covers load ranges
between 1% 1b. and 9 lbs. Air-damped
Type 780R covers load ranges be-
tween 4 1bs. and 35 lbs. ALL-METL
Type 6600R covers load ranges be-
tween 4 lbs. and 35 lbs. Type M-112R
covers ranges between 2.and 10 lbs

2 s

‘““Ruggedized” mounting bases,
equipped with Barrymounts of the
above types, are available in stand-
ard JAN sizes (JAN-C-172A)" and
in special sizes to meet customers’
requirements. A conspicuous advan-
tage of these “ruggedized” Barry
bases is the gain in strength of the
base framework itself — beyond JAN
requirements — achieved with very
little increase in weight for loads
up to 60 Ibs. by design modification
of standard JAN bases. For greater
loads, the “ruggedized” Barry bases
are of stainless steel instead of
aluminum. Write for data sheet.

Mld

; BUSINESS BRIEFS (continued)

reading: “My last offer was

$XX XXX, What's yowrs?”

WHILE IN CHICAGO we went
down to the Hotel Sherman to see
what we could see at a joint meet-
ing of the American Institute of
Physics, Optical Society of America
and the Acoustical Society of
America. We saw a great many
booths occupied by book publishers
(including our own MecGraw-Hill
boys) and by manufacturers of
electronic instruments, with the
emphasis in both cases upon nu-
clear research.

We also saw an awe-inspiring
employment agency in operation.
As engineers seeking jobs entered
a “bargain basement” on a floor
below the exhibits they picked up
a numbered check reminiscent of
those you use to insure being
waited upon in turn in a super
market. Next they went to a “classi-
fier”, who told them how to fill out

an elaborate form. Then they
waited until their number was
called over a loudspeaker. Finally,

they went to desks where repre-
sentatives of 73 companies looking
for engineers had interviewers.

Watching the faces of interview-
ers and interviewees, we had no
difficulty determining who was do-
ing the selling.

TORONTO also claimed some
of our travel dollars during the
month, with the Radio Fall Meeting
of the IRE and RTMA the target.
(Syracuse gets the meeting in 1952,
Toronto again in 1953.)

Trying to read in our room at
the King Edward, it occurred to us
that engineers primarily concerned
with high frequencies were conven-
ing under 25-cycle lights,

Among other things, we learned
at a session devoted to reliable
tubes that the aircraft industry is
starting to use the phrase “instru-
ment-quality tubes.” At the same
session R. S. Bolan remarked that
some commercial miniature tubes
selling for 80¢ had $4 counterparts
for more rigorous service and that
the military might eventually need
| $20 tubes.

We learned, too, from DuMont’s
| John Van Duyne, that tv receiver
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chassis’ generally radiate more in-
terference than the antennas con-
nected to them, that the most seri-
ous interference is from the vhf
oscillator, that this type of radia-
tion is largely suppressed by the
use of properly designed oscillator
shield cans, and that the use of
metal-textile gaskets between such
cans and the chassis very much
simplifies assembly in manufactur-
ing.

Several papers presented at the
meeting will soon appear in the
columns of ELECTRONICS.

CONSERVATION MEASURES
in the production of radio and tele-
vision receivers will result in a sav-
ing of 70,000 tons of critical metals
in 1951, according to RTMA. In |
addition to the savings achieved by
conservation measures, additional
metal will be freed by the 20 per-
cent reduction in number of tv sets
made during the year, most indus- |
try leaders believing we will wind
up 1951 with a total of from 5 to
5%-million sets.

COLLABORATION of several
companies in our field, including a
steel maker and a plate-glass manu-
facturer, may result in mid-1952
production of television picture
tubes having their glass faces
sealed to carbon steel rather than
the more expensive stainless vari-
ety. Cost of metal would be about 3
lower.

POST-FREEZE: GE’s Doc
Baker guesstimates that two years
after the tv-license thaw there will
be 248 vhf transmitters on the air
(there are 109 now). He thinks
there will also be a minimum of 36
uhf transmitters in operation.

Five years after the freeze Doc
predicts a minimum of 343 vhf sta-
tions and 166 uhf stations.

AMONG THE APPLICANTS
for television station licenses pend-
ing before the bemittened FCC are
Mary Pickford Rogers and Bing
Crosby.

FCC PUBLIC NOTICE:

DOMESTIC PUBLIC LAND MORBILE
RADIO SERVICE ACTIONS: The
Commission, by its Chief of the Com-
men Carrier Bureau, took the following |
actions during the past week:

None
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SIGMA SENSITIVE RELAYS

ENGINEERING SAMPLES:

Lately we have not often given the two to three week
sample service you rightly expect. Having sympathy for
the engineer, we are trying harder than almost anything
else to restore this.

As for production, we are, or so we believe, emerging from
a period of serious bottlenecks which have hurt us, and in
turn, our customers. These bottlenecks have resulted from
a variety of causes ranging from shortages to inaccurate
forecasts.

But we are succeeding in straightening things out so that
there is no reason to anticipate difficulty in getting pro-
duction deliveries of relays for products now in the design
stages. Steps taken include increased use of outside
facilities, expansion in some departments, improvement of
obsolescent methods.

Ask for the service you have a right to expect! It won’t be
long before you’ll get it every time.

SIGMA INSTRUMENTS. INcC.
62 Pearl Street, South Braintree,

Boston 85, Mass.



Mallory Is Ready

80

io equip any receiver for UHF channels

Mallory UHF Tuner

A new version of the continuously
variable Mallory Inductuner®, con-
sisting of three sections of variable
inductance. Covers the range between
470 and 890 megacycles with approxi-
mately 2 micromicrofarads of shunt
capacity and in 270° of shaft rotation.
Selectivity is excellent over the en-
tire band.

Available now for assembly in your
converter or as an auxiliary UHF
tuner in your receiver.

Now In Development

A combination VHF-UHF tuner.

The Mallory UHF converter has been designed to permit the
tuning of al/l UHF channels by any TV receiver, with no sacrifice
of VHF reception. Connection to the receiver involves only the
power line and antenna leads—no internal adjustments are
required. Check the characteristics listed below and in the panel
at the left describing the basic tuner.

614// X 53/l6”

Physical dimensions 8%’/ x

Built-in IF amplifier operating at the conversion fre-
quency (channels 5 and 6) makes up for conversion
and tuning losses

Temperature compensation and stabilization prevents
frequency drift after initial warm-up

Low noise figure

High image and IF rejection ratios

The converter chassis is now available to set manufacturers for
assembly with cabinets, dial plates and knobs of their design.
Complete technical literature will be sent promptly on request.

Television Tuners, Special Switches, Controls and Resistors

SERVING INDUSTRY WITH

Electromechanical Products
Resistors

TV Tuners

Switches
Vibrators

Electrochemical Products
Capacitors Rectifiers
Mercury Dry Batteries

Metallurgical Products
Contacts Special Metals
Welding Materials

MALLORY

P. R. MALLORY & CO., Inc., INDIANAPOLIS &6, INDIANA
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» MANPOWER. .. Bill White, one
of our favorite authors, addresses
himself herein to the manpower
shortage in research and what to

do about it (p 82, this issue).
Which reminds us to mention a
worthwhile booklet just issued by
the Bureau of Labor Statistics on
the outlook for employment in
engineering (Supplement to Bulle-
tin 968, August, 1951). Most edu-
cators attribute the alarming de-
crease in engineering college
enrollments, which occurred two
vears ago, to a booklet from the
same source that predicted a
heavy oversupply of technical
graduates. Seldom has a wrong
guess done more harm to the wel-
fare of this country. The new
booklet rectifies the error and
points out that opportunities for
engineering graduates, including
women, will be excellent for many
years to come. We all should pass
on this revised word to young
people of our acquaintance lest
they be attracted to less reward-
ing fields.

» COLOR ... We wish to applaud
Mr. Charles E. Wilson and his ad-
visors in the Defense Production
Administration on two counts re-
garding color television. First, be-
cause he asked for a moratorium on
color-television receiver produc-
tion to conserve needed materials
and, second, because after due
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CROSS

TALK

consideration he did not ask for a
moratorium on further research in
color television systems. The lat-
ter move, rumored for days after
the news first broke, would have
put a serious brake on one of the
most important programs in elec-
tronics. We have an enormously
expanded industry which cannot
be kept busy, when we come
through the peak of the mobiliza-
tion effort, unless large-scale con-
sumer-goods products are ready to
take up the slack. Black-and-
white tv may hold the fort for a
while, but color television must be
ready, in really good shape, if we
are to stay healthy. Incidentally,
the conference of tv manufactur-
ers with Mr. Wilson revealed that
55 to 65 percent of the engineers
of the companies represented are
in defense work, only 4 to 6 per-
cent in color television. Of the
latter, half are engaged directly
on military applications, the rest
on civilian apparatus of indirect
interest to the military author-
ities. It is thus amply evident that
research on color systems can, and
should, continue without harm to
our defense effort.

» SCRAP . . . Our spies tell us
that there are still a few plant
managers among our readers who
have not yet turned in their steel
serap, as urged last month. Come
on, you laggards. Get it in!

FINK.... Editor.

..DECEMBER, 1951

» JUNCTION ... At the National
Electronics Conference we picked
up some unofficial information
about a revolutionary power ger-
manium rectifier, superior to se-
lenium for power supplies in radio
and tv sets. By the time this item
appears in print, an official an-
nouncement may have been made.
Meanwhile we mention this device
to emphasize the growing import-
ance of the junction technique in
semiconductor electronics, as
spelled out last month (*“The Junc-
tion Transistor”, p 82, Nov. 1951).
The new rectifier is housed in a
copper shell, about the size of a
quarter. Inside it is a small piece
of germanium, about one-eighth
inch square, and about 0.025 inch
thick, with a pigtail attached. It
is reported that this little sliver
will provide 200 ma continuously
at 200 volts peak inverse, and will
carry a surge of 10 amperes! This
is not the germanium we’re used
to, by quite a long sight. How
come? Well, rumor has it that the
germanium is really two kinds of
germanium in intimate contact, a
p-n junction in fact, actually a
junction transistor with one end
missing. And this is, or shortly
will be, a commercial product at a
competitive price. Like we said
last month, this germanium is
something to reckon with; only it
appears to be marching even faster
than we thought.
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Solving the RESEARCH

Is the current shortage in research manpower the real difficulty? Or are we wasting

t oppo’

engineering talent in a low-efficiency operation? At what point should stalemated projects

be terminated? The author spotlights present shortcominegs and sugeests solutions
I g P g s

By W. C. WHITE

Schenectady, N. Y.

FAMILIAR CLICHE tells us “It
Aisn’t the high cost of living that
is troublesome but the cost of high
living.” In the research end of our
business, maybe it’s not the lack
of manpower for research results
that is our trouble but rather the
lack of results from research man-
power,

All this talk of manpower short-
age for applied research in elec-
tronics stems from the fact that
we are not getting the results we
hope for fast enough; therefore, the
problems and needs are piling up.
The obvious course of action is to
increase facilities and put more
people to work. But perhaps that
is not the only or even the best
solution.

There is considerable circum-
stantial evidence that the present
efficiency of research in electronics
is deplorably low. This, if so,
means that it should not be too
difficult to solve our acute man-
power problem by even a relatively
slight increase in efficiency, not to
mention a saving in expense.

I have always been impressed by
the immunity to criticism enjoyed
by researchers. Statesmen, business
men, lawyers and even doctors are
frequently brought to task for their
failures, mistakes and omissions.
Not so the research man, who en-
joys a reputation for wisdom and
good deeds that has seemed to
shield him from most adverse com-
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ment. It is assumed that he never,
or seldom, makes mistakes and
only the great difficulty of his prob-
lems often prevents their solution.
Some researchers themselves be-
lieve in their superior wisdom and
venture into some other field; only
then do they appreciate the favored
position they have enjoyed in re-
search. Maybe a step in improv-
ing research efficiency is to recog-
nize the researcher’s fallibility.

It is a complicated problem. Not
only must we define what research
results are, but, in addition, we
know that very little has been done
to measure research output. Even
less progress has been made in
developing ways of expressing re-
search efficiency quantitatively.

What evidence is there that, in
general, our research efficiency is
low? As a matter of fact, most
researchers admit it, but remind
us that even though only a small
percentage of projects can pay off,
these come through so handsomely
that they carry the failures with
something to spare.

A Typical Case

Probably the best available evi-
dence of low research efficiency is
gained by merely reading the re-
ports issued by laboratories at
regular intervals on their progress.
Many of these cover unclassified
work done in industry, universities
and government laboratories and,
therefore, are often available.

In the first quarterly report of
a typical low-efficiency case, the

plans for the research are outlined
and the equipment being ordered
is described. The following two or
three reports list the references
studied on previous work done
elsewhere and give a resume of the
problem and present knowledge re-
garding it. These reports also
contain statements on the progress
of getting the apparatus into use.
A little later, the initial experi-
mental data are given, often with
some such statement as ‘“The
results were entirely satisfactory
except . .. .. ” Then the reports
begin to tell of the tussle with the
key problem or problems. The
final, or near final, report makes a
brave attempt at showing results,
but is characterized largely by what
ought to be done next if the pro-
ject is extended.

Researchers have developed some
rather clever techniques for creat-
ing the impression that they have
accomplished much., Four of the
commonly used ones are:

Writing a report that ends with
the conclusion that the goal has
been reached and the research is
therefore completed and the next
step is for the engineers and fac-
tory men to carry on. This proce-
dure usually emphasizes the great
amount of reliable information
gained.

Publishing an article in a techni-
cal periodical in which “fond hopes
are expressed in terms of accom-
plishment.”

Releasing some  well-written
publicity that “makes” the news-
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MANPOWER PROBLEM

papers and hints of much that is
to follow,

Making a thorough study of the
literature on the subject and then,
with little or no experimental work,
writing a report. This is often
well written and informative but
conveys the impression that origi-
nal work has been done and the
results listed were at least in part
achieved during the current pro-
ject.

Evaluating Projects

Some really serious work has
been done on the very difficult prob-
lem of evaluating research projects*
and undoubtedly this subject
will receive an increasing amount
of attention, particularly if the
present manpower situation con-
tinues or costs become more impor-
tant.

Part of the problem is that some
research workers consider research
as an end and not a means to an
end; they feel that a given project
should go on almost indefinitely.
This reminds one of the saying
that the primary object of charity
is to eliminate the need for itself.
Maybe in research we should put
more emphasis on getting definite
results so that the time, money and
effort released can be reapplied to
another promising project.

Details of executive and adminis-
trative policy can do much to in-
crease the efficiency of conducting
research but each laboratory has
its own specialized problems and
opportunities applicable to its
particular situation. However,
probably the most important single
factor and the one which if wisely
applied will bring improvement
most quickly is the selection of re-
search projects to initiate or con-
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tinue. This, of course, involves
the all-important selection of pro-
jects to drop or on which to de-
crease effort to release manpower
for work in more promising fields.

In judging the worthwhileness
of continuing research projects and
the results attained, one must al-
ways take into account the almost
universal human trait of depreci-
ating the work of others in relation
to one’s own activities. This in-
volves comparing relative judgment
and naturally we each defend our
own to the limit. Until such time
as laboratories have developed for
their own use an objective pro-
cedure for evaluating projects, the
best that can be done is to follow
some rather obvious but difficult
paths,.

Difficult to Terminate

1t takes a lot more courage to
stop a project that has been under-
way a few years than to start a
new one. To terminate or inactivate
a project rather implies that some-
one has made a mistake in judg-
ment in starting and continuing
it; therefore, this is a touchy sub-
ject. Furthermore, it is often dis-
couraging to those carrying on the
details of the work; they naturally
feel their names will be associated
with a failure. In particular, termi-
nating a research project carried
on under a government contract is
not such a simple matter.

There have been instances where
a decision to terminate a research
project has so stimulated the
thinking of those associated with
it that real progress has resulted.
There have been other cases where,
after projects have been terminated
for months or even several years,
some new concept, material or

technique has made it very worth
while to reactivate them and valu-
able results were later achieved.
In the meantime, however, there
has been no continuing expense
for the project and manhours were
released for other work of more
immediate importance or promise.

If a project has shown but little
actual progress in two or three
years (exclusive of a mass of data),
the chances are not too good that
it will be successful in the near
future if continued along the same
lines. The probability that this is
a correct assumption increases as
time marches on with no additional
useful results.

In his interesting book “Science
and Common Sense,” Dr. James B.
Conant says: “To those who ad-
minister funds to support research,
let it be continually said: ‘Don’t
appraise the project but the pro-
posed investigator; don’t bet on
the subject but on the man. And
like all successful gamblers, play
your hunches heavily; don’t dis-
tribute your money in small
amounts over a wide field.””

In large laboratories established
for many years, there are many
solid contributions. These results
have come usually from a group
of “doers” recognized as such by
past performances. These men are
also probably the best qualified
ones to select and appraise projects
in their own highly specialized
field. Fewer but more worthwhile
projects will increase efficiency.
However, no procedure is a substi-
tute for individual initiative applied
to the selected projects.
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Dielectric

Amplifier Fundamentals

Power amplification is obtained through variation of the dielectric of a capacitor in an
a-c power circuit by means of a control voltage applied independently to the plates of

the capacitor. Materials, circuits, capabilities and faults are discussed

HORTCOMINGS of electron tubes
S in certain applications have
been listed and relisted in the liter-
ature. Though tubes still hold a
prominent position in the world to-
day, and probably always will, a
vast amount of research is cur-
rently being directed toward the de-
velopment of better substitutes,

One result of this substitute
search program is the dielectric
amplifier. The principles on which
dielectric amplifier operation are
based have been known for several
decades, but not until recently have
the requirements for tube substi-
tutes become stringent enough to
warrant investigation of the less-

By A. M. VINCENT

Lieutenant Commander, USN
Electronics Design and Development
Division
Bureau of Ships
Department of the Navy
Washington, D. C.

promising tube substitutes, such as
the dielectric amplifier.

To date, remarkable progress has
been made by small groups working
without benefit of extensive case
histories and past literature. Many
of these workers are uncertain
about the goal of their efforts, but
they are urged on by the memory of
the struggle that preceded universal
acceptance of vacuum tubes.

T o The dielectric amplifier is prob-
/ ably best described by pointing out
C?,?JITTOL LOAD the duality that exists between it
S and the magnetic amplifier. The
T dielectric amplifier is an excellent
device to supplement the magnetic
FIG. 1—Basic circuit of a dielectric amplifier in that it is a relatively
amplifier high impedance device, and it re-
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FIG. 2-—Practical dielectric amplifier circuits show variations in basic circuit of

Fig. 1, Push-pull circuit (developed at C.

1. T.) is shown in B, while other practical

circuits are shown at C (M I T) and D (Glenco Corp.)
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quires the same type a-c supply and
rectifiers used in the magnetic
amplifier.

Circuitry

Dielectric amplifier operation de-
pends on the control, by a low-power
source, of the a-¢ reactance of a
capacitor. These changes in react-
ance are in turn used to produce
changes in the current flowing in
an a-c power circuit. The diagram
of a basic dielectric amplifier circuit
is shown in Fig. 1. The duality be-
tween the circuit of Fig. 1 and that
of a magnetic amplifier or vacuum-
tube amplifier is obvious. In each
case a low-power change in one cir-
cuit causes a higher power change
in another.

In dielectric and magnetic ampli-
fiers, the controlled power source
must be an a-c source. In the mag-
netic amplifier a change in control
current changes the permeability of
a core material, but in the case of
the dielectric amplifier the reactance
of a nonlinear capacitor is changed
by applying a control voltage across
the dielectric, which has the effect
of changing the dielectric constant
of the material by changing its per-
mittivity. The power supply norm-
ally used with the dielectric ampli-
fier is a tube oscillator equivalent in
size and power to the rectifier tube
used in a regular radio receiver.

A more practical dielectric ampli-
fier is shown in Fig. 2A, where two
nonlinear and two linear capaci-
tors are used. The linear capaci-
tors are necessary from the stand-
point of balancing the -circuit,
though the gain of the circuit is
reduced by their presence. A push-
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DIELECTRIC AMPLIFIER PRO’'S and CON'S

ADVANTAGES . . .

Ruggedness—practically indestructible

Efficiency—no filament to heat

Reliability—no filament to burn out

Readiness—normally requires no warm-up time

High Gain

Adaptability—small size, variety of shapes

High-Impedance Control Circuit

Size—in r-f applications, requires less space than equivalent tube
amplifier

Cost—considerably cheaper than equivalent tube or magnetic am-

DISADVANTAGES . . .

Frequency Limitations—present state of art indicates upper limit
of 10 mc, though this is not definitely determined

Curie Effect—present materials might suffer considerable gain
drift. This can be compensated

Loading Effects—a consideration at high frequencies

Power Factor—losses greater than mica or air dielectrics

Impedance Ratio—somewhat limited

Power Limits—closely dependent on frequency

Aging and Lag—differ with different materials

Power Supply—requires high-frequency power supply

either paper or mica
Frequency Range—direct current to r-f

APPLICATIONS . . .

sonar transducers, and many others

plifiers. Titanate nonlinear capacitors are actually cheaper than

Dielectric amplifiers show promise for application as a-c and d-c amplifiers for regulators, relays, limiters, servos, instruments, dif-
ferential systems, phase shifters, flip-flop’s, modulators, multivibrators, sweep generators, filters, thermostats, phonograph pickups,

pull arrangement is shown in Fig.
2B. Figures 2C and 2D are prac-
tical amplifier circuits using radio-
frequency power supplies. The cir-
cuit of Fig. 2D has a power gain of
15 at 4,000 cps. The voltage gain
per stage would of course include
any gain realized by a load trans-
former.

Dielectric amplifier applications
parallel many of those of the mag-
netic and tube amplifier such as a-c
and d-c amplifiers for regulators,
limiters, servos, instruments, and
S0 on.

Ferroelectric Effect

Certain dielectric materials have
hysteresis loops that are very simi-
lar to those of magnetic material.
The hysteresis loops in the mag-
netic material are formed because
of the magnetic fields within the
material. Therefore, those mate-
rials are said to exhibit the ferro-
magnetic effect. Likewise, in di-
electric material an electric field
produces the hysteresis loops; thus,
the dielectric exhibits a ferroelectric
effect. This is rather confusing as
dielectric amplifiers are often re-
ferred to as ferroelectric amplifiers,
although no iron is involved.

The ferroelectric effect utilized in
dielectric amplifiers involves the
alionment of electric dipoles of
atomic ions by mutual interaction
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in nonmagnetic crystalline struc-
tures. Ferromagnetic effects em-
ployed in magnetic amplifiers de-
pend on the parallel orientation of
electron spins of magnetic dipoles
in magnetic material.

In other words, individual mo-
lecular displacement caused by volt-
age strains tend to change the per-
mittivity of the dielectric in certain
ceramics.

Materials Used

Materials which show the most
promise, at present, for application
in dielectric amplifiers are barium
titanate and certain combinations
of strontium and barium titanates,
and combinations of barium and
lead zirconates. Figure 3 shows a
typical curve of dielectric constant
versus voltage. It will be noticed
that small changes in field strength
are capable of causing large changes
in dielectric constant.

The dielectric constants of these
materials are also greatly affected
by temperature, as shown for sev-
eral typical combinations in Fig. 4.
In some cases this great tempera-
ture dependence can be used to ad-
vantage; and in others compen-
sation can be applied. Tt is possible
to “build” a dielectric to operate
over almost any range of tempera-
ture by adding appropriate amounts
of other materials such as stron-

tium titanate, as indicated by the
curves.

Greater capacitance change can
be obtained at the expense of line-
arity, and vice versa, by changing
the operating temperature or the
ratio of the materials used in the
dielectric. Figure 5 illustrates four
different ranges of control made
available by shifting the operating
temperature of a 70-percent barium
titanate 80-percent strontium titan-
ate dielectric.

The ceramics used in the non-
linear dielectric capacitors are hard,
similar to porcelain, thus durable
and have the ability to withstand
high temperature (1,000 deg C).
The ceramics can be machined. ac-
curately and made into a variety
of shapes and sizes. The present
titanates have a breakdown voltage
of the order of 300 volts per mil at
room temperature. Typical dielec-
tric constants are 1,500 to 10,000 at
the Curie points.

Curie Point Dependence

The Curie point is a major con-
sideration, when working with ce-
ramics, as the greatest gain is ob-
tained very near this point, If this
varies with temperature, it follows
that the gain is also affected. Am-
plifiers are designed to work on the
steep slope just above the Curie
point because the negative side is
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FIG. 3—Relationship between dielectric
constant and control voltage

usually less stable due to the greater
piezoelectric effects, time constants,
drift, and hysteresis loss. In cir-
cuit applications where low hystere-
sis is important, titanates should
only be worked above the Curie
point.

The disadvantage of the Curie
point variations is less serious
than it appears since the nega-
tive slope can be used in spite
of its deficiencies for compensation
purposes.

Two dielectrics may be used,
one operating on the positive side
of its Curie point and the other
operating on the negative side, to
compensate for each other over
small temperature ranges.

An alternate approach to solving
the temperature stabilization prob-
lem is to apply temperature control.
The most convenient arrangement
is to use a piece of the dielectric
material whose temperature is to be
controlled as the temperature-sensi-
tive element in an automatic therm-
ostat. Shifting the Curie point by
changing the ratio of ingredients
also provides a means for control-
ling temperature effects.

Some materials do not depend on
the Curie point operation. Barium-
lead-zirconate is an example. Fig-
ure 4 also shows the temperature
versus dielectric curve of material.

It will be noticed that this
material has a high dielectric con-
stant comparable to the titanate
compositions. The lead zirconate
compositions have a slightly lower
possible gain, but a more stable gain
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than the titanate combinations. In-
dications are that lead =zirconate
compositions will be used in many
applications now dominated by the
titanates, particularly where sta-
bility is important.

Theoretical Operation

Figure 6 shows idealized char-
acteristic curves of both magnetic
and dielectric materials as applied
to amplifiers. From Fig. 6A it can
be seen that the basic curves are of
the same general form. The ampli-
fying properties of dielectric or
magnetic materials depend upon
the changes of capacitance and in-
ductance. These changes are shown
in Fig. 6B. The changes of capaci-
tance and inductance change the
reactance. Figure 6C shows that
the dielectric and magnetic char-
acteristics differ with relation to
their respective impedance versus
input. As the input to the magnetic
amplifier increases, the reactance
decreases while in the dielectric am-
plifier the reactance increases as the
input is increased. This fact causes
the simple magnetic and dielectric
amplifiers to be out of phase by 180
degrees.

Figure 7 shows transfer char-
acteristic curves of the dielectric,
magnetic, and tube amplifiers for
comparison. With zero bias, the op-
erating point of the dielectric
amplifier would be the low-imped-
ance point as indicated by point
r; in the magnetic amplifier (with-
out self saturation), the zero bias
* (point p) would be a high-imped-

ance point; whereas the tube would
have zero bias at r, the low-imped-
ance point. Under the above condi-
tions, all three amplifiers would
function differently. Only the tube
amplifier would reproduce a Sine
wave in its original form. To do
this with the tube, the grid source
would have to be well regulated as
the grid would be drawing current
in the positive region.

Biased at the zero point, both the
dielectric and the magnetic ampli-
fier would act as frequency dou-
blers; their action however would
be 180 degrees out of phase with
one another with the same bias.
(The bias is shifted in Fig. 7TA to
same phase.) This doubling action
is illustrated in Fig. 8 for the di-
electric body. The response of the
magnetic material would be some-
what along the same lines. The fact
that the dielectric and magnetic am-
plifiers are out of phase is often
used to obtain single-stage inver-
sion.

To compare the three types of
amplifiers on an equal basis would
require that a bias be added to shift
the operating point to the center of
the curves for class-A operation as
indicated by point ¢ (Fig. 7). To
equalize the comparison further, the
plate supply of the tube should also
be a-c as the other two devices will
not work with d-c. Further analysis
would then follow that of conven-
tional class-A amplifiers, function-
ing as modulators.

A further increase in efficiency
and fidelity would result by operat-
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ing the amplifiers at cutoff, point p.
A half-wave replica of the exciting
sine wave would result. This would
be satisfactory for most radio-
frequeney applications as the fly-
wheel effect of a tuned circuit, some-
what analogous to a class-C radio-
frequency amplifier, would tend to
reform the lopsided wave back into
sinusodial form. However, most en-
gineers prefer to use the dielectric
in push-pull, utilizing both halves of
the wave. Regeneration and inverse
feedback can be used to modify the
performance like any other am-
plifier.

In regard to Fig. 7A, the dielec-
tric was biased negatively for pur-
poses of comparison with the tubes
and magnetic amplifier, to cause
the same phase relationship. The
broken line shows that both the
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- FIG, 7—Transfer characteristic curves for three basic amplifiers show impedance of
dielectric and magnetic amplifiers at zero bias to be high and low respectively

dielectric and magnetic amplifiers

could be operated with
bias. Figure 8, lower ri

an opposite
ght, further

emphasizes this. If a zero bias in-
ductance curve of a magnetic am-
plifier were plotted against the sine
wave of Fig, &, it would be similar

to the dielectric curve
lobes would be more

except the
pronounced.

These curves illustrate the inherent
frequency doubling characteristics

of the devices.

When rectifiers are used in mag-
netic and dielectrie circuitry to in-

troduce self saturation,

the reverse

curves need not be considered be-

cause current cannot
opposite direction.

flow in the

The curve of Fig. 3 shows dielec-
tric constant versus voltage of a
titanate body currently in produc-

tion. This titanate was

operated at

25 deg C just to the right of its
Curie point. It will be noted that
the dielectric does have a tendency
to flatten or saturate if enough bias
is applied. This makes it possible to
work the dielectric as a biased class-
C amplifier. It should be noted that
the maximum change of the dielec-
trie in Fig. 3 is only 5 to 1, but
bodies mixed to further emphasize
the nonlinear qualities have a di-
electric constant ratio of 10 to 1 or
better.

Frequency Range

Figure 9 shows resonance peaks
in the curve of capacitance plotted
against frequency. The graph also
shows a rather pronounced resonant
dip (low capacitance) just beyond
10" cycles which may indicate pos-
sible radical, or unreliable perform-

87



ance beyond that frequency. A dif-
ferent size or type of dielectric
changes this curve considerably. Im-
purities also enter into the picture.
This curve was plotted several years
ago, using dielectrics designed for
standard capacitors. This was also
plotted with capacitance measuring
equipment attached which may have
reflected some of the isolating radio-
frequency choke characteristics.
Later research does, however, bear
out the fact that there may be a
crystalline resonating period some-
where in the high-frequency end of
this curve using currently available
titanates which may determine the
upper operating limits.

General Comments

The dielectric amplifier is basic-
ally a high-impedance voltage am-
plifier, the magnetic amplifier a
relatively low-impedance device,
while the tube can be designed for
either.

Because the tube can be designed
for both high and low impedances,
it would normally be more com-
patible to either amplifier in most
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applications. It is obvious from the
above that neither the dielectric nor
magnetic amplifiers have the versa-
tility of the electron tube. All three
devices have their low-level ampli-
fication limitations—the tube by
shot noises, the magnetic by Bark-
hausen and thermal noises and the
dielectric by molecular disturbances
caused by both electrical and ther-
mal action. Barkhausen and ther-
mal effects do limit the low-level
signal amplification of the magnetic
amplifier to around 107" watts. The
low-level limit of the dielectric am-
plifier has not been determined to
date as the basic ceramics vary con-
siderably, depending on the com-
positions used to bring out different
characteristics.

Preliminary tests indicate the
magnetic amplifier to be more suit-
able for the lower frequencies
although laboratory magnetic am-
plifiers are now on life tests func-
tioning at 200 kc with gains of 150
per stage, excluding gains realized
in the load circuit. Other tests with
smaller gains are being made at
1 me. Figure 10 shows how dielec-
tric amplifiers might be used in a
broadcast receiver. The dielectric
is also an excellent d-c amplifier.

State of the Art

Laboratory breadboard amplifiers,
using presently available dielectric
materials, show power gains up to
one million per stage, with indica-

tions of a possible upper frequency
limit of around 10 mc. This mate-
rial does, however, respond to modu-
lations up to 3,000 me.

It must be understood, however,
that these devices are in about the
same stage of development as the
electron tube was just prior to
World War 1. Many radiomen can
still remember when it was neces-
sary to remove the bases from
electron tubes to permit them to
function at 40 meters as late as
1925.

Research is continuing, not only
with different combinations of mix-
tures as previously mentioned, to
produce certain tailor-made ferro-
electric effects, but is also modify-
ing some of the mixtures to the
extent of transforming insulators
to exhibit both ferroelectric and
magnetic effects.

No claim is made that the dielec-
tric amplifier will provide a cure
for all electronic ills. But, in cer-
tain applications where the advan-
tages outweigh the disadvantages,
the dielectric amplifier with its ex-
treme ruggedness and reliability
will no doubt be put to use on a
large scale.

The material presented in this
article is based on notes condensed
from progress reports by various
educational and industrial labora-
tories engaged in the work described
under contract with the Office of
Naval Research.
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Phosphor-Strip
TRICOLOR TUBES

New color-tv tubes designed by E. O. Lawrence employ grid of vertical wires to focus and

deflect electron beam which excites color strips sequentially or simultaneously. New designs

produce 12 by 16-inch image. Single-gun version requires 440 volts for color deflection

OLLOWING the initial announce-

ment of the new Lawrence tri-
color picture tube, reported in
these pages' last month, engineers
of the Chromatic Television Labor-
atories have released information
on the first production models of
two tubes, which they plan to pro-
duce in small quantities at the CTL
plant in Stamford, Conn.

The accompanying pictures show
the constructional features of the
tubes, which will be mounted in a
22-inch metal-cone envelope. Since
details of the method of construct-
ing the new screen assembly have
not yet been made publie, the photo-
graphs show the screen assembly of
the initial model of the tube®, as
produced by Professor Lawrence.

Construction

The heart of the new tubes is the
screen assembly, details of which
are shown in Fig. 1. The viewing
screen is a flat plate of glass on
which are deposited 800 vertical
strips of phosphor which fluoresce
individually in the primary colors,
green, red and blue. There are 400
green strips, each 0.0135 inch wide,
and half as many red strips and
blue strips twice as wide, as shown
in Fig. 1. The rear surface of the
phosphor is aluminized.

Parallel to the phosphor screen
and 0.4 inch behind is a grid of
400 vertical wires. The grid is so
mounted that the wires are accur-
ately aligned with the phosphor
strips.

The grid wires serve three pur-
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Exploded view of proposed production model of Lawrence tube. Viewing screen and
wire grid are mounted as subassembly within 22-inch metal shell

Edge view of screen assembly showing method of suspending grid wires on two sets
of metal pins
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poses: (1) they deflect the electron
beam to the left or right as it
passes between them, thus causing
the color to shift from green to red
or to blue; (2) they serve as one
electrode of a post-acceleration sys-
tem, which adds substantially to
the brightness of the image avail-
able with given power in the scan-
ning system; and (3) they com-
press the beam into an elliptical
cross-section less than 5 mils wide,
thus assuring that the beam falls
only on the strip of the desired
color.

The grid wires are 8 mils (0.008
inch) in diameter and are spaced
40 mils on centers. The space be-
tween adjacent wires covers a

design to assure sharp focus at low
accelerating voltage, is to be used
in one production model. This gun
operates at a second-anode voltage
of 3,500 to 4,000 volts. This low
value serves to lower the scanning
power required, but a low value is
required in any event to permit the
grid-wire focusing action (Fig. 1)
to take place. Optimum focusing
takes place when the second-anode
voltage of the gun is one fourth of
the total accelerating voltage.

The remaining three-quarters of
the acceleration is provided by a
post-deflection voltage of 10,500 to
12,000 volts, the exact value being
three times the gun accelerating
voltage. The post-deflection poten-

Rear view of screen subassembly, looking through wire grid. Phosphor strips are
deposited on glass plate through silk screen

green strip and half of the adjacent
red and blue strips. Actually the
space occupied by these portions of
the three strips is 40.6 mils, so the
phosphor screen is about a quarter-
inch wider overall than the wire
grid. The phosphor strips at the
outer edges of the screen are thus
displaced outward from the cor-
responding grid wires, to accommo-
date the angle of the scanning beam
at maximum deflection.

A single electron gun, of special
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tial is applied between the grid
wires and the aluminized backing
of the phosphor screen. The total
cathode-to-screen voltage is, ac-
cordingly, 14 to 16 kilovolts.

Color-Deflection System

The wires in the grid are divided
into two groups, as shown in Fig.
1, alternate wires being tied to-
gether and connected to two termi-
nals to which the color-deflection
voltage is applied. The two sets of

wires display a total capacitance of
1,020 yuf which must be charged in
the process of applying the color-
deflection voltage. When no voltage
is applied between the sets of grid
wires, the beam passes undeflected
between them and hits the green
strips.

To create red light, a color-deflec-
tion voltage of 440 volts peak is
applied between the sets of grid
wires. This voltage causes the
beam to move away from the nega-
tively-charged wires and toward
the positive ones. The beam is de-
flected to the left when it lies to
left of a negative wire, and to the
right when it lies to the right of
the same wire. The direction of
deflection thus alternates across
the grid, since the polarity of adja-
cent wires is opposed,

The red and blue strips are twice
as wide as the green strips to give
an equal amount of area for each
color on the plate for monochrome
display.

To secure blue light, the polarity
of the voltage applied to the sets of
grid wires is reversed. To change
from blue to red, the total color-
deflection voltage required is 880
volts, peak-to-peak.

The color-deflection voltage is
applied in synchronism with the
color sequence used at the trans-
mitting camera. In the field-
sequential (CBS) system, succes-
sive fields are scanned wholly in one
primary color at 144 fields per
second. Thus the color deflection
is positive for 1/144th second to
produce red, neutral for the same
length of time to produce green,
and negative for that time for blue.
The whole color-deflection cyele con-
sumes 3/144 second, and the funda-

mental frequency of the deflection
wave is 48 cps.

Power Required

The reactive power for color de-
flection in this system can be com-
puted simply on the basis that the
major part (75 percent or more) of
the power resides in the funda-
mental frequency. Then the current
generated by 880 volts peak-to-peak
across 1,020 puf is 880/(2v/2) X
2% 48 x 1,020 x 10™ = 96 micro-
amperes and the reactive power is
880/(2v/2) X 96 %x10° = 3.1 re-
active milliwatts.
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The single-gun tube may also be
used for dot-sequential color. The
deflection voltage is a sine wave at
the color subscarrier frequency,
which is 8.89 mc according to the
tentative @ NTSC  specifications.
Since the reactive power required
increases directly with the color-
deflection frequency, the power in
this case is 3.89 x 10°/48 = 810,000
times as great, or about 2,500
reactive watts.

This large requirement for re-
active power is avoided in a three-
gun form of the tube recently an-
nounced by CTL. As illustrated in
Fig. 2, three electron beams are
formed in this tube by three elec-
tron guns lying in a horizontal
plane and so aimed that the beams
converge on the space between two
grid wires. The focusing action
then applies individually to all
three beams, which pass through
the wires to the respective phosphor
strips. In this case the strips are
all of the same width and are ar-
ranged in the order, red, green,
blue, red, green, blue, ete. No color
deflection is required and all the
grid wires are connected together.
This type of tube can form three
primary-color images simultane-
ously, and can operate readily with
the constantluminance, a symmet-
rical type of color sampling speci-
fied in the NTSC field-test specifica-
tions.

Critical comment on the perform-
ance of the Lawrence tube has
pointed to the desirability of higher
resolution in the grid and phos-

RED

4

When completely assembled, the two-part metal shell encloses the screen assembly.
The ports visible in the photographs are used for pumping down the experimental
model of the tube

phor-strip system to insure that the
image displays all the detail inher-
ent in the color television signal
applied to it. It is planned to pro-
duce, at a later date, a tube having
a larger number of wires and
strips, perhaps twice the present

FIG. 1—In the single-qun tube, the

beam is deflecied to left or right to

change colors. The projected electron

beam is compressed as it passes be-
tween the grid wires
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FIG. 2—In the three-qun version of the

tube, three beams are aimed at the

space between two grid wires and are

focused simultaneously on the respec-
tive phosphor strips

number. This prospect raises the
question of the color-deflection volt-
age required if the wire grid has a
substantially larger number of
wires,

The capacitance displayed by the
grid varies inversely as the
logarithm of the wire spacing di-
vided by the wire radius, whereas
the required deflection voltage de-
creases directly with the wire spac-
ing. As the number of grid wires
is increased, these two tendencies
oppose each other so far as the re-
active power requirement is con-
cerned. It can be shown, in fact,
that for a given tube size, the re-
quired  color-deflection  reactive
power actually decreases as the
resolution of the image is increased
by increasing the number of grid
wires and phosphor strips.—p.c.F.
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Feedback Photometer

By JOHN E. TYLER

Research Laboratories
Interchemical Corporation
New York, N. Y.

Overall photograph showing optical system and asseciated electronic circuitry. The
two source lamps are driven in out-of-phase oscillation through a push-pull 6L6
amplifier when the circuit is not balanced

HOTOMETRIC instruments, in

general, suffer either from in-
stability and drift or from objec-
tionable complexity and cost. The
arrangement shown in Fig. 1A of-
fers several advantages where accu-
rate comparisons of light values
are to be made quickly and with a
reasonable amount of equipment.

In this circuit the battery main-
tains the light output of the two
lamps above zero. A current in
either direction in the transformer
operates to support the battery cur-
rent in the circuit of one lamp, and
at the same time bucks the battery
current in the other circuit.

An alternating current in the
transformer will therefore cause
the lamps te flicker in opposite
phases. At first glance this looks
like an ideal way to avoid the com-
plex and expensive optical systems
sometimes used to achieve stability.
Unfortunately there are a few bugs.
When equal amounts of light from
each lamp reach the phototube, the
signal is not zero. In fact, it is
quite substantial and double the
frequency of the input signal.

There are several reasons for
this. For example, the heating rate
of a tunsten lamp does not match
its cooling rate nor will the color
temperature of the hotter bulb
match that of the colder bulb. Of
even greater importance is the fact
that the relation between light out-
put and voltage is nonlinear.
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To use this circuit, these objec-
tionable effects must be minimized.
One can use lamps with fine fila-
ments designed for rapid cooling
and work at high temperatures and
low frequencies but there will still
be trouble at the balance point. If
this is to be a null instrument, the
signal at balance must be zero.

Feedback

If the input signal to the trans-
former is a 60-cycle signal, the out-
put signal from the phototube in
the out-of-balance condition will be
a 60-cycle signal also. What will
happen if the phototube output is
fed back to supply the transformer
as shown in Fig. 1B? The photo-
tube signal can exist in one of two

2 =5
& L) PHOTOMULTIPLIER
E—Ml[ ! E
= T
=]
S L. )

"3
(A)

(8) A-C SUPPLY

FIG. 1—Basic schematic shows how two

lamps are made to oscillate out of phase

when light reaching phototube from
each is not equal

phases which are 180 deg apart.
To understand the operation of this
circuit, consider a short unidirec-
tional pulse (indicated by the ar-
row) in the primary of the trans-
former. If the battery current is
as shown, this pulse will induce a
pulse in this same direction in the
circuit of lamp 2 which will make
lamp 2 brighter. Simultaneously, it
will induce a pulse in the opposite
direction in the circuit of lamp 1
which will make lamp 1 dimmer.

The net effect on the phototube is
zero if the pulse is small and the
original illumination from the two
lamps was the same. But with the
filter in the beam from lamp 1, the
net effect will be an increase in
light on the phototube. This gives
a new current pulse in the trans-
former which can be in either
direction depending upon the man-
ner of connecting the phototube
to the transformer. If it is in the
same direction, lamp 2 will become
still brighter, the net illumination
will build again causing a third
pulse, and if something else does
not put a stop to it, the lamp will
burn out. Fortunately it does not
burn out. Its resistance is, of
course, increasing as its tempera-
ture increases requiring higher and
higher voltages to maintain the
current. Since no such voltages are
available, the circuit soon ceases
to build.

At this point, the battery takes
over. Lamp 1 has been driven well
below battery voltage by the series
of pulses but can now return to nor-
mal brilliance, The first move in
this direction, however, starts the
cycle in reverse. In short, this cir-
cuit will oscillate as long as the
phototube sees unequal beams. If
some means is provided for reduc-
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Speeds Light Measurements

Two lamps in out-of-phase oscillation indicate bridge unbalance and also serve as two-

light source for comparison measurements. Versatile optical system provides means for

spectrophotometric, colorimetric, reflectance and transmission measurements

ing the beams to .equality, Polaroid
disks, for example, the circuit can
be brought to balance, and the an-
gular rotation of the Polaroid will
be a measure of the transmission of
the filter.

If one goes beyond the balance
point, a new situation exists. Going
back to the previous analysis, the
initial pulse still causes lamp 2 to
increase in brightness, but the net
effect on the phototube is a reduc-
tion in illumination. The new pulse
therefore operates to reduce the
brightness of lamp 2 and hence the
building process will not occur and
the circuit will refuse to oscillate.

A schematic diagram of a densi-
tometer employing this circuit is
shown in Fig. 2. The photographs
show a closeup of the optical ar-
rangement of a practical densito-
meter and the densitometer with its
associated electrical equipment.

Optical System

In the design of the optical sys-
tem, light from the sample lamp B,
illuminates a circular stop S which
for reflectance measurements is
focused by a lens L, on the far wall
of the integrating sphere. A second
lens L, carried in a rotatable disk
can be introduced to refocus the
light at the entrance port for trans-
mission measurements. The atten-
uating wedge is used for balancing.
Standard lamp B, is located in a
light-tight housing on one side of
the sphere and illuminates the
sphere wall through a small hole.

The multiplier phototube is lo-
cated at the back of the sphere
where it can be illuminated by the
integrated light from the sphere
wall, but not by either beam di-
rectly. Provision is made for intro-
ducing color filters between the exit
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port of the sphere and the multi-
plier phototube for abridged spec-
trophotometric or  colorimetric
measurements,

This optical design was chosen
because it provides a constant level
of illumination at the balance point
regardless of the sample. Too much
light on the multiplier phototube
brings about great instability of
the oscillator accompanied by hunt-
ing and uncontrollable gyrations of
the lamps.

The lamp transformer is driven
by the power amplifier, a standard
push-pull 6L6 amplifier, which in
turn is driven by the voltage ampli-
fier. The voltage amplifier contains
two stages of 5693’s, having a
measured gain of 8,800. The multi-
plier phototube is operated with ap-
proximately 100 volts d-c per stage.

Operating Procedure

In the finished instrument, a
housing around the sphere cuts out
room light and provides a flat table
for transmission samples. If reflec-
tance measurements are required,
the instrument can be placed in an
upright position on the sample or it
can be turned to a horizontal posi-
tion with the sample held against
the flat back by a spring clip (not
shown).

The instrument is first balanced
for zero density by mechanically
adjusting the amount of light from
the standard lamp. Electrical ad-
justment of the lamps is reserved
for balancing their color tempera-
tures when color measurements are
required. The reflectance port is
filled with a white diffusing mate-
rial when making this adjustment
and also when making transmission
measurements, The sample is next
inserted and if oscillation has not
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FIG. 2—Optical arrangement includes

integrating sphere with attachments for

a wide variety of photometric measure-
ments

started spontaneously, the beams
are thrown out of balance by turn-
ing the density wedge. The density
wedge is then turned slowly to-
wards balance until the oscillation
stops. The lamps themselves can be
used as the balance-point indicator
as the difference in brightness
when oscillating or when operating
on d-c is quite marked, and there is
no appreciable dimming as the bal-
lance point is approached. In fact
the balance point is so sharp that
one is in danger of passing it if the
density wedge is turned too rapidly.
An a-c voltmeter across one lamp
can also be used as a balance indi-
cator if one prefers this type of in-
dicator.

The instrument shown in the
photograph above is still in the
formative stage and will probably
undergo many improvements and
refinements. Specially designed
lamps would be of great assistance,
and could lead to a reduction in
power requirements.

93



By JOHN L. GOFORTH

Kay Electric Co.
Pine Brook, N. J.

Speech Streticher

HE SPEECH STRETCHER does for

the ear what the slow-motion
camera does for the eye. By means
of electronic circuits the rate of oc-
currence of speech may be slowed
to one-half without losing the intel-
ligence. The method of doing this
is to play speech, recorded either on
tape or disks, at one-half speed.
This of course halves all of
the frequencies in the original
speech. Bandpass filters followed
by frequency doublers are then
used to double the frequencies com-
ing from the recording, restoring
the intelligence while keeping the
rate still at only half that of the
original sound.

Applications

The most obvious use for the in-
strument is in the study of lan-
guage and the methods of speaking
used by the various Ilanguage
groups of the world. It is a great
aid in transeribing dialects or un-
written languages to standard
phonetic symbols, as well as for the
usual stenographic uses. For ex-
ample, a secretary may type re-
corded dictation quickly with the

Sona-Stretcher unit, on table at right, accentuates speech mannerisms and habits,

Untrained listeners using it hear more than skilled phoneticians hear in normal-

tempo speech, because time available for reflection is greater than twice that with
normal speech

aid of a speech stretcher since the
slower rate of presentation removes
the necessity for repeating the ma-
terial.

One of the main uses is in the
teaching of foreign languages. A
beginning student is presented with
new and unusual sound combina-
tions in a new language, especially
if the written language does not al-
ways conform to the spoken word.
The slow-motion effect of hearing

sound is effective in exposing the
actual phonetie construction of diffi-
cult, elusive words and phrases.

In the advertising field, the un-
usual speech from the stretcher
should serve to attract attention to
a radio or tv commercial.

Nature of Stretched Speech

In the ideal case, speech from the
stretcher should sound exactly like
the original except that every word

FREQUENCY IN GPS

E
(NORMAL SPEECH)

(STRETCHED SPEECH)

FIG. 1—Spectrograms of normal and stretched speech for the spoken word “zero”’
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for Language Studies

Recorded speech is played back at half speed and frequencies are doubled in ten filter-

doubler channels of superheterodyne amplifier to permit analysis of sounds, just as slow-

motion camera analyzes motion. Instrument also aids typing of recorded dictation

lasts twice as long. A practical
sound stretcher must be a com-
promise between several factors,
one of which results in pitch halv-
ing. This reduction in the funda-
mental pitch of the voice gives
what might best be described as a
Southern drawl, but this does not
interfere with the intelligence. The
overall effect is that the person is
speaking slowly and deliberately
with a somewhat low-pitched voice.

Spectrograms of the word “zero”
are shown in Fig. 1 as heard nor-
mally and as stretched. The dia-
grams have a frequency scale in
the vertical direction and a time
scale in the horizontal direction,
while the amplitude of a frequency
component is shown as blackness.
It is seen that the time scale oc-
cupied by the stretched-sound spec-
trogram is twice as long, while the
frequency components fall at their
proper place on the frequency scale.
The vertical striations show voice
pitech, which is the fundamental
frequency produced by the opening
and closing of the vocal cords dur-

ing voiced sounds. After stretch-
ing, the pitch is one-half that of
the original since the same total
number of vocal cord operations
takes place in twice the time.

Choice of Techniques

Somewhere in the speech-stretch-
ing process there must be a record-
ing and playback element, for there
are no electronic circuits that will
change the time scale. Two possible
methods of doubling the frequen-
cies are shown in Fig. 2.

In Fig. 2A the audio signal from
a microphone is amplified and ap-
plied to a number of bandpass
filters in parallel. Each filter selects
a part of the total frequency range
and feeds this signal to a frequency
doubler, Each bandpass filter must
have a bandwidth less than one
octave wide so that the inputs and
outputs of the doubler do not over-
lap on the frequency scale. Each
doubler is followed by a second
bandpass filter having twice the
frequency range in cycles of the
input bandpass filter.

Filters are necessary after the
doublers to remove the difference
components generated when more
than one frequency is applied to a
doubler. For example, suppose one
of the bandpass filters has a fre-
quency range of 1,000 to 2,000 eps
and the signal being applied has
components at 1,000 and 1,500 cps.
In the output of the doubler there
will then be the desired 2,000-cps
and 3,000-cps doubled frequencies,
as well as the sum and difference
frequencies of 500 and 2,500 cps.
The output bandpass filter serves
to remove the unwanted difference
component. Unfortunately the sum
component always falls in the
doubled frequency range, although
its amplitude is small compared to
the doubled component.

Given a sufficient number of
filter-doubler channels, the output
of the system will be like the input
except that every frequency com-
ponent will be doubled. If this out-
put is recorded it may be replayed
at one-half speed, which will reduce
the frequencies to the original
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FIG. 2—Systems for stretching speech

ELECTRONICS — December, 1951

USEFUL SIDEBANDS
1755 TO 20KC

-

50 70 2,500CPS

f |
AUDIO MODULA- i-F
AMP TOR AMP
-

PHONOGRAPH WITH

RECORD PLAYE D BACK
AT }SPEED

BAND-PASS FREQUENCY
FILTERS

e ——— OOUBLED SIDEBANDS

/351 T0 40 KC

TOTAL RANGE '
OF FILTERS
1755 KC TO 20KG

FIG. 3—Arrangement of stages in the speech stretcher described in this article
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range and double the time scale.

In Fig. 2B is shown a similar
system except that the material is
previously recorded and reproduced
at one-half speed into the input of
the speech stretcher. The filter-
doubler systems required for this
and the previous method are bulky
and expensive due to the large in-
ductances required for a bandpass
filter in the low audio range.

Superhet System Used

In Fig. 3 is shown the speech
stretcher system used in the instru-
ment to be described, called the
Sona-Stretcher. The main feature
is a modulator and oscillator used
to translate the audio-frequency
range to the low radio-frequency
range where a bandpass filter is
small and easy to construct. A half-
speed playback feeds previously
recorded material through an am-
plifier to a modulator, where it is
mixed with a 17.5-kc carrier from
an oscillator. The audio range (50
to 2,500 cps due to the one-half
speed playback) is thus translated
to the sidebands around 17.5 ke,
of which only the upper sideband
from 17.55 to 20.00 kc is used. A
number of bandpass filters select
portions of this sideband frequency
range to be applied to the fre-
quency doublers. The outputs of
the doublers are recombined in a
tuned circuit, amplified and applied
to a demodulator along with the
second harmonic of the oscillator
to recover the audio frequencies.

One important feature of this

system may not become apparent
until a numerical example is con-
sidered. If the frequencies 1,000
and 1,500 cps are considered, the
modulator and oscillator translate
these to 18.500 and 19.000 kec.
When these are applied to the
doubler, we get 37.000 and 38.000
ke as the desired doubled com-
ponents, and 500 cps and 37.500 ke
as the sum and difference com-
ponents. The 500-cps component is
easily removed in one tuned circuit
common to all doublers.

The other frequencies, when
demodulated with the 35.000-kc
second harmonic from the oscil-
lator, give 2,000, 2,500, 3,000,
34,500 and 35,500 cps, the last two
being inaudible. The process of
translating the frequency range be-
fore the filter-doubler channels has
thus eliminated the need for a
second set of bandpass filters fol-
lowing the frequency doublers. In
all cases, two frequencies present
in the same filter channel give
rise to a sum cross-modulation
product which falls in the doubled
frequency range.

A factor to be considered in de-
signing a speech stretcher is the
great advantage of using previ-
ously recorded material. The com-
mercial field includes large numbers
of recorded speeches and dramatic
material, as well as language in-
struction records. To use record-
ings made at 78 rpm, a phonograph
player may be modified to operate
at 39 rpm, although only a slight
loss in naturalness is noticed if
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FIG. 4—Audio amplifier and fast-acting automatic gain control circuit arrangement
used to insure that all ten filter-doubler channels operate at about the same high level
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they are played at 33 1/3 rpm. For
tape recordings, the standard
speeds of 15 inches per second and
7.5 inches per second are exactly
the required ratio.

Filters and Doublers

A single-frequency tone fed into
the input of an ideal speech
stretcher should give a tone having
twice that frequency at the loud-
speaker. If we insert a complex
sound made up of a fundamental
and the harmonics of that funda-
mental, the circuits must double
each component and recombine
them in the proper phase in order
to reproduce that sound exactly. To
even approach that ideal, it is
necessary to use filter-doubler chan-
nels which have a bandwidth less
than the separation of the har-
monics of the complex signal. This
restriction is necessary because
practical doubler circuits produce
sum and difference frequencies as
well as the double-frequency com-
ponents.

Two adjacent harmonics of a
complex signal appearing in the
same filter will produce in the
doubler or other nonlinear element
a difference frequency equal to
the fundamental. Since this is at
one-half the desired frequency due
to the one-half speed playback, the
result is an apparent lowering of
the fundamental frequency in the
output to one-half that of the
original sound.

If we consider speech as made up
of the pitch and the harmonics of
the pitch (which may be considered
true for the vowels and voiced
sounds), then a speech stretcher to
handle a bass voice might require
filter-doubler channels having 100-
cps bandwidth. If the audio range
is taken as up to 5,000 cps, then
50 channels would be required to
reproduce the voice without pitch
halving.

If such a device were practical,
it is interesting to note what would
happen to the consonants and im-
pulses of the unvoiced sounds in
speech. When sounds have a more
or less continuous spectrum the
concept of frequency doubling has
little meaning. Sounds of transient
nature would be seriously modified
due to the long time constant asso-
ciated with a narrow-bandwidth
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FIG. 5—Main circuit of speech stretcher. Audio amplifier feeds varistor modulator located between oscillator and first i-f amplifier

filter and the lack of uniform phase
response through the filter-doubler
channels. Therefore, a practical
speech stretcher must have filter-
doubler channels which are a com-
promise between the narrow band-
width desired to avoid pitch halving
and the wide bandwidth necessary
to respond to the transients asso-
ciated with the consonants and
stops of speech.

A-F and AGC Circuits

The main audio amplifier of the
Sona-Stretcher consists of a pre-
amplifier for the magnetic pickup,
two stages of amplification and an
automatic gain control amplifier
and rectifier, as shown in Fig. 4.
The crossover frequency of the pre-
amplifier has been lowered to com-
pensate for the one-half frequency
range at the input due to the reduc-
tion in speed of the playback
turntable.

To insure good doubling action,
the filter-doubler channels should
be operated at a high level. Two
features insure that all the chan-
nels operate at about the same
level. A fast-acting automatic gain
control circuit increases the aver-
age power relative to the peak
power in speech. A high-frequency
preemphasis or boost circuit com-
pensates for the relative concen-
tration of power in speech at the
low frequencies.

The agc circuit consists of an
amplifier and rectifier controlling
the gain of pushpull 6L7’s in the
main audio amplifier. The high-
frequency boost is supplied by a
tuned circuit connected across the
audio transformer,

The remaining stages of the
speech stretcher are shown in Fig.
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5. The high-stability oscillator pro-
vides output at 17.5 ke from the
grid-cathode circuit, while 35-ke
output is taken from the tuned
plate circuit. The modulator is a
copper-oxide varistor balanced to
prevent the carrier from appearing
in the filter-doubler channels. Its
tuned output circuit, peaked at 19
ke, selects the upper sideband
15.550 to 20.000 kc and gives addi-
tional boost to the high audio fre-
quencies.

The modulator is followed by
three stages of i-f amplification
ending in push-pull output from V,
to drive the filter-doubler channels.
Each filter consists of three loosely
coupled tuned circuits having the
following center frequencies and
bandwidths.

Channel No. Center Freq Bandwidth
1 17.600 kc 100 cps
2 17.725 150
3 17.875 150
4 18.050 200
5 18.275 250
6 18.525 250
7 18.800 300
8 19.100 300
9 19.450 400
10 19.900 500

The filters are operated balanced
to ground, thus providing push-pull
output voltages to operate the fre-
quency doublers. Resistors at the
input to each filter provide de-
coupling and impedance matching
for each channel. A doubler con-
sists of two crystal rectifiers con-
nected in the usual full-wave rec-
tifier circuit. In this case the hum
is the desired output, while the
direct current is bypassed to
ground through a 5-mh, 0.003-uf
tuned circuit which is tuned to
accept the frequency band 5 ke
wide centered at 37.5 ke.

Resistors at the output of each
doubler may be adjusted to com-

pensate for wariations in gain
through each filter and to adjust
the overall system frequency re-
sponse. Some of the boost given to
the high audio frequencies in the
audio amplifier is removed here.
The attenuation loss in the filters
is made up by two additional stages
of i-f amplification at the doubled
frequency. The last stage is trans-
former-coupled to the demodulator.

The demodulator is also bal-
anced, although in this case it is
balanced against the incoming sig-
nal frequencies, since the differ-
ence frequencies produced in the
doublers are in the audio range.
The i-f amplifier has very low gain
in the audio range, but some of the
cross-modulation products may get
through to be applied to the de-
modulator and thus to the high-
gain audio amplifier. The carrier
at the demodulator is the second
harmonic of the carrier at the
modulator, both produced by the
same oscillator. Signals from the
i-f amplifier in the range 35.100
to 40.000 ke beat with the 35.000-kc
carrier to produce the output audio
range of 100 to 5,000 cps. The
response of the final three-stage
audio amplifier is shaped to remove
the boost applied at the high fre-
quencies in the first audio ampli-
fier. A 20-mh, 0.0011-uf tuned
circuit in the 1st a-f plate circuit,
series-resonant at 35 ke, eliminates
the large 35-kc carrier applied to
the input of the audio amplifier.
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devices are desirable in match-
ing the input impedance of a given
antenna to the characteristic im-
pedance of a given feeder line, in
matching the load impedance of di-
electric heating equipment to the
output impedance of the heating
generators or to the characteristic
impedance of associated transmis-
sion lines and in power-factor cor-
rection in power distribution sys-
tems.

This article presents a solution to
the specific problem of automati-
cally matching the input impedance
of a 35-foot whip antenna to a 50-
ohm coaxial transmission line at
all frequencies in the 2-to-18 me
band.

AUTOMATIC impedance-matching

General Considerations

Figure 1 shows the impedance
characteristic of the 35-foot whip
antenna as measured with a Gen-
eral Radio type 916-A impedance
bridge. It also shows the range of
resistive and reactive components
of terminal impedance to a 50-ohm
line that are considered tolerable.
These limits correspond to an im-
pedance match of such accuracy
that the standing-wave ratio on the
line will not exceed 1.25 at any fre-
quency in the 2-to-18 mc band.

The block diagram of the auto-
matic impedance-matching unit is
shown in Fig. 2. A breadboard
model of the unit with only the
shunt coil used in the 2-to-3 me
range connected is illustrated.

With the exception of the motors
and gear trains, all components of
this unit were designed and devel-
oped specifically for the problem at
hand. The cantilever matching net-
work was chosen because of its
broad-band possibilities and be-

Complete matching equipment shown with one shunt coil in foreground.
unit and servo amplifier at right, antenna lead at left

Sensing

Automatic

By VIRGIL TRUE

FElectronic Scientist

Navul Research Laboratory
Washington, D. C.

cause it lends itself well to the re-
quircments of a servo-driven unit.
The se2nsing unit was developed as
two detectors because of the neces-
sity for correcting both magnitude
and phase angle of the load imped-
ance. The servo amplifiers were de-
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i 5 [[rerminaTion/ TERMINATION | 00
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FIG. 1—Impedance characteristic of a
35.foot whip antenna and tolerable ter-
mination to a 50-ohm line
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FIG. 2—Diagram showing the equip-
ment elements making up an automatic
impedance-matching device

signed to give maximum stability
and dependability for a minimum
size and weight while maintaining
adequate sensitivity and power out-
put capability.

The results obtained with this
unit are shown in Fig. 3, a graph
of standing-wave ratio on the
feeder line as a function of fre-
quency at balance condition. Data
for this curve were obtained in the
following manner:

The transmitter was connected to
the antenna via the feeder line and
the matching device as shown in
Fig. 2. The transmitter was turned
on and the servo systems were al-
lowed to come to balance. The line
was then disconnected from the
sensing unit and the input imped-
ance to the antenna including the
matching device was measnured.
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Top and bottom chassis views of the servo amplifier showing simplicity of controls and wiring. This is the same equipment as that

pictured to the right of the opposite page

Impedance Matcher

Device matches the input impedance of a 35-foot whip antenna to a 50-ohm coaxial trans-

mission line at all frequencies between 2 and 18 me. Unit can also be adapted to different

frequency range. power level. type of load and transmission line for other communications

This was the terminal impedance to
the 50-ohm line when the transmit-
ter was in operation. The standing-
wave ratio on the line was calcu-
lated from the known characteristic
and terminal impedance and the
procedure was repeated at close fre-
quency intervals throughout the
2-t0-18 me bhand. Two measure-
ments of this type were obtained at
frequencies higher than 18 mec: one
at 22.9 me and the other at 25.9 me.
The standing-wave ratios were 1.1
and 1.16 respectively, indicating
satisfactory operation from 2 to 26
me.

Further checks were made to in-
sure operation at all frequencies.
The transmitter was turned on and
the matching unit was allowed to
come to balance. The transmitter

ELECTRONICS — December, 1951

and industrial applications

was loaded into the properly termi-
nated line so that its power output
was at or slightly above rated value.
Then the transmitter was switched
to half-power operation and the fre-
quency was varied continuously
under key-down operation. The
final stage of the transmitter was
tuned as the frequency was varied
so that the power output remained
essentially constant. The automatic
matching device followed the trans-
mitter through the entire 2-to-18
mc band. Impedance measurements
described as the basis for Fig., 3
were made at intervals of 500 ke to
check the accuracy of the unit. At
no time was an impedance meas-
ured that produced a standing-wave
ratio greater than 1.2 on the feeder
line.

In addition. the unit was used to
match the antenna to the line under
conditions of varying load imped-
ance at fixed frequencies. The con-
nections of Fig. 2 were made, the
transmitter was turned on and the
unit was permitted to come to bal-
ance. Then a large crane boom,
with pulley lowered beside the an-
tenna, was swung back and forth
in the immediate vicinity of the an-
tenna. The unit followed the
change in impedance of the antenna
owing to the proximity effect of the
boom without allowing the terminal
impedance of the transmission line
to change appreciably. This check
was repeated at frequency intervals
of 1 mec through the 2-t0-18 me
band.

Assuming the input impedance to
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the antenna plus the cantilever net-
work can be made equal to the char-
acteristic impedance of the feeder
line by varying the reactances of

Special oil-filled capacitor usad in cantilever network

Detail of sensing unit, phase-angle at left and magnitude at right
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the two branches of the cantilever RoX 4=£[RoR a(R 42— RoRa+ X 4D]}

circuit, ordinary -circuit analysis Bi— Re 1
yl(?lds the follown.lg. equations for _— Xp(Ra+ XpXat Xa)
this assumed condition z, = Xs = —+ R SR ()

R+ (Xp+ Xa)p2
where X'» = the reactance of the parallel

branch of the cantilever net-
work

Xs = the reactance of the series
branch of the cantilever net-
work

Zy = Ro+ jO = the characteristic im-
pedance of the feeder line

Zs = R4+ jX 4 = the complex im-
pedance of the antenna alone

The solutions to Eq. 1 and 2 were
plotted as functions of frequency,
with frequency varying from 2 to
18 me. These curves of required X,
and X, were used to determine the
electrical properties of the canti-
lever circuit components. The com-
ponent values are listed in Fig. 4,
which is a schematic diagram of the
variable cantilever circuit. This
combination requires two relays
and associated switches for chang-
ing the shunt-branch inductance to
obtain complete coverage for the
2-t0-18 mc band. The switching
control is mounted on the transmit-
ter in the breadboard model but
could be incorporated into the
transmitter band-switching mech-
anism. Slight variations in the
sizes of the individual shunt coils
are necessary to tailor a given unit
to the particular bands of individ-
ual transmitters.

The fixed coils of the shunt
branch are formed from #-in. sil-
ver-plated copper tubing. Values of
Q range from 550 to 700 for these
coils. The series coils are wound
from No. 8 copper wire and have
Q’s of about 450.

The variable capacitors are iden-
tical, with a tuning range of 23 to
1,300 upuf, a minimum voltage
breakdown strength of 10,000 volts,
and special construction to insure
a smooth curve of capacitance as a
function of degrees rotation. Con-
struction details of one of these
capacitors are shown, including the
offset shaft, variable plate size, and
variable spacing between plates.
These capacitors were designed es-
pecially for this problem because
no capacitors on the market pos-
sessed all the requirements of the
matching unit. A patent applica-
tion has been filed on their design
and construction details.

The dielectric material in these
capacitors is Dow-Corning 500
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FIG. 3—Standing-wave ratio on feeder
line compared with frequency at condi.
tion of balance
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FIG. 4—Cantilever impedance matching
network from line to antenna

fluid, a silicone oil with excellent
electrical and thermal properties.
The plates are made of aluminum
0.04 inch thick and the shafts and
spacers are made of steel. The cy-
lindrical case is made of Lucite and
the ends of polystyrene. Connection
to the rotor plates is made through
a low-loss, high-current capacity
mercury contact developed espe-
cially for these capacitors.

Impedance Sensing Circuits

Figure 5A shows a diagram of
the phase-angle detector for which
the mechanical construction of the
circuit is also illustrated. Ultra-
high-frequency techniques have
hieen applied to good advantage
here. The primary coil is merely a
43-inch length of the center conduc-
tor of the line. The secondary is a
single turn 43 x 23% inches, center-

tapped. The coupling capacitor
between the two is formed by the
primary wire and the small semi-
cylindrical plate soldered to the
centertap of the secondary; air
serves as the dielectric.

This circuit is electrically very
similar to an f-m discriminator, the
difference being that in this case
the difference in voltages applied to
the diodes is due to a phase angle
between line voltage and line cur-
rent instead of a variation from a
mean frequency. Use of a vector
diagram in Fig. 6 simplifies expla-
nation of the operation of Fig. HA.

The voltage applied to D, is the
vector sum of V., a voltage in
phase with the line voltage, and
V..., an induced voltage that leads
the line current by 90 deg. Simi-
larly, the voltage applied to D, is
the vector sum of V., and V.., an
induced voltage that lags the line
current by 90 deg. The d-¢ output
is the difference in magnitude of
these two rectified voltages.

A study of the vector diagram re-
veals that as the phase angle goes
to zero when the load becomes
purely resistive, the output of the
circuit goes to zero and that the
sign of the error voltage is depend-
ent upon the sign of the phase
angle. These are the two prime
requisites of a device that must
control a servo system to correct
the phase angle to zero.

Another desirable feature of this
circuit, as can be seen from the vec-
tor diagram or from a mathemati-
cal analysis, is that the sensitivity,
defined by the rate of change of
voltage out with respect to a change
in phase angle, occurs in the neigh-

(A) PHASE-ANGLE DETECTOR
L
1

T0 MATCHING";LMTCU?’L"

NETWORK § 22 T 6'Y

TO SERVO

L,=4 Y2 INCHES OF LINE CENTER CONDUCTOR
L= A SINGLE TURN, 4Y2X2%2 INCHES, CT

3007 amPLIFIER !
I I INPUT |

TO SERVO
AMPLIFIER
INPUT

I aLL CAPACITANCES IN /I/I.(F

FIG. 5—Impedance sensing unit, with phase-angle detector at left (A) and magni-
tude detector at right (B)
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Vo = THE D-C

FIG. 6—Vecior diagram to show opera-
tion of sensing unit as explained in text

borhood of zero phase angle. This
permits extremely accurate phase-
angle correction. The circuit has no
critical components. Adjustment
for initial balance of zero output at
zero phase angle is accomplished by
varying the spacing, hence the elec-
tromagnetic coupling, between L,
and L., and between L, and L,,.

The impedance magnitude detec-
tor circuit is similar to a Wheat-
stone-bridge arrangement. It is
shown schematically in Fig. 5B and
the photograph. The voltage ap-
plied to D, is a constant fraction of
the line voltage, determined by the
ratio of C, to C.. The voltage ap-
plied to D, is the voltage drop
across the l-ohm resistance R, in
series with the line. The ratio of
C, to C; is approximately 1 to 50.
Thus, when the total load imped-
ance, measured at the output of the
sensing circuit, is 50 ohms, the volt-
age applied to D, is 1/51 V.., the
same magnitude as the voltage ap-
plied to D.. The d-c output voltage
is then zero. The accuracy of this
circuit is such that at present the
ratio of C; to C. is set at approxi-
mately 1 to 49. Then at balance con-
dition the impedance seen by the
sensing unit is 49 ohms. The ter-
minal impedance to the feeder line
is then 49 plus the 1-ohm series re-
sistance, or 50 ohms.

If the total load impedance is
greater than 49 ohms, the voltage
applied to D, is less than the volt-
age applied to D; and the output
voltage is positive. Conversely, if
the load impedance is less than 49
ohms in magnitude, then the volt-
age applied to D, is greater than the
voltage applied to D, and the out-
put voltage is negative., This is the
desired response for any unit that
must control the magnitude of the
terminal impedance of the line
through a servo system.

It has now been established that
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FROM SENSING
UNIT QUTPUT

430,000

FIG. 7—Servo amplifier circuit. This is similar in function to the one actually used,
but improved in simplicity and compactness

when the output of both sections of
the sensing unit is equal to zero
the terminal impedance of the
feeder line must necessarily be 50
ohms in magnitude and have a
phase angle of zero degrees. This
is the condition for a perfect match
between antenna and feeder line.

The purpose of the potenti-
ometer R, is to set the impedance
magnitude detector up for initial
balance at a terminal impedance of
50 ohms to the line. Use of this
potentiometer permits some varia-
tion in the fixed ratio of C; to C, or
some variation of R, from 1 ohm,
thereby making the circuit compo-
nents less critical.

Physically the circuit is rugged,
simple, and contains no vacuum
tubes. The only critical components
are the resistance R, and the capaci-
tor C,. The resistance R, must be a
composite resistor with the detector
D, inside it and C; must be an air-
dielectric or some equally low-loss
capacitor. The construction details
of these two components were the
result of considerations of the di-
electric and electromagnetic field
configurations and must be care-
fully followed if satisfactory opera-
tion is to be obtained over a wide
frequency range.

Servo Amplitiers

The servo amplifiers, too, were
developed specifically for the prob-
lem under consideration, but are
unusually well adapted to nominal
power applications throughout the
servo field. The two amplifiers are
identical. The circuit described is
that of an improved, compact type
shown in Fig. 6. Any error voltage
changes the bias on V., thereby
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changing the gain of this triode.
This results in an a-c output across
the secondary terminals of the
transformer T.. Components K, and
C, form a phase-shifting network
and V.. and V., are voltage amplifi-
ers with a gain of about 8 per stage.
The sensitivity of the bridge ar-
rangement permits the use of low-
gain stages, which increases the
stability and, by permitting the
use of a rugged voltage amplifier
tube, improves the ruggedness of
the amplifier.

Tubes Vi and V,; are cathode fol-
lowers in parallel, giving an output
of approximately 2 watts, delivered
at about 50 volts rms. It is essen-
tial to use type 5692 tubes in the
bridge arrangement of either am-
plifier, or some other tube with
equally good stability and micro-
phonic characteristics, but it has
been found experimentally that
regulated plate supply voltage is
unnecessary in the improved ampli-
fier. Plate voltages may vary from
190 volts to 280 volts without dis-
turbing either balance or smooth-
ness of operation.

Servo Drive Mechanisms

The servo motors are 75/115 volt,
2/5 watt, 60-cycle, 2-phase, 2-pole
induction motors purchased from
the Diehl Mfg. Co. The gear trains
are miniature speed reducers pur-
chased from the Metron Corp. Both
are zero backlash trains and the re-
duction ratios are 729 and 243 for
the shunt and series capacitors re-
spectively.

These drives were chosen to give
minimum matching time without
danger of hunting in the servo sys-
tem, due consideration being given

to the driving power required and
to the physical size and weight of
the completed unit. The time neces-
sary to match the antenna to the
line is from 2 to 15 seconds in the
breadboard model, depending on the
frequency of operation, the posi-
tions of the capacitors at the begin-
ning of the matching cycle, and the
power output of the transmitter
during the tuning cycle. Average
matching time is 5 to 7 seconds and
individual tuning cycles seldom ex-
ceed a 10-second time limit.

The device described here was de-
signed specifically to meet the
requirements of a 35-foot whip an-
tenna, a 50-ohm coaxial transmis-
sion line, and a transmitter whose
power output is 200 to 700 watts
and whose frequency range is 2 to
18 me. The unit can be adapted to
different frequency ranges, differ-
ent power levels, various types of
loads, and different transmission-
line characteristic impedances with
only minor circuit changes. For
example, if the characteristic im-
pedance of the line had been 72
ohms, it would have been necessary
to make the ratio of C: to C. equal
to approximately 71 to 1 instead of
49 to 1.

From the experiments performed
to date it can be concluded that the
limit of application of the automatic
impedance-matching device and the
efficiency and accuracy of the device
depend primarily on the electrical
properties that can be built into
matching-circuit components. Some
of these critical properties are:
tuning range, dissipation factor and
voltage-breakdown strength obtain-
able in continuously variable capaci-
tors of acceptable physical size, the
Q and high natural-resonant fre-
quencies obtainable in inductances
of equally acceptable physical di-
mensions.

The author wishes to acknowl-
edge the diverse contributions of
the following persons to the devel-
opment of the automatic impedance-
matching device: C. B. Davis, C. L.
Spencer, F. J. Shanahan and Bert
Fisk of Naval Research Laboratory,
W. J. Rosch and G. D. Greenwood,
presently with the Bureau of
Ships, Navy Department, and J. A.
Edinburgh, presently with Wichita
Research  Foundation, Wichita,
Kansas.
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IMPROVING
A FILM-CAMERA CHAIN

Refinements in the camera control circuits of the iconoscope television film camera allow

full use of its capabilities. Increased sensitivity, no clipping of black peaks, registration

adjustment while on the air and compensation for white compression are results of

RACTICAL experience with the
iconoscope film-camera chain,
RCA type TK-20A, has resulted in
the development of refinements in
the camera control circuits. Each
modification contributes to the flex-
ibility and/or stability of operation.
The following modifications will
be discussed: a d-c supply for bias
lighting, fixed minimum setup,
iconoscope centering filters and
white stretching.

Bias Lighting

Bias lighting or back light is
essential to the realization of the
full capabilities of the iconoscope
film-camera chain, When properly
adjusted, bias lighting will increase
the sensitivity of the iconoscope by
as much as two to one, reduce shad-
ing requirements, increase the
memory or storage capacity of the
mosaic and smooth out the flicker
produced by motion picture projec-
tion.

The bias light is a source of con-
trolled intensity illuminating the
rear surface of the mosaic and the
glass walls whereas the photosensi-
tive front surface of the mosaic re-
ceives light only from the image
focused on it. The walls of the
iconoscope are coated with a thin
layer of cesium in the manufactur-
ing process and unless these photo-
sensitive electrons are released by
some means such as the bias light,
they will tend to subtract from the
electric field available at the col-
lector anode for attracting secon-
dary-emission photoelectrons from
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circuit modifications

By C. J. AUDITORE

Television Facilities Engineer
Station WOR-TV
New York, N. Y.

the mosaic. The bias light, there-
fore, serves to increase the effic-
iency of the storage action in the
iconoscope.

Many iconoscope film-camera
units employed at the present time
use an a-c source of 117 volts rms
for excitation of the bias lighting
lamp. Unfortunately, a 60-cps hum

component is introduced which evi-
dences itself in the form of a dark
horizontal shading band in the pic-
ture. This trouble is eliminated by
providing a d-c source of excitation
for the lamp. The circuit shown in
Fig. 1 has been installed in the
film camera controls at WOR-TV
and has proven to be a good
expedient.

A surge-current limiting resistor
is required to prevent damage to
the rectifier unit. The 50-ohm 10-

L

Type of film-camera control unit on which modifications were made
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watt resistor was chosen to limit
the maximum available voltage
across the lamp to 100 volts.

The rectifier specified has a 600-
ma rating as against a full-load
requirement of 400 ma. Physical
limitations necessitated vertical
mounting of the rectifier unit with
the plates horizontal. Because of
the reserve capacity and the place-
ment of the unit in a relatively open
space, the vertical mounting has
not been disadvantageous.

Setup is the guard area observed
on the cro waveform monitor be-
tween the reference black level
(corresponding to the specified
maximum excursion of the picture
signal in the black direction) and
the blanking level (the level of the
signal during the blanking inter-
val). Usual operating practice
calls for a setup of from five to ten
percent of the signal amplitude at
the reference white level (the speci-
fied maximum excursion of the pic-
ture signal in the white direction).
Setup may be further defined as the
operating tolerance in the manual
adjustment of the pedestal in that
part of the system where the d-c
picture component is inserted. It
insures that no black peaks in the
actual picture signal are clipped off.

Fixed Minimum Setup

A convenient means for auto-
matic insertion of fixed minimum
setup is shown in Fig. 2. The cir-
cuit makes use of the sync-amplifier
stage V,, which is available to mix
sync with the picture at the cam-
era-control unit. This method of
sync mixing is seldom used since
sync can be combined with the pic-
ture externally in a number of ways
and usually is. Therefore V,, is
readily modified to perform the role
of an automatic fixed-minimum set-
up mixer.

A clean pedestal is desired for
the setup and the 1N54 clipping
diode insures this. In addition, by
varying the amount of clipping with
R, the setup level can be controlled
from a maximum value down to
zero. The 20 and 50-puf by-pass
capacitors were added to obtain
sufficient signal in the output cir-
cuit of V,,.

The manufacturer has recently
engineered a fixed setup circuit for
the current film-camera chain pro-
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duction. The sync-mixing feature
of V., has been retained and a 6AG5
setup amplifier stage using R, as a
common plate load has been added.
The signal take-off at the kinescope
blanking amplifier V, is similar but
lacks the desirable clipping feature.
The 6AG5 is installed in place of
V., a 6AL5 clipper in the video cir-
cuit. The 6AL5 has been replaced
with germanium diodes.

Centering Filters

Iconoscope centering is accom-
plished by introducing a direct cur-
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FIG. 3—Iconoscope centering filters

rent into the deflection coil circuits
by means of the wire-wound poten-
tiometers R., and R,:. The direc-
tion of this current flow in the
horizontal deflection coil is revers-
ible by virtue of the center-tap con-
nection to R.,.. The voltage across
R.s and Rn'l is developed by the
plate-current return to ground and
is of negative polarity.

Proper centering and positioning
of the iconoscope scanning raster
is a matter which should normally
be attended to prior to airing the
picture. It is not always possible
to achieve perfect registration with
slides and films of the variety which
are available for television pro-
gramming and it is desirable for
the operator to be able to discreetly
position the picture as required,
while it is being aired. This will
result in objectionable disturbances
in the picture unless filters such as
those illustrated in Fig. 3 are em-
ployed.

The manufacturer has issued a
field-change notice recommending
the installation of 1,000-uf capaci-
tors as shown. Further, it has been
suggested that four-watt Mallory
units would stand up better than
the original two-watt centering
potentiometers. Unfortunately, the
four-watt units are not easily in-
stalled side by side in place of the
original smaller components. Some
minor alteration with a file is
required.

The 10-ohm 1-watt resistors were
added to improve the filtering ac-
tion by bringing up the d-c source
impedance. The location of the new
components is not critical. In this
case, they were conveniently located
under the operating shelf control
panel.

White Stretching

With the development of the im-
age orthicon camera, the direct
studio pickup has been conceded to
be superior in technical quality to
that obtainable with the use of film
in television programming. Recent
operating experience has shown
that most criticism of film picture
reproduction concerned blank or
chalky faces'. This has been due in
part to variations in processing of
film and the widespread use of
kinescope recordings as well as
direct film.
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The iconoscope output is a reas-
onably linear function of film dens-
ity over its actual operating range.
Since film density is a linear func-
tion of the logarithm of the input
light energy, a linear relationship
between the control-grid voltage
and the logarithm of the luminous
output energy of the kinescope is
desired.

The typical kinescope character-
istic is a linear control-grid voltage
versus luminous output energy re-
lationship. This is not consistent
with the gradient of the human eye,
which is logarithmically responsive
to light energy. Townsend and
Goodale have also shown that the
transfer characteristic of the over-
all kinescope recording-reproducing
system is not linear and results in
serious white compression. There-
fore, the final quality of resolution
and contrast obtainable can be ma-
terially improved by adding non-
linear compensation in the film
camera control,
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Schematic diagram of the film-camera control

The white stretcher is a practical
circuit, developed by the manufac-
turer, compensating for white-com-
pression inherent in television film
programming. The amount of
white stretching provided may be
varied as required to match the film
quality for both direct film and
kinescope recordings. The white
stretching is accomplished in V, by
means of a class-C stretcher-ampli-
fier stage in parallel with the clip-
per amplifier V,. The bias of the
stretcher-amplifier is set so as to
give amplification only to the whit-
est portions of the picture signal.
The amplified whites are then mixed
back into the picture signal after
clipping and the white information
is effectively stretched in the out-
put signal.

To provide for expansion of the
whites, the near blacks were effec-
tively compressed by reducing the
over-all video signal at the clipper
amplifier. The amount of white
stretching is determined by the

bias-control potentiometer in the
cathode of V.. The video gain was
inadequate for the conditions en-
countered at WOR-TYV, so the value
of the resistor in the cathode of V,
was compromised. It was also
found that the white-stretcher con-
trol would be more suitable if it
had a value between 500 and 750
ohms. The 2,200-ohm resistor is
an attempt at padding this control.
The manufacturer apparently has
not yet concluded the necessary
engineering prior to the decision to
incorporate this modification in the
current production of film-camera
chains, However, there has been
sufficient experience with the cir-
cuit to establish its value to the
broadcaster. It is strongly recom-
mended that modification instruc-
tions be obtained from the manu-
facturer before making changes.

REFERENCE
(1) C. L. Townsend and E. D. Goodale,

The Orthogram Amplifier, RCA Review,
11, p 399, Sept. 1950.
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Thyratron-Controlled

Simple and inexpensive electromagnetic drive furnishing power during part of displace-

ment cycle only may be used to life-test aeronautical and other structures. Ordinary audio

signal generator and pulse-shaping circuit furnish control pulses for thyratron

VIBRATING SPECIMEN

14
| . | ARMATURE

7 |
ELECTROMAGNET

7 7

POWER FREQUENCY
conTROL =]  CONTROL

FIG 1—Block diagram of the vibrator
drive
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FIG. 2—Response of a metallic speci-
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N ELECTROMAGNETIC vibration

drive, designed for use with
resonance fatigue-test equipment,
has been developed at the Ames
Aeronautical Laboratory of the Na-
tional Advisory Committee for
Aeronautics.

Chief advantages of the particu-
lar drive are relatively low cost of
material and construction, adapta-
bility to a variety of vibration prob-
lems and ease of control of fre-
quency and amplitude of vibration.
Chief limitations are the practical
maximum-frequency limit of about
500 cycles and the necessity for at-
tachment of an armature of con-
siderable mass to the vibrating
member.

The simplest form of the drive,
shown in the block diagram of
Fig. 1, consists of three parts; the
electromagnet, the amplitude or
power-control circuit and the fre-
quency-control circuit. The electro-
magnet coil and core are attached
to a firm base while the electromag-
net armature is attached to the vi-
brating member. Drive force for
the vibrating member is transferred
electromagnetically from core to
armature when current flows in the
coil.

Current for the coil is furnished
by the power-control circuit. The
power-control circuit consists of a
capacitor charged from a variable-
voltage d-c source and a thyratron
which discharges the capacitor
through the electromagnet. The

thyratron is fired by a pulse from
the frequency-control circuit, con-
sisting of a stable source of vari-
able-frequency oscillations and a
pulse-forming network.

Electromagnetic Drives

Electromagnetic drives are well
suited to resonance fatigue testing.
In such tests, the test specimen is
vibrated at its resonant frequency
until failure occurs. The number of
cycles required to break the speci-
men and the peak amplitude of dis-
placement are the essential data of
the test. The resonant frequency is
the ideal operating frequency for
any type of vibration drive, since at
resonance, a small amount of input
force from the drive will cause large
amplitudes of displacement of the
particular vibrating specimen under
test.

Figure 2 shows a resonance curve
for an aluminum-alloy specimen.
The form of the curve is typical of
metallic specimens. The power re-
quired from the drive at resonance
is equal to the power losses of the
vibrating specimen. Normally, the
power losses are mostly hysteresis
losses in the specimen. Losses to
the atmosphere in the form of
sound may be appreciable if the
vibrating area is large.

The operating cycle of the thyra-
tron-controlled vibration drive is
shown in Fig. 3. Operating force is
applied to the vibrating specimen
during the time when current flows
in the drive coil. The displacement
wave shape is most nearly sinusoi-
dal, as found by experiment, when
current flows in the coil for about
one-quarter of the period of the dis-
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Vibration Drive

L

Part of a propeller blade under test with vibration drive equipment

placement cycle.

For the usual case of fatigue test-
ing, small variations of the displace-
ment curve of Fig. 3 from a sinu-
soidal wave shape are negligible.
The specimen, when in practical
use, usually exhibits a displacement
curve that is far from sinusoidal.
The peak amplitude of displace-
ment, rather than the wave form, is
normally of paramount importance
since the number of cycles required
to break a specimen is a function of
the peak amplitude of vibration.
For the usual case, the thyratron
drive is suitable. For applications
requiring a more nearly sinusoidal
waveform of displacement, the
drive described by Willson' is more
suitable.

The maximum force obtainable
from a thyratron drive is limited
only by the capabilities of thyra-
trons. The thyratron drive is well
suited to applications requiring
large driving forces.

Frequency Range

Frequency range of the thyratron
drive is limited by the deionization
time T, of the thyratron. The maxi-
mum obtainable frequency of vibra-
tion fum.. when used with the
current-displacement cycle of Fig.
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3, will be less than
fm:lx = 3/4 T5.

For a mercury thyratron with a
deionization time of 1,000 usec,
fmax 18 slightly less than 750 cps.
For a hydrogen thyratron with a
deionization time of 150 usec, fu...
is less than 5,000 cps. Practical cir-
cuit considerations which are dis-
cussed later may limit the obtain-
able maximum frequency to a small
fraction of f,... The minimum fre-
quency is limited by the size of the
drive capacitor (C, Fig. 4) and
the inductance of the electromag-
net. With a sacrifice in displace-
ment wave shape, frequencies can
be obtained as low as desired with-
out diminution of peak force.

The basic thyratron drive may be
changed in a number of ways to fit
individual requirements. Two or
more electromagnets may be op-
erated in series with one thyratron
to vibrate specimens or parts of
specimens in unison. Two or more
drives may be operated in parallel
to shift specimen displacement
curves by any desired angle. The
desired phase shift may be con-
trolled by using separate firing
pulses for each thyratron, synchro-
nizing the lagging pulse with the
leading pulse. Force curves with

slightly

steep leading edges may be gen-
erated for special tests.

Design considerations are illus-
trated by description of a drive that
has given satisfactory service for
several thousand operating hours.

Initial drive requirements to
establish are the desired maximum
force, amplitude of displacement,
and frequency range. The illus-
trated drive required a force varia-
ble to a maximum of 20 pounds, a
displacement amplitude of 0.005
inch and a frequency range variable
from 2 to 110 cps.

Electromagnet design depends
upon all three of the initial require-
ments. Roters® gives criteria for the
design factors including the size
and shape of the core and armature
and coil data. For the illustrated
drive, the core and armature assem-
bly was taken from a size one, 60-
cycle, 110-volt a-c contactor and the
coil was rewound with glass insula-
tion and a silicone varnish.

Experience with the rewound coil
shows that good life is obtained
when operating the drive at 90 eps
with a peak current of 7 amp in the
coil.

After choosing the type of core, a
desirable procedure is to measure
or calculate the static inductance
for several widths of air gap and
for various peak voltage values.
Figure 5 shows variation of static
inductance (inductance measured
with stationary armature) for the
size-one contactor as a function of
the air-gap space.

The possibility of two modes of
operation is illustrated in Fig. 5.
For the first mode of operation, the
air gap is less than 0.02 inch. Static
inductance changes rapidly in this
region and large forces are trans-
mitted to the armature. The air gap
becomes a large factor in design.
No investigation of this operating
mode has been made.

In the second mode of operation,
armature movement is restricted to
be always greater than the critical
value of air gap. In the illustra-
tion, the armature never comes
closer to the core than 0.02 inch.
This is the region of practically
constant static inductance. Experi-
ment shows that, when operating in
this region, there is no appreciable
difference between the static induct-
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uance and the dynamic inductance.
Small forces are transferred across
the air gap, compared with the first
mode of operation, but drive opera-
tion is easier to make stable.

The static inductance of the elec-
tromagnet, taken as the value at
minimum air gap, is combined with
capacitor C, to form a circuit res-
onant at approximately twice the
maximum operating frequency.
This procedure fixes the width of
the half cycle of current shown in
Fig. 3.

The thyratron V. in Fig. 4 should
be selected by consideration of the
peak and average currents required
by the electromagnet. Because of
the relatively long time between
current pulses, the average current
in this application is considerably
less than the average current re-
quired by many applications. For a
current pulse of one-fourth the du-
ration of the displacement cycle, the
average current is 1/2x or 0.159
times the peak current. Experience
with the FG95 thyratron shows
that the heater can be operated 10
percent above normal voltage, as
recommended for ignitor service,
with a consequent improvement in
tube life.

Grid-Circuit Requirements

In addition to the plate-current
requirements, the grid circuit and
the grid signal power requirements
are important factors.

Malter and Johnson® indicate that
a large impedance in the grid cir-
cuit will increase the deionization
time of the thyratron, thus lower-
ing the maximum frequency obtain-
able from the drive. From the
standpoint of grid signal power, a
large grid circuit impedance re-
quires but a small amount of driv-
ing power. The circuit shown in
Fig. 4 will allow a maximum oper-
ating frequency of about 130 cps
when the air gap is larger than the
critical value. If operation is at-
tempted above this frequency, or
with an air gap less than the criti-
cal value, the thyratron grid loses
control and a direct current of con-
siderable magnitude flows through
the drive electromagnet. A circuit
breaker in the incoming line, set to
open on abnormal current, is used
to protect the circuit against this
eventuality.
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FIG. 4—Power control circuit illustrating design technique

Another factor affecting the
maximum operating frequency is
the impedance placed between the
power source and the resonant drive
circuit. The function of this im-
pedance is to allow the thyratron to
deionize before subjecting it to a
positive plate voltage. The inductor
L, in Fig. 4 performs this function.
For the illustrated circuit, an in-
ductance of 11.2 henrys is close to
the minimum required inductance.

The power supply must be of the
variable-voltage type. In Fig. 4, a
variable-voltage auto transformer
is used to meet this requirement.

The frequency -control circuits
for firing the thyratron must be de-
signed to achieve a high degree of
frequency stability. Figure 2 shows
that a small deviation from the res-
onant frequency results in a large
change in displacement amplitude,
which is intolerable in fatigue tests.

Satisfactory stability can be ob-
tained by using modern commercial
audio oscillators or by using a feed-
back circuit similar to Willson’s
control where the electrical equiva-
lent of the displacement curve is
amplified, shifted in phase, con-
verted to a pulse and fed back to fire
the thyratron. The feedback circuit
is most useful for specimens whose
resonant frequency shifts during
the course of a test. For specimens
whose resonant frequency does not
shift, the audio oscillator, followed
by a pulse-forming network, is
useful.

A dual control consisting of a
commercial audio oscillator and a
built-in narrow range oscillator,
has several advantages. The built-in
oscillator is used as a vernier ad-
justment of frequency. Its fre-
quency range should be centered on
the resonant frequency of the speci-
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FIG. 5—Static inductance of a core and
armature

men and extend only a few cycles
each way. The more expensive com-
mercial audio oscillator is used for
initial calibration; the built-in os-
cillator is used for the duration of
the test.

The pulse-forming network for
firing the thyratron is considered
necessary because of the stringent
frequency - stability requirements.
Gleason' gives convincing reasons
for firing a thyratron by means of
a pulse; he also gives response
curves for several pulse shapes that
enable quick and accurate calcula-
tion of R-C types of thyratron grid
networks.

Acknowledgment is due A. G.
Buck and S. F. Schmidt, both of
Ames Aeronautical Laboratory, for
their help in the development of the
vibration drive. Mr. Buck super-
vised the project, and Mr. Schmidt
suggested the final arrangement of
the elements of the power control
circuit.
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SUPERREGULATED
POWER SUPPLIES

Grid-controlled thyratron rectifiers in preregulator work with servo-stabilized d-c ampli-

fier in superregulator to provide 300 volts at 20 amperes with required 0.001-percent

regulation for mathematical operations in 4,000-tube analog-digital computer. Other

equally stable plate and bias supplies with high current output are also described

By A. W. VANCE and C. C. SHUMARD

HE FIVE power supplies de-
Tscribed here are believed par-
ticularly interesting because of the
high degree to which some of them
are regulated, the means for regu-
lation and the unusually high cur-
rent ratings for what might be
considered receiving tube service.
All give 0.001 percent regulation as
required for plate and bias voltages
in the d-c amplifiers used as inte-
grators, differentiators, multipliers
and for other purposes in the Proj-
ect Typhoon analog-digital type
computer recently built for the
U.S. Navy. The plate supplies give
+ 300 and — 300 volts at 20 am-
Peres, while the bias supplies give
+ 75 and — 75 volts at 6 amperes
and — 500 volts at 3 amperes.

In general the genesis of each
plate-bias supply is the same. As
shown in Fig. 1, power is metered
through the power rack to trans-
formers, fed to the rectifiers—pre-
regulators in the case of the — 500,
—300 and 4 300 volt supplies—
thence to the superregulators and
on through delay-operated starting-
current limiters to the distribution
point, The design of each, too, is
similar. For simplicity the opera-
tion of one of them, the + 300-volt
supply, will be explained and subse-
quently the important differences
between it and the other supplies
will be described.

The full regulation of the 4+ 300
volt supply is obtained in two
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stages. In the first, called the pre-
regulator stage, a moderate degree
of regulation is obtained by using
grid control on the thyratron recti-
fier tubes. The output voltage from
this stage is purposely made 50
volts higher so that this additional
voltage may be fed to a second stage
of regulation called a superregu-
lator.

+-350 Volt Preregulator

Referring to the circuit of the
+ 350 volt preregulator in Fig. 2,
leg voltages A-N, B-N and C-N of
a three-phase 395-volt power line
are applied to the plates of the type
105 thyratrons V,, V, and V, respec-
tively. Disregarding the controlling
bias on these thyratrons for the

moment, the rectified output is fed
to the filter network where the
voltage to ground at the arm of the
voltage divider and that obtained
across the 0D3 tube may be ad-
justed to substantially the same
value or as desired. Any variation
in the set potential difference be-
tween these two points and ground
may be considered to be the error
voltages.

Any difference, however, in po-
tential between these two points is
fed through appropriate gain con-
trol networks to the d-c/a-¢ con-
verters B,, B, and B, where alter-
nating voltages essentially of
square wave form may be generated
across the secondaries of trans-
formers T, T, and T, the amplitude
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FIG. 1—Arrangement of regulator sections in power supply to provide five different
highly regulated plate and bias voltages for Project Typhoon guided-missile
computer
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FIG. 2—Circuit of 350-volt preregulator used in the 500-volt bias supply and the
two 300-volt plate supplies

being proportional to the difference
voltage.

If, further, each converter is op-
erated on a different phase of the
plate 3-phase supply, at reduced
voltage, the difference voltage may
be made to change the firing time
of all three thyratrons, the error
voltage itself changing the firing
time to hold the difference initially
set. The method of control for one
thyratron only will be described
since the principle is the same for
each.

There is an amplifier associated
with each converter and its corre-
sponding thyratron. The amplifier
associated with the converter oper-
ated from phase C controls the grid
potential of thyratron V., whose
plate potential is supplied by phase
A. The nature of this control for
V. is shown in Fig. 3. Independent
of any difference voltage fed into
the input, there is introduced into
the cathode circuits of V., an alter-
nating voltage o from phase C
which produces a square-wave volt-
age o at the secondary of T. A
voltage of approximately 0.165 volt
rms between each cathode and
ground produces a peak-to-peak
square-wave voltage of 146 volts
across the 27,000-ohm resistor
when there is no thyratron conduct-
ing. This voltage will be in phase
with phase C for this amplifier.

The input stage of the amplifier

110

integrates any square-wave voltage
supplied by the converter, making
it essentially a symmetrical saw-
tooth voltage. This voltage, now
shifted in phase approximately 90
degrees with respect to phase C, is
introduced in the grid circuit of V.
between ground and the voltage-
limiting two-megohm grid resistor.
The magnitude and pelarity of the
input difference voltage determine
the amount of phase shift in the
square-wave output voltage pro-
duced by the cathode-introduced a-c
voltage alone, as indicated in Fig. 3.
As an example, if square-wave volt-
age D represents a positive differ-
ence voltage relative to phase-C
voltage a, voltage b’ indicates the
resulting integration of this volt-
age. The algebraic sum of voltages
b and @ then produces the square-
wave output voltage b”, the zero
crossover points being to the right
on the figure, causing conduction
later in thyratron V., at point m
rather than at point [ with no dif-
ference voltage. Similarly, a nega-
tive difference voltage will cause
earlier firing of V,. In general, ex-
cept for the phase-A plate voltage
and the square-wave output volt-
ages o', b” and ¢”, the amplitudes
shown are greatly exaggerated as
regulating correction will be made
on a particular thyratron every
single-phase cycle. However, actu-
ally the slider on the 1,000-ohm po-

tentiometer is set to give the difter-
ence voltage necessary to regulate
at the desired output voltage. Any
error voltage shifts the phase to
regulate at this point.

In operation under a load of
about four amperes, 350-volt d-c
output is obtained when V, or any
other thyratron is triggered at
about 100 degrees. The firing point
shifts to the left as the load is in-
creased. At the load of feur am-
peres a shift to the left of about 10
degrees occurs for an increase in
regulated output voltage from 350
to 365 volts. The firing point ap-
proaches full conduction, with plate
at cathode potential, near full load.

Phase shifting is employed on the
primaries of T, and T, in Fig. 2 to
obtain exact 120-degree displace-
ment between the a-c drive voltages
supplied to the converters. Trans-
former differences with converter
and filament load caused as much as
5-degree phase shift. The trans-
formers were selected so that re-
sistance and capacitance could be
used on two of them.

Series resistor-capacitor combi-
nations in the output-input circuits
were somewhat arbitrarily selected
to stabilize the amplifier feedback
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FIG. 3—Firing control curves for typical
thyratron in preregulator

December, 1951 — ELECTRONICS



e e e 0 P ol i

Typical preregulator chassis, showing the three Brown con-

verters in right foreground, three groups of three 6SL7 ampli-

tier tubes behind, and the three type 105 thyratrons. Bank of

electrolytics at left provide 1.120 uf and 4,480 uf across

350-volt output. Hum level (rms) ranges from 220 mv for 4125
v and —125 v units to 440 mv for 4-350 units

locp. One combination is of rela-
tively high capacitance and low re-
sistance, and the other of relatively
high resistance and low capaci-
tance. The former was used to sup-
press a tendency toward a low-fre-
quency oscillation and the latter for
a high-frequency oscillation.

The local 4 300 volt vegulated
power supply shown on Fig. 2 is
used to supply plate power to all of
the amplifiers of all of the preregu-
lators.

+300 Volt Superregulator

The superregulator circuit in
Fig. 4 consists primarily of a sta-
bilized d-c amplifier of the current-
summing type wherein one of the
voltages fed to the summing re-
sistors is obtained from a standard
reference voltagze of — 300 volts
and the other is obtained from the
point of distribution of the -+ 300
volt output of the superregulator.
The voltage supplied to the -+ 300
superregulator is -+ 350 volts in
order to allow 50 volts for further
regulation. This 50-volt drop is
maintained across the 20 6AS7-G
tubes used for regulating, hence
their plates are operating at + 850
volts. The -+ 300 volt output volt-
age appears across the cathodes of
these tubes. Thus, any deviation in
output voltage from the value of
+ 300 volts at the distribution
point, in operating to change the
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potential of the first grid at the d-c
amplifier input, changes the grid
voltages of the 6AS7-G tubes to in-
crease or decrease the plate voltage
drop across these tubes in the direc-
tion to correct for the deviation.

It will be noted that enough
6AST-G tubes to carry the total
rated output current are not pro-
vided. With a plate voltage of 50
volts, one 6AST7-G will carry ap-
proximately 0.5 ampere but for pos-
sible variations of total current in
the solution of problems, it was de-
cided to limit the current generally
to 0.25 ampere per tube. Also, it
was decided to try regulating with
25 percent of the total current for
each superregulator. This fixed the
number of tubes at 20 for the + 300
(and — 300) volt supplies.

For d-c¢ continuity and complete
stability, a local minimum load is
kept on the output of the super-
regulator at the chassis if no other
load is drawn. When the load is
greater than that permissible
through the 6AS7-G regulator
tubes, resistance shunts are pro-
vided to bypass the excess. Each of
the eight shunts consists of 25 ohms
to provide a shunt of 2 amperes.

The switch that inserts one of
these removes the local load so that
a reduction in 6AS7-G current of 4
amperes is obtained. Thus for a
tested rated current of 20 amperes,
all shunts were used; no local load

Typical superregulator chassis, showing 20 parclieled 6AS7

tubes. Servo system is at left. Hum level (rms) is 0.25 mv for

—>500, —300 and +-300 units, 0.3 mv for =75 and 0.6 mv for

—75 units. Maximum offset voltage in percent ranges from

0.00027 to 0.05 for different combinations of units. between
each nominal voltage and its reference

was connected and the 6AS7-G
mean current was 4 amperes. No
greater load than about 15 amperes
has been demanded in the computer
up to the present, however.

To observe the individual be-
havior of each of the 6AS7-G tubes,
a small resistor is inserted in series
with each tube and switching of a
voltmeter is arranved so that the
voltage across each resistor may
be read individually.

D-C Amplitiers

All of the d-c amplifiers require
three B supply voltages, -+ 75,
+ 300 and — 500 volts. With the
3-gang switch shown at the lower
left of Fig. 4, these voltages may
be obtained from the superregula-
tors themselves, from an auxiliary
supply or from the -+ 300 and
— 500 volt preregulators and the
+ 75 rectifier. Normal operation
may be obtained usine the first two
sources, but use of the last is lim-
ited only for test. The use of the
auxiliary supply allows independent
operation of either the + 300 or the
+ 75 volt supply since each uses
the — 300 volt standard for refer-
ence. The other supplies require
the first two for reference and may
then be turned on together or sep-
arately.

The auxiliary supply serves no
other purpose and will not be de-
scribed further other than to men-
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tion that it is a regulated supply
referenced to a glow tube with a
hum level of the order of 100 milli-
volts for the — 500 volt supply and
proportionately less for the other
supplies.

Zero d-c¢ amplifier difference cur-
rent between that caused by the
standard voltage across the re-
sistance string associated with it
and that caused by the regulating
superregulator voltage across the
resistance chain associated with it
is obtained only if the resistances
have the same resistance per volt.
These resistors are therefore as ac-
curate and free from temperature
drift as could be secured. In the
case of the +75 and — 175 volt
superregulators, small padding re-
sistors were inserted for additional
adjustment.

To prevent ground currents from
affecting the regulating voltage fed
to the amplifier, the ground connec-
tions of the later higher-current
less-sensitive stages are not re-
turned through the ground regulat-
ing lead (shield). The shield box
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from zero to 20 amperes

containing the summing resistors
and that containing the input tube
are connected to the ground shield,
as is the low side of the 1-uf filter
capacitor used across the first re-
gistor of the resistance for each
standard voltage to filter any pos-
sible hum or extraneous voltage
from it.

Servo System

The servo amplifier stabilizer
serves the same purpose as the a-c
amplifier in the Goldberg stabiliz-
ing amplifier, and permits con-
venient manual zero output setting
if desired. The correcting voltage
is introduced in the grid circuit of
the second d-c amplifier tube by
motor drive (automatic) of the po-
tentiometer arm or by manual op-
eration if the motor is not supplied
with a-c on its field coils. The sen-
sitivity is such that approximately
50 microvolts will initiate move-
ment.

In the case of the servo units for
the +75 and —75 volt superregula-
tors, however, the sensitivity has

been increased by increasing the
gain of the amplifier to the point
where about 7 mierovolts input will
initiate control. The voltage across
the rotor of the motor may be either
polarity depending on the d-c offset
at the input of the d-c amplifier.
This causes the motor to move in
the right direction to correct for
the offset. In addition, the motor
drives a generator, the output volt-
age of which is in phase with the
driving voltage on the motor. A
portion of this voltage is introduced
in the second stage of the servo
amplifier to prevent too-violent
motor movement and hunting.

As a part of the regulating net-
work, large values of capacitors are
connected across the outputs of the
superregulators. The initial start-
ing currents of these capacitors
would open the circuit breakers if
starting protection were not pro-
vided. This protection is provided
by seven relays that operate in
quick succession to short out cur-
rent-limiting resistors, leaving no
resistance in series at the final step.
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Complete power supply system for the 4,000-tube computer is a research engineer’s dream, filling an entire room and providing plate
voltages that stay constant within 0.001 percent. The ten racks are. from left to right: servo power; filament filter; odd-frequency
power; relay power: filament power: prerequlators and rectifiers: superregulators: auxiliary and plotting-board power; calibrator and
scope; incoming three-phase power panel

For the 4300 volt and +75 volt
superregulators, a —300 volt stand-
ard supply was built. In essence
this is a well regulated supply de-
veloped by F. F. Shoup, the output
voltage of which is referenced ulti-
mately to an unsaturated standard
cell. For continuous reference a
Mallory mercury cell is used.

For the —300 and —500 volt sup-
plies, the output of the +300 volt
superregulator is used for ref-
erence. For the —75 volt supply,
the reference is the +75 volt unit.

Calibrator Unit

Developed by F. F. Shoup, the
calibrator unit allows the hum of all
important voltage outputs to be
measured directly on a commercial
cathode-ray oscilloscope. Of even
greater importance, it permits a
comparison of any voltage output
from the superregulators, auxiliary
voltage supply or plotting voltage
supply with an appropriate ref-
erence. The maximum sensitivity
of the voltage comparison is 125
microvolts per inch and of the hum
12.5 millivolts per inch.

General Characteristics

Because of the lower voltages and
lower loads required, preregulators
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were not used for the +75 and —75
volt supplies. A conventional single-
phase full-wave rectifier using type
6B gas-filled rectifiers was used.

Since the highest negative volt-
age of each negative-voltage supply
is connected to the cathodes of the
6AST regulating tubes, it was neces-
sary to supply bias to these tubes
by means of a floating bias supply.
This was generated by an r-f oscil-
lator whose rectified isolated-from-
ground output was controlled by the
input of the d-c amplifier. Essen-
tially, all d-c amplifiers are other-
wise the same.

The ratio of the voltage change
obtained across the load terminals
to the a-c load applied is called the
dynamie impedance. For fre-
quencies throughout the audio
range the dynamic impedance for
all plate-bias supplies may conserv-
atively be stated to be less than
0.1 milliohm for peak currents not
exceeding the mean value of cur-
rent carried by the regulator tubes.
At zero frequency or for changes in
d-c load the dynamic impedance is
less than 5 micro-ohms for changes
again within the currents carried
by the regulator tubes.

The important offset as regards
computer operation is that between

the —75 and +75 voltage supplies.
For these supplies small trimming
resistors were placed in series with
the d-c amplifier summing resistors
for further adjustment. This could
have been done also for the other
supplies but was not considered
necessary.

Changes in offset are principally
due to temperature changes. This
is particularly true for the sub-
standard mercury cell and the
standard cell. Actually the offset
attributed to the mercury cell is
believed due to the standard cell;
however, this latter cell is taken as
the absolute reference. In its final
placement the whole supply will be
in an air-conditioned room so that
the temperature factor will be
minimized.

The hum output has short spikes
of relatively high amplitude and
very short duration which, while
not apparently interfering with
computer operation, are still unde-
sirable.

Very few power supply tube fail-
ures have been experienced. These
have averaged less than one per
month of operation. However, it
has been the practice to change
thyratron and other heavy current
tubes every 1,000 hours.
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SIMPLIFIED
Antenna Pattern Plotting

e T —

Graphical method requires only one set of curves to plot horizontal patterns for two-tower

arrays having any spacing and phasing. Method may be extended to apply to svs.ems of

three or more towers. Procedure may be reversed to determine appropriate spacing "nd

phasing to locate maximums and minimums at predetermired angles

By J. K. MacDONALD

Plant Department
Canadian Broadcasting Corporation
Montreal. Canada

CONSIDERABLE progress has re-
cently been made toward
simplifying the plotting of antenna-
array patterns'. However, it is
possible to make further simplifica-
tion of the process.

The field strength from an array
of n towers at any point is the sum
of n vectors of various magnitudes
and phasings. The relative magni-
tudes of the vectors are known from
the current ratios in the towers, If
the phase angles of the vectors with
respect to one reference vector are
known, it is a simple matter to add
the vectors graphically. The object
is to describe a simple graphical
method of finding the phase angles
between field vectors for any spac-

FIG. 1—Basic arrangement for a typical
two-lower array
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ing and phasing of towers.

The method has several ad-
vantages over previous methods.
A single set of curves is used to
plot horizontal patterns for two-
tower arrays of any spacing and
phasing. These curves may be used
in reverse to find the tower spacing
and phasing to produce a maximum
and minimum in the horizontal pat-
tern at any desired angles, and also
to find very quickly the general
pattern shape. The method may be
extended to permit plotting three-
tower patterns, and arrays of more
than three towers may be dealt
with. A second set of curves may
be used to plot vertical patterns.

Two-Tower Horizontal Patterns

Consider first the case of the
horizontal pattern for two towers.
Referring to Fig. 1 and taking A
as the reference tower, let S be the
spacing between towers in degrees,
and P the phase angle of current
in tower B with respect to that in
tower A.

If the point at which the field
strength is to be measured is far
enough away so that the lines join-
ing A and B to it may be considered
as parallel, then from Fig. 1 it is
seen that

aH=P—Scoseg

where » H = phase angle of field
vector from B with respect to that
from A in the horizontal plane. Di-
viding through by P

« H/P =1 —(8/P) cos ¢

Hence for each value of o, « H/P
may be plotted against S/P, and the
result will be a straight line.

These values of « H/P are shown
plotted for 10-deg intervals of ¢
from 0 to 180-deg in Fig. 2 and 3.
Figure 2 includes values of S/P
from 0 to 5 and Fig. 3 for S/ P from
0 to 1. If higher ratios of S/P are
required, it is a simple matter to
extend the graphs.

To apply this method to finding a
horizontal pattern where S and P
are given, the following steps are
employed :

(1) Find the ratio S/P. (2)
For this value of S/P find values of
« H/P for 10-deg intervals of ¢
from 0 to 180-deg, using the graph
of Fig. 2 or 3. (3) Multiply this
angle by P, thus obtaining o« H the
phase angle of the field vector from
tower B with respect to that from
tower A. It is then just a matter
of adding graphically two vectors
which are known in magnitude and
phase.

A simple method of adding these
vectors is shown in Fig. 4. Lay off
the reference vector from tower A
(E,) to the center of a sheet of
polar coordinate graph paper. On
the same sheet draw a circle whose
radius is equal to the length of the
reference vector multiplied by the
field ratio. The resultants (F,) for
various values of ¢ will be as shown.
These values of F, plotted against
the corresponding values of ¢ give
the pattern shape to some arbitrary
scale. The rms value can be found
and the conversion to millivolts per
meter is made in the usual manner.
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FI1G. 2—Curves for determining angle between field vectors in
horizontal plane for S/P ratios between 1 and 5

For simplicity it is always well to
work with P as a positive angle.
In other words, the lagging tower
should always be taken as reference.

If the lead tower were taken as
reference, the 180-deg curve (Fig.
2 or 3) should be used for 0 deg,
170 deg for 10 deg and so on. This
only means that the pattern with
respect to the leading tower is
shifted 180 deg from the pattern
with respect to the lagging tower.

By using the above method any
two-tower pattern may be plotted
in a few minutes. The accuracy
obtainable is as good as if the pat-
tern were calculated with a slide
rule.

Three-Tower Patterns

Horizontal patterns with three
towers in line may be obtained by
using the graphs of Fig. 2 and 3
twice to find o H for two towers
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with respect to the third, having
found S/P in each case, and adding
the three vectors obtained.

Again the tower which lags the
other two should be used as refer-
ence. If the reference tower should
be the center tower, remember that
when o 0 deg for the first two

FIG. 4—8imple method for adding two
vectors graphically

FIG. 3—Expanded portion of curves shown in Fig. 2 for values
of S/P between zero and unity

towers, it equals 180 deg for the
other two. Thus in combining vee-
tors, add the field vectors for 0 and
180 deg to the reference vector,
and the 10 and 170-deg vectors,
and so on.

To plot the horizontal pattern for
three towers of arbitrary position,
the following steps apply: Refer-
ring to Fig. 5, let 8, = spacing be-
tween reference tower 4 and tower
B in degrees and let the line join-
ing B to A represent the reference
line (¢ = 0 deg). Let S, be the
spacing between A4 and C in de-
grees, and let 8 represent the angle
between the reference line and the
line joining A to C.

Then the angle between the field
vector from B with respect to that
from A, o H, = P, — S, cos ¢ as
indicated previously.

The angle between the field vector
from C with respect to that from A,
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« H, = P, — S, cos (o + B).

Then for any angle o, « H./P, is
found from the graphs (Fig.2 or 3)
in the usual manner, and « H./P.

FIG. 5—Typical arrangement of three-
tower system

FIG. 6—Simplified drawing showing
method for calculating vertical pattern
for any azimuth angle

is found from the graphs by adding
B to o in each case and finding
+ H/P for the sum. The three
vectors are then added.

In the configuration of towers
shown in Fig. 5 it is noted that C
lies to the right of AB. Hence
when o is measured in a clockwise
direction the angle between AC and
the line joining C to the point at
which field strength is measured
will be (¢ + 8). If ¢ is measured
counterclockwise the angle will be
¢ — B or 8 —g depending on whether
o or B is larger.

Since the pattern is not sym-
metrical in this case « H must be
found for each field vector for
values of ¢ from 0 to 360 deg. If
C lies to the right of AB as shown
in Fig. 5, then, if the angles are
measured clockwise, = H./P. must
be found for ¢ + 8. If C lies to
the left of AB, « H./P. is found
for ¢ + B for angles measured
counterclockwise.

The graphs only give « H/P for
values of ¢ from 0 to 180 deg but
they may be used for patterns be-
tween 180 and 360 deg since cos
(180 + @) = cos (180 — o), that
is, the » = 170-deg curve may be
used for 190 deg, the 160-deg
curve for 200 deg, and so on.

Summarizing, to find three-tower
patterns with towers in arbitrary
positions, the following steps must
be followed:

(1) Find ratios S,/P, and S./P..

(2) Find the angle 8 between AB
and AC (as in Fig. 5).

(3) For values of ¢ from 0 to 360
deg find « H., from the curves of
Fig. 2 or 3, in the manner described
in the two-tower case.

(4) To ¢ add 8 and find 2 H. for
the sum of these from the graphs.
Ezample: Let the angle 8 in Fig. 5
be 10 deg.

Angle used for
finding e Hs/ I

Angle used for
@ ﬁnding [23 [{1,’1’1

0 deg 0 deg 10 deg
10 deg 10 deg 20 deg
20 deg 20 deg 30 deg

Notice whether C lies to the right
or to the left of AB and hence
whether to proceed clockwise or
counterclockwise.

(5) Add the three vectors at the
angles found from 3 and 4 above,
using the proper field ratios as de-
termined from tower current ratios.
The resultants when plotted against
the corresponding values of ¢ will
give the pattern shape to some arbi-
trary scale.

Other Applications

The above procedure can be used
for more than three towers, pro-
vided the spacing of each tower
from the reference tower is known,
and the angle between the lines
joining that tower to the reference
tower and the reference line.

Consider the case where it is re-
quired to have a pattern with a
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FIG. 7—Curves for determining angle between field vectors for

various zenith angles
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FIG. 8—Expanded portion of Fig. 7 for values of 2H/P between

zero and unity
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null point in some particular direc-
tion,

The following examples will
illustrate how the curves may be
used to find the necessary tower
parameters.

Fxample 1: Two towers with a
null in the pattern at 140 deg and
a current phasing of 90 deg. Find
the spacing.

Solution: At the null point the
field vectors must be equal and 180
deg out of phase, that is, « H =
180 deg. Then « H' P = 2. For
¢ — 140 deg and » H/'P = 2, we
find S/P = 1.3 (from graphs Fig.
2). Hence S = 1.3 x 90 = 117 deg.
If three towers were being used
with equal currents then at a null
point « H, = 120 deg, o« H, = 240
deg.

The curves may again be used,
having assumed current phasings
for the two towers.

Example 2: Two towers, with a
spacing of 120 deg, to give a null
at ¢ = 120 deg.

Solution: On the & — 120-deg
line of Fig. 2 or 3 we can find a
value of S/P and hence find P, such
that when 2 H/P is multiplied by
P, » H will equal 180 deg. This
requires successive approximations
but still does not consume much
time. In this example the value is
found to be S/P = 1, and P = 120
deg. Then « H/P = 1.5, and « H
= 180 deg.

Plotting Vertical Patterns

Consider the field from two tow-
ers at some angle 0 from the verti-
cal. Let « V = angle between field
vectors at this zenith angle. Then
referring to Fig. 6, « V. = P — S
cos p sin 0 where all terms have the
same significance as previously.
Then « V/P =1 — (S8/P) cos o
sin#, «a V/P — 1= — (S/P) cos ¢
sin 4, and in horizontal pline =
H/P —1 = — (S/P) cos 3. Hence
2 V/P —1 = (x H/P — 1) sin 0
or 2 V/P=(«H/P — 1) sinb + 1.

Hence a series of straight lines
may be plotted (2 V/P vs o H/P)
for values of 8 from 0 to 90 deg.
This has been done for 10-deg in-
tervals of 6 in Fig. 7 and 8.

These curves can be used to plot
a vertical pattern having first ob-
tained the horizontal pattern. (1)
Obtain the value of 2 H/P for the
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particular value of ¢ which is of
interest. (2) Find values of « V/P
for values of § from 0 to 90 deg
from Fig. 7Tor 8 (3) Add the two
vectors graphically for each value
of 6. (4) From available graphs® of
percent field strength (f6) versus
antenna height, find percent f6 for
each value of 6 and multiply the
resultants found in 3 above by this
value, These quantities are the
pattern values to some arbitrary
scale,

Since the horizontal value of field
strength (0 = 90 deg) is known,
it is then a simple matter to eval-
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FIG. 9—Curve for determining S/P to
give a maximum at any desired hori-
zontal angle

75°

180°

FIG. 10—Resulting shape of pattern of

array designed specifically for a maxi-

mum 75 deg from line of towers and
a minimum at 120 deg

uate and plot the vertical pattern in
millivolts per meter.

Finding Spacing and Phasing

From an examination of the
graphs of Fig, 2 and 3, the follow-
ing is noted. The lines for ¢ = 0,
g = 10 deg, and so on, intersect
the « H/P = 0 line at definite
values of S/P.

Now when 2 H/P = 0, the pat-
tern has a maximum value at that

point. Thus if the values of S/P
at which the lines intersect « H/P
= 0 are plotted against the corre-
sponding values of ¢, we have a
curve which tells us the required
values of S/ P to give a maximum in
the pattern at any horizontal angle.
This curve has been plotted in
Fig. 9.

Using this curve and Fig. 2, it
is a simple matter to obtain the
tower spacing and phasing to give
a maximum and a minimum in the
pattern in any required direction.

Example 1: We require a maxi-
mum in the pattern at 50 deg from
the line of the towers and a mini-
mum at 130 deg.

Solution: From Fig. 9 we find
that for a maximum at 50 deg, S/P
= 1.55. Now referring to Fig. 2
at S/P = 1.55 and on the = 130-
deg line, we find 2H/P = 2. Now
for a minimum 2 H = 180 deg.
Hence P = 180/2 = 90 deg and
S/P = 155 from above. Hence S
= 90 x 1.55 = 139 deg.

Example 2: To investigate the
pattern and find its approximate
shape, having set up certain re-
quirements, the following procedure
may be used. Assume the follow-
ing requirements: Maximum re-
quired at 75 deg and a minimum at
120 deg.

From Fig. 9, S/P = 4 and from
Fig. 2, at S/P = 4 and on the ¢ =
120-deg line, « H/P = 3. Again
+» H = 180 deg for minimum.
Hence P = 60 deg. Then § = 60 x
4 = 240 deg. Now if « H = —
180 deg there will be another mini-
mum—that is, at « H/P = — 3,
this occurs at ¢ = 0 deg. (Fig. 2).
There will be another maximum at
o H = 360 deg (o« H/P = 6). In
this case there is no other maxi-
mum, because the point S/P = 4,
« H/P = 6 lies outside the graph.
At g = 180 deg, « H/P = 5 (o« H
= 300 deg.). Thus pattern value
= 1.5 times reference vector = % of
maximum. Thus a general idea of
the pattern shape may be found
very quickly. It will look like Fig.
10.

REFERENCES

(1) George R. Mather, Pattern Calcu-
lator for A-M, ELECTRONICS, p 100, Apr.
1951.

(2) Engineering Handbook of the Na-
tional Association of Broadcasters, Fourth
Edition, p 2-1-14.

17



Wide-Band Converter

Bottom view of converter chassis shows mounting of critical components

Converter and signal generator setup for alignment of an i-f amplifier

HE FREQUENCY SPECTRUM from
100 kc to 55 mc is particularly
important since it contains the in-
termediate frequencies of receivers
of almost all types, an extremely
active mobile radio band and many
other communication  services.
Many of the associated receivers
handle frequency modulation. Up
to the present time, however, a sig-
nal generator providing frequency-
modulated signals over the entire
range has not been available.
A signal generator® is available
which provides both frequency-
modulated and amplitude-modulated
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signals in the range from 54 to 216
mec. If a means were available of
converting the output frequency of
this generator to cover the range
0.1 to 55 mc without changing the
signal level or modulation character-
isties, the two units would provide
complete f-m and a-m generator
coverage from 0.1 to 216 me.

This paper describes the design
of such a wide-band, unity-gain
converter. All the usual receiver
alignments and tests such as stage
gain, band width, minimum quiet-
ing signal and distortion can be per-
formed with these two units.

By DONALD M. HILL

Vice-President—Development
Boonton Radio Corporation
Doonton, New Jersey

As shown in Fig. 1, the converter
consists of a local oscillator operat-
ing at 150 me and tunable over a
small range, a mixer in which the
local-oscillator output beats with
the 150.1 to 205-me input signal
from the signal generator to pro-
duce a difference frequency in the
range 0.1 to 55 me, a two-stage
wide-band amplifier with a pass-
band flat from 100 ke to 55 me, an
output system and a regulated
power supply.

Local Oscillator

It is necessary for the local oscil-
lator to have excellent stability. It
is convenient to be able to tune it
to zero beat when the signal gener-
ator dial is set at 150 me, so that
the difference frequency can be
easily read from the signal gener-
ator dial. It is also desirable to
provide an incremental frequency
control calibrated in small fre-
quency intervals over a frequency
range suitable for selectivity meas-
urements and for better accuracy
in the 100-ke to 600-kec frequency
range.

The oscillator circuit shown in
Fig. 2 proved to be quite satisfac-
tory. Relatively large values of
capacitance are used to reduce the
effects of stray capacitance and of
tube replacement. A small grid
coupling capacitor is used to de-
couple the tube from the tuned cir-
cuit. Temperature-compensating ca-
pacitors reduce drift to a negligible
amount.

As shown in the view of the chas-
sis, the oscillator circuitry is lo-
cated in the small compartment in
the casting. The commercial butter-
fly capacitor in the compartment
provides a frequency adjustment of
about +=2 me.

The incremental frequency capae-
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for Signal Generator

Frequency-modulated and amplitude-modulated signals are provided over the whole range
of frequencies from 100 kilocycles to 216 megacycles by a vhf signal generator operated in

conjunction with a wide-band converter

itor in the oscillator compartment
provides a frequency range of =300
ke, the dial being calibrated in 5-ke
frequency intervals. To provide
this small tuning range of only
+0.2 percent with a capacitor of
manufacturable size, the capacitor
is decoupled by connecting it across
only half the oscillator circuit and
is additionally decoupled by con-
necting a capacitor in series and
two capacitors in parallel with it.
One of the parallel capacitors is var-
iable and is used as an aid in cali-
brating the incremental frequency
capacitor.

The ceramic oscillator coil form
and mixer coupling coil form are
at the left side of the oscillator com-
partment. The oscillator inductor is
tuned by means of a metal screw.
Initially a powdered iron screw was
used for tuning but it was found
that the magnetic field of the power
transformer varied the permeabil-
ity sufficiently to frequency-modu-
late the oscillator. The frequency
deviation was only about 150 cycles
at 150 me but changing to a silver-
plated brass screw reduced the hum
modulation to about 10 cycles devia-
tion.

Table 1 shows that the circuit is
satisfactorily independent of oscil-
lator tube characteristics. The maxi-
mum frequency variation for the
ten tubes tried is =400 ke or #+0.27
percent, while the change in overall
gain is about -+£2.5 percent.

Mixer

The 6AB4 high-frequency, high-
transconductance triode was chosen
for the mixer because of its low
noise properties and high conver-
sion gain. Low impedances are used
in the grid and cathode circuits to
minimize Johnson noise.

The input circuit to the mixer
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should present a constant 53-ohm
load to prevent resonances in the
cable which couples the converter to
the signal generator. The mixer
operates with a plate current of
about 6 ma which corresponds to a
transconductance of about 4,000
micromhos, The internal impedance
is thus 250 ohms. If a 68-ohm cath-
ode resistor is used, the input im-
pedance will be 53 ohms and will
properly terminate the RG-58/U in-
put cable.

The degeneration at the differ-
ence frequency due to impedance in
the cathode circuit is quite low
since the 53-ohm output impedance
of the sigral generator shunts the
68-ohm cathode resistor. Because
no blocking capacitor is used in the
input circuit, several milliamperes
of cathode current flow through the
attenuator, but no harm is done.

If a blocking capacitor were used,
it would have to be of the order of
0.25 uf to prevent change of cathode
degeneration at the low difference
frequencies; its omission helps in
making the wiring neat. Bias for
the mixer tube is developed largely
in the grid circuit so that variation
in the magnitude of the d-c¢ resist-

ance in the signal generator circuit
from zero to infinity has no notice-
able effect on the operation of the
mixer.

The coupling between the mixer
and oscillator (L, and L, in Fig. 2)
can cause trouble at the two ends
of the frequency range.

If the coupling is too tight, the
mixer gain will vary over the lower
difference frequencies between 100
ke and several mc; furthermore,
the mixer gain will be different with
the input signal tuned equal dis-
tances above or below the local os-
cillator frequency. Apparently some
input signal reaches the oscillator
circuit and is fed back to the mixer
in such phase as to aid or oppose
the incoming signal.

At the higher input frequencies,
series resonance of the mixer cou-
pling loop with the mixer grid-to-
cathode capacitance causes an in-
crease in mixer gain. If this reso-
nance should fall in the range cov-
ered by the input frequency there
would be a gain peak at the cor-
responding output frequency which
it would be impossible to remove.
This effect can be minimized by
keeping the resonant frequency of

SIGNAL
GENERATOR HIGH OUTPUT
INPUT —
0. TO 0. 7O

— A OUTPUT
150.1 TO MIXER 55 MC MPLIFIER  =57c LXi ourpuT
205 MC .

3
LocAL REGULATED
OSCILLATOR POWER
150+0.3MC SUPPLY

FIG. 1—Arrangement of stages in the converter
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the mixer grid circuit very high
and by damping the coupling ecir-
cuit with a series or a shunt re-
sistor. A small amount of resonance
in this circuit aids in holding up the
gain at the high-frequency end of
the passband.

The measured mixer gain of
about 1.6 agrees well with the maxi-
mum theoretical gain for the cir-
cuit. The grid circuit resonance
aids in achieving the excellent con-
version gain figure.

Wide-Band Amplifier

It was expected initially that a
distributed amplifier would be re-
quired to cover the frequency range
from 0.1 to 55 mc. However, com-
putation showed that a cascaded
amplifier using Wheeler's four-
terminal low-pass dead-end filter
coupling networks® is more economi-
cal. The bandwidth is too small to
make distributed amplification nec-
essary or desirable.

Experiments using a smaller fre-
quency range showed that to achieve
the desired flatness of amplification
of about +0.5 db, the design cutoff
frequency would have to be at least
66 mc.

The basic coupling network with
the filter divided into half sections
is shown in Fig. 3A. Using the cus-
tomary value, m = 0.6, this can be

combined and rearranged as shown
in Fig. 3B. The impedance R and
the inductance L are determined by
the cutoff frequency and the input
capacitance of the following tube.
The design equations are:

R =2xf.,L/2 = 1/[27:/‘.,((}'/2)]

The values finally used differ
slightly from those indicated in Fig.
3B because of the effects of unavoid-
able stray reactances. Final values
were determined experimentally by
using a sweeping oscillator and os-
cilloscope, flat response being the
criterion.

Adding a plate voltage feed, grid
leak, grid-blocking capacitor, screen
bleeder and decoupling filters pro-
duces the final network shown in
Fig. 2.

Gain control is achieved by vary-
ing the cathode resistors in the two
amplifier stages. Control of one
stage did not give sufficient range
to accommodate maximum tube vari-
ations. One gain control is made
available from the front panel while
the second is mounted on the ampli-
fier chassis.

The gain of the first amplifier
stage is about 1.8 and is variable
over a range of about =25 percent
while the range of the second is 1.3
+20 percent.

The unbypassed 33-ohm resistor
in each amplifier cathode circuit re-

duces the available gain but mini-
mizes the variation of input capaci-
tance with gain control setting. If
these resistors were not used, there
would be a considerable variation of
gain with frequency at extreme set-
tings of the gain controls. With the
resistors in place, this variation is
reduced to about =*2 percent for
+25 percent gain control adjust-
ments.

Output System

It is desirable to have two out-
puts. One should provide unity
gain across a 53-ohm impedance.
This is useful when working into
the antenna input of a receiver. The
second output should provide some
gain so that single-stage measure-
ments can be made with the aid of
an r-f voltmeter. This output can
have a higher impedance but should
be capable of providing an easily
measurable voltage across the input
capacitance of a tube.

The two outputs are obtained
from a single tube with load imped-
ances in both plate and cathode cir-
cuits. A triode tube could not be
used because of the interaction of
grid and plate circuit impedances
through the grid-plate capacitance
of the tube. Presumably any high-
transconductance pentode could be
used ; however, only the type 6AH6
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FIG. 2—Complete schematic diagram of converter. Both high and low output are obtained from a single 6AH6 tube
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Table I—Effect of Changing Oscillator Tubes

Tube
Transconductance I,
micromhos ma
2,610 10.3
3,820 13.7
2,700 1.3
2,800 1.0
3,140 10.8
2,320 1.8
2,570 10.5
2,520 109
2,390 0.1
2,800 9.9

Osallator Mixer

Grid Bias Grid Bias
volls Volts
- 9.7 1.81
—11.8 1.77
—10.4 2.18
—10.7 2.014
—11.1 2.12
+ 9.8 217
— 9.1 1.92
-10.3 2.02
— 9.2 1.90
- 9.3 1.78

Frequency
Shift Relative
From 150 mc¢ Converter
ke Output
+100 1.003
+500 0.988
—271 1.018
—227 1.003
+100 1.018
—186 1.01
+ 28 1.003
+310 1 010
—111 0.996
—217 0.971

was found to give sufficient isola-
tion between grid and plate circuits.
(Type 6AN5 and paralleled 6AK5’s
were tried.)

The transconductance of the type
6AH6 pentode is about 9,000
micromhos so that the impedance
at the cathode is about 110 ohms.
When a 100-ohm cathode resistor is
used, the impedance looking into
the output jack will be about 53
ohms. There is some coupling be-
tween the cathode and grid through
the tube capacitance; however, the
maximum standing-wave ratio in
the frequency range from 0.1 to 55
me is about 1.3.

When a cable terminated in 53
ohms is connected to the X1 OUTPUT
jack, the cathode load impedance is
34.6 ohms and the cathode-follower
gain is about 0.27. The gain con-
trols are set so that the overall gain
under this condition is unity so that
the attenuator dial on the signal
generator will read the voltage
across the cable termination. With
the terminated cable removed, the
open-circuit voltage at the X1 oUTPUT
jack is twice the attenuator dial
reading.

The plate load impedance is 330
ohms. With a cable terminated in
53 ohms attached to the XI OUTPUT
jack the grid-to-plate gain is 2.1,
thus giving an overall gain of about
7.6 at the HIGH OUTPUT jack. Dis-
connecting the cable from the
X1 OUTPUT jack increases the cathode
degeneration and reduces the gain
in the plate circuit.

A low-pass filter network de-
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signed to operate into a 10-uuf load
is used in the plate output circuit.
The gain will be constant over the
frequency range when the proper
capacitance load, 10 wuuf, is con-
nected to the HIGH OUTPUT jack. A
few inches of 300-ohm twin-lead
cable and the input capacitance of
a tube &pproximate the correct
termination. Too much capacitance
causes the gain to decrease at
higher frequencies while too little
has the opposite effect. The HIGH
OUTPUT jack can be open-circuited
or short-circuited with negligible
effect on the XI OUTPUT.

Power Supply

To stabilize the gain against line
voltage variation, it is necessary to
regulate both filament and plate
voltages. This is very conveniently
accomplished by a built-in com-
mercial type 115-v automatic volt-
age-stabilizing transformer.

No power transformer is used.
Plate voltage is derived from a volt-
age-doubling selenium rectifier cir-
cuit. A small stepdown transformer
provides the filament voltage.

The 150-ohm resistor shown fol-
lowing the saturated transformer in
Fig. 2 protects the selenium recti-
fiers from peak current overloads.
This resistor has an effect on the
output veltage and impedance as
shown in the following table.

Ontput Source

Resistance at 50 ma I'mpedance
in ohms volts ohms
75 215 1,150
150 180 1,480
300 142 1,950

The fairly high source impedance
is unimportant in this application
since the current drain is practically
constant.

This power supply has proven
very satisfactory since the local os-

TO PLATE TO NEXT
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6AHE--C < IZUpF, L= 1.93 H, R = 400

FIG. 3—Basic amplifier coupling net-

work (A) and network with elements

combined and rearranged (B). Values
given are for 66-mc cutoff

cillator frequency varies only a few
kilocycles out of 150 megacycles and
the overall gain varies only a few
percent when the line voltage is
varied from 90 to 130 volts.

The author wishes to acknowl-
edge the assistance of Ernest Porter
and Werner Hopf who participated
in the development of this instru-
ment.
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Current supply for magnet. Paralleled variable-conductance tubes and d-c amplifier
controlling them are in cabinet over motor-generator set furnishing direct current

OR NUCLEAR STUDIES in the bind-
Fing energy range of the nu-
cleus, the Van de Graaff constant-
potential accelerator is peculiarly
suited because of the homogeneity
of its positive-ion beam and its free-
dom from other types of radiation,
resulting in an extremely low back-
ground.

The high precision of this type of
accelerator justifies and requires a
particularly high stability in the
magnetic-beam analyzer associated
with it. The emergent beam, gen-
erally protons or deuterons (ionized
hydrogen or deuterium atoms), will
consist of monatomie, diatomic and
triatomic singly charged ions. Since
the deflection of monoenergetic par-
ticles in a magnetic field varies in-
versely as the square root of the
mass ratios, a convenient means of
separation is afforded.

Circuit Analysis

The beam-analyzing magnet is at
the lower end of a 5-million-volt ac-
celerator tube extension. One com-
ponent of the analyzed beam is
passed through a slit system, and is
used for supplying error signals to
the 5-million-volt generator stabi-
lization circuits. In such an appli-
cation the magnetic field becomes
the primary voltage reference, and
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FIG. 1—Block diagram and equivalent
circuit of power supply for magnet

By JOHN C. NYGARD

Head, Electrical Design Dept.
Iigh Voltage Engineering Corp.
Cambridge, Mass.

a high order of magnetic flux stabil-
ity is essential.

Basically, the magnet current sup-
ply consists of a d-c voltage source,
a variable-conductance unit and a
standard current reference resist-
ance. The variable-conductance unit
consists of a d-c amplifier driving
seventy parallel triode-connected
6L6 tubes as in Fig. 1.

From the inecremental circuit, the
effective internal d-c resistance R,
of the current supply ecircuit is
found to be

Re=AE/AI=R,+Re(Ap+ 1) (1)
where designations are as defined

in Fig. 1, and the magnet time con-
stant T will be approximately

L

R+ R
L

R+ Bp+ Re(Ap+ 1)

The constants for the magnet are
L, = 120 henrys and R, = 36 ohms.
The d-c amplifier described has a
gain of 1,000 and R, = 3 ohms. Us-
ing 70 6L6 tubes for the regulating
element, the effective current-source
impedance is approximately 24,000
ohms and the magnet time constant
approximately 0.005 second.

With a maximum d-c voltage
source of 360 volts, one may expect

T =

(2)

150 T ] T T
|
14 WATTS
MAXIMUM
<
00—
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2
: I
% 50 t +
o |
w
=
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FIG. 2—Characteristic curves and typical load line for a triode-connected 6L6
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Current Regulator

High-stability supply using 70 paralled 6.6 tubes delivers 6 amperes d-c with stability

better than 0.05 percent to huge magnet at beam-analyzing end of 5.000,000-volt

Van de Graaff accelerator.

=+10 percent variations to result in
current changes of only =+0.0015
ampere or =0.025 percent at 6
amperes. A variation in magnet
resistance R, of 20 percent (equiv-
alent to considerable overheating)
will result in a current change of
one part in 3,330, or —0.03 percent.

Eifect of Shunt Resistors

To extend the maximum current
capacity of the variable-conductance
unit, shunt resistances may be re-
sorted to as shown for R, in Fig. 1.
The effective current supply imped-
ance is then

AB

R, =
! Al

= [Rp'i']fe (Ap+ 1)]

R,

[1 T R4 R, :I @)
When R, is made equal to R,, the
effective current supply impedance
will be halved. The use of shunt
resistance in this manner will in-
crease the maximum obtainable cur-

rent by the factor

_ Bt R) B+ R+ Ry)

Ry (R + Ry) + Re (B, + Ro + Rp)

The minimum controllable cur-
rent will be that limited by the sum
R, + R, + R..

Choice of Tubes

The variable-conductance unit
must have a minimum internal im-
pedance comparable to or less than
the load impedance, as well as high
current capacity. Since no single
available tube will meet these re-
quirements, parallel operation of
suitable tubes is utilized.

Preliminary efforts were made to
make use of the type 6AS7 tube in
this application. They proved to be
extremely troublesome due to grid
emissions which lead to variable
current division in parallel opera-

4
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tion and frequent tube destruetion.
Because of their low mu, one extra
stage of d-c amplification was neces-
sary and extremely wide grid volt-
age swing was required for com-
plete current control.
The type 6L6 tube,
triode-connected, s

operating
extremely

Conductance of paralleled tubes is varied by d-c amplifier

stable, overcoming the difficulties
above at the sacrifice of the low
6AST plate resistance. For a given
maximum current the d-c supply
voltage must be from 30 to 45 per-
cent higher, depending upon the
magnet resistance.

The maximum allowable plate

Beam-analyzing magnet is on floor just under lower end of 5,000,000-volt accelerator
tube extension of Van de Graaif accelerator. Magnet current supply is remotely
Izccled
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FIG. 3—Current control circuit used to control a 6-ampere direct current tlowing through

a huge electromagnet having a resistance of 36 ohms and an inductance of 125 henrys.

The conductance of the 70 paralleled 6L6 tubes at the right is varied by the pair of twin-
triodes serving as a d-¢ amplifier

voltage is 360 volts. With refer-
ence to Fig. 2 the operating region
is bounded by the line £, = 0 and
the 14-watt dissipation line shown.

The slope of any load line, on a
per-tube basis, is dependent upon
the load resistance; its i, = 0 inter-
cept should be chosen so that the
load line intersects the E, = 0 line
between the origin and point A.
Tube overload will then be impos-
sible. In order to obtain maximum
current for any given load resist-
ance, the d-c¢ supply voltage should
be such that the load line intersects
E. = 0 at point A.

The typical load line shown is for
a 36-ohm magnet and a d-¢ voltage
supply of 360 volts. As may be
seen, the maximum current will be
86 ma per tube or 6.02 amperes total
for 70 tubes.

Circuit Discussion

The circuit essentials are shown
in Fig. 3. Not shown are the regu-
lated power supplies for the d-c
amplifier or the d-c¢ voltage supply
for the magnet, as these are subject
to individual preference.

Three stages of d-c amplification
are used, terminating in a cathode
follower for coupling to the 6L6
grids. The overall d-c gain to the
cathode follower is approximately
60 db.

The error signal required for cor-
rection of current drifts or changes
is derived from the comparison of
the IR drop across a 3-ohm zero-
temperature-coefficient resistor with
a stable reference voltage. The
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reference voltage is made variable
for current adjustment and is ob-
tained from the negative supply as
indicated. In order to obtain a fine
current contrel, the potentiometer
shown must have at least 3,600
degrees rotation.

For continuous current adjust-
ment between zero and maximum,
a total 6L6 grid voltage excursion
of 50 volts or more is required. The
NE-2 neon glow tubes used to
couple the last amplifier stage to
the cathode follower permit this
wide swing at the relatively low
plate voltage used. The gaseous
discharge noise introduced at this
level is insignificant.

Stability

The magnet circuit character-
istics are such that the frequency
response for eurrent is about 3 db
down, with a consequent 45-degree
phase shift at 30 cps. The attenua-
tion thereafter is approximately
6 db per oetave to about 3,500 cps
where the magnet nears resonance;
attenuation is then more rapid and
the phase shift soon reaches 180
degrees. At this point the gain
about the system loop must be less
than one for stability. The maxi-
mum possible d-¢ gain under these
circumstances is about 40 db. This
figure is boosted to more than 60 db
by the introduction of 20-db nega-
tive feedback and high-frequency
attenuation in the 6L6 grid circuit.
The upper half-power point of the
last stage is approximately 100
times belew that of the first two,

FIG. 4—Alternative six-phase transfor-

mer-rectifier arrangement that can be

used in place of a motor-generator set
with the current controller

and thus the amplification falls off
by a large amount before the phase
shift introduced by the first two
becomes appreciable.

The r-f chokes in each tube plate
lead avoid spurious high-frequency
oscillations. Each cathode lead has
a 10-ohm resistor to assist current
division; this also affords a means
of individual tube current measure-
ments, The 6L6 filament circuits
are series-parallel-connected for
operation from the line.

D-C Voltage Supply

The d-c supply may be batteries,
a transformer-rectifier unit or a
motor-generator set, The motor-
generator is preferable since it is
inherently more stable with respect
to line voltage variations; d-c¢ volt-
age changes of only 1 to 2 percent
may be expected for line voltage
extremes.

A transformer-rectifier may be
preferable for reasons of economy
or undesirability of rotating ma-
chinery. A suitable six-phase recti-
fier is shown in Fig. 4. The current
ripple frequency is 360 cps with a
maximum amplitude of 0.01 percent.

Performance

Regulators of the type described
have given very satisfactory per-
formance. With a motor-generator
supply, current stabilities of better
than #+0.02 percent have been main-
tained for extended runs. The mag-
net flux stability will be several
times better than the current stabil-
ity by virtue of the iron hysteresis.
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Eighteen-tube cavily at left is based upon the simple six-tube cavity (right) that is tuned by sliding shorts

-

UHF Transmitter
Uses Beer-Barrel Cavity

Six type 2C39A’s in parallel supply 420 watts of picture signal to the antenna of New

York’s first 700-mc experimental television station. Experience with a 600-mc transmitter

in daily operation since March 1950 showed the way to a practical design

By W. H. SAYER, Jr.

T HE EXPERIMENTAL transmitter
installed at our New York
transmitter site will be used to ob-
tain propagation data at a picture-
carrier frequency of 709.25 mc and
a sound-carrier frequency of 713.75
mec. It will operate into an antenna
at approximately the same height
as the former channel 5 antenna.
Its design is based upon 600-mc
equipment for which construction
was started more than two years
ago.

This article will discuss the new
transmitter that is very similar to
the one in operation since March,
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and
Research Division

Allen B. DuMont [aboratories, Inc.
Passaic, N. J.

1950, on 609.25 mc. All test data
reported here have been derived
from experience with the earlier
equipment.

Final Tank Circuit

A so-called beer-barrel cavity us-
ing six 2C39A tubes was made of
two coaxial-line cavities with the
tubes mounted in the center of half-

wave foreshortened Ilines and
connected as a grid-separation
(grounded-grid) amplifier. One

cavity becomes the cathode-grid
cavity and the other, the plate-grid
cavity.

E. MEHRBACH

The mechanical arrangement is
shown in the photograph of a 700-
mc amplifier cavity. The end shorts
are used differently; one is adjust-
able and is used for tuning, the
other is fixed and is used for coup-
ling probes.

At the right-hand side of this
figure, there are two right-angle
drives. These operate a chain and
sprocket arrangement that drives
the cathode and plate-shorting
plungers.

At the left, between the air ducts
for anode cooling, are the six out-
put probes leading upward via a
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piece of RG/8U cable to a quarter-
wave matching transformer (not
shown). Cooling is accomplished
at each seal through the manifold
at the left fed from a blower line
facing the viewer. A coaxial fitting
located in the center of the air man-
ifold connects to a quarter-wave
transformer that feeds the input
slot for coupling.

Design Calculations
In calculating the -cavity de-
scribed above, the total tube capac-
itances are considered as split be-
tween the two cavity sections. Con-
ventional methods for obtaining
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all length of plate-grid line and grid line
as described in text

line lengths for a resonant cavity
terminated in a capacitance are
then used. The calculations shown
in Fig. 1 indicate the overall length
of the plate-grid line for 700 mc to
be 5.52 in. and the grid line 3.1 in.
Experimental results were very
close to these calculations.

As noted, grounded-grid opera-
tion was used. It was found neces-
sary to use d-c grounds on the grids
to assure stable operation in the
six-tube cavity. No practical by-
pass could be built to assure this
stability. In any case, the use of a
high value of grid bypass starts a
vicious circle. This high value pro-
hibits grid modulation and it there-
fore makes unnecessary the d-c grid
isolation.

Cathode Modulator

This condition poses the problem
of video modulation normally ac-
complished at the grid in vhf units.
Cathode or series type modulation
was decided upon and has proved
satisfactory. Two type 6AS7G
tubes are used in parallel as the
modulator tubes, connected as
shown in Fig. 2. This type of
modulation is essentially grid mod-
ulation although some plate modula-
tion is present.- Linearity is ex-
cellent as is shown by the curves
of Fig. 3.

Coupling presented a problem be-
cause of the circumferential size of
the cavities. Single-probe coupling
proved unsatisfactory since loading
on the individual tubes varied with
the circumferential phase relation
of the probe to a given tube. This
effect is more readily understood
if one realizes that the circumfer-
ence of the six-tube plate cavity at
600 mc is almost one wavelength.

6-2C394 TUBES

COAXIAL LINE /
TANK CIRCJIT

MODU&ATED R-F AMPLIFIER

VIDEC
BYPASS

—

T0
MODULATOR

P-A
A) cathooe
AMMETE R

LOW-
G ca PAanNcq‘
APPROX ~ £ | L AMENT
26 4uF TRANSFORMER
PER TUBE APPROX 30 puF
o l

1

FIG. 2—Simplified schematic
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of cathode modulation system

This condition is amplified in the
experimental 18-tube cavity where
the circumference of the plate cav-
ity is almost 13 wavelengths.

Two types of coupling were tried
and proved successful, one a multi-
ple probe system and the other a
slot type coupling’. Both proved
satisfactory, but both are critical
in application.

In particular, the length of the
feed lines to the quarter-wave
matching section is vory critical.
Curves of Fig. 4 show that the
length of the lines must be held to
within #2 inch of each other to ac-
complish symmetrical loading. If
this is not done, the plate currents
or drive voltages will vary due to
the difference in time delay of the
different cables. It is also im-
portant to use cable from the same
spool since the propagation con-
stant of the same type of line may
vary from spool to spool.

Another very important factor
in obtaining balanced drive in the
six-tube modulated amplifier was
the balance of the cathode-bypass
capacitors. Referriny to Fig. 2, it
is noted that the cathode bypass
used was 26 uuf per tube. Since
the input capacitance of each tube
is 6.5 puf, a voltage divider effect
is obtained at uhf. Thus, it is
important to keep the cathode-by-
pass capacitors within 10 percent
of each other in order not to unbal-
ance the drive voltages. Extreme
care was used to accomplish this by
measurement of each capacitor at
the time of assembly.

The drive measurements were
made with a special probe built to
plug into the 2C39A hole in the
cavity. This probe was constructed
from the cathode-grid section of a
defunct 2C39A tube as shown in
Fig. 5. Measurements made on the
slot cavity with the probe showed
variations less than 5 percent.

Slot Coupling

To accomplish symmetrical load-
ing without the problem of multiple
probe coupling, slot-type coupling
was tried. Figure 6 shows a draw-
ing of combined plate and grid-slot
coupling. The feed lines indicated
are actually the beginning of
quarter-wave matching transform-
ers. This double slot is very diffi-
cult to accomplish mechanically (al-
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though it has been done) because
the grid transformer must go back
through the maze of cathode and
filament connections inside the
cathode line.

In actual practice, therefore, the
cavities are built with grid-slot
coupling and multiple-probe plate
coupling. The slot-type feed may
be considered a pi network with the
slot the input capacitor, the line
the tuning inductance, and the tube
capacitance the output capacitor.
The adjustment of the slot spacing,
therefore, becomes critical to pro-
vide proper coupling. In practice,
the slot opening is less than =% inch.

One important detail in the use
of tubes at uhf is the necessity of
filament-voltage reduction to in-
crease life because of the back-heat-
ing effect. Figure 7 shows the rela-
tion of power output to filament for
two manufacturers. Our data do
not show agreement with manu-
facturer 1 recommendations. His
data say that filament voltage
must be set at a point 0.5 volt above
the voltage that gives 85 percent of
full power. This setting results
in a filament voltage lower than
that allowed under any condition.
The maximum-power point was
used as our criterion and has
proved satisfactory from life stand-
point.

Tube Life

Although we did not start life
checks at the time of beginning
daily transmissions, we have
clocked 700 hours on one set of
tubes so far and predict at least
another 1,000 hours of life on these
tubes. This prediction is based on
checking emission current regularly
by JAN-tube specifications and log-
ging any decrease. Rapid decrease
indicates short life. Depending on
the slope of decrease, life can be
predicted  approximately.  This
method was suggested by one of the
manufacturers.

Because of the fact that the ex-
perimental 18-tube cavity illus-
trated was large enough so that
both the grid and plate cavities
were longer than a wavelength in
circumference, the possibility of ex-
citation of modes other than the
coaxial TEM mode exists. Other
modes are undesirable when the
TEM mode is being used, because
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culiar modulation effects occur near
cutoff. These conditions existed in
our experimental 18-tube cavity
but were minimized to a point at
which 750 watts of c-w power was
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FIG. 7—Power output versus filament
voltage used to deiermine back-heating
effects

available with good modulation
characteristics at 600 mec. The
oscillations were minimized by the
use of slight inductance in the grid
connection to act as neutralization
and a ring-type mode suppressor to
suppress one of the unwanted
modes,.

The unit described can be used
to drive higher power amplifiers or
used with an omnidirectional an-
tenna with a power gain of 20 to
give 8 kw erp. With a directional
antenna power gain of 50, we can
secure an erp of 20 kw. Such power
gains are not difficult to obtain at
the present state of the antenna art.

This equipment has been in oper-
ation at 600 mec since March, 1950
on a daily schedule—sometimes
with a 16-hour-a-day schedule—and
has proven extremely dependable.
The cavities are simple to con-
struct, have little or no maintenance
problems and are not too expensive.
The techniques evolved are applic-
able to multiple operation of tubes
in the vhf range for high transmit-
ter power in the order of 20 to
60 kw.
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(1) Donald H, Preist, Annular Circuits
for High-Power Multiple Tube RF Gen-
erators at VHF and UHF, Proc IRE, p
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By GORDON RAISBECK

Bell Telephone Laboratories, Inc.
Murray Hill, N. J.

HE DUALITY between vacuum-
tube triodes and point-contact
transistors* shows a short cut to
the design of a large class of tran-
sistor circuits. The pictorial de-
scription which follows describes the
idea behind duality and shows how
duality can be used to transform
well-known vacuum-tube circuits
into circuits using transistors which
perform the same type of job.
The basic circuit elements are
shown in Fig. 1, 2 and 3. Here are
illustrated two ways of writing
Ohm’s law and two ways of writing
the laws which connect potential
drop e and current ¢ through a coil
and a capacitor. These equations
have been grouped in pairs having
similar mathematical form, but in
which ¢ and e are interchanged in
one member of the pair. Such equa-
tions are called dual equations. The

*R. L. Wallace and G. Raisbeck, Duality
as a Guide to Transistor Circuit Design,
BSTJ, 30, p 381, April 1951,
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TRANSISTOR

quantities which appear in corre-
sponding positions are called dual
quantities, or simply duals. As
shown, resistance R is the dual of
conductance G, inductance L is the
dual of capacitance C and elastance
S (the reciprocal of capacitance) is
the dual of inverse inductance T\
The imaginary unit j and the fre-
quency o remain unchanged.

The less familiar quantities G, S,
and " will appear quite often in
what follows. They will be used
frequently to emphasize duality.

Two-Terminal Networks

The dual of impedance is shown
in Fig. 4. Impedance Z is the dual
of admittance Y. Any linear two-
terminal network has a physically
realizable dual; that is, given any
impedance function Z correspond-
ing to a linear two-terminal net-
work, there is an admittance func-
tion ¥ having the same mathemati-
cal form as Z which corresponds to
a realizable network, and vice versa.
This is not true of networks in
which mutual inductance plays a
major and unavoidable part. In such

cases the dual network may require
ideal transformers, never realizable.
Kirchhoff’s laws illustrated in
Fig. 5 are mutually dual. Likewise,
the dual of a tee of inductors is a pi
of capacitors. This explains the
transformation from a tee to a pi
and the rather odd choice of current
directions and voltage polarities in
Fig. 6. Kirchhoff’s laws suggest
that a node is the dual of a loop
and that the dual of a star forma-
tion is a delta. This is illustrated
by the duality of a tee and a pi in
Fig. 6. Fig. 5 also suggests that
in order to avoid confusion about
signs, potentials should be meas-
ured continuously in one direction
around each loop. This was not
done in Fig. 6, where the signs are
those usually used on four-terminal
networks and the confusion of signs
in the dual circuit is apparent. The
confusion is removed by reversing
e. in the inductive tee and the dual
i, in the capacitive pi, and modify-
ing the equations accordingly.
Figure 6 shows mutual-induct-
ance circujts. When the coupled
coils can be replaced by a network
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CIRCUIT DESIGN

How to derive amplifier, oscillator, modulator and multivibrator transistor circuits from

known vacuum-tube circuits. Technique, known as duality, is explained in detail and may

be applied to any complex vacuum-tube circuit to find the corresponding transistor circuit

of inductors, then the dual can be
realized in the form of a network of
capacitors. One requirement is that
the mutual inductance M be positive
but smaller than the inductance of
either coil.

Figure 7 shows series and par-
allel combinations. One can take ad-
vantage of the duality discovered
between impedance Z and admit-
tance Y to show that the dual of a
series combination is a parallel com-
bination. Thus, the formula for
a pair of impedances in parallel
has the same form as that for
two admittances in series.

Duality works two ways. Capac-
itance is the dual of inductance
and inductance is the dual of
capacitance. The relation shown
to hold in one direction need not
be proved for the other.

Supply circuits are shown in
Fig. 8, 9 and 10. The dual of an
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ideal voltage source with no inter-
nal impedance is an ideal current
source with no shunt admittance. A
symbol has been invented for a con-
stant current source; a dashed line
with an arrow head at one end, in-
dicating direction of current flow,
with the letter I nearby.

At first sight it seems that cir-
cuits having simple batteries will
lead to dual circuits calling for con-
stant-current sources. This diffi-
culty can be circumvented by the
compromise shown in Fig. 9 and 10.
Figure 9 shows a battery with in-
ternal resistance. The dual in this
case is a current source with shunt
resistance. This can now be trans-
formed by Thevenin’s theorem into
an equivalent voltage source with a
series resistance, as in Fig. 10.

Figure 11 illustrates the dual of
a transformer. The dual of a step-
up transformer is a step-down

transformer, as long as the trans-
formers are considered as ideal.
Outside of the range where the
transformer is a good approxima-
tion to the ideal, this duality is not
valid. '

To find the dual of a given circuit,
one should write down a set of cir-
cuit equations describing the rela-
tions between the currents and volt-
ages completely. In Fig. 12, stand-
ard mesh equations have been
chosen for a mid-series terminated
high-pass filter section using the
meshes indicated by curved arrows,
By changing ¢ to e and e to ¢
throughout and by replacing every
symbol by the symbol of a dual
quantity, the equations are trans-
formed. Inasmuch as the dual of a
mesh is a node, this results in a set
of nodal equations. The elements
which appear twice in one equation
join two nodes and the elen.ents ap-
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pearing only once join a node to
ground. With this information it is
easy to reconstruct the network.

Figure 13 shows a diode recti-
fier. Its dual is a device having a
current-voltage plot which looks
like the plot of voltage-current of
a diode rectifier. The axes show
that this is also the characteristic

of a diode rectifier but with polari-.

ties reversed.

A vacuum tube and transistor are
illustrated in Fig. 14 with plate
characteristics for the vacuum-tube
triode and collector-circuit charac-
teristics for the transistor., The
general shape of the two sets of
curves is similar but the labelling
of the axes is different. The cor-
responding quantities are: e, and
—i,, i, and —e., ¢, and —1,, and %,
and —e..

Small-Signal Circuits

Figure 15 shows small-signal
equivalent circuits. At first the cir-
cuit equations do not look like duals,
but the quantities which disturb the
duality are only 7, and . It is com-
mon for these quantities to be as
small as one percent or less of 7.,
so to a first approximation, they can
be omitted. This gives the desired
result at once, and shows that « is
the dual of p.; 7. the dual of 1/7,.

As in Fig. 6, the directions chosen
for at least two of the voltages and
currents are not congistent with
duality. If this oversight is recti-
fied, it will be discovered that « has
the wrong sign with respect to p.. In
other words, a grounded-cathode
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vacuum tube has a phase reversal
between grid and plate; a grounded-
base transistor has none between
emitter and collector.

Duals of a vacuum tube hav-
ing correct phase relation are
shown in Fig. 16. These two circuits
correct for phase inversion with
ideal transformers. For small-signal
purposes it does not matter whether
the transformer is in the emitter or
the collector circuit. The -cir-
cuits of Fig. 16 are useful in
another way. If it is desired to
find the dual of a simple circuit
geometrically, by remembering
that the dual of node is loop
and the dual of series is par-
allel, it is best to start by using one
of the circuits containing a trans-
former as the dual of a vacuum tube.
When the transformation is com-
plete, it is easy to see if the trans-
former can be removed without in-
terfering with operation.

Figure 17 shows a grid and
emitter as diodes. To a first approx-
imation the grid circuit of a vacuum
tube and the emitter circuit of a
transistor are both rectifying
diodes. Furthermore, if the dual
quantities are to be e, and —1, and
1, and —e, then the diodes are poled
in opposite directions. Therefore,
the input ecircuits to the vacuum
tube and transistor are dual in a
manner which is consistent with the
duality of the plate and collector cir-
cuits. This makes it possible to find
the duals of circuits whose opera-
tion depends on the rectification ac-
tion of the grid,

The quantitative aspect of dual-
ity can be handled with two con-
stants, picked at will and having
dimensions of resistance. They may
be called 7, and 7.. In terms of
these two constants the duality re-
lations now come out as follows:

e 1 =e/n
i e = ’iT-g
R G =R / T2
L C = L/ ™72
S r =328 / 1T
Z Y = Z/ e
Node Loop
Series Parallel
E, Iy = Eo/m

Ideal Transformer
(turns ratio np:ny)

Ideal Transformer
(turns ratio n;:n,)

Diode Diode, Reversed
ip — e = 1pra
¢p — i = &/n
g — e, = i3
¢, — 1, = €/n
B a =pu
p re = nir/Tp
Jm Tm = gmhiT2

The equation for r, shows that for
any given vacuum tube and transis-
tor the constants 7, and 7, must be
chosen so that r.r. = 7r,7.. In Fig.
14, 7, and 7, have both been chosen
equal to 6,600 ohms. In the R-C
coupled amplifier stage and its dual
shown in Fig. 18, the dual of the
series capacitor is a shunt inductor
and the dual of a battery and re-
sistor in series is a current source
and conductance in parallel. The lat-
ter two are in series with the input
instead of in shunt. The output
circuit can be treated in the same
way, ignoring phase reversal.
The arrangement of the power
sources in the transistor circuit is
inconvenient, and a better arrange-
ment is shown in the lower circuit.
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The dual vacuum-tube circuit, the terms class-B and class-C mean

found by working backwards, is also
shown. The connection of the power
supplies is a matter of choosing one
of many possible arrangements. For
that reason power supplies will be
omitted in most of the circuits to
follow. The reader should remember
that transistor circuits call for
high-impedance sources whenever
vacuum tubes call for low-imped-
ance sources.

A tuned amplifier and its dual,
Fig. 19, are shown in two forms to
illustrate once again how to con-
nect power supplies. The new point
illustrated here is that the dual of a
parallel-tuned circuit is a series-
tuned circuit. Experience has shown
that in transistor circuits such as
the one in the figure, series-tuned
circuits give better performance
than parallel-tuned circuits.

The circuits in Fig. 19 can be
operated class-A, class-B or class-C.
Referring to transistors, however,
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biased so that during part of the
cycle the potential drop across the
transistor is nearly zero. During
this part of the cycle, the transistor
looks like a high conductance and
current flows freely through the
transistor without building up any

appreciable voltage. This is the dual
of the behavior of a vacuum tube
beyond cutoff where the tube be-
haves as a high impedance and
large voltages may be imposed
across the tube without appreciable
current flow.

Figure 20 is a double-tuned am-
plifier and its dual. The dual uses
the transformation of Fig. 5 to
avoid the difficulties of mutual in-
ductance. Figures 19 and 20 also
illustrate the two principal forms of
grid-leak bias and their duals.

A push-pull class-B amplifier and
its dual are shown in Fig. 21. This
circuit first showed the importance
of vacuum-tube transistor duality.
In the vacuum-tube circuit, the
tubes are driven out of phase in
parallel. The two plates drive the
load through a transformer. One
plate is the driver at any one time.
The other tube is idle and presents
a high impedance, so that the load
voltage may be impressed upon it
without drawing any current. In
the dual circuit, the transistor col-
lectors are connected in series with
the load. As before, one collector is
the driver at any one time, but in
this case the idle collector presents
a low impedance, virtually a short
circuit, in series with the load. The
idle transistor hence passes the
whole load current, without build-
ing up any voltage. This transistor
circuit has been tested extensively
and has proved to be even more effi-
cient than a push-pull class-B
vacuum-tube circuit operating at
the same power level.

The remainder of this article ap-
pears in the following two pages in
ELECTRONICS Reference Sheet form.
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TRANSISTOR CIRCUITS (continued from page 131)

HARTLEY OSCILLATOR—It is advan-
tageous to place the transformer in the
circuit as shown because the ideal
transformer with a shunt inductance can
be realized physically by a transformer
with properly chosen primary induc-
tcace. The capacitor shown dotted is
thte dual of the mutual inductance
between the coils in the oscillator

T

COLPITTS OSCILLATOR—If the two in-
ductors and capacitors of the Hartley
oscillator are replaced by two capaci-
tors and an inductor. the Colpitts oscil-
lator resulis. Different coupling net-
works lead to different oscillators. In
the dual circuit, the combination of a
transformer and series inductor may be
replaced by a leaky transformer

TUNED-PLATE TUNED-GRID OSCILLA-
TOR—Has a coupling network as shown
when the effect of plate-to-grid capaci-
tance is included. This can be trans-
formed to the coupling network shown
in the transistor circuit. Here the phase
reversal can be accomplished neatly in
the coupled coils., so no further trans-
former is needed

[%ﬁjxf

TRANSISTOR OSCILLATOR—In all the
coupling networks shown so far, the
vacuum-tube network has a 180-deg
phase shift at the operating frequency
and the phase shift has been removed
by a phase-reversing transformer. It is
possible to design directly a coupling
network having zero phase shift at the
operating frequency. Two such net-
works are shown here. The second net-
work, which has a phase shift varying
very rapidly with frequency and which
can be designed to give an impedance
transformation, leads to a very stable
transistor oscillator
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BRIDGE-STABILIZED OSCILLATOR—Here the circuit already contains a phase-
reversing transformer. The various dual circuit elements are connected to it to sat-
isfy the dual circuit equations. The peculiarity of this circuit is that while the
vacuum-tube circuit contains a variable resistor B: whose resistance increases with
increasing load current, the dual circuit must contain a variable resistor whose con-
ductance increases or whose resistance decreases with increasing load voltage

(Continued on p 134)
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CIN

MICRO CONNECTORS

Cinch molded general
purpose connectors, from
three to fifty contacts or more,

are designed and made of materials as
desired and necessary to meet application
requirements. They are available in low loss mica

or melamine for chassis mounting or assembled
with cap for cable applications. Terminals gold or

silver plated. Consult Cinch! L

CiNcH MANUFACTURING CORPORATION ‘6’9
t\ c\\ subwdiery ol United-Carr by ' _

1‘0““' e
T\eC WEWTS — il

coneo : *‘,’}/rw Al %

Cinch Componenits availgble
ot leading Jobbers — every-
where




TRANSISTOR CIRCUITS (continued from page 132)

GRID-LEAK DETECTOR—These circuits
use the rectifying action of the input
circuit to achieve detection. The inductor
and resistor in the emitter circuit act to
build up a bias current in the emitter
which is almost equal to the peak value
of the incoming signal current. This is
dual to the action of a grid-leak bias
system where a resistor and capacitor
act to build up a grid voltage nearly
equal to the peak signal voltage

PLATE MODULATOR—A class-C ampli-
fier in which the plate voltage is varied
by the addition of the modulation volt-
age. The dual collector-modulator is a
class.-C transistor amplifier in which the
collector current is varied by the addi.
dition of a modulator current

PLATE DETECTOR—Representative cir-
cuits making use of the nonlinearity of
the plate and collector circuits. The
plate detector is biased so that with zero
signal the plate current is nearly cut off,
The collector detector is biased so that
with no signal coming in, the collector
voltage is nearly reduced to zero

GRID MODULATOR — A carrier-ire-
quency amplifier in which the grid bias
is varied by the addition of a modula-
tion voltage. The dual emitter modulator
is a carrier-frequency amplifier in which
the emitter bias current is varied by the
addition of a modulation current

CAR

mg

CAR MOD

CONSTANT-CURRENT MODULATOR—
A variant of the plate modulator in
which the modulation voltage is derived
from another tube operated from the
same plate supply. For the operation to
be linear, it is necessary that the sup-
ply current be constant or nearly so. In
the dual circuit, two transistors are op-
erated in series from one source of volt-
age, one operating as a carrier ampli-
fier and the other as a class-A modula-
tion frequency amplifier

| A —

MULTIVIBRATOR—These circuits are
visualized as two-stage amplifiers. The
transformers are required so that the
two stages will be out of phase. The
ideal transformer plus shunt inductor
may be replaced by a real transformer
with suitable primary inductance
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%’ MALLORY MIDGETROL
WITH PHENOLIC SHAFT

Insulated shafts are knurled and
siotted for ease in adjustment.
Current-carrying parts provide
1,500 volt insulation . . . %"
diameter saves spuce...phenolic
material eliminates mechanical
noise. Precision-controlled car-
bon element provides smooth
tapers, quiet operation, accurate
resistance values, less drift in
television applications.

*Trade Mark

Denpreoved
Mallory Midgetrol”®

permits fast and economical

delivery of short orders !

A new and particularly important feature has been added to the
Mallory Midgetrol . . . the carbon control with electrical character-
istics specially suited to critical applications in television, radio
and other electronic circuits.

The incorporation of a universal, tubular shaft permits easy
adapting of the standard unit to the specific needs of a wide range
ol applications. As a result, short orders can be filled practically
overnight . . . for production emergencies, for service replacement
stocks. The Mallory Midgetrol is available in resistance values
from 5,000 ohms up to five megohms, for loads up to }2 watt . ..
and can now be supplied with shafts to meet your specifications
to fill your hurry-up orders for less than normal production
quantities and at low cost.

That’s value beyond expectation!

Mallory’s electronic know-how is at your disposal. What Mallory
has done for others can be done for you!

Television Tuners, Special Switches, Controls and Resistors

ELECTRONICS — December, 1951

' Electromechanical Products

P.R.MALLORY & CO. Inc. . Resistors Switches
i | TV Tuners Vibrators

& : : Electrochemical Products
: Capacitors Rectifiers

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

SERVING INDUSTRY WITH

Mercury Dry Batteries

Metallurgical Products
Contacts Special Metals
Welding Materials
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TUBES AT WORK

Including

INDUSTRIAL

CONTROL

Edited by RONALD K. JURGEN

Electronic Weighing System. ... ...

Requlated Bias Supply.... .......

Picture-Tube Language ...........
High-Speed Frequency Counter. . ..

Navy Primary Standard F; requency Meter

Heater Hum in Amplifiers

High Fidelity with Small Enclosures

Quick-Acting Optical Shutter. ... ..

Electronic Weighing System

A COMPACT electronic scale and re-
corder, developed by the Streeter-
Amet Company, of Chicago, Ill.,
may be installed at more convenient
weighing points than is possible
with a bulky lever system. Also, the
scale is able to record and print the
weight information at some point
remote from the scale.

The scale makes use of Baldwin-
Lima-Hamilton load cells. In these
cells, a strain gage is bonded to
a calibrated load receiving column.
Inside the cell is a Wheatstone
bridge having the strain gage as
one leg. A deflection of the load
receiving column due to a load on
the cell causes a corresponding de-
flection. of the strain gage. A cur-

rent is passed through the Wheat-
stone bridge and the deflection of
the strain gage changes its resist-
ance and causes a change in voltage
across the bridge.

The instrumentation for the elec-
tronic scale provides a means of
converting the electrical output of
a load cell to mechanical energy by
which the force exerted on the load
cell may be recorded and printed.

Operation

When a force is introduced on a
load cell, the output voltage from
the strain gage is fed to a balanc-
ing bridge arrangement having as
one leg a variable resistance, see
Fig. 1. This system is initiallv in

115V 60CPS 115V 60 CPS
b= RaNGE
o SWITGH
NN
—o \\
N
MULTIPLE 5 N
TRANSFORMER 5 ~ e
f"‘J_fD '
AMPLIFIER
e

1
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]

1
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[

.

PRODUGE AODDITIVE EFFECT OF LOAD

|
‘puase sensiTive |
AMPLIFIER ]
3 YOLTAGE STAGES |
| POWER STAGE

LOAD-CELL OUTPUTS CONNECTED IN SERIES TO

OPTIONAL
RANGE
CHANGE

l

-—RANGE INDICATOR
10 PRINTER

FIG. 1
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Electronic scale system with five ranges

clectrical balance. The introduction
of the voltgae across one leg of the
bridge causes an unbalanced condi-
tion. The difference in potential
thus produced is directed into an
amplifier. From the amplifier the
voltage operates a servo balancing
motor which causes a precision po-
tentiometer or the variable resist-
ance to rotate until the system is
once again in balance.

Simultaneously, with the balanc-
ing of the circuit, the motor is also
operating the recording apparatus.
This circuit is phase sensitive and
the removal of the force from the
load cell causes the motor to reverse
its direction of rotation, bringing
the potentiometer back to its origi-
nal position.

The recording apparatus consists
of a series of step cams which con-
vert rotational information from
the servo motor to digital informa-
tion on the printer.

Range-Change Control

Another feature of the equipment
is the range-change control. On a
large capacity scale, rather than
using one range from zero to ca-
pacity, it is desirable to break this
into several smaller ranges and ob-
tain a more compact mechanism
which can be read with closer accur-
acy. Changing from one range to
another is accomplished by adding
a resistance in series with the Heli-
pot and equal to that of the Helipot
which balances the system and
brings the recorder back to zero
with the preceding load on the scale.

Regulated Bias Supply

By J. ¢. May and J. G. SKALNIK
Electrical Engineering Department

Yale University
New Haven, Conn.

A REGULATED d-c supply whose out-
put voltage is adjustable to zero is
of great value for laboratory and
general testing purposes. This sup-
ply should also be able to maintain
its regulation while carrying nega-
tive or reverse current for an ap-
plication such as a bias supply for
a class-C amplifier,

Since bleeder resistors are not
practical in a supply with an output

December, 1951 — ELECTRONICS



INSTANT,
ACTION!

new KESTER 44
RESIN CORE SOLDER

ESPECIALLY FOR TV...RADIO WORK...
EVERYTHING ELECTRONIC

In speed of action for fast soldering, this product far surpasses
anything in the Industry today. Unbelievably more active and mobile
. absolutely non-corrosive and non-conductive.

For an actual demonstration in your plant, contact
Kester’s Technical Department.

Conforms with following specifications:
Federal QQ-S-571b

Army-Navy-Air Force Mil-§-6872 (AN-S-62)
U. S. Air Force No. 41065-B-Method 31

KESTER SOLDER COMPANY

4204 Wrightwood Ave., Chicago 39
Newark, N.J. . Braontford, Canada

SOLDER
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SSEMBLY-LINE wiring tech-
A niques illustrated in the
cover picture and the accompany-
ing photograph are part of the
planned production efficiency sys-
tem at the Sperry Gyroscope Co.,

THE FRONT COVER

Great Neck, N. Y.

One important device illus-
trated is the wire rack in front
of the worker. Wires are placed
in the rack in advance in the
order in which they are to be
used. The wire to be soldered
first comes from the upper left
hole in the rack and then, in
order, the operator takes wires
from the top row from left to
right before moving to the next
horizontal row. In other words,
the wires are placed in the rack
similar to the way a page of a
book is read. Each wire has been
cut previously to the desired
length.

Also shown in the two photo-
graphs is a universal fixture cap-
able of holding one or several
plugs. A spring is placed over
the fixture to hold wires out of
the way after they have been
soldered.

voltage range of 0 to 250 volts, an
electronic bleeder may be used that
will draw approximately a constant
bleeder current regardless of output
voltage. Thus, the supply can draw
a negative current at least equal to
the bleeder current before losing
its regulating ability.

The complete circuit diagram of
such a supply is shown in Fig. 1.

The regulator part of the circuit
with its negative reference is sim-
ilar to one designed by R. W. Hick-
man." Since the output ripple is
determined mainly by the ripple on
the negative reference voltage, a
separate full-wave well-filtered cir-
cuit is used. An alternative ar-
rangement would be a bridge recti-
fier circuit fed from the main

0-250V

150,000

5,000
500000 (£

150,000

- A\l
NN

=501 2H000

T,~ STANCOR P60I3
T, - STANCOR P6119

FIG. 1—Circuit diagram of a requlated power supply incorporating an electronic
bleeder
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power transformer, T.. The output
ripple for the circuit of Fig, 1 is
about two or three millivolts.

To insure an adjustment of the
output voltage to zero, the nominal
150,000-ohm resistors appearing in
the 6SJ7 control-grid circuit should
be selected so that the upper one is
slightly smaller in value than the
lower one.

The electronic bleeder is gained
by utilizing the constant-current
characteristics of a beam-power
tube such as the 6L6 shown in Fig.
1. The cathode resistor, which pro-
duces negative feedback and en-

1
|

]
=

j

8
13
VT
|
|
n

30 -25 20 -5 -0 5
IL IN MA

Fig. 2—Regulation curves for the circuit
of Fig. 1 while drawing reverse current.
The lower curves illustrate normal
operation and the upper ones were
taken with the bleeder tube removed

hances the constant-current char-
acteristics, may be made adjustable
if different values of bleeder cur-
rent are desired.

The regulating properties of this
supply, while carrying reverse cur-
rent, are shown in Fig. 2. The lower
curves illustrate normal operation
and the upper curves were taken
with the electronic bleeder tube
removed from its socket. The volt-
age increment AE is the change in
output voltage as the reverse load
is applied, and the three curves are
for different values of total output
voltage at no load.

REFERENCE
(1) R. W, Hickman, Voltage Stabiliz-

ersl,1 Radio Research Laboratory Report
L-11.

Picture-Tube Language

WITH the glass-envelope manufac-
turing industry reaching new highs
in production, an electronic lan-
guage has developed in connection
with specifications for picture tubes.

Some of these new terms pertaining
{Continued on page 156)
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BIGGER PLANES?

. « » Or smaller capacitors?

In the black of night a plane steals in
miles overhead. Suddenly, capacitors dis-
charge into an electronic flashtube and a
flash of light stabs through the darkness for
the briefest instant as a synchronized cam-
era shutter clicks . . . The enemy position
. The photo
econnaissance plane streaks homeward. . .

below is recorded on film . .

A normal miktary mission, of course . . .
sut on2 made gossible by the develop-
ment of Vitamin Q¥ enzrgy storag=
carscitors to meet the severe require-
ments 3f this pboto-flash application.

These space-saving Sprague capacitors
literull* made this type ¢f aerial night
rhoragraphy practical, sincz they are only
ame-fiftl. the size and weight of capacitor
=nergy-storage banks composed cf *'stand-
ard’” general Juty units made to joint

- Aroey-Navy srecification JAN-C-2E,

Like many other Sprague components,
these special capacitors were designed to
meet size, weight, and electrical require-
ments that were impossible with *‘stand-
ard’’ units. Naturally, the Sprague
Electric Company produces standard JAN
components by the thonsands, but it re-
alizes that standards are not meant to
limit progress.

Wars are not won by standing still . . .

If your military producztion faczs special
problems that canact be solved by use of
standard capacitors, -esistors, pulse net-
works, interferemce £lzers, ormagnet wire,
Sprague probab y hms the answer at its
finger-tips.

Write today tc the Applicatioa En-
gineering Sectio 1, Soragee Electric Com-
pany, North Acame, Massachusetrts.

L Y Vitamin Q &= 2 -spitteved trace-mark of the
. Sprague Zlecirx Company tr an exclysive organic-
polymer zapac ©r imaJregrant witk uausually ex-
cellent @2ctmce anr tenperature ¢heracteristics.

‘d:zb. ‘f"?n ‘__é?;\ 2



THE ELECTRON ART

Edited by JAMES D. FAHNESTOCK

Complementary Filter Permits Antenna Sharing................
Highly-Stable V-T Voltmeter. . . ...
Barium Titanate Delay Lines.....
Measuring Maximum Frequency Deviation. .....................

Accurate Frequency Calibration Method. ... ................ . ...

High-pass filter section. Cutoff frequency
{o: both sactions is 216.5 mc

Inside view of low-pass section of com-
plementary filter

Complementary Filter Permits Antenna Sharing

Two pieces of electronic equipment,
operating in the respective fre-
quency ranges of 157 to 212 mc and
225 to 400 mc, may share a common
antenna simultaneously through the
use of the filter shown in the accom-
panying photographs, The filter
consists of two separate filter sec-
tions, one low-pass and one high-
pass, both with a cutoff frequency
of 218.5 me. The high-pass section
has a maximum insertion loss of 1.6
db at 225 me which remains less
than 1 db from 234 to 400 me. At-
tenuation of 212 me is over 70 db
and more than 50 db at 157 me.
Construction details are shown
in the photographs. The series arm
assembly for the high-pass side is
essentially a ‘‘stick” of alternate
brass cylinders and capacitors. For
rigidity, ecylindrical brass pieces
are soldered into each end of the
capacitors and the adjusting sleeve
set in place and adjusted (with a
Q-meter at 120 kc) to the correct
value of capacitance. A flexible lead
made of a strip of 0.01-inch cop-
per, 1 inch wide, is attached to each
end of the arm to minimize series

140

inductance. KEach junction from
series arm to shunt arm was made
at a polystyrene stand-off post.

The values of the series arm ca-
pacitor adjustments were deter-
mined by computing the inductance
at 200 mc of a rod § inch in diam-
eter and i inch long. The value of
nominal capacitance was then
chosen so that the correct value of
effective capacitance would be ob-
tained at 300 mec in each case.

The terminating shunt arms were
adjusted to resonate at 198.6 mec.
The other shunt arms were adjusted
initially to about 2.5 mc below the
design resonant frequency, and fin-
ally, by trial and error for the best
vswr and attenuation characteris-
tics. In the early design stages, it
was found that much higher attenu-
ation in the stop band could be ob-
tained by using copper finger con-
tacts to make good electrical contact
between partitions and the box
cover. They were therefore used
on all subsequent filter designs.

Low-Pass Adjustments

For adjusting the low-pass series

arms, a capacitor with silvered disc

caps on both ends was modified by
drilling and tapping the end holes
for 6-32 screw threads. This ca-
pacitor was then substituted for
one of the standoffs. A straight
piece of wire, equal in size to that
used for the coils, was connected be-
tween the capacitor and the next
adjacent standoff with 6-32 screws
and washers arranged so that the
screws were screwed into the stand-
off and capacitor as far as they
would be when the filter was com-
pletely assembled. Care was taken
to keep the wire as far above the
bottom of the box as the center of
the series arm coil would be in the
assembled filter.

The resonant frequency of this
circuit was measured. The length
of the straight part of the con-
ductor and the diameter of the con-
ductor were measured and from
these the inductance was computed.
The capacitance of the capacitor
was measured by the substitution
method on a Q-meter at 120 ke.

From the computed value of in-
ductance and the measured reso-
nant frequency it was possible to
estimate the residual inductance of
the test setup. The straight wire
was then replaced by a series coil.
This was resonated at a frequency
determined by the same capacitance
in series with the residual and coil
inductances. To reduce mutual
coupling, each coil was wound with
its axis at right angles to the axes
of both the filter and the shunt
arms.

The coils were also wound on as
large a diameter as practicable
(0.275 inch inside diameter) and
with as large a spacing as was con-
sistent with good adjustment prop-
erties. This tended to keep distrib-
uted capacitance low. With too

Complementary filter for operating two
separata pieces of equipment simul-
taneously on a common antenna
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FM-AM SIGNAL GENERATOR

TYPE 202-8
@ The standard signal source for the FM and TV industry.
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® Univerter 207-A extends frequency range down to 0.1 me. with-
out change in signal leve! or modulation characteristics below.
SPECIFICATIONS:

RF RANGES: 54-108, 108-216 mc.

FREQUENCY DEVIATION: 0-24 kc., 0-80 kc., 0-240 ke.

FM DISTORTION: Less than 2% at 75 ke. deviation

AMPLITUDE MODULATION: Continuously variable 0-50%.

RF OUTPUT VOLTAGE: 0.1 microvolt to 0.2 volt.
PRICE $975.00 F.O. B. BOONTON, N. J.

e
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UNIVERTER
TYPE 207-A

. The Univerter Type 207-A provides a continuous exten-
tion of the frequency range of the 202-B FM-AM Signal
Generator down to 0.1 mc. The two instruments may be used
over a continuous frequency range of 0.1 mc. to 216 mec.
The Univerter Type 207-A subtracts 150 me. from a signal
obtained from the 202-B and provides outputs between
0.1 me. and 55 mc. without change of signal level. Negligible
spurious signals are introduced and modulation of the signal
is unoffected. Small incremental changes can be made in
frequency to allow the study of band pass characteristics of
very narrow band receivers. A regulated power supply
prevents change of gain or frequency with line voltage.

SPECIFICATIONS (When used with 202-B)

FREQUENCY RANGE: 0.1 mc. to 55 mc. (0.3 mc. to 55 mc. with 200 kc.
carrier deviation).

FREQUENCY INCREMENT DIAL: Plus or minus 300 kc. calibrated in 5 ke.
increments.

FREQUENCY RESPONSE: Flat within =1 db over frequency range.

FREQUENCY ADJUST: Front panel control allows calibration with 202-8
output.

QUTPUT: Continuously variable, at X! jack from 0.1 microvolt to 0.1 volt
across 53 ohms by use of 202-B attenuator.

HIGH OUTPUT: Uncalibrated approximately 1.5 volts from 330 ohms
into open circuit.

DISTORTION: No appreciable FM distortion at any level.
No appreciable AM distortion at carrier levels below 0.05 volt and
modulation of 50%.

SPURIOUS RF OUTPUT: At least 30 db down at input levels less than
0.05 volts.

PRICE $345.00 F.O.B. BOONTON, N.J.

BOONTON ‘RADIO

5 bk Ay
BOONTON, N.J. A\ _ L/ -'}-:4.:!(?{.%#{




small a diameter or too closely
spaced windings, this procedure was
unsuccessful.

After the series arm coils were
carefully adjusted by this method,
it was found possible to adjust the
shunt arms by trial and error to
produce satisfactory characteristics.

Insertion-loss characteristics
change somewhat with extreme
temperatures. The most important

changes in these characteristics are
the increases in insertion loss at the

critical ends of the passbands, that
is, the low end of the high passband
and the high end of the low pass-
band. The worst change of this
sort is the increase in insertion loss
at 225 me from 1.6 db at 25 deg C
to 2.4 db at 60 deg C, an increase of
0.8 db.

Development work on this filter
was carried on by W. J. J. Klein
and B. N. Navid at the Naval Re-
search Laboratory of the Office of
Naval Research.

Highly Stable V-T Voltmeter

By M. G. ScROGGIE
Elstree Hill Laboratory

Bromley, Kent
England

THE RESISTANCE of any moving-
coil voltmeter claiming even modest
accuracy must be stable. Normally
it is made up of low-temperature-
coefficient wire. In conventional
types of vacuum-tube voltmeters,
however, a substantial part of the
resistance is in the tube itself and

has a much lower order of stability.

Current practice minimizes this
part of the resistance by operating
the meter in a cathode-follower cir-
cuit. But even then, if a rugged
type of instrument is used, the tube
resistance is far from negligible
on the lowest range; and the cus-
tomary balanced circuit for sta-
bilizing the zero (Fig. 1) puts two
tube resistances in series. For ex-
ample, with the commonly-used
6SN7 working into a 1-ma meter

on a 0 to 1-volt range, the tube re-
sistance, approximately 2/9m,
amounts to about 750 ohms, or
75 percent of the total. The cali-
bration therefore drifts 75 percent
as fast as the tube transconduct-
ance.

Clearly, then, a primary objec-
tive in design should be the elim-
ination of tube cutput resistance,
so that no recalibration of a d-c
voltmeter is needed when it is
coupled to the tube system, nor are
any errors caused by variations in
tube parameters.

Since the purpose of using a tube
system at all is to enable the meter
to be connected to a very high-im-
pedance source without appreciably
influencing the voltage between the
points of application, the corre-
sponding objective at the input end
should be the elimination of tube
input conductance. It does not
seem to be generally realized how
far most ordinary receiving tubes
fall short of this ideal. There are
few that do not show appreciable
change in anode current when a
resistance even as low as 10 meg-

ohms is inserted in series with the
(Continued on page 208)

WA

FIGZ. 1—Conveniional v-t voltmeter out-
put stage puts resistance of some hun.
dreds of ohms in serizs with the meter

FIG. 2—Schematic of system described,
in which the output resistance is of the
order of 4 ohms and the output voltage
is practically equal to the input voltage

142

B+
+325V
R, 12.5MA
200,0002
% Ri2
150,000
Va2
EF37A
OR
®
éRH
>
@ < 0.8 MEG
5 HEATER
SR CENTER-TAP
2100000
3

FIG. 3—Practical circuit diagram for d-c v-t voltmeter with ranges up to +50
volts, determined by the multipliers of the moving-coil meter connected to V., ter-
minals. The very small insertion error is cancelled by Rs and R+
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Calibration setup at Square D, Four Sorensen AC Line Regula«
tors allow operator te concentrate on calibration procedures
with assurance that Bne supply is a precise constant.

Square D Company, Los Angeles, manufac-
tures circuit breakers. Calibration of these
circuit breakers — adjustment so they will
trip when a precise power load is imposed

on them—is an important step in production.

Calibration equipment was powered from an
unregulated line, and rejects at final inspec-

tion were running very high.

Square D engineers, realizing the source of the
trouble, investigated various types of line
regulators. It was essential that distortion be
kept to a minimum and also that line regula-
tion be precise; therefore Sorensen electronic

type regulators were chosen.

Installation of Sorensen Model 5008 AC Line
Regulators cured the trouble, broke an impor-
tant bottleneck, and, in this case, effected a

production increase of 123%.

FOR THE LATEST AND BEST

5 54

_______ Through Isotronics*

That's the increase reported
by SQUARE D's Los Angeles
plant after installing

Sorensen AC Line Regulators!

Possibly in your plant there are situations
where Sorensen line regulators or regulated
DC power sources can cut costs and boost
production. Write us fully — your problems

will receive prompt attention.

*Isotronics is a trade-marked word
pertaining to the electronic regvla-
tion and control of voltage, current,
power, or frequency.

MODEL 500S
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ISOTRONICS . . .

ORENSEN

SORENSEN AND COMPANY e 375 FAIRFIELD AVE., STAMFORD, CONN.




NEW PRODUCTS

Edited by WILLIAM P. O'BRIEN

Manifold Products Appear Despite Production Cutbacks . .

. Wide

Variety of Testing Devices Highlighted . . . Number of Manu-

facturer’s Catalogs Reaches New High

Low-Distortion Oscillator

BETTER Aupio Co., 147 W. Pico
Blvd., Los Angeles 15, Calif. Model
10A low-distortion oscillator has
less than 1/1,000 of 1-percent dis-
tortion at any frequency from 20
cycles to 20 ke. Frequency and
amplitude stability are excellent.
Maximum output is 1 watt into 600
ohms, with more than 100 db of
attenuation available when needed.
It is especiallv suited to distor-
tion measurements and waveform
analysis.

Dual-Channel Oscilloscope

ELEcTRONIC TUBE CORP., 1200 E.
Mermaid Ave., Philadelphia 18, Pa.
Model H 23 dual-channel oscillo-
scope features a flat frequency re-
sponse from d-c to 1 me. The use of
two independent channels working
into a single two-gun c-r tube per-
mits high or low-frequency phe-
nomena to be viewed either singly
or simultaneously on a single tube
face. The vertical deflection ampli-
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fiers have capacitive and conductive
input attenuators, allowing opera-
tion as either a-¢c or d-c coupled
amplifiers. Each channel is supplied
with an independently operating
sweep generator designed for either
single sweep or recurrent opera-
tion.

Half-Wave Rectifier Tube

Rap1o CorP. OF AMERICA, Harrison,
N. J. The 3B28 ix a xenon-filled,
half-wave rectifier tube of the
coated-filament type featuring an
ambient-temperature operating
range of —75 to +90 C, low voltage
drop, rugged construction to permit
use under conditions of severe
vibration and no restrictions on
mounting position. It is rated at
(1) a peak inverse anode voltage of
10,000 v and an average anode cur-
rent of 0.25 ampere, or (2) a peak
inverse anode voltage of 5,000 w
and an average anode current of
0.5 ampere. In single-phase, full-
wave service, a pair of the tubes
will provide a d-c output current of
1 ampere at 1,600 v to the filter
when the peak inverse anode voltage
is limited to 5,000 v, or 0.5 ampere
at 3,200 v when the peak inverse
anode voltage is 10,000 v.

Varifunction Potentiometer

A. F. SMUCKLER & Co., INc.,, 202
Tillary St., Brooklyn 1, N. Y. The
J-15 is a tapped-shunted, function-
ally adjustable precision potentiom-
eter. It consists of 15-turn interpo-
lating-linear resistance winding,
provided with desirably located
fixed taps, and adjustable shunting
resistances connected between re-
spective fixed taps as a means of
tapering the output. Input voltage
is generally applied at the extrem-
ities of the winding and the output
obtained from a movable arm wip-
ing on the winding. Overall func-
tional confermities as close as +
0.02 percent have been obtained
with 45 taps. The fixed taps can be
uniformly or nonuniformly spaced,
the closest spacing between any
two fixed taps being 4 deg.

Flying Spot Scanner

I"EDERAL TELECOMMUNICATION
[LABORATORIES, INC., Nutley, N. J.,
has developed a new type of tv fly-
ing spot scanner that converts slide
information to a video signal suit-
able for tv broadcasting. The FTL-
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3,900,000 HOUR
PER’0R 4” NORTHWEST AIRLINES tested
M 66 IES’ 1580 Raytheon-developed
CK5654 ARINCTubesover2500
hours of active service. Some

of these tubes had already given

p’oves thousands of hours of secrvice

when Northwest began accu-

mulating these exact records.

Rayrﬂfoﬂ- developed During the 2500 hour test peri-
od, only 32 of these tubes failed.

Coincidental tests of ordinary

tubes over the same operating

period showed 429 failure.
==

— M

L

‘RAYTHEUN contributions to the ARINC Rel

iable Tube
ram include the original development
and quantity production of

CK5686

urpose power

Prog

CK5654

The high Gm RF pentode. Reliable re-
placement for type 6AKS.

An entirely new, all p

output tube good from audio to 150 mc.

CK5726

The high perveance twin diode. Relio-
ble replacement for type 6ALS.

CK5725

The gating, or mixer, pentode (dual
control grids). Reliable replacement for

type 6AS6.

be distributors are at your service. Application information

Over 300 Raytheon Special Purpose Tu
n — Newton, Chicago, Los Angeles.

on tough service tubes is available at Raytheo

RAYTHEON MANUFACTURING COMPANY
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35A single or basic scanning unit
is designed to handle semiauto-
matically from 1 to 36 2 in. X 2 in.
double frame, 35-mm slides which
may be shown in or out of sequence.
An important feature is an auto-
matic signal cut-out which blanks
out the picture while the slide is in
motion,

Automatic Plotter

TELECOMPUTING Corp., 133 E.
Santa Anita Ave., Burbank, Calif.
The Teleplotter automatically plots
points on graph paper approxi-
mately ten times faster than is
possible manually. It operates from
digital data furnished in the form
of IBM cards or introduced by
means of a keyboard. The instru-
ment uses digital electric counters
and photoelectric reading head
which counts the lines and the
spaces on the graph paper in each
of two perpendicular directions.
Either linear or logarithmic graph
paper can be employed. Maximum
plotting area is 26 X 55 in. Plot-
ting accuracy is =% of a grid space
and plotting speed is 40 points per
minute.

Miniature Tube Sockets

TEFLON PRODUCTS DI\;ISION, United
States Gasket Co., P. O. Box 93,
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Camden, N. J., is producing both 7
and 9-pin Chemelec miniature tube
sockets for the electronics industry,
designed for spots where high or
low ambient temperatures of fre-
quency stability are problems. Loss
factor is less than 0.005 and dielec-
tric constant is only 2.0 from 60
cycles to 30,000 me. Teflon is serv-
iceable at any temperature from
—150 F to 550 F for long periods,
with negligible change in dielectric
strength, power factor and other
critical electrical characteristics. It
will not carbonize in case of arcing.

Picture Centering Device

PERFECTION ELEcTrRIC Co0., 2635
South Wabash Ave., Chicago, Ill,
is introducing a new picture-center-
ing device for the electrostatic tv
tubes which use no focus coil. The
Kine-Center consists of two metal
rings that can be rotated either
independently or together to adjust
the tv picture in the tube and center
it. The rings are mounted on a
special form that is easily clamped
securely to the neck of the tube and
close to the deflection yoke. The
unit stays in place without wobble
and can be operated by finger-tip
control.

-

Germanium Power Rectifier

GENERAL ELECTRIC Co0., Syracuse,
N. Y., has announced a new small,
weight germanium power rectifier
designed for tv and radio voltage
power supplies and general-purpose
rectifiers., It features 15 volts more
B+ in a typical tv-power supply due
to rectification efficiency up to 98

percent; approximately 3.5 ohms
forward resistance at 350 ma; 400
ma average d-c¢ capacity; 400 volts
peak inverse; and approximately 1
megohm back resistance at 350 v.
A bulletin on the G-10 rectifier will
be sent on request.

Vacuum-Tube Aging Rack

PENNSYLVANIA TESTING LABORA-
TORY, Doylestown, Pa. Type 224
vacuum-tube aging rack, designed
for use in industrial plants making
special commercial and/or govern-
ment equipment, ages, cycles or pre-
heats 20 tubes of one type, or 10
each of two types with any of the
standard four types of bases. In
addition it will check for breakdown
and heater-to-cathode leakage. It
contains jacks for checking current
by internal or external meters. One-
percent meters monitor all voltages.

Electronic Magnetizer

LeEo KLEIN-ELECTRONICS, 2404 S.
La Brea Ave., Los Angeles 16, Calif.

Model 1.G5 electronic magnetizer
(Continued on page 266)
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REG. TRADE MARK
ACTUAL
SIZE

HERMETICALLY=-
SEALED /. '

TUBULAR PAPER CAPACITORS by PYRAM'D

Pyramid Type PG ““GLASSEAL’’ miniature paper capacitoss
bled i tal tub ith gl tal terminal TEMRERATURE
r - d
are assempled in meta eSS wi g ass-metal terminals RANGES: _550 to 4+ lzsoc'
They will fully meet the most exacting demands of high CAPACITANCE
RANGE: .001 mfd. to 1.0 mfd.
vacuum, high pressure, temperature cycling, immersion VOLTAGE RANGE: 100 to 600
v.d.c. operating
cycling and corrosion tests.

Your inquiries are invited

A PYRAMID Electric Company
% GENERAL OFFICES cnd PLANT NO. 1 PLANT NO. 2
1445 HUDSON BLVD. * NORTH BERGEN, N. §. 155 OXFORD ST.  PATERSON, N. 5.
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NEWS OF THE INDUSTRY

Edited by WILLIAM P. O'BRIEN

Electronics Task

A SPECIAL electronics task group
was recently set up in the Defense
Production Administration to study
the possibilities of placing addi-
tional defense work in mass produc-
tion plants of the electronics indus-
try. Members of the group are as
follows:

E. T. Morris, chairman of the
Electronic Production Board, DPA;
Col. Leigh Hunt, USAF, Munitions
Board, Department of Defense;
M. F. Darling, International
Brotherhood of Electrical Workers
(AFL), Chicago; Daniel Arnold,
chairman of the Radio-TV Confer-
ence, International Union of Elec-
trical, Radio and Machine Workers
(CI0), Camden, N. J.; Benjamin
Abrams, president of Emerson
Radio and Phonograph Co., New
York; and William Balderston,
president of Philco Corp., Philadel-
phia, Pa.

Group Organized

The task group has made the fol-
lowing recommendations:

(1) Military procurement serv-
ices should request prime con-
tractors to place subcontracts in
areas having a surplus of skilled
labor and facilities for electronic
production.

(2) Labor representatives should
submit a list of manufacturing com-
panies located in the Chicago and
New York-Philadelphia areas and
their current and prospective em-
ployment levels.

(3) Radio and tv manufacturing
companies should seek subcontracts
through the Armed Forces regional
councils.

(4) Defense agencies should
monitor the placing of future con-
tracts on heavily loaded prime con-
tractors and study existing contract
loads.

(5) Encourage leader-tyvpe con-

tracts and provision of suitable in-
centives for prime contractors in
these contracts.

(6) Production companies should
be associated with design contract-
ors from the time development con-
tracts are placed.

(7) Manufacturers of electronic
components should submit samples
for testing by the Armed Services
electronics standard agency.

Projection Color TV

JUST BEFORE Mr. Wilson, Defense
Mobilization Chief, requested sus-
pension of color tv manufacturing
and broadcasting “for the duration
of the emergency”, color television
pictures of theatre-screen size were
shown in New York by the Radio
Corporation of America. The color
show was produced in the NBC
Studios at Radio City and received
at the Colonial Theatre in N. Y.
City where representatives of the
press viewed the pictures in color
on a 9 by 12-foot screen.

The program was not only seen
on the theatre screen, but was
broadcast by the NBC experimental

RTMA BOARD OF DIRECTORS FOR 1951-52

WL Muhei LG Vosum Mk Feke
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Leading manufacturers of Sound Repro-
ducing Equipment, Inter-Office-Com-
# . municators, Single and Muitiple Speed
v - £ Gramophone Units, Shaded Pole Motors

2 S S and Beat Frequency Oscillators,
: - Advanced design, a modern well equipped
factory and rigorous stage by stage
s NAS LU inspection all contribute to the high
o > standards which classify B.S.R. ““ Leaders

In Their Field.”

- = i Further details available on up{vlivalion.
Ay e $ U.S. Warehousé and Offices.
A ' SAMCO PRODUCTS COMPANY
| 'f’ A 7 o y .36, Oak Aver.ue, Tuckahoe, N.Y.

Telephone: Tuckahoe 3-9391

Al - .
o SR B o >

Made by Birmingham Sound Reproducers Ltd., Old Hill, Staffs. England. Grams: ‘Electronic Old Hili, Cradiey Heath.'
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transmitter atop the Empire State
Building, on channel 4. This en-
abled owners of existing television
sets throughout the metropolitan
area to view the program in black-
and-white. At the same time, the
program was sent to Washington,
D. C,, over radio relay and coaxial
cable, and broadcast there on chan-
nel 4.

At the controls of the RCA experimental

receiver-projector is David W. Epstein

who directed development of the appa-

ratus at the David Sarnoff Research
Center

In addition, the public was in-
vited to view the program in the
Lounge of the Center Theatre in
Radio City where RCA color tele-
vision receivers had been set up
to obtain public reaction to special
field tests of color television being
conducted by RCA. Later in the
day, tests were transmitted over
closed circuits directly from the
NBC Studios in New York to the
Colonial and Center Theatres, as
well as by coaxial cable and radio
relay to Washington for viewing on
color receivers in the NBC Studios
in the Trans-Lux Building., *

The showings were continued
throughout the week at the Colon-
ial, with three tests daily.

Apparatus shown at the Colonial
Theatre consisted primarily of an
RCA tricolor receiver-projector, a
refinement of one demonstrated by
RCA in 1947 at The Franklin Insti-
tute in Philadelphia. Although the
receiver-projector was mounted in
the audience section of the Colonial
Theatre for the RCA demonstra-
tions, future models would be de-
signed for a longer projection, per-
mitting installation on theatre
balconies.
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Nov. 29-Dec. 1: First Confer-
ence of the Joint Electron
Tube Engineering Council
and its committees, Seaview
Country Club, Absecon, N. J.

DEc. 6-7: Feedback Control Con-
ference, sponsored by the
AIEE, Chalfont-Haddon Hall,
Atlantic City, N. J.

Dec. 10-12: Joint AIEE-IRE
Computer Conference, Benja-
min Franklin Hotel, Philadel-
phia, Pa.

DEc. 13-14: Symposium on Wil-
liams Electrostatic Storage,
National Bureau of Stand-
ards, Washington 25, D. C.

JAN. 7-8: AIEE Conference on
Electronie Instrumentation in
Nucleoniecs and Medicine,

MEETINGS

Hotel Statler, New York,

N. Y

JAN. 21-25; AIEE Winter Gen-
eral Meeting, Hotel Statler,
New York, N. Y.

MARCH 3-6: 1952 IRE National
Convention, Waldorf-Astoria
Hotel and Grand Central Pal-
ace, New York, N. Y. i

APR. 7-9: Radio Component
Show, Grosvenor House, Park
Lane, London, W1., England.

MaAy 16-17: Fourth Southwest-
ern IRE Conference and Ra-
dio Engineering Show, Rice
Hotel, Houston, Texas.

JuNE 23-27: AIEE Summer
General Meeting, Hotel Nicol-
let, Minneapolis, Minn.

Transistor Committee Appointed

THE ELECTRONICS COMMITTEE in
the Research and Development
Board, Department of Defense, has
appointed a Transistor Group to
assist the committee in establishing
sound policies for the development
and functional application of tran-
sistors by the Armed Services. It
is believed that transistors can be
used in more applications in place
of the electron tube. The group
will investigate further and advise
the military departments through
the electronies committee of RDB.

The subcommittee on transistors
is made up of six representatives
from laboratories and industry and
six Armed Service representatives,
as follows:

J. W. McRae of Bell Telephone
Laboratories, chairman; E. Finley
Carter of Sylvania Electric Prod-
uets, Inc.; E. W, Engstrom of RCA
Laboratories; I. A, Getting of Ray-
theon Manufacturing Co.; A. G.
Hill of MIT; G. F. Metcalf of Gen-
eral Electric Co.; Cary J. King
of the Office of Chief Signal Officer;
Geo. F. Moynahan of the Office of
Assistant Chief Staff-Army; James
M. Bridges of the Bureau Ord-
nance, Navy; Charles Stec of the
Bureau Ships, Navy; H. V. Noble
of the Wright Air Development
Center, Dayton; and E, W. Sam-
son of the Air Force Cambridge
Research Center.

The first meeting was held
October 11 in New York City,
at which time the group discussed
its functions, responsibilities and
methods of operation.

Position Vacancies

THE SIGNAL Corps Center at Fort
Monmouth, N. J., has a need for
technical writers and editors in
communications, electronics and
associated fields. Current needs
are at several professional levels,
ranging from trainee positions,
Grade GS-5 to senior writer, Grade
GS-11. Salaries range from ap-
proximately $3,400 to $6,000 per
year with promotional opportuni-
ties offered.

The Signal School also has a
number of civilian openings for
military training instructors in
communications and electronics
such as theory of electricity, mobile
and fixed-station radio, microwave
radio relay, repeater and carrier,
radar and motion picture tech-
niques.

Present vacancies are at every
level, ranging from grade GS-5
trainee to GS-9 senior instructor,
with salaries ranging from about

$3,400 to $5,000 per year. Good
promotional  opportunities are
offered.

Application form 57 may be ob-
(Continued on page 308)
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SYLVANIA
TUBES TO

HELP TEST

. PLANE PARTS §
IN FLYING

LABORATORY

“ELECTRONIC BRAIN"* ysing

Sylvania Tubes will check equipment
under actual flying conditions for
North American Aviation

Determining the behavior of airplane components
for actual conditions of stress, strain, vibration
and varying temperatures is reduced to mathe-
matical equations by North American Aviation.

The quick, accurate solution of such problems
is accomplished by an improved electronic digital
differential analyzer built by The Computer Re-
search Corporation, and known as the CRC-101.

This machine can solve any problem that can
be put in the form of ordinary differential equa-
tions . . . linear or non-linear.

Remarkably compact!

Matching the speed and efficiency of the CRC-
101 is its unusual compactness. Employing only
about one hundred Sylvania tubes, the complete
computing and power units occupy a space hardly
larger than an office desk.

The selection of Sylvania Tubes for this modern
computer is a high tribute to their outstanding
performance and dependability. That’s why today,
when tube ratings and characteristics are critical
factors, you'll find more and more circuit engi-
neers put Sylvania Tubes first! For further infor-
mation about your tube problems or applications,
write to; Sylvania Electric Products Inc., Dept.
R-1112, Emporium, Pa.
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Complete contro} panel
of CRC-101 occupies no
more space than a stand-
ard typewriter.

Computation is controlled
by approximately 100 Syl-
vania Tubes operating.
through a germanium diode
“nerve center.”

50 Integrator Electronic

Digital Differential An-
alyzer made by Computer
Research Corp., Hawthorne,
Calif.

SYINANIA®

RADIO TUBES; TELEVISON PICTURE TUBES; ELECTRONIC PRODUCTS; ELECTRONIC TEST EQUIPMENT; FLUORESCENT
TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS; TELEVISION SETS
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MANUFACTURING COMPA

f—

under vibration

. under strain

_ . . in limited space
for fine adjustment
..... in inaccessible places
needing strength in small sizes
S | compact design
.. . for maximum holding power
for fastening thin pieces

- %

Yo ws » =

... lIse genuine

ALLENOQOHEAD
socket screws and keys

Class 3 fit, quality controlled
uniformity and strength, wide
range of standard sizes.

L

Sold only thru leading
INDUSTRIAL DISTRIBUTORS

ALLEN:>

Hartford 2, Connecticut, U. S. A.
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NEW BOOKS

Super-Regenerative Receivers

By J. R. WHITEHEAD. Cambridge Uni-
versity Press, London and New York,
1950, 169 pages, $4.75.

THIS book is one of the Modern
Radio Technique series being edited
in Great Britain by J. A. Ratcliffe,
who has a reputation for insisting
on lucid writing. The series is sim-

| ilar in scope and background to the

MIT Radiation Laboratory Series
in this country. Although much of
the material contained in this book
has appeared previously in various

journals, the result of bringing to- |

gether the scattered information in
one volume is to enhance enorm-
ously its value to the engineer.
Engineers confronted with the
design of practical super-regenera-
tive circuits, as well as those wish-
ing to understand the basis of
super-regenerative amplification,
will welcome this book. For the
latter, the opening chapters provide
first a physical picture, and then a
detailed mathematical derivation of
the theory of super-regeneration.
The theoretical treatment is divided
into sections on slope-control oper-
ation, where the oscillator is gradu-
ally turned on, and on step control,
where the oscillator is suddenly
started. These extreme cases are

| then compared so that interpolation

to intermediate cases may be made
readily. The theoretical treatment

| is clear and well organized and can

be followed readily by those having
an elementary knowledge of first-
order differential equations.

After a chapter on the reception
and detection of signals plus noise
comes a chapter to which the design
engineer can refer without having
followed earlier chapters in detail.
A well organized system of notation
plus an excellent list of symbol defi-
nitions contribute to the feasibil-
ity of this reference use of the book.
A graphical method of evaluating
the performance of a receiver under
specified conditions and with a
specified quench voltage waveform
is presented. This is followed by
an approximate analysis of a super-
regenerative receiver employing
sinusoidal quench voltage waveform

and using a tube obeying the 3/2
(continued on page 322)

The components of high altitude
airborne radar installations must
be extremely accurate because a
given voltage jumps a longer dis-
tance in the stratosphere where
the atmospheric pressure is lower.
The focus coil, shown below, goes
around the neck of the Cathode
Ray Tube and focuses the beam.
The nature of its use demands that
it meet the most exacting electrical
and physical specifications.

When you need electrical coils,
why not take advantage of 34
years of experience, engineering
competence, and modern produc-
tion facilities. Coto coils are built
for you, to your specifications.

COTO-COIL CO.nc

COIt SPECIALISTS SINCE 1917
65 PAVILION AVE
PROVIDENCE 5. R1

December, 1951 — ELECTRONICS



Do You Have Use For Practically Pure

400 CYCLE POWER
Less than 1/2% total Harmonics?

% For use in Laboratory and Production testing
of high performance electronic equipment Bogue
has developed a line of single and three phase
400 Cycle Synchronous Motor-Generator Sets
ranging from 3 to 100 KW with total harmonic
content less than 1/2%. This extreme quality in
wave form is secured thru precision design, care-
ful selection of material and quality control in
manufacture,

Special units with less than 1/10% total har-
monics available.

These sets can also be furnished with mag-
netic amplifier static voltage regulators when the
utmost in reliability and consistancy in voltage
regulation is required. Output frequency is ex-
actly 400 cycles at any load—no load to full load!

If you are interested in this type power,
Bogue engineers will be glad to furnish oscillo-
grams and wave analysis of typical sets built for
this requirement. You can always depend on...

MAGNETIC AMPLIFIER CONTROLLED

BOGUE PRECISION POWER

Bogue Magnetic Amplifiers...

® Provide maximum dependability
with low operating costs. New type core
material greatly increases performance.
Completely static, no moving parts.
Unaffected by vibration or shock, no
warm-up period required. Write for
Bulletin # 86, no obligation.

MAGNETIC AMPLIFIERS ® MAGNETIC CONTROLLERS
AC & DC MOTORS ® AT & DC GENERATORS &
VOLTAGE & SPEED REGULATORS © SWITCHBOARDS “a‘f

BOGUE ELECTRIC T)o]
MANUFACTURING CO.
55 IOWA AVENUE e« PATERSON 3, N. J.

LA N N N JND SN JNE b JED b JEE S SR 3

¥
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The NEW Beleon

SELENIUM
RECTIFIERS

WILL MEET YOUR EXACTING REQUIREMENTS
FOR MAGNETIC AMPLIFIER APPLICATIONS

® Selenium rectifiers for vse in modern magnetic amplifiers,
must hove speciol reclifier chorocteristics in order fo ochiove
the maximum results when vied with the newer grain orignied
toroidal cores.

Belcon Bolanced Wallage Reclifiers are monufociured to hdve
these special choracteristics: Thay hove o very much higher for
waord to reverse-curren! rotio — as high os Afteen hundred to ane
or better; they hove o low forward-volloge drop — wswally o3
fow oz 1.2 volts per cell,

Belcon alse maonufoclures a complete line of Recliflers for
industriol applications as well as speciolized Rectifiers to R
wunusyal applications. Such unils are frequently smaller in size
and therelore moy cos! less than the standord line due to the
pucliusive Belcon Bolonced Waltage principle.

WHY BALANCED WATTAGE

Belcon employs o voriable blocking voltage — current density
ratio resulting in o balanced wattage rectifier. A Belcon Rectifier
processed to block 40 volts rms, far example, will deliver 1
ampere; the same size rectifier processed to block but 20 volts
rms will deliver 2 amperes ar more.

BELCON RECTIFIERS

Division of Bogue Electric Manufacturing Company
50 IOWA AVENUE o PATERSON 3, N. J.

MAGNETIC AMPLIFIERS
MAGNETIC CONTROLLERS
AC & DC MOTORS
AC & DC GENERATORS
VOLTAGE & SPEED REGULATORS
SWITCHBOARDS

32 $2,
*‘.\ \# ,"/l
N

Boge

P
2 s

%, &
Hnrgrs -
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NEW.,, tetat...

_ UNIT MOUNT

AND

"UNIT MOUNTING
BASES

(AL

N,

#1 AND #2
SIZE CUP TYPE
UNIT MOUNTS

SERIES #7002

VIBRATION ISOLATION AND SHOCK
PROTECTION FOR RIRBORNE EQUIPMENT

Minimum weight — Maximum
structural strength — Complies with
all applicable Government specifi-
cations — High inherent damping
provides stability with shock and
over-load capacity — Wide environ-
mental tolerance — Optimum per-
formance under all service condi-
tions. #7001 in 5 load ranges 'z to
10 lbs. — ¥7002 in 5 load ranges
22 to 40 |bs.

SERIES #1878
Two ¥7001 Unit Mounts assembled
on common tie plate with bonding
jumper — Simplifies mounting and
reduces assembly time — Load
ranges from 1 to 20 lbs.

: SERIES +892
=  Complete Mounting Bases are

available incorporating —
— #7001 or #7002 Unit
~_ Mounts. Write for engi- -
neering data. =

BINSON AVIATION INC.

TETERAORO, NEW 4

gy B S P
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| Backtalk

L//%mm

This department is oper-
ated as an open fornm
where our readers may
discuss problems of the

electronies industry or

comment upon articles
which ELECTRONICS

has published.

Tech Reps Needed

DEAR SIRS:

THE letter in the Backtalk column
of your September issue written by
“Lieutenant A.A.C.S.” and entitled
“Qearcity of Engineers?” im-
presses us as being rather one-
sided—tending to give the impres-
sion that the armed services as a
whole are contracting for the em-
ployment of civilian electronic field
engineers far beyond the number
that they can gainfully employ.
Having first hand knowledge that
this condition does mnot prevail
throughout all the armed forces,
we hasten to put in our two cents
worth.

As we understand the purpose of
the “Tech Rep” program, it is to
supplant or augment available mili-
tary personnel—the sole reason for
this program being the lack of
sufficient numbers of qualified mili-
tary personnel. The reason for the
lack of qualified military personnel
is not hard to see—a man having
the ability and the wide scope of
knowledge required for proper
maintenance of today’s complex
electronic equipment is not going
to remain in the service as an en-
listed man when he can enjoy many
more privileges and much greater
pay as a civilian while still doing
the same kind of work, either for
the armed forces or for industry.

This lack of sufficient numbers
of qualified electronic personnel
was very much in evidence on this
ship, an aireraft carrier, when it
was recently recommissioned and
restored to active service. At this
time, when about fifty percent of

the major electronic equipments on
(Continued on page 334)

.+ four
newcomers
to their
catalog of
quality
components
and
instruments
for the
electronic
and
radiation-
measure-
ment fields.

Victoreen has developed two high-effi-
ciency, light-weight vibrator power
supplies for use with battery-operated
portable equipment such as Geiger count-
ers, photo-multipliers, and electronic
equipment requiring a 900 volt supply.
These compact units have been potted
and hermetically sealed to make them
reliable and rugged. They coatain regu-
lator circuits to stabilize their output and
have a plate voltage output to operate
electronic circuits. Net weight is only
one pound.

e THE MODEL 517 VIBRATOR POWER
SUPPLY operates from 4.5 volts of bat-
tery and supplies 4900 volts at 5 micro-
amps and + 55 volts at 0.25 ma.

e THE MODEL 532 VIBRATOR POWER
SUPPLY operates from 3.0 volts of bat-
tery and supplies —900 volts at 15 micro-
amps and +55 volts at 0.25 ma.

The precision vibrators which are used
in these power supplies are available
separately. They have been mounted in
sponge rubber and hermetically sealed,
and are available for such applications as
high-voltage power supplies, portable
Geiger counters, scintillation counters,
and portable radios. These plug-in units
weigh only 24 ounces.

e THE MODEL 531 VIBRATOR is designed
to operate from a 1.5 or 1.3 volt battery
and requires 2 minimum of 18 milliwatts
driving power.

e THE MODEL 542 VIBRATOR is also an
18 milliwatt unit but designed for opera-
tion in series with the primary of a trans-
former and from a 1.5 to 6 volt battery.

Additional Data Available on Request
BETTER COMPONENTS

MAKE
BETTER INSTRUMENTS

5806 HOUGH AVE. CLEVELAND 3, OHIO
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YoU CAN MAKE IY

BETTER

Taylor Laminated Plastics

W Yowr Probitem

is to design your product or part with a material that offers
a combination of electrical, mechanical and chemical prop-
erties such as high tensile, flexural and impact strength...
resistance to corrosion, moisture and abrasion ... attrac-
tive appearance ... high insulating qualities ... high
speed machineability . . . light weight with great strength
and many other desirable characteristics—

P2 goad Salution

to your problem is Taylor Laminated Plastics. As insulat-
ing parts and structural members, Taylor Vulcanized
Fibre, Phenol Fibre and Combinaticn Materials, available
in a variety of grades, offer you a better, cheaper . . . faster
means of developing a better product. If you do your own
fabricating, Taylor can supply you with sheets, tubes, rods
and rolls. If you seek a source of supply for finished parts,
Taylor’s completely equipped Fabricating Department is
at your service.

Hore Tufonmation

on Taylor Laminated Plastics and their application is
available. If you have a design problem as indicated above,
write today for the new 1951 Taylor Laminated Plastics
Catalog. If possible, state your problem. Your copy will
be sent you promptly, and experienced Taylor Sales Engi-
neers will be happy to consult with you without obligation.

d The new 1951 Taylor Catalog contains complete
specifications and description of Taylor Lanii-
nated Plastics. Sce for yourself bow you can make
your product or part better with these versatile
Taylor materials. Write tod ay for Catalog I-|2.

TAYLOR FIBRE CO.

NORRISTOWN, PENNSYLVANIA

arlor

WEST COAST FACTORY: LA VERNE, CALIF.

ELECTRONICS — December, 1951
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This twa-part radio insulator is typical of
Taylor's ability to mass-produce accurate parts.
;Eu::h is stamped in a single operation, one from
Taylor Vulcanized Fibre and the ather from

Grade XXXP-10 Tayler Fhenol Fibre, noted for l

its high dielectric strangth. Whatever combina-
tion of qualities you may need, it's a good bet
that one of the many Taylor grades can fulfill
‘your requirements.

Taylor Post Forming Material is a special grade

“ of Phenol Fibre producad in fully-cured sheet
" form, for the specific purpose of forming to

various shapes by hzating and forming opera-
tions. This Taylor product makes it possible to

: transform a flat sheet imto one with relatively

deep draws and compaund curves, with little
sacrifice in the strength of material.

More than half a century’s experience in the
field of laminated plastics gives Taylor the edge
whenever there's a protlem involving the design
and fabrication of laminated plastics. There is
practically no limit to the variety of shapes that
may be quickly, accurately and economically
produced from these versatile materials, Com-
bining light weight cnd great strength with
insulating, electrical or dielectric properties to
fit hundreds of applications, Taylor Laminated
Plastics can help you produce a better product.

o i e A _ i s B 7

e
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AN approved (3303-1)

ELECTRONIC AND
COMMUNICATION RELAYS

UNDREDS of thousands of R-B-M
telephone type relays saw Govern-
ment service in World War II. Now most
of these relays are available in hermet-
ically sealed enclosures designed to meet
AN specifications.

R-B-M hermetically sealed telephone
type relays are available in contact forms
up to and including 4-pole, double throw, AN opproved (3304-1)
3 ampere, 28 Volts D. C. construction.
Also 10 ampere rating up to and includ-
ing 2-pole double throw at 28 Volts D.C.
All relays available with approved AN

plug connector, or with solder connections.

/ What is YOUR hermetically
sealed relay requirement? R-B-M is developing
new and smaller relays to meet Armed Services
requirements. Perhaps one of these will solve
your problems. Write giving complete relay
specifications, application, quantity and AN LS t?gpggg:

located in different states, (over

Speeiﬁcations applylng Address F-12. a quarter million square feet),

can assist you in _the develop-
ment and production of special
electro-magnetic devices for
Armed Services application.

R-B-M DIVISION |

ESSEX WIRE CORP,

Logansport, Indiana

MANUAL AND MAGNETIC ELECTRIC CONTROLS
—FOR AUTOMOTIVE, INDUSTRIAL COMMUNICATION AND ELECTRONIC USE

TUBES AT WORK

(continued from page 138)

SHEAR SCREEN COLOR MAY VARY
MARK ~ OUTSIDE-THIS QUALITY AREA
| \

|V A N\ -QUALITY
AREA

~+t—cHILL
<1 | WRINKLE

"~ STONES,
BLISTERS,
OPAQUE
SPOTS
ETC

FI1G. 1 Face-plate diagram illustrating
terms used

to the face plate or panel of the tube
will be defined in the following
paragraphs.

Refering to Fig. 1, the quality
area has been defined, according to
RTMA specifications, as that area
“concentric with the center of the
bulb face, over which the optical
quality of the face is important.
This area is defined on each bulb
specification.”

Other new terms also illustrated
in Fig. 1 are: shear mark, a surface
scar on glassware caused by the
pinching and cooling action of cut-
ting shears; seed, an open or buried
gaseous inclusion in glass; blister,
a large seed or a bubble in glass;
chill wrinkle, a wavy or rippled sur-
face as a result of a forming or
pressing operation because of non-
uniform glass movement during un-
even cooling; stone, an undissolved
or recrystalized silica, batch or re-
fractory which is embedded in the
glass; and opaque spot, an opaque
piece of dirt or other material in
the glass.

This information was abstracted
from an article entitled “Glass
Blank ‘Specs’” which appeared on
page 5 of Television Mis-informa-
tion for June, 1951,

High-Speed Frequency
Counter

A NEW DEVICE recently placed on
the market by the Hewlett-Packard
Company automatically measures
the frequency of an unknown with
the same accuracy obtained by the
use of three separate equipments;
a frequency standard, an interpo-
lating system and a detector.

The new instrument measures
and displays directly the frequency
of an unknown anywhere within the
range from 0.01 ¢ps to 10 me. The

December, 1951 — ELECTRONICS



m T0O, MAY FIND NEW BUSINESS OPPORTUNITIES IN

REINFORCED

BAKELITE Polyester Resins consti-
tute a fast-growing branch of the
plastics industry. These resins are
used in the production of reinforced
plastics, chiefly with glass fiber mat
or woven cloth, When properly for-
mulated and applied they produce
truly structural plastics with high
strength-weight ratios that compare
favorably with aluminum and steel.
Present applications include boat
hulls, refrigerator panels, radar
housings, tote boxes, luggage.

e

et

In general, BAKELITE Polyester
Resins provide excellent resistance
to moisture, many chemicals, heat
and cold. Certain types have excel-
lent electrical characteristics in-
cluding electrical “transparency” for
radar housings. Another type can be
cast into strong transparent solids.
Another type is highly flexible and
is used to impart added toughness
to the other Polyester Resins. Inor-
ganic fillers can be incorporated in
certain of these resins to reduce

e |

L,

 PLASTICS

costs and to minimize cracking and
crazing,

Because BAKELITE Polyester
Resins are “tailor-made” to meet
widely different chemical, physical,
and electrical requirements, Bake-
lite engineers will gladly assist you
in choosing the right resins or com-
binations of resins for the intended
end use.Write Dept. CL-46 for tech-
nical assistance and for latest data
on the principal BAKELITE Poly-
ester Resins now being marketed.

BAKELITE Polyester Resins are products of a continving program
of research and development. The principal grades now offered are:

High Viscosity Polyester Resin QRS-179
An excellent casting resin, May be
prepared at room or elevated tempera-
tures.

Med. Viscosity Polyester Resin QRS-147
A general purpose liquid resin with
very good molding characteristics and
excellent electrical properties. Adapt-
able to molding at room and elevated
temperatures,

Low Viscosity Polyester Resin QRS-176
A low viscosity polyester resin which

ELECTRONICS — December, 1951

can be efficiently drawn into laminat-
ing layup under vacuum.

Heat Resistant Polyester Resin QRS-142
Generally similar in properties to
QRS-147, it is designed to yield higher
heat distortion points according to
ASTM D 648-45T test method.

Flexible Polyester Resin QRS-136 For
application where flexibility is desired.
Also is completely compatible perma-
nent plasticizer with other polyester
resins to impart special properties.

BAKELITE

TRADE-MARK

POLYESTER
RESINS

/B\_

un-lwu-an
BAKELITECOMPANY

A Division of
Union Carbide and Carbon Corporation

(=3
30 East 42nd Street, New York 17, N.Y,
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Zew 1952 HEATHKITS

Feathkit
5" OSCILLOSCOPE KIT

e fNew ““spot shape’’ control for spot adjustment — to give really sharp
ocysing.

e A "c‘)'cﬂ of ten tubes inzluding CR tube and five miniatures.

® Cascaded vertical amplifiers foltowed by phase splitter and balanced
push-pull deflection amplifiers.

® Greatly reduced metrace time.

® Step attenuated — frequency compensated — cathode follower ver-
tical input.

® Low impedance vertical gain control for minimum distortion.

® New mounting of phase splitter and deflection amplifier tubes near

® CR tube base.

® Greatly simplified wiring layout.

® Increased frequency response — useful to 5 MC.

® Tremendous sensitivity .03 RMS per inch Vertical .6V RMS per inch Hor.

® Dual control in vernier sweep frequency circuit — smoother acting.

& Positive or negative peak internal synchronization.

® Multivibrator type Wide Range Sweep Generator.

A brand new 1952 Heathkit Oscilloscope Kit with a multitude of out-
s-anding features and really excellent performance. A scope you'll truly
l ke and certainly want ta> own.

The kit is complete witk all parts including all tubes, power trans-
farmer, punched and formed chassis, etc. Detailed instruction manual
makes assembly simple and clear — contains step-by-step instructions,
mictorials, diagrams, schematic, circuit de-

soription and uses of scope. A truly.out-
sanding value. s 5@
MODEL 0-7 @

SHIPPING WT. 24 LBS.

Hearlhtd?~ VACUUM TUBE
VOLTMETER KIT

® New styling — formd case for beauty.

® New truly compact size — Cabinet 48" deep x 4-1/16” wide
x 7¥%”™ high.

® Quality Simpson 200 microamp meter,

® New ohms battery holding clamp and spring clip — assurance of
good electrical contact.

® Highest quality precision resistors in multiplier circuit.

) Ca?ibru'es on Eo'h AC and DC for maximum accuracr.

@ Terrific coverage — Reads from 12V to 1000V AC, 12V to 1000V
DC, ond .1 to over 1 billion ohms resistance.

® Large, clearly morked meter scales indicate ohms, AC Volts,
DC Volts, and DB — has zero set mark for FM alignment.

@ New styling presents attractive and professional appearonce.

The 1952 Model Heathkit Vacuum Tube Voltmerer!
Newly designed cabinet combines style and beauty
with compactness. Greatly reduced size to occupy a
minimum of space on your work-bench. Covers a tre-
mendous range of measurements and is easy to use.
Uses only quality components including 19 precision
resistors in multiplier circuit for greatest accuracv,
Simpson 200 microamp meter with easy to read scales
for fast and sure readings.

All parts come right with kit, and complete

instruction manual makes assembly a cinch.

MODEL V-5
SHIPPING WT. 5 LBS.

A.C. VOLTMETER

kIT Heathtbir

INTERMODULATION c AUDIO FREQ.
- ~ ANALYZER $393°  METER KIT 3,
L - o o

YOU- SAVE BY ORDERING DIRECT FROM MANUFACTURER

1 ERPORT AGENT ) " s “ — - : ¥ = - = _ -
[ o =T e I BE ATH COMNMPAN :(F,

CAVLE ARLABN.Y. 3

= - o -

BEENTO ’ AL t ]
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...memory for an electronic brain

® Goodyear Aircraft’s Electronic Differential
Analyzer provides a method of studying per-
formance of dynamic systems without compu-
tations by a corps of mathematicians.

Since there is a direct analogy between the
dynamic behavior of electrical and mechanical
systems, the performance of one system can be
predicted by a'study of the other. Thus, by
setting up the proper electrical circuits, prob-
lems in such varied fields as aircrafc design
and control, vibration analysis, industrial con-
rol, structures, turbines and engines, and other
dynamic systems can be solved with the
Differential Analyzer.

The memory for this electronic “brain” is
provided by a Brush Recording Analyzer. Here,
results from as many as six different computa-
tions are recorded simultaneously. Permanent
visual records are made instantaneously,
eliminating laborious plotting.

Pul il in wriling wilth a

BRUSH RECORDING ANALYZER

ELECTRONICS — December, 1951

Investigate Brush instruments for studies of
d-c or a-c voltages or currents, strains, displace-
ments, light intensities, temperatures, and other
static or dynamic conditions. Write for infor-
mation. The Brush Development Company,
Dept. K-9, 3405 Perkins Avenue, Cleveland 14,
Ohio, U. S. A. Canadian Representatives: A. C.
Wickman (Canada) Limited, P. O. Box 9,
Station N, Toronto 14, Ontario.

Heart of each Brish Recorder is the
Brush Magnetic Penmotor—a high-*
speed, direct-writing element for
instantaneons, permanent recording.
Flat frequency response and linear
phase shift with frequency permit
accurate reproduction of both transient
phenomena and steady state signals.

" Btk

DEVELOPMENT COMPANY

PIEZOELECTRIC CRYSTALS AND CERAMICS * MAGNETIC RECORDING ¢ ELECTROACOUSTICS * ULTRASONICS * INDUSTRIAL & RESEARCH INSTRUMENTS
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TUBES AT WORK (continued)

measured frequency is displayed by
the arrangement shown in Fig. 1
| whenever an unknown is connected
to the input terminals.
| The frequency counter operates
on the principle of pulse techniques
and makes two types of measure-
ments relating to frequency. The
instrument first counts unknown
frequencies for an accurately-deter-
mined time interval of 10, 1, 0.1,
0.01 or 0.001 sec as desired and
then displays the count, repeating
the process as long as required.
| The device then measures the
| period of the unknown in units of
1 psec up to a maximum of 100
seconds. Periods are measured and
then displayed in a repeating
T . process.
DUAL SHAFT_ pe ! (e ' Accuracy of the Model-524A
1 : counter is set by a gating circuit
. accurate within 0.1 psec and by an
et ! internal crystal oscillator accurate
A and g within about two parts per million

per week.
SPECIAL-PURPOSE .
& A simplified block diagram of

: f ' the frequency counter is shown in
controls . /& o :

Circuit Description

Fig. 2. The unknown frequency
is applied to a wideband squaring
amplifier and then to a fast gate
circuit controlled by a time-base
generator. The unknown is applied
to the counting circuits when the
fast gate is open. When the fast
gate closes, the counting circuits
display the counted frequency until
the time-base generator triggers
A high percentage of today’s _ the resetting circuit. After this
dual-shaft and special-purpose - cycle is completed, the counting cir-

. cuits are reset to zero and the gate
rol requirements can be han- . .
(130 MO is again opened so that the next

dled fast and economically by combinations or adapta- Il O A e e
tions of standard Stackpole .5 and .6 watt units and stand- counted.

ard Stackpole switches. Beyond these, however, Stackpole The distinguishing feature of the
offers full facilities for matching special needs—including
continuously adjustable Stackpole Carbon Regulator
Discs (carbon piles) for critical
power resistance and voltage
control uses. (

Electronic Components Division

STACKPOLE CARBON COMPANY MEGATYCLES

St. Marys, Pa. Krocveres CYCLES
FIXED RESISTORS e VAR_{ABLE RESISTORS ¢ IRON CORES FIG. 1—Display arrangement of high-
B speed frequency counter. Neon tubes
CERAMAG® (non-ferrous) CORES ¢ MOLDED COIL FORMS bohind panel slets Nkuminate the proper
LINE and SLIDE SWITCHES o GA “GIMMICK" CAPACITORS numerals
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ERE’'S something different

—a synthetic elastomer
that’s tough and has a very low
vapor pressure.

In the ports of electron tube
exhaust machines, Myvaseal
Gasketing Material results in
longer-lasting tubes because its
remarkably low vapor pressure
means higher vacuum with less
pumping.

The newest television pic-

MYVASEAL"

gasketing material—

for high vacuum

ture-tube pumping systems and
rotary exhaust systems are being
built with it. Older equipment
can benefit from it. And users
of other high vacuum systems,
small and very large, are turn-
ing to Myvaseal Gasketing
Material.

This new product is just
another example of DPi’s re-
search in the interests of those
who work with high vacuum.

high vacuum research

Also...vitamins A and E... distilled monoglycerides ... more than 3400 Eastman Orgoale Chemisale fer science and Industry

Whatever your need in that
field, let our technical scaff
serve you. Write to Distillation
Products Industries, Vacuum
Equipment Department, 727
Ridge Road West, Rochester
3, N. Y. (Division of Eastman
Kodak Company).

*Trade-mark




and alwrom“‘f plus STABILITY
always o QUALITY PRODUCT

& A es’ | |

PRODUCTS "

A‘LM)FARK(}A !

i
i

'I'UBH I)ﬁl’M\TM T

Antars Products pivision
General Dye gtuff © orporation
435 Hudson gtreel

New York 14, N. b

Gentlemen:

Top performance —— plus atability =~ and alweys a

product __ these ar® essentials in the design of RCA Coil
products.

To insure i quality throughout“, we make most of the magnetic
yron cores used in the various coil products manufactured by
RCA. Ve 8re thus both manufacturers and users of cores:
We have now used your GA&T Carbonyl Iron Powders for many
years: In our T.. picture 1.£. transformers we use

grede wheTe greateT tuning renge 18 required and the TH grade
where the joss8 mst e held to & minimume.

We lmoW from experience that & carbony} Iron Powder — what—
can

gincerelys

&wow

Mane.geT s
Coil Development Grow

A & E@ C’arbOHYI

[
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+ RCA components are quality components . . .
G A & ¥ Carbonyl Iron Powders are quality materials.
HNigh standards and rigid Quality Control govern the
production of both. It is logical that Radio Corpora-
tion of America should use these powders in the

making of their finest magnetic iron cores.

Pictured at the left above is a TV Picture-IF Trans-
former —permeability-tuned and with a high-Q ab-
sorption trap circuit mounted on a moulded polysty-
rene form. At the right above, a TV Picture-IF Trans-
former —permeability-tuned and with a trap circuit
mounted in a shield can. In each transformer two
cores, made of Carbonyl Tron Powder, are used; the
inductance of the trap winding is adjustable from the
top of the unit; the inductance of the primary wind-

ing is adjustable from the bottom.

G A & I Carbonyl Iron Powders are made in six
grades, each of which has its own particular com-
bination of qualities. Collectively, the six grades have
a wide range of applications in electronic cores over
the whole frequency spectrum. The purity is invari-
ably high, with non-ferrous metals in traces only;
some grades contain beneficial small amounts of

carbides, nitrides and oxides.

FOR FURTHER DETAILS, WE INVITE
YOU TO WRITE FOR A FREE BOOK

— fully illustrated with performance
charts and application data.

It will help any radio engineer or
electronies manufacturer to step up
quality, while saving real money.
Kindly address your request to Dept. 94.

ANTARA. PRODUCTS

DIVISION OF

GENERAL DYESTUFF CORPORATION

435 HUDSON STREET - NEW YORK 14, N. Y.

Iron Powders. ..

ELECTRONICS — December, 1951
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ALBANY, N. V.
ALLENTOWN, PA.
ATLANTA, GA.
BALTIMORE, MD.
BATTLE CREEK, MICH,
BINGHAMTON, N, Y.
BOSTON, MASS.
BUFFALO, N. Y.
CHARLOTTE, N. C.
CHICAGO, ILL.
CHICAGO, ILL.
CINCINNATI, 0.
CINCINNATY, 0.
C(LEVELAND, 0.
DAYTON, 0.
DETROIT, MICH.
FLINT, MiCH.
HARTFORD, {ONN.
HOUSTON, YEX.
INDIANAPOLIS, IND.
LOS ANGELES, (AL
MILWAUKEE. WIS.
NASHVILLE, TENN.
NEWARK, N. J.
NEWARK, N. ).

NEW ORLEANS, LA,
NEW YORK, N. Y.
NORFOLK, VA.
PHILADELPHiA, PA.
PITTSBURGH, PA.
SAN FRANCISCO, CAL.
S1. LOUIS, Mo,
SPRIHGFIELD, MASS.
TOLEDQ, 0.
TOUKGITOWN, 0.
TORONTO. CANADA

L E
DISTRIBUTORS
Fort Orange Radio Dist. Co.
Federated Purchaser, Inc.
Graybar Electric Co.
Radio Electric Service Co.
Electronic Supply Corp.
Federal Radio Supply Co.
The Radio Shack Corp.
Radio Equipment Corp.
Dixie Radio Supply £c.
Allied Radio Corporat on
Walker-Jimieson, Inc.
United Radio, Inc.
Hughes-Peters, inc.
Radio & Electronic Parts Corp.
SREP(O Incorporated
Radio ‘Specialties Co,
Electronic Service Co.
Hatry & Young, inc.
Geophysical Supply Company
Phitlip E. Graham Ce., Inc.
Leo ). Meyherg Co.
Radio Parts [gmpany, Inc.
Electra Distrihuting €e.
Aaron Lippman & Co.
Parr Eleciric Co., Inc.
Radio Parfs, Inc.
E. B. Latham & (o.
Radio Supply Company
Rumsey Electric Company
Cameradio Company
Leo J. Mayberg [o.
Yan Sickle Radio Co.
Speciakty Manufaciuring Co.
Warren Radio Co.

Ross Radio Company - -

Powerironic Equipment Lid."

TUBES AT

WORK

(continued)

= —
eyt | 0-10Me | FAST { |
COUNTING

T | SQUARING [ e te ) TCiRCUITS
amp | | |

RESETTING
CIRCUIT
| S—

TIME -BASE
GENERATOR

FIG. 2—Basic block diagram of the in-
strument

high-frequency counter is the high-
speed scalar shown in basic form in
Fig. 3. The complete counting
circuit consists of eight cascaded
scalers with indicating systems.
Each scaler is a decade type that
generates one output pulse for
every ten pulses received. The
input scalar is the high-speed 10-mc
circuit which divides incoming
pulses by decades and indicates re-
maining counts on a panel meter.
Following the input scalar is a
second circuit similar to the first
but with slower operation. The
final six scalers indicate on neon
lamps the last digit of the quantity
of pulses received from the preced-
ing scaler.

Period Measurements

The frequency counter can also
be used to count the frequency of
its internal 100-kec precision oscil-
lator for a time period equal to ten
periods of an unknown frequency.
The device counts in units of 10
usec for a time equal to 10 cycles of
the unknown, displaying a one-cycle
period of the unknown in units of
one upsec.

Measuring range of the instru-
ment is extended to frequencies as
low as 0.01 cps because of its abil-
ity to make period measurements.

Stages of the complete equip-
ment are shown in the block dia-

A A —
x
4
p 2

—HV

FIG. 3—Basic high-speed multivibrator
circuit
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There’s

to televis

than meets

oo e b“t Your Customers Never See It

When a TV set, or any piece of electronic equipment,
leaves your assembly lines, your reputation goes with
it. If it works and keeps working, with a minimum of
service, you build customer good will. Ifit breaks down,
your service costs are high and there’s no need to tell
you what happens to good will.

To help you build electronic equipment that lasts,
progressive makers of wire and cable and of molded
components build “life insurance” into their products
with Fiberglas* insulating materials. For example,
lacquered wire made with Fiberglas yarns resists the
ravages of heat, rot, even age, far longer than conven-
tional wire. Molded plastic components, reinforced
with Fiberglas materials, give you high dielectric
strength, plus structural strength never before possible
in such constructions.

Next time you order wire, cable or molded parts,
remember to specify Fiberglas Insulating Materials.
It’s the cheapest “life insurance” you can buy for your
products.

Owens-Corning Fiberglas Corporation, Electrical
Sales Division, Dept. 860, 16 East 56th Street, New
York 22, N. Y.

OWENS-CORNING

FIBERGLAS P W

*Fiberglas is the trade-mork (Reg. U. S. Pat. Off.) of Owens-Corning Fiberglas Corporation
for a variety of products made of or with fibrous glass.

ELECTRONICS — December, 1951 165



Small Size

\

Greater Mechanical
Strength

\

Faster Production
Line Handling

\

Low Self Inductance
High Working Voltages

Low Power Factor

\ YV XX

Uniform Quality

Tubular Ceramic and

Mica Condensers at LOWER COST!

RMC Type C temperature compensating
and general purpose DISCAPS conform
to the electrical specifications of the
RTMA standard for Class 1 ceramic ca-
pacitors and Army-Navy JAN-C-20A.
Their capacity will not change under
voltage, Ideally suited to coupling and
tuned circuit applications, RMC DIS.
CAPS are available in a wide range of
capacities and temperature coefficients. If
you are interested in improving quality
and uniformity on your production lines,
now is the time to check on the advan-
tages of using RMC DISCAPS.

he Righ S
“RMC DISCAPS"” C..nic' condensors

DISCAP
CERAMIC
CONDENSERS

166

SEND FOR SAMPLES AND TECHNICAL DATA

¥ 7"’""“

RADIO MATERIALS CORPORATION
GENERAL OFFICE: 3325 N. California Ave., Chicago 18, Iil.

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND.

Two RMC Plants Devoted Exclusively to Ceramic Condensers

December, 1951 — ELECTRONICS



There’s

to televis

than meets

oeoe bllt Your Customers Never See It

OWENS-CORNING

ELECTRONICS — December, 1951

When a TV set, or any piece of electronic equipment,
leaves your assembly lines, your reputation goes with
it. If it works and keeps working, with a minimum of
service, you build customer good will. If it breaks down,
your service costs are high and there’s no need to tell
you what happens to good will.

To help you build electronic equipment that lasts,
progressive makers of wire and cable and of molded
components build “life insurance” into their products
with Fiberglas* insulating materials. For example,
lacquered wire made with Fiberglas yarns resists the
ravages of heat, rot, even age, far longer than conven-
tional wire. Molded plastic components, reinforced
with Fiberglas materials, give you high dielectric
strength, plus structural strength never before possible
in such constructions.

Next time you order wire, cable or molded parts,
remember to specify Fiberglas Insulating Materials.
It’s the cheapest “life insurance” you can buy for your
products.

Owens-Corning Fiberglas Corporation, Electrical
Sales Division, Dept. 860,16 East 56th Street, New
York 22, N. Y,

*Fiberglas is the trade-mark (Reg. U. S. Pat. Off.} of Owens-Corning Fiberglas Corporation
for a variety of products made of or with fibrous glass.
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Designed to Replace

°
. Small Size Tubular Ceramic and
. i
v Greater Mechanical MICCI COIIdensel'S Cli' lOWER cosr.
Strength RMC Type C temperature compensating
and general purpose DISCAPS conform
v Faster Production ;{)Tl\t/}]; elec(;ric;lf speccliﬂcatlions of the
. . standard for Class 1 ceramic ca-
Line Handling pacitors and Army-Navy JAN-C-20A.
Their capacity will not change under
r Low Self Inductance voltage. Ideally suited to coupling and
tuned circuit applications, RMC DIS-
P High \Working Voltages CAPS are available in a wide range of
capacities and temperature coefficients. If
v Low Power Factor you are interested in imptoving quglity
and uniformity on your production lines,
. g now is the time to check on the advan-
" Uniform Quality tages of using RMC DISCAPS.
{11 s 11 The Right Way to Say
RMC DI CA Ps Ceramic Condensers
SEND FOR SAMPLES AND TECHNICAL DATA
N e - " = T
C':E::\':C RADIO MATERIALS CORPORATION
CONDENSERS GENERAL OFFICE: 3325 N. California Ave., Chicago 18, Ill.
FACTORIES AT CHICAGO, ILL. AND ATTICA, IND.
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Two RMC Plants Devoted Exclus:;\?ely to Ceramic Condensers
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3. Moch says—
'there is no other OSCILLOSCOPE

like the NEW )i MODEL 476
MIRROSCOPE”

Frclnk

FRANK J. MOCH,
president of the

National Allionce of Television and
Electronics Service Associations.

o 14
new and completely advanced type of oscillo-

scope — Model 476 MIRROSCOPE —is designed to el:minate certain inherent
disadvantages found in the conventional wype of oscilloscope by use of the
“Mirroscope principle.” In this kind of construction the 5-inch cathode ray
tube is mounted in a vertical position, thus reducing bench space require.
ments to an area of only 9”7 x 8” thereby permiting better concentration of
associated equipment for any type of test precedure. The cathode ray image
is reflected from an optical ype front surfaced mirror mounted in the ad.
justable cover at the top of the cabinet bringing the viewing surface of
instrument near eye level when instrument is used on benches of normal -
height. The mirror angle is quickly and easily adjusted to any positon of mirrescope
the operator. The cover with integral side wings forms an effective shield
against external light sources or may be closed down for protection of the
tube and mirror when the instrument is not in use. The upright construction ('l.‘ CATEODE 2£Y
permits location of controls and connections for maximum convenience and j J S
allows for internal cathode ray tube connections at the front of the panel Erye
instead of the rear.

SENSITIVITY: INPUT IMPEDANCE:
Vertical direct. ... ... 12 volts rms per in. Vertical direct. ... .10 megohms, 15 mmf.
Vertical amplifier. 20 millivelts rms per in. Horizental direct.. .10 megohms, 15 mmf,
Horizontal direct. . ... 14 volts rms per in. Vertical amplifier. 300,000 ohms, 30 mmf.
Horizontal Horizantal

amplifier. . ... 38 millivelts rms per in. amplifier. . ... 500,000 ohms, 15 mmf.

Horizontal trace expansion is over 4 times tube diameter. This makes it
possible to examine minute portions of a response pattern for finer detail.

Linear Sweep frequency is continuously adjustable in five overlapping
ranges from 15 cycles to 60,000 cycles. Internal, external or line frequency
synchronization with variable amplitude is available,

Means for intensity or "Z axis" modulation is provided. Approximately
14 volts peak will blank a trace of normal intensity.

The vertical amplifier frequency response is within 3 DB from 20 cycles
to over 300,000 cycles and is usable to well over :hree megacycles. Square
wave slant and over.shoot is held to less than 5 pe:- cent of amplitude. This
response will be found adequate for all phases of television receiver service
including observation and diagnosis of Sync. signals.

X MICEL AYe
B MADE B GSA DY SiieOn SECTRE <D 3
TUBE COMPLEMENT: - —
5UP4 Cathode Ray Tube. LINE VOLTAGE: 105-125 volts, 50-60
cycles.

4-616 Horizontal and Vertical Am- " "
. SIZE: Height 16Y,"; Width 914”; Depth
plifiecs. 8" over all

28 1—12AU7 Vertical pre-amplifier. WEIGHT: 25 Ibs.; Shipping weight 30 B&% m [HIH[S
Ibs. E |

1-6J6 Lmeor. S.weep ascillator and Hight Frequency Crystal Prabe. . .$7.50 e
Syne. injector. DEALERS NET PRICE includi e
including =

2—-6X4 High voltage rectifiers. operatars manval ......... $179.50 s SIMPSON ELELTRIC COMFANT

5200 W. Kinzie St., Chicago 44, I4.

Pho1e: Coumbes 1-1221
In Carace:
Boch-Sinpsos L-1_ Londen, Ontar o
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Designed to meet
U.S. Government

requirements

CIRCUIT RECLDSING
RELAY

type HRR
Compact . .. sterdily constrected ..
% reliable in operation...the Crame~
Type HRR Circait Reclosing Relay iz
designed to pesfcrm many fercticn=
have been success- including: (1) Use as protedive ce
fully tested under vice for electronic equipmzat whict
automatically -estores the egquip
ment to service following & minos

These instruments

the following con-

ditions: fault, yet protects the eqmipmen:
against damace should thz faclt
persist; (2) As a supervisory contna
for the automatic starting cf en-
gine, the Type HRR Relay oaolies
specific cranking periods at spaced
intervals and locks gut the control

Tempercature:
-65° + 185° F.

Acceleration:

1 should the engine fail to sta~t wit1~
Vibration : in a prescribed time.
5 to 60 cps.
at 1/32" S 3 :
amplitude . o MINIATURE TIME DELAY
type HTI :
Salt Spray: RELAY
200 hours
Inclination : Constructed from standard Cramer
Any position time -tested components in a com-
pact form, the Yype HTI Mimioiure
Humidity: Time Delay Relay is primarly de-
100% plus can signed for use i1 electronic zircui's
i ...or in any apolication where it s
desired to provide a fixed time de-
Altitude : lay between the closing of a contrel
50,000 f1. circuit and the subsequent :zlosing
or opening of ¢ secondery zircuis.
Miscellaneous: Type HT! Relays are availablz )
Fungus, dust in maximum time ranges fron 3D
and sand i seconds to 30 minutes.

Fer complzte information, write “or Bul etin No. 4C0CA

THE R. W. CRAMER CQO, INC.

) } y

Builders of c/e['endablc timeng devices for more thsn 25 years.

INTERVAL TIMERS =« TIME DELAY RELAYS » RESET TIMERS « CYZLE TIMEFS
PULSE TIMERS = RUNNING FIME METERS + PEPCENTAGE TRBMERS

TCRS1

TUBES AT WORK (continued)

| gram of Fig. 4. The unknown is
applied through the input squaring
amplifier and fast gate to the count-
ing circuit on direct frequency
measurement as described previ-
‘ ously. A time base lying between
0.0001 sec and 1 sec is applied
‘through the input switch to the
‘ amplitude discriminator. The time
base is set by the position of the
! multiplier switch in the time-base
] circuits.

A decade scaler, following the
amplitude discriminator, divides
the time bases generated by a
factor of ten. The decade scaler
operates into a gate that, on auto-
matic measurements, is always open

| so that the output of the scaler is

I COUNTING| S - I

CIRCUITS “FAST |

| I BISTABLE RESeT| |
MULTI- -

FAST | VIBRATOR| CIRY
| S = W
= -4 5>
28 g )
. av’PF fx
Z[10-mC | L o [BisTaBLE|
SQUARING| /S 0 & | MULTI
MP | e g VIBRATORl‘
s 0 F

P2 0

[}

I GATE |

T oa| [ gatg |»f DELAY |
) - MULTI-
! VIBRATOR||
s - |
TIME ameLi-| [ecape

BASE TUDE
ceneRaTors| | oisc | [SCALER |

FIG. 4—Complete block diagram of the
counter

fed to the gate for the resetting
circuit and to the delay multi-
vibrator that feeds the fast bistable
multivibrator.

The fast gate and the gate to the
resetting circuit are opened and
closed by the fast bistable multi-

! vibrator. The multivibrator is so
| arranged that one gate is always
closed when the other is open.

After a pulse comes from the
decade scaler and passes through
the first gate, it is fed both to the
delay multivibrator and to the gate
for the resetting circuit. The pulse
triggers the resetting circuits, if
the gate is open, clearing the count-
ers and resetting them to zero. At
the same time, the pulse has trig-
gered the delay multivibrator which
delays the triggering of the fast
bistable multivibrator for a fixed
interval of 100 usec.

After the end of the 100-usec
period, the delay multivibrator
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Problem Analysis Report #32

Dascription:

1. In order to compa-e the outp
regulators, a DuMont Type 304~H
each in turn. Reculators A an

C was loaded

Each of the wave forms was rec

The RC filters of Figure 1 were connected bet
forms were again recorde

the CRO Y input and the wave

60 K Output

60 cycle {

1ine signal
.25 uf

(A) Attenuations 5/1

by an additionel 550 watts,
orded with an oscillograph record.

Sheet 2 of 5

ut wave form of three different line voltage
oscillograph was connected
d B were loaded with 250 watts while Regulator
since 1t is rated for much greater loeads.

to the output of

cameTra,.

ween the regulator outputs and
4 for comparison.

120 K Output

60 cycle ‘
1line signal

T .25 uf
1

(B) Attenuation: 10/1

Figure 1

Results:

Fig. 2 shows tae signal
without external filter

4 MY

Voltage Fegul ator A

Fig. 3.
YRR R RN

"\

No Exsernal Filter

waveform of output
displayed on & DuMont Type

Voltage Regulator B

Improvement of output wave form

of three different 1line regulators
304-H.

Voltage ‘Regulator C

Tty

Filter A Filter B

Photography makes a sine

The oscillograph traces analyzed in chis report
leave no doubt as to results. Every detail of
wave form is captured by photography for
quick, accurate reference. A similar test need
never be set up again because of inaccurate
drawings or faulty memory.

wave's signature indelible

Team your oscillograph with photography
and you make it a recording device that gives
you clear, sharp, incontrovertible records. It
saves time and money, aad makes your work
much easier. Eastman Kodak Company, Indus-
trial Photographic Division, Rochester 4, N.Y.

PHOTQRECORDING . . . an important function of photography

of Regulator B using filters of Fig. 1.




chronous Motor Driven
INSTANTANEOUS

RESET TIMERS

a - o =3 . ‘
] . INDUSTRIAL TIMERE CORPORATION » For ProceSS Con*ro
NEWARK, %1 USA g |°ns
in Industrial Applicati

Here. incorporated into a single, compact unit. you
obtain all the features that spell performance. dependabiliry,
and long life.

Quality designing has assured exceptional accuracy—
plus simplicity that means trouble-free operation.

Quality engineering has built in dependability and
strength—produced a precision instrument that stands up
under hard industrial usage day in and day out.

ree s uame TIME SETTING—The long pointer of the timer is
?ﬂ 3 simply turned to the dial calibration corresponding to the

\ time cycle required. (The red actuating arm automatically
takes the same position.)

ron

voLTS

When the timer is hooked up to a power source, its
motor runs continuously. Upon pushing the starter button,
a magnetically engaged clutch operates—causing the red

SERIES PAB INDUSTRIAL TIMERS actuating arm to start traveling immediately.

The simple clutch mechanism makes it possible to X i

offer this type timer in @ number of models, ranging RESET—the instant the red actuating arm completes
trompRABLSSRtoptheRRAB.3H yasRicllows: the time cycle, the clutch is disengaged, and the arm is
MODEL TIMING RANGE DIAL CALIBRATION returned to its reset position by spring action in a fraction
PAB-55 5 cycles to 5 seconds 5 cycles of a second. Thus reset is awromatic and instantaneous.
I;AB-:]!(S)S :/‘se(on::'o ;(5) secon:s “/. second You will find this Industrial Timer—product of our
P::-éog /§ :::z:d :z o :::::d: /’1 :::z:g long experience and close association with innumerable
PAB-3M 2 seconds 10 3 minutes 2 seconds practical applications—unsurpassed for process control in
PAB-5M SN el o e 5] Ji— industrial applications where precision timing and absolute
PAB-15M 15 seconds 1o 15 minutes 15 seconds dependability are essential.

acgti | pobecondionl mihbies S asecninds Write us today for complete details—or, if you would
PAB-60M 60 seconds to 60 minutes 60 seconds . . .
PAB-3H 2 minules to 3 hours 2 minutes like to send us specifications, we shall be glad to make
recommendations based on your particular needs.

Manufacturers of These and Other Temens and (Controls for Tndustry

Time Delay Multi-cam Manval Tandem Automatic Running
Timers Recycling Timers Set Timers Recycling Timers Time Meters

|iGusTiniy
T 04 ot Lol I%E!!ZJ INDUSTRIAL TIMER CORPORATION

ﬂﬁﬂz Wf%/w = 115 EDISON PLACE, NEWARK 5, N. J.
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wandering
about glass?

LET CORNING TECHNICAL SERVICES
HELP SOLVE YOUR PROBLEMS!

1ike most materials, glass for electronie applications must be carefully

DESIGN selected and properly engineered to the application involved. When you
ENGINEERING come to Corning for your electronic glass requirements you have avail-

able complete technical services to help solve these problems.
Specialists in produet engineering, glass working techniques, and de-
/ﬂ"@\‘i "‘\; i sign are ready to.go fo-work for you. And their expericnee is backed by
PRODUCT *ﬁy } complete and modern research, pilot plant and manufacturing facilities.
ENGINEERING -~ W hat’s more, Corning has developed hundreds of glasses with widely
varying electrical characteristics. Whether you need low loss, high di-
clectric eonstant and strength, or low power factor, Corning has a glass
GLASS to fit your requirements. So why not take advantage of the services
TECHNOLOGY Corning has waiting for you. For further information, write to depart-

ment E-12, Corning Glass Works, Corning, N. Y.

CORNING GLASS WORKS, CORNING, N.Y.
WWW&&@%M

ELECTRONIC SALES DEPARTMENT — ELECTRICAL PRODUCTS DIVISION

1851100 YEARS OF MAKING GLASS BETTER AND MORE USEFUL -1951
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~TURNER:-

172

MAKING
BOOSTER HISTORY

THE Turner Television Booster Model TV-1 has been on
the market for less than a year, but already is making
booster history. Reports from fringe areas all over the
country are loud in their praise of the consistently superior
performance of the TV-1. Wherever boosters are com-
pared the Turner TV-1 produces the sharpest, clearest pic-
ture . . . the crisp, natural sound TV viewers seek.

Turner’s advanced electronic engineering, plus solid,
quality construction make the difference. The low-noise-
level Cascode circuit stabilizes the picture, reduces noise and
snow to a minimum, and produces an excellent picture
under fringe area receiving conditions that nullify the best
efforts of many other boosters.

Single knob continuous tuning permits fine adjustment
for best possible reception of both picture and sound.
Three position control switch turns on TV set only, TV
set and booster, or shuts off both set and booster. The TV-1
also may be used to amplify FM, mobile and aviation
radio signals,

The unit is quickly and easily installed. Attaches to any
television set. Attractive styling and neutral finish harmo-
nize with any furniture design,

Contact your Turner representative or write direct.
List price_________ $57.50

For the best possible TV reception, turn to

THE TURNER company

905 17th Street N.E., Cedor Ropids, lowa

IN CANADA: EXPORT:
Conadian Morconi Co., Ad. Auriema, Inc.,
Toronto, Ont., and Branches 89 Brood Street, New York 4

TUBES AT WORK (continued)

causes the fast bistable multi-
vibrator to switch, opening the
fast gate and closing the resetting
gate. Because the counting cir-
cuits have been cleared and reset to
zero, the next unknown admitted
through the fast gate will be
counted.

Navy Primary Standard
Frequency Meter

By JoHN M. CARROLL
Eusign, USNE
Washington, D. C.

(on Militury Leave from LELECTRONICS)

PERMITTING measurements to the
cycle from 15 ke to 27 me with ac-
curacy of one cycle in 10 mc, the
model LAM precision frequency-
calibrating equipment provides pri-
mary-standard frequency-measur-
ing service for the U. S. Navy. Used
by frequency measuring units sta-
tioned near large naval shore radio
installations, the instrument makes
possible round-the-clock coverage of
primary naval broadcast stations
and frequent spot checks on mobile
transmitters to insure compliance
with navy frequency tolerances,
+0.005 percent for fixed transmit-
ters and =0.015 percent for mobile
units. The equipment is presently
being replaced with Reeves-Hoff-
man AN-FRM3 gear. This equip-
ment extends the frequency range
upwards to 400 mec.

The LAM differs from other pre-
cision frequency measuring equip-
ment in that it provides for rapid
measuring and double or triple
checking of each measurement as
well as primary standard accuracy.
The frequency range of the equip-

L

ANTENNA MIXING HARMONIC
PANEL AMP
COMMUNICATIONS 9, 10, & 11-KC

RECEIVER HARMONIC GEN
COMPARISON 100-KC
OSCILLOSCOPE AMP

INTERPOLATION
0sC

(0 TO 5000 CPS)

100-KC CRYSTAL
0sC

FIG. 1—Normal measuring procedure
using 9, 10 and 1ll-kc¢ standard har-
monics
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0 to 1///7[

covers half of the Scale!

ZERO ADJ

The measurement of very small capacitances at radio frequencies
is sometimes a difficult problem. To simplify this important meas-
urement, G-R has developed the Type 1612-AL R-F Capacitance
Meter, having two ranges from zero to 10 micromicrofarads and

zero to 100 micromicrofarads.

Compact, very simple-to-use, accurate
and reliable, this new meter fills a demand
for many measurements of small capaci-
tances such as:

Ceramic Capacitors — tubular ceramics (insu-
lated and uninsulated), disc-type cer-
amics, tubular ceramics included in v-t
sockets

Molded Mica Capacitors — foil- or silver-mica

Variable Trimmer Capacitors — variable mica,
variable plate-type, variable multi-cup-
type air, variable ceramic, and variable
piston-type with glass dielectric

Vacuum-Tube Sockets

The operation of the instrument is very
simple. Merely: (1) set the main dial to one
of its two zero points, (2) turn “Zero Ad-
just’ dial for maximum meter reading,
(3) turn *“‘Output Adjust” dial for full-
scale reading on meter. Connect the un-
known to the “X’’ terminals and retune
the main dial to obtain maximum meter

reading. The capacitance of the unknown
is then indicated directly by the main
dial setting.

The capacitance accuracies are: LOW
RANGE of 0 to 10 uuf: +0.03 ppf below
1 wuf, and =39, between 1 and 10 uuf;
HIGH RANGE of 0 to 100 ppf: £0.3 upf
below 10 uuf, and +£39%, between 10 and
100 ppf.

On the 10 pxf range, the first uuf occu-
pies almost one-halif of the scale length, and
settings can be made to 0.002 puf!

In addition, the meter can be used to
approximate the dielectric loss by observ-
ing the amount by which the final tuning
adjustment during measurement fails to
reach full-scale on the indicating meter.

TogetherwithitscompanionType1612-A
R-F Capacitance Meter (with ranges of 0
to 1200 p.f and O to 80 uuf) this new meter
provides an unusually simple, accurate
and direct method for measuring capaci-
tances over a very useful range, at radio
frequencies.

TYPE 1612-AL R-F CAPAGITANCE METER ... $170
TYPE 1612-A R-F Capacitance Meter ... .. 170

For the measurement of r-f capaci-
tance of tube sockets, these adaptors
are required. Three are available:
Type 1612-P [ for 7-pin miniature
sockets, to measure *‘No. 4 contact
to all”; Type 1612-P2 for octal
sockels, to measure ‘ No 4. contact
to all”; Type 1612-P3 for 9-pin
minialure noval socket, to measure
““No. 5 contact fo all.” The adapt-
ors fil into and shield around the
“ X" terminals on the meter. They
are priced at $9.00 each.

PR g

In shifting from one range to an-
other, no extra panel switching is
required. The change in range ts
accomplished automatically as the
dial is rotated from one half of the
scale to the other, the switch shown
above automatically performing the
operalion.

GENERAL RADIO Company

275 Massachusetts Avenuve, Cambridge 39, Mass.

® 90 West Sireet MEW YORK 6

920 S. Michigan Ave. CHICAGO §

1000 N. Seward St. LOS ANGELES 38
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WORRIES ABOUT LEVEL CHANGES

WITH "SCOTCH’ SOUND RECORDING TAPE”

Says Glenn Flynn, Asst. Chief Engineer, Station WOW, Omaha, Neb,

‘“You’re always sure of uniform output when you’re
using ‘Scotch’ Sound Recording Tape,” says Mr.
Flynn. “Thanks to its unvarying coating you can

FIVE RECORDED INTERVIEWS daily were
made by Mal Hansen during WOW’s
Farm Study Tour. The recordings were
air-mailed to the studio for broadcast an
WOW’s daily Farm Service Reporter
rogram. “Scotch” Sound Recording

ape captures every sound, reproduces
'it with a fidelity unmatched by any
other recording medium.

SMOOTHLY-PACED PROGRAMS are guar-
anteed, production problems simplified
with “Scotch” Sound Recording Tape.
Changes can be made and dubbed in
without re-assembling the entire cast;
shows can be recarded a portion at a
time; fluffs and miscues can be edited
out; recordings can be lifted from tape to
tape without noticeable loss of quality.

switch from reel to reel without worrying about level
changes.” Flynn is shown with the recording equip-
ment he used on WOW’s recent East Coast Farm
Study Tour, a 6000-mile tour of farming areas taken
by a large group of Nebraska farmers.

EIGHTY 3M SOUND ENGINEERS in the
field—backed by 20 technical experts in
the 3M laboratories—stand ready to give
you technical assistance with any re-
cording problem you may have. Call
your local 3M Service Representative,
or write us direct: Dept. E-121, Min-
nesota Mining & Mfg. Co., St. Paul 6,
Minn. No obligation, of course.

sures consistent output.

humidity changes.

ing head unaffected by humidity.
cordings due to surface irregularities
friction.

machine setting.

“SCOTCH” SOUND RECORDING TAPE GIVES
YOU THESE EXTRA CONSTRUCTION FEATURES

® REEL TO REEL UNIFORMITY — confrolled coating as-
¢ THINNER CONSTRUCTIOM-—resists temperature and
o NO CURLING OR CUPPING—tape lies flat on record-
o UNIFORM TAPE SURFACE—no “dropouts” on re-
© LONGER TAPE LIFE—special lubricating process reduces

© GREATER SENSITIVITY—more output on your present

IMPORTAMNT: There’s more than one brand of sound recording
tape. Insist on the “SCOTCH” brand, the lubricated tape that
gives matchless fidelity, clarity of reproduction, freedom from
distortion. Used by all major networks and for master re-
cording by record companies.

The term "SCOTCH” and the plaid design are registered trademarks for Sound Recording Tape made in U.S.A. by MINNESOTA MINI.NG"& MFG. CO;;
St. Paul 6, Minn.—also makers of “'Scotch” Brand Pressure-sensitive Tapes, *Underseal” Rubberized Coating, “‘Scotchlite’’ Reflective Sheeting, *'Safety-Walk

Non-Slip Surfacing, “3M”’ Abrasives, *3M’* Adhesives. General Export:
In Canada: Minn. Mining & Mfg. of Canada, Ltd., London, Canada.
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inn. Mining & Mfg. Co., International Division, 270 Park Avenue, New York 17, N.Y.
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'I'UBI.II.AR CERAMICONS

® New Higher Capacitance Values in Standard Size
Tubular Ceramicons

Radial Lead Non-Insulated (lllustrated)

® Available

Radial Lead Phenolic Insulated

in Axial Lead Molded Insulated (Styles
comparable to 301 and 302 only)

Compare for size with other
Ceramic Capacitors, and spec-
ify ERIE GP3 Miniature Cerami-
cons for Space Saving By-Pass
and Coupling Applications.

GP3 Ceramicons are manufactured
with the use of a high dielectric
constant ceramic developed espe-
cially for these compact tubular
capacitors. Basic development
work has been accomplished over
the past few years in Erie's engi-
neering laboratories. Since 1949
these units have been made on
special order, and they are now
available in production quantities.

Write for complete information
and samples

ELECTRONICS — December, 1951

GP3 STYLE

I— -

STYLE 301
.200 x .400

'w-.

¥,

STYLE 302
.200 x .656

XX

STYLE 307
.230 x .860

Tolerance on Capacitance: +80%,
Hi Pot. Test: 1500 VDC
Life Test: 700 VDC 1000 hours at 85 C

[ 3 ) Y

MAXIMUM
CAPACITANCE

.002 mfd.

.005 mid.

0075 mfd

209,

Electronics Divcscon

LONDON, ENGLAND -

ERIE. RESISTOR CORP., ERIE, PA.

TORONTO, CANADA
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" TIMING MOTORS

For Industrial - Military - Commercial Uses

] 1600 SERIES:
b LOW COST VERSATILITY

°* Specifically designed as a stardard
e component for the widest possible range
of timing applications with 17 standard
speeds from 60 rpm to 1 revolution per
hour.

==

4400 SERIES: e
SLOW YET COMPACT :

)
Designed for small size and low cost in L
applications requiring slower speeds from 6

hours to 7 days per revolution. E

TORRINGTON

HEADQUARTERS FOR

3100 SERIES:
HEAVY DUTY DEPENDABILITY

For control and instrument applications that
require a heavy duty train and speeds from
1 hour to 14 days per revolution.

COMPLETE SPECIFICATIONS

Literature giving complete design and
engineering specifications will be
sent on request. Ask for the catalog
which best suits your need.

=

TIMING MOTORS < TIMING DEVICES - CLOCK MOVEMENTS

Write for whichever catalog you need

HAYDON Manvufacturing Co., Inc. @ﬁ

- SUBSIDIARY OF GENERAL TIME CORPORATION 3

2436 ELM STREET
TORRINGTON, CONNECTICUT

ok, T 0 o
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| TUBES AT WORK (continued)

' ment may also be extended upwards
| to 160 mc with only a slight loss in
| accuracy.

Double-Check Measuring

Figure 1 shows the normal meas-
uring procedure using standard
harmonics of 9, 10 and 11 ke. This
is the method used when the as-
signed frequency of the incoming
signal is known. The output of the
100-kc crystal oscillator is amplified
in the 100-ke amplifier which also
provides isolation of the oscillator
from the rest of the equipment. The
100-ke standard output is then di-
vided in the harmonic generator
and standard outputs of 9, 10 or
11 ke, rich in harmonies, may be
| selected by a wafer switch in the
harmonic generator unit. The har-
monic output is amplified by the
harmonic amplifier and fed to the
antenna mixing panel.

A shielded wafer switch in the
mixing panel permits selection of
up to six antennas while anticapaci-
tance switches allow either the in-
coming signal, the harmonics or
| both to be fed to the r-f section of
| any one of three standard navy com-
| munications receivers. These cover
the spectrum from 15 ke to 27 me
and provision is made for a vhf re-
ceiver to cover from 30 to 160 mec.
Since the presence of the harmonics
, on the antenna would cause intoler-

able interference in near-by receiv-
ers, a wide-band isolation amplifier
is incorporated in the mixing unit.
It uses a single 6AB7 with both
shunt and series peaking coils in the
| plate circuit. The degree of isola-

tion thus provided has not always

proved adequate, however, and most
| stations use additional antenna mul-
| ticouplers.

Both the incoming signal and the
standard harmonics are fed to the
r-f section of the receiver used. Due
to the sharp tuning and narrow
band-pass characteristics of Navy
receivers, the receiver audio output
is always the beat difference be-
tween the incoming signal and the
nearest standard harmonic and is
| between 0 and 5,000 cycles in fre-

quency. The difference frequency

is placed on either the horizontal or
vertical deflection plates of the com
parison oscilloscope.

| The output of the interpolation
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STOKES MICROVAC
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High volumetric and mechanical
efficiency make these famous pumps economical
and reliable units in any vacuum system.

Capacities of Stokes Microvac Pumps run from 15 to
500 cfm . .. pressures to 10 microns absolute. Power
consumption is low and the top-

mounted motor contributes to compact
design requiring minimum floor space.

Send for FREE Stokes

= Lubrication of the four moving parts {including the
Vacuum Calculator. This

exhaust valve of corrosion-resistant Teflon) is fully automatic. There
slide rule determines needed are no stuffing-boxes or grease fittings, and no packing.

pump capacity for oy jeb...shows Parts are precision-finished, standard and interchangeable. Freedom

Centigrade to Fahrenheit conversion. from wear assures years of trouble-proof service.
Other useful conversion tables

Stokes is the only manufacturer of equipment for complete
and scales on reverse

vacuum systems, including Microvac mechanical pumps, oil diffusion
pumps, McLeod Gages and Vacuum Valves.

Consult with Stokes on the application of vacuum to rotary exhaust
machines, house vacuum
systems,vacuum impreg-
nation, vacuum furnaces,
vacuum metallizing, and
to other applications in
which vacuum deserves
exploration.

STOKE

F. J. STOKES MACH

HIA 20, PA.
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Lquipment

For precision

and dependability
look to KOLLSMAN

)
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B KoLLsMAN INSTRUMENT CORPORATION

) ELMHURST, NEW YORK GLENDALE, CALIFORNIA
3 SUBSIDIARY OF

Standard colL PRODUCTS CO. INC.
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* . ALLIED CONTROL RELAYS
| : built with

el PHENOLIC TUBES

ensure

DEPENDABILITY

Y Y f p
3 ot it 4 S

PRECISION PERFORMANCE
LONG LIFE

* 2 X X%

ECONOMY

CUT-AWAY VIEW
OF RELAY STACK.

The Allied Control Co. has built
a long and enviable record as a

quality supplier of control relays

to both private industry and gov- CLEVELITE* and GOSMALITE*

ernmental services. Laminated Phenolic Tubing
combines electrical and physical properties to
meet the most exacting requirements.
CLEVELITE is produced in six grades . . .
COSMALITE in four grades . . .
A grade for EVERY need.

Cleveland Container’s large production facili-
ties further ensure minimum production costs as
well as dependable deliveries.

Why pay more?...for the BEST call CLEVELAND

* Reg. U. S. Pat. Off.

7CLEVELAND CONTAINER4!"

201 BARBERTON AVE. CLEVELAND 2, OHIO

PLANTS AND SALES OFFICES at Plymouth, Wisc., Chicogo, Detroit, Ogdensburg, N.Y., Jamesburg, N. J. S
ABRASIVE DIVISION at Cleveland, Ohio
CANADIAN PLANT: The Cleveland Container, Canada, Ltd,, Prescott, Ontario

Their S K Relay shown above, is typical
of the various Allied Relays in which
CLEVELAND CONTAINER tubing pro-

vides excellent service.

It is likewise the answer for hundreds

of other problems of manufacturers in

the electrical industry.

Write today for our new de-

scriptive brochure. Also ask

for quotations and samples
REPRESENTATIVES

o
to meet your exact Spelel- NEW YORK AREA R.T. MURRAY, 604 CENTRAL AVE, EAST ORANGE, N. ).
NEW ENGLAND  R. 5. PETTIGREW & CO., 10 N. MAIN ST., WEST HARTFORD, CONN.

cations.

CHICAGO AREA  PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE, CHICAGO
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DO YOU MAKE

julllel

iIf so, you'll be well repaid by getting the
facts on a special group of Pure Ferric
Oxides, developed by Williams and manu-

factured especially for this purpose.

180

Williams Ferric Oxides analyze better than
99% Fe;0;. They contain a minimum of
impurities. They are available in a broad
range of particle sizes and shapes. Among
them, we're certain you’ll find one that’s
“just right” for your requirements. The
proper application of Ferric Oxides to the
manufacture of Ferrites is our specialty. So
write today, stating your requirements.
We’ll gladly send samples for test. Chances
are good that our Ferric Oxide “Know
How” can save you considerable time and

money. Address Department 25, C. K.

Williams & Co., Easton, Pennsylvania.

COLORS & PIGMENT

C. K. WILLIAMS & CO.
Easton, Pa. e East St. Louis, 1ll. ¢ Emeryville, Cal.

|
|
|
|
|

TUBES AT WORK (continucd)

L

ANTENNA MIXING HARMONIC
PANEL AMP
COMMUNICATIONS LR-2 HETERODYNE
RECEIVER FREQ METER

COMPARISON INTERPOL ATION
0sC

I OSCILLOSCOPE

- S | B

FIG., 2—Measuring procedure using
heterodyne frequency meter to extend
range to 160 mc

oscillator is placed on the opposite
plates of the comparison oscilloscope
and zero beat is determined by the
oval Lissajous pattern. The beat
difference frequency is read directly
from the interpolation oscillator.
The oscillator is calibrated before
each measurement by comparison
with the standard harmonic of 1 ke
closest to the difference frequency
to be measured. It is free from
drift, the output being the audio
beat difference of two Colpitts-type
r-f oscillators.

Measurements are taken using all
three harmonic series if possible.
It is always possible to obtain at
least two measurements of any fre-
quency from 15 ke to 27 me. The
operator finds the closest harmonic
of the series used in a table and
either adds or subtracts the meas-
ured audio beat difference. Meas-
urements made using two or three

| harmonic series must agree. Ex-

perienced navy operators have made
accurate measurements in 12
seconds.

Harmonic Generator

In the 9 and 11-kec channels of
the harmonic generator, the output
of the 100-ke amplifier goes through
a frequency-multipling stage which
yields 900 and 1,100 kc respectively.
In each channel, there are two mul-
tivibrators synchronized for 10-to-1

| frequency division. The output of

the unit is then 9 or 10 ke rich in
harmonics. A single synchronized
multivibrator affects 10-to-1 fre-
quency division in the 10-kc chan-
nel.

The harmonic amplifier provides
a substantially flat response for
harmonics of 9, 10 and 11 ke up to
42 me. The unit also provides ampli-
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In one respect at least, Delco Radio is like our fine-
feathered friend, the ostrich . . . too conspicuous
to be overlooked. You see, Delco radios are in use
everywhere today . . . in countless thousands of
passenger cars, trucks, buses and other vehicles.

Yes, the same assembly lines that turned out vast
quantities of -adio and electronic equipment in
World War II are now producing for peace at an
even greater rate . . , nearly 2,000,000 radio sets
in 1950 alone

Vi

A\

Our object in telling you this? It’s simply to let
you know that Delco Radio is better equipped
than ever to produce for America’s armed forces.
Our special talents, rich experience and broad
facilities are now, as always, at Uncle Sam’s dis-
posal. Delco Radio Division is reporting for duty!

5

1
-}ﬁ

g;e.
AR

Delco Radio

DIVISION, GENERAL MOTORS CORPORATION
KOKOMO, INDIANA
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CABLES,
CORDS

. for Military
g, equipment

PUNPETHISGES S SO p P E  4

Faed
L

I you have a wiri;'l‘g
problem on any of your
Defense Projects, consult
Lenz. Here is a
dependable source for
Harnesses, Cables and

Cords, constructed of

\ ) JAN-C-76 Approved Wire,
N / ' that can speed up your
g | x .
assembly operations.
L/ 7
/)| 7

i /4 ; - ]
LENZ ELECTRIC MANUFACTURING CO.

| N BULS INERSESRSUUNCER1 9 04« - 1751 NriK:Witerig Avenue, Chicago 47, Illinois

\
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PRODUCTION gets a

Here, at The Upjohn Company, Kalamazoo, Michigan,
Kinney Vacuum Pumps produce low absolute pressures for
freeze-drying penicillin. Here, as in countless other im-
portant process plants, vacuum . . . created by Kinney
Pumps . . . is the “shot in the arm” that keeps production
rolling dependably, smoothly, economically.

Wherever Kinney Pumps are at work— the laboratory,
the pilot plant, or the production line — you can count on
fast pump down plus complete reliability. It's this com-
bination of speed and stamina which Kinney Pumps bring
to industries the world over. Pumps are available in eight
Single Stage Models (702 to 13 cu. ft. per min. — for low

Gentlemen:

Name

absolute pressures to 10 microns or better), three Com-
pound Models (46 to 4.9 cu. ft. per min. — for low abso-
lute pressures to 0.5 micron or better). Return coupon
today for complete details. KINNEY MANUFACTURING
COMPANY, Boston 30, Mass. Representatives in New
York, Chicago, Cleveland, Houston, New Orleans, Phila-
delphig, Los Angeles, San Francisco, Seattle.

FOREIGN REPRESENTATIVES: Genera! Engineering Ca. (Radcliffe)
Lid., Station Works, Bury Raad, Radcliffe, Lancashire, England . . .
Harrocks, Roxburgh Pty., Ltd., Melbourne, C. I. Australia . . . W. S.
Thomas & Taylar Pty., Ltd., Johannesburg, Union of Sauth Africa . . .
Novelectric, Ltd., Zurich, Switzerland . . . C.1.R.E,, Piazza Cavaur 25,
Rome, ltaly.

KINNEY MANUFACTURING COMPANY
3565 Washington St., Bostan 30, Mass.

Please send illustrated Bulletin V45. We are interested in:
[] vacvum exhausting
[[] Vacvum metallurgy

|:| Vacvum coating |:| Vacuum distillation

[[] Vacvum dehydration

Address.

Company

City
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BALLANTINE

STILL THE FINEST
ELECTRONIC VOLTMETERS

Ballantine pioneered circuitry and manufacturing

integrity assures the maximum in

SENSITIVITY « ACCURACY « STABILITY

® All models have a single easy-
to-read logarithmic voltage

scale and a uniform DB scale.

® The logarithmic scale assures
the same accuracy at all

points on the scale.

® Multipliers, decade amplifiers
and shunts also available to
extend range and usefulness

of voltmeters.

® Each model may also be used
as a wide-band amplifier.

MCDEL 300

MODEL |FREQGUENCY RANGE| VOLTAGE RANGE |INPUT IMPEDANCE ACCURACY PRICE
1 millivolt to 1/2 meg. shunted 2% up to 100 KC
300 10 10150,000 cycles 100 volts by 30 mmfds. 3% above 100 KC $210.
) 2 megs. shunted by
3028 . 3% from
Battery | 2 10150,000 cycles [ 190 microvoltsto 8 mm{ds. on high| 51100,000 cycles; | $225.
Operated Lo “ongesand 13mmids. | 507 elsewhere
i on low range s
3% except 5% for
1 millivolt to 100 | 1 meg. shunted by | frequencies under
30 cycles to volts except below |9 mmids. on low | 100 cycles and over $235.
304 5.5 megacycles 5K C where max. |renges. 4 mmids. on| 3 megacycles and
range is 1 volt highest range 'OVI'VO"OQGS over 1
vo
Measures peak val-
ves of pulses as
short as 3 micro-
seconds witha repe- i
305 tition rate os low as | 1 millivolt to 1000 Same as 3% on sine waves $280.
20 per sec. Also | volts Peak to Peak Made 1302E 5% on pulses
measures peak val-
ves for sine waves
from 10 to 150,000
cps.
10 cycles to 100 microvolts to Same as 39% below 1 MC 235
RLUES () megacycles 100 volts Model 302B 5% above 1 MC $235.

For further information, wrile for catalog.

100 FANNY ROAD, BOONTON NEW JERSEY

p

"BALLANTINE LABORATORIES. INC. @)

|
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TUBES AT WORK (continued)

fication for harmonies of 100 ke and
1 mec used in identification of un-
known frequencies. The first stage
is a 6ACT7 wide-band amplifier
biased beyond cutoff, the second
stage provides further distortion in
that the screen grid is at B+ while
the plate voltage is made somewhat
less. The final stage is a cathode
follower; the output is taken off a
potentiometer by means of which
the amplitude of harmonics on the
antenna may be regulated.

Extended Range

Figure 2 shows the method by
which the frequency range of the
LAM may be extended upwards to
160 me. A standard Navy hetro-
dyne frequency meter is built into
the equipment. In this secondary
standard-type equipment, a 50-ke
X-cut crystal provides check points
for a very stable variable-frequency
oscillator. When used in the LAM,
the secondary standard crystal os-
cillator is not used and the variable-
frequency oscillator is calibrated
against the LAM standard harmon-
ics. Likewise, the interpolation
meter method of determining zero
beat is by-passed and the compari-
son-oscilloscope — interpolation-os-
cillator method is used.

It is often necessary to measure
the frequency of a transmission
when the assigned frequency is un-
known or when the transmitter is
decidedly off its assigned frequency.
In this case, the unknown signal
may be bracketed between two
known 10-kc harmonics by means of
a panoramic radio intercept adap-

L

ANTENNA MIXING HARMONIC
PANEL AMP
9,10, 8 ]
COMMUNICATIONS 11-KC et
RECEIVER HARMONIC et
GEN
100-KC
PANORAMIC AMP
RADIO
INTERCEPT ]
ADAPTER
100-KC CRYSTAL
0sC

FIG. 3—Estimating frequency of un-
known signal using panoramic adapter
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/Mz’ ROSIN CORE SOLDER

OZ TELEVISION AND RADIO SOLDERING...
for operations that demand freedom from

soldering on any piece of high frequency
equipment . . . there is nothing better than

corrosion and conductive flux residue . . . for
Federated Rosin Core Solder.

Each Rosin Core Solder composition is a precise

alloy of tin and lead with a pure turpentine
distillate flux that is effective but not corrosive.
This means that current leakage at radio

frequencies is prevented.

Federated Rosin Core Solder is unequalled

for consistency and ease of working . ..

for the permanence of the hond y s o L D E R

it produces. Look for it on the familiar
orange and black metal spool. 1,5, and

20-pound sizes.

Fedtooil Wil Diviviore =

AMERICAN SMELTING AND REFINING COMPANY ¢ 120 BROADWAY, NEW YORK 5, N. Y.
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TYPE W-HS-SERIES
60 Milliamperes DC

In 1%’ Phenolic Tube with stud
mounting at eoch end. Circuit-
Half-Wave. Overall length varies
to 14", depending on DC Qut-
put Voltage rating. For many
applications for heavier duty
and inverse peak suppressor

Type W248HS
4960 Volits DC Output
60 ma. Overall

length, 13~

Over 3,000,000 various types produced and in service

circuits.
PARTIAL LISTING . . .
W-HS SERIES during the past 4 years. Designed and built to meet Government
DC Output Rectifier e . .
Voltage 5\7:;1';: Specifications. Manufactured for temperatures up to 100° C ambient
1
o s _ , . g _ g
1 Ve 100% humidity. A recent month’s production included Rectifiers to supply
o wigﬂg 40 microamperes, 1 volt and Rectifiers with a capacity of 140,000
1500 W75HS . .
2300 Wizshs amperes, 14 volts. Owned and managed by Engineers who are specialists
4500 W225HS f i i ifi i
P waas in the design and manufacture of Selenium Rectifiers. Submit your
Over 500 other types problems for analysis and we will be glad to offer our recommendations.

=

Hermetically sealed Power Rectifiers — High Voltage Rectifiers Miniature Rectifiers —
Cartridge Type Rectifiers Ratings to 250 KW - —Cartridge Type from 65 to 1,000 ma.

GENERAL OFFICES:
1521 E. Grand Ave.

El Segundo, Calif.
Phone El Segundo 1890

CHICAGO BRANCH OFFICE:

205 W. Wacker Dr.
Franklin 2-3889
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WITH

SPECIALIZE
When you are faced with specifications that place | B J 1§ J J J

impossible requirements on dynamotors or small
DC motors, according to World War II stand-

ards, take advantage of recently developed 7 T ‘
improvements in high temperature and high ’

altitude techniques by simply outlining your ’

requirements to Bendix. Model units exactly : l
meeting your performance specifications will be . n [ n - -

developed and tested for pre-production use—
production units will then follow in accordance AN D
with your manufacturing schedule.

. DYNAMOTORS '
Regular « Multiple output ¢ Special purpose
DC MOTORS
1/100 hp—1/2 hp « Continvous and Intermittent Duty L
DC Servos and special motors ) / n 4

RED BANK DIVISION OF BENDIX AVIATION CORPORATION
RED BANK, NEW JERSEY

Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, N.Y. 7 ’

/ 7
4
- REU-BANK
NS DIVYSION
!

RN

Write for this colorful and informative book
—it's free. You'll tind it loaded with facts

and figures about all types of dynamotors. AVIATION CORPORATION

ELECTRONICS — December, 1951 187



for Uninterrupted Communications

For

across OCEANS and

dependable
ANDREW Rhombic Antenna Equipment

Whether your problem is uninterrupted communication half-
way around the world . . . or only 100 miles . . . ANDREW
offers you (1) a world-wide reputation of reliability and (2)
the convenience of obtaining all necessary equipment from
one dependable source.

® Receiver Coupling Unit efficiently distributes the output of one antenna
among as many as 10 receivers. Interaction between receivers is held to neg-
ligible levels. Power gain is approximately unity (O db) over the entire range
of operation. A 4-channel unit is also available.

® Rhombic Receiving Antenna Kit contains in one ‘‘package’” everything you
need for an antenna except poles.

® Transmitting antennas available on special order.

® Rhombic Antenna Coupling Transformer is a broad band, low loss unit
which matches the balanced impedance of the rhombic to the unbalanced im-
pedance of a coaxial line.

e Transmitting Rhombic Tuning Units for single or multiple frequencies are
available on special order.

Rapid, Frequent Changes in
COAXIAL CIRCUITS...

® (a) Coaxial Patch Panel has 24 jacks. Fits 19" relay rack. Facilitates
switching coaxial circuits.

e (b) ANDREW Coaxial Jacks and Plugs are simple to install. No soldering
through a window. Just remove one screw, slide the sections apart and
solder.

Write for further
/? ’ ’ information TODAY —

e c’uln{nﬂ £ | o ... e

STREET

CHICAGD 1%

Fad i tAST Them

WORLD'S LARGEST ANTENNA EQUIPMENT SPECIALISTS

TRANSMISSION LINES FOR AM-FM-TV « ANTENNAS - DIRECTIONAL ANTENNA EQUIPMENT

188

ANTENNA TUNING UNITS - TOWER LIGHTING EQUIPMENT

|
|
l
[
|
|
f
|
|
|

|

TUBES AT WORK (continued)

ter. Here the receiver i-f is tapped
and the panoramic adapter provides
a visual display of the spectrum 500
ke about the unknown signal. As
shown in Fig. 3, standard harmonic
markers are used to count down to
the bracketing 10-kc markers.

The 1,000-kc harmonic generator
first distorts the amplified 100-kc
signal to provide frequency multi-
plication, then a 1,000-ke crystal
filter in the plate circuit of the first
stage rejects the unwanted harmon-
ics. There is one stage of amplifica-
tion and the output is taken off a
cathode follower and fed to the
harmonic amplifier. The 100-ke
markers are obtained directly from
the 100-kc amplifier through the
harmonic amplifier while the brack-
eting 10-ke markers come from the
9, 10 and 11-kc harmonic generator
in 10 position. This method may also
be used to determine which stand-
ard harmonic of 9 or 11 ke shall be
selected when measuring should
the double-check fail to agree.

Primary Standard Accuracy

By definition, a primary standard
of frequency must be compared
with observatory time to check its
accuracy. Figure 4 shows how this
is accomplished in the LAM. The
100-ke signal passes through a re-
generative frequency divider from
which are obtained 1 and 10-ke out-
puts. The 1-ke signal is employed
to run the 1,000-cycle synchronous
clock and to calibrate the interpola-
tion oscillator as described previ-
ously while the 10-ke output is used
in tuning and servicing the equip-
ment. The clock is checked against
the naval observatory time-ticks
broadcast over navy Radio Wash-
ington.

In practice, there are three other
checks used to maintain accuracy ;
comparison of outputs of two crys-
tal oscillators, measurement of sta-
tion WWV and WWVH and the
navy simultaneous measurement
program. The intrinsic value of the
LAM as a standard of frequency is
found in its erystal oscillator whose
accuracy, freedom from drift and
precision adjustment are outstand-
ing.

The oscillator uses a Wien-bridge
circuit and very fine adjustment of
frequency is possible by switching
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SPECTRUM

Polarad’s Model LSA Spectrum Analyzer is the result of years of
research and development. It provides a simple and direct means
of rapid and accurate measurement and spectral display of an
r.f. signal.

.............r )

il
‘~.~kﬂnidlll’||lill\‘ ,”ﬂﬂJ“lln,gllhu

Outstanding Features:

@ Continuous tuning. ® Frequency marker for measuring fre-
quency differences 0-25 MCS.

# One tuning control.
® 5 KC resolution at all frequencies. © Only three tuning units required to
cover entire range.
@ 250 KC to 25 MCS display at all fre-
quencies. ® Microwave components used latest de-
. . sign non-contacting shorts for lon
@ Tuning dial frequency accuracy 1 per- n:gechanical life. g 2
cent.
@ No Klystron modes to set. ® Maximum frequency coverage per dol-
lar invested.
® Broadl}and attenuators supplied with
equipment above 1000 MCS. ® 5 inch CRT display.
Where Used:
Pslarad’s Model LSA Spectrum Analyzer measure the frequency of radio and/or
is a laboratory instrument used to provide radar signals.
a visual indication of the frequency of
distribution of energy in an r.f. signal in 3. C.'I'Iectk the spectrum of magnetron os-
the range 10 to 16,520 MCS. ciflafors:

Other uses are: 4. Measures noise spectra.

1. Observe and measure sidebands as-
sociated with amplitude and frequency

modulated signals. 5. Check two r.f. signals differing by a
2. Determine the presence and accurately small frequency separation,

5. Check and observe tracking of r.f.
components of a radar system.

Write for Complete Details

ELECTRONICS — December, 1951 189



bringing

YOUR PRODUCTS to market » § »
is the year-round job of

electronics BUYERS GUIDE

The following statements by subscriber-users of
the Guide give an idea of how it does that job.

“The Buyers’ Guide is used almost 100% in making inquiries and is a constant

reference.” ... "The one copy of ELECTRONICS that I keep on file for reference purposes
in my office.”... "We need another copy of the Buyers’ Guide. The one we have in our
electronic department is in constant use. Please send another copy and bill us.”..."Your

Buyers’ Guide issue is in daily use at the laboratory.We have ordered many products as
a result of consulting it, some of those which have been most difficult to obtain come to
mind right now, small selenium rectifiers, transformers, capacitors and drawn metal
cans, ceramic dielectrics, paints and various plugs and sockets. From our point of view
we believe that manufacturers would really do themselves more good in the Guide if
they could be persuaded to give more information on their products.”

And here’s the other side of the story — by "Guide” advertisers.

“Results obtained have really amazed me. Quantity of requests for data and catalogs
has been tremendous. Initial orders received have paid for advertisement many times
over. Repeat orders have already followed. We have many engineering representatives
all over the country but it is, of course, impossible for them to contact every designer and
engineer in every company. With this advertisement in the Guide, we reached into
engineering, research and production departments where previously our products were
unknown, also many Government procurement agencies, laboratories and so forth.”...
“Qur best customer came about as the result of our ad in the Buyers’ Guide. Recently
we received an order well up in the four figures from another customer whose first contact
with us was his request for our catalog described in the Guide. This customer is in a
field not even remotely connected with electronics.”

Your ELECTRONICS’ representative will be glad to show you the letters
from which these quotes were taken and many more—all telling the same story
— the unparalleled use and sales value of ELECTRONICS BUYERS® GUIDE.

12 REGULAR ISSUES ANNUAL BUYERS' GUIDE

A McGraw-Hill Publication * 330 West 42nd St., New York 36, N.Y.

supplying latest tech- supplying all basic prod-
nical information, de- vect source and tech-
sign ond product news nicol specifying data
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WHERE
BUYING

DECISIONS
ARE MADE

When you consider that there are more than 2.000 widely diversified products sold to manu-
facturers and users of electronic equipment, the engineers’ need for, and the sales-making success
of the "Guide” witnessed to by the quotes on the opposite page become readily understandable.

The only publication of its kind, the “Guide” is the engineers’ standard source of specifying
and buying information on allied as well as electronic products . . . bearings, blowers, bobbins.
bushings, ceramics, couplings, fasteners, gases, hand tools, heating tanks, ionization chambers,
metals, moldings, motors, mountings, paper, plastics, rings, seals, solder, tapes, tubing, washers,
wire . and cable as well as amplifiers, antennas, capacitors, coils, controls, counters, crystals, deflec-
tion yokes, h-f generators and heating equipment, ion traps. isotopes, loudspeakers, oscillators, po-
tentiometers, radar, receivers, resistors. spectrometers, standards, testers, thermistors, timers, trans-
ducers, transmitters, tubes and tube parts, varistors, wave guides, wave traps. and X-ray equipment
. . . materials, components or packaged electronic equipment — getters or gear trains, coils or
cabinets, servos or springs.

DESIGNERS AND USERS of electronic equipment all look to the “"Guide” for product source
and specifying information.

NEW MANUFACTURERS should write us now to insure receiving the questionnaire form
for free listings in the coming 1952-53 ELECTRONICS BUYERS' GUIDE. ALL ADVERTISERS should
be guided by their directory listings in the “Guide” when preparing their advertising support for
those listings. Remember it is the indexed-to-advertising product listings that send your potential
customers to the sales data pages in the “Guide”...the pages that can take your products to
market in a big way. Be sure when they tum to your advertisement that they find the information
they are looking for on all your products listed in the directory section.

Don’t forget to include the

ELECTRONICS BUYERS’ GUIDE
in your ‘“AD-BUDGET for ’'52”

S

THE DIRECT ROUTE TO — — — ———A $3,800,000,000 MARKET PLACE
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PLACE YOUR CONFIDENCE

JAN-C-76 TYPES SRIR & SRHV With and without overbraid. Sizes 1¢ AWG
through 24 AWG. Approved. Can be furnished with a nylon jacket.

AN-J-C-48-a (MIL-5086) LOW TENSION AIRCRAFT ELECTRICAL CABLE
Sizes 16 AWG through 22 AWG with .012 wcll cf Turbotherm 69 insula-
tion and an outer wrap of cotton coated with leequer. Approved.

JAN-C-17-A COAXIAL CABLES FOR ADIO FREQUENCY APPLICATION

Types RG58U, RG59U and RG8U. Approved.

JAN-W-442 TWO-CONDUCTOR INSULATED FIRING WIRE Solid and
Stranded. Copper and Copper Bronze ccnductors. Approval not required.

71-3189 HIGH FREQUENCY LEAD Type W-146, 12 AWG
Stranded. Turbolene “PE” insulated. Cottom Braided. Approvel not

required.

71-3271 TELEPHONE DISTRIBUTING FRAME W IRES Types WD-15/D and
DD-16/U employing Multiple Conductors of %20 AWG and 22 AWG.
Turbotherm 60 insulated. Approval ro- required.

15-W9 BUREAU OF SHIPS THIN WALLED, HOOK-UP WIRE Type LV (low
Voltage). Sizes %20 to 32 AWG. Approval not required,

15-C9 BUREAU OF SHIPS TINSEL CORDAGE -OR TELEPHONE US:Z For
use wherever omission of the separafor and the use of Thermoglastic
Insulation is permitted. Approval not required.

71-128-1 TWO-CONDUCTOR TELEPHONE WIRE Type W.117, Size %22
AWG, and Type W.118 Three-Conductor %22 AWG Telephone Wire.

In addition to the above, there are mcny other specifications Brand can
meet for oll applications where Thermoplastic insulation is permitted and
where approval is not required.

GIVE BRAND THE OPPORTUNITY OF SERVING YOU ON
MILITARY, INDUSTRIAL, AND COMMERCIAL APPLICA-
TIONS. WRITE TODAY FOR LITERATURE AND SAMPLES.

INSULATING MATERIAL SPECIALISIS SINCE 1920
106 VALLEY STREET, WILLIMANTIC, CONNECTICUT, U. 5. A.

- . Plastic Insulated Wire * Multi-conductor Cobles

Gloss Sleeving and Tubing ®* Combric Cloths
Topes and Papers * Mica Products * Wire Markers

€ALES REPRESENTATIVES IN PRINCIPAL CITIES

Extruded Tubing ® Varnished Tubing * Saturated Sleeving

TUBES AT WORK (continucd)

10 KC
. 1 AND 10-KC FOR
SR LKC | REGENERATIVE
| FREQ DIVIDER TUNING
- FREd AND
= I SERVICING
. - .
100-KC
100-KC
CRESEAL »u--{l o
I — | SR

FIG. 4—Primary standards of frequency
referred to time

small capacitors. The finest adjust-
ment is on the order of 10°. The
oscillator frequency is controlled by
a hermetically sealed BT-cut crystal.

The simultaneous frequency meas-
uring program is a unique and
rigorous check on the LAM’s pri-
mary standard accuracy. At prear-
ranged times throughout the day
and night, frequency measuring
units throughout the world measure
the same station and frequency,
usually a primary naval broadcast
station. The list of times and sta-
tions is prepared in advance and
results are air-mailed to Washing-
ton daily. Tabulation reveals
whether any LAM is off frequency
with respect to the others.

The LAM equipment may be used
to measure any radiotelegraph or
radiotelephone emission. It is par-
ticularly well adapted to measure-
ment of  frequency-shift-keyed
radioteletype signals since both the
mark and space frequencies may be
measured easily thus affording both
the measured mean carrier fre-
quency and the shift frequency.
Measurements may be taken on the
rest frequency of FM and photo-
facsimile transmissions and skilled
operators have made approximate
measurements on single side band.

The LAM equipment was de-
signed, developed and fabricated by
the Radio Measurements and Com-
ponants Section, Ship-Shore Radio
Division, Naval Research Labora-
tory, Washington, D. C.

The opinions contained in this
article are the private ones of the
writer and are not to be construed
as official or reflecting the views of
the Navy Department or of the
Naval Service at large.

Heater Hum in Amplifiers

HEATER-INDUCED 60-cycle hum in
a-c operated low-level amplifiers can
be reduced to less than one micro-
volt by suitable choices of tubes
and circuitry. Less fortunate tube-
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Desisned for Application

Grid Dip Meters

Millen Grid Dip Meters are available to mect all various lahoratory and
SETVICING requirements.

The 90662 Industrial Grid Dip Meter completely calibrated for laboratory
use with a range from 225 ke to 300 me. incorporates features desired for
both industrial and laboratory application. inceluding three wire grounding
type power cord and suitable carryving case.

The 90601 Industrial Grid Dip Meter is similar to the 90062 except for a
reduced range of 1.7 10 300 me. 1t likewise incorporates the three wire
grounding type cord and metal carrying case.

The 90651 Standard Grid Dip Meter is a somewhat less expenzive version
of the grid dip meter, The ealibration while adequate for general usage
is not ag complete as in the case of the industrial model. 1t is supplied
without grounding lead and withont carrving case. The range is 1.7 to
300 me. Extra inductors available extends range to 220 ke.

The Millen Grid Dip Meter is a calibrated stable RI7 oscillator unit with
& meter to read grid current. The frequeney determining eoil is plugged
mto the unit so that it may be used as a probe.

These instruments are complete with a built-in transformer type A.C.
power supply and interminal terminal hoard to provide connections for
battery operation where itis desirable to nse the unit on antenna measire-
ments aml other nsages where A.C. power is not available. Compactness

JAMES MILLEN

MAIN OFFICE

Lias bheen achieved withaut loss of performmice or convenience of usaye.
The incorporation of the power supply. oscillator and probe into a single
unil provides a convenient device for cheching all types of eircuits. The
indicating instrument is a standard 2 inell” General Flectric instrument
with an easv to read scale. The calibrated dial is a large 270° drum dial
which provides seven direet reading seales, plus an additional universal
scale, all with the same length and readability, Eaeh runge has its indi-
vidual plug-in probe completely enclosed in a contour fitting polystyrene
case for assurance of permanence of calibration as well as to prevent any
possibility of mechanical Jdamage or of unintentional contact with the
components of the eircuit being tested.

The Grid Dip Meters may be used as:
1. A Grid Dip Oseillator
2. An Ozeillating Detector
3. A Sipnal Generator
4. An Indicating Absorption Wavemeter
e most common usage of the Geid Dip Meter is as an oseillating
frequency meter to determine the resonant frequenvies of decenergized
tuned cirenits.,
Size of Grid Dip Meter only (esz prabe): Tin. x 3% in, x 334 in,

MFG. CO., INC.

AND FACTORY

MALDEN, MASSACHUSETTS, U.S.A.
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OU can add a lot of extra convenience

to your product by adding one or more
little General Electric lamp bulbs to its
design.

G-E miniature lamps can be used on in-
strument panel boards to show ata glance
whether current is off or on. Placed over
dials and gauges, these inexpensive lamp
bulbs make it easier for operators to take
proper readings. They can add new safety
to your product, too, by flashing warn-
ings of high temperatures or voltage.

General Electric miniature lamps are
available in both filament and neon glow,

in a wide range of types and sizes. You're
sure of top quality because every G-E lamp
is backed by rugged tests run in General
Electric’s research laboratories.

Plan now to design greater convenience
and safety into your product with G-E
miniature lamp bulbs. It’s simple to do
and inexpensive too.
Call your General Elec-
tric lamp supplier or
write General Electric,
Department 166-E-12,
Nela Park, Cleveland
12, Ohio.

You can put your confidence in—

GENERAL @3 ELECTRIC
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WILCOX

choice
of...

Pan American World Airways System Selects
WILCOX Type 408A Transmitter and Type 305A Receiver
for Idlewild International Airport VHF Installation

New features offered in fixed frequency equipment for the 118-132 mc/s band:

S50 WATT TYPE 408A TRANSMITTER

1. Automatic coaxial transfer relay permits operation of fransmitter and receiver
from same antenna.

2. Compact design requires only 8% inches of rack space.

3. Only thoroughly proven octal and transmitting type tubes are used in R.F.
stages.

4. All controls and adjustments accessible from the front,

5. .005% frequency stability without temperature control.

TYPE 305A RECEIVER

1. New noise limiter means better reception. With a pulse type noise 33 times

w l L c o x as strong as the desired signal, the receiver output is clearly intelligible.
2 .

. Spurious frequency responses are all at least 100 db below the desired

ELECTRIC COMPANY signal.

Fourteenth and Chestnut 3. Selectivity permits 100 Kc. adjacent channel operation.

4. The front panel is easily removable, exposing all mounted parts for inspection
and maintenance.

5. Simple, conventional circuits minimize the number and types of tubes and
® require no special training, techniques, or test equipment.
Wm 70W for complete information and specifications on the Wilcox Type 408A

Transmitter ond the Type 305A Receiver.

KANSAS CITY 1, MISSOURI, U.S.A,
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A low-distortion source of audio fre-
quencies between 30 and 30,000 cycles.
Self-contained power supply. Calibra-
tion accuracy *+39, of scale reading.
Stability 19, or better. Frequency
output flat within 1 db, 30 to 15,000
cycles.

MODEL200 . . . . . . . . $138

For fundamentals from 30 to 15,000
cycles measuring harmonics to 45,000
cycles; as a volt and db meter from 30
to 45,000 cycles. Min. input for noise
and distortion measurements .3 volts.

__Calibration: distortion measurements
‘45 db; voltage measurements +59, of
full scale at 1000 cycles.

~ MODEL400 . . . . . . . . $168

'. Combines RF detector and bridging
transformer unit for use with any dis-
- tortion meter. RF operating range: 400

ke to 30 mc. Single ended input impe-
dance: 10,000 ohms. Bridging impe-
dance: 6000 ohms with 1 db insertion
loss. Freguency is flat from 20 to 50,000
cycles.

MODEL404 . . . . . . . . $85

=

RIRTMAS PRI Yl o R N S e Rl

Speeds: accurate analysis of audio cir-
cuits by providing a test signal for
examining transient and frequency re-
sponse . . . at a fraction of the cost of
a square wave generator. Designed to
be driven by an audio oscillator.

 MODEL250 . . . . . .. . $10
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Yeese

for designing, production checking,
proof of performance”
FCC tests for broadcasters.

DISTORTION
METER

LINEAR
DETECTOR

SINE WAVE
CLIPPER

The instruments of laboratory accuracy

Bulletin EL-121 gives complete detaifs

Burker & Williamson, Inc.

237 Falrflegd Avenue » Upper Darby, Pa.

TUBES AT WORK

| —L
e |
oc AN | TUBE AND
& F“’“W crour I ame
ATTEN | _ |UNDERTEST
UM+ | |

(continued)

r__ S
| FILTERS.

*] oS voumme RO
lewoi120 CPS

180 CPS

FIG. 1—Block diag:am cf the complete
heaer-hum measurement system

and-circuit combinations may give
heater-hum levels of more than 500
microvolts, however.

Eleven tube types, in various cir-
cult arrangements, have been stud-
ied so far in a National Bureau of
Standards investigation. Included
were single triodes 6F5 and 6SF5;
dual triodes 6SL7, 7TF7, and 5691
and pentodes 6J7, 6J7G, 6J7GT,
6SJ7, 5693 and 6SHT.

Circuits were varied with respect
to cathode bypass capacitance,
heater-return tie point, heater-re-
turn potential and grid-circuit re-
sistance. The cathode resistor was
either bypassed with a 50-.f capaci-
tor or left unbypassed. Input grid
resistance was either zero or 0.5
megohm. The heater return was
either to one side of the heater or
through the adjustable arm of a
100-ohm potentiometer placed across
the heater supply and adjusted for
minimum 60-cycle output. Heater
return potential was either to
ground, to 45 volts positive or to 45
volts negative. Hum measurements
were made with various combina-
tions of these circuit variations.

In the test setup, the 60, 120 and
180-cycle hum components of the
output of the amplifier under study
were measured on a vacuum-tube
voltmeter, see Fig. 1, using appro-
priate amplification and filtering.
At the same time, wave form was
observed on a cathode-ray oscillo-
scope. Gain was measured by apply-
ing a known signal to the grid of
the test amplifier, hum level could
then be expressed in terms of equiv-
alent microvolts at the grid. Pro-
vision was made for switching from
a-¢ to d-¢ heater supply for calibra-
tion and comparison.

To obtain the desired measure-
ments of heater-induced hum, ex-
ternal a-c hum was reduced to a
negligible value, using recognized
shielding precautions. Heater leads
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OUTLINE OF ESTABLISHED AND POTENTIAL APPLICATIONS

RECOMMEND:D
CUTLINE CF APPLICATIONS FERROXCUBE $4APE
MATERIAL
TELEVISION FLYBACK CIRCUITRY
a) Flyback transformers 3C U.Core
b) Deflection yckes 3C Ring segment
¢} Correction ccils—to improve sawtooth linearity 3C Slug
RADIO RECEIVERS
a) | F Transformers A
b) R F Tuning Coils ey £
) fxed]d Freu’:en( e
ii) permeability tuning 9 L4 i1¢
<) Antenna cores 4B Rod
TELEPHONY (Veice Frequency and Carrier
a) Interstage trunsformers 3C E-Core
b} Transformer for matching to co-axial cable 3C E-Core
¢} Loading coils Spetial grade PotrCore
d) Filter circuits (not limited to telephony) Special grade Pot-Core
e) Delay lines {not limited to telephony) Special grade Poi-Core
PULSE NETWORKS AND TRANSFORMERS
a) Signal-shapimg Depends Simple
b) Power—to feed magnetron directly—built up from upon closed
Ferroxcube rods Pulse width ma gnetic
¢} low-power—=2.g., in computer applications Special grade i it

MODULATION APPLICATIONS

a) Use of loss effects to achieve AM without FM in 48 Fod
modulating Klystron output

APPLICATION CF NON-LINEAR EFFECTS—e.g., in

saturable core reactors Towoid
a) Permeability tuning of diathermy apparatus 48 or raed with
b) Pulse generation from sine waves saturating
¢) Magnetic amplifiers and saturable core reactors cincuit

RECORDING HEADS

IGNITION COILS

a) Automotive
b) Aircraft

MAGNETOSTRICTION APPLICATIONS

a) Band-pass fil-ers
b) Transducers

‘FER"ROXCUBE conpéinlon’. OF AMERICA

A Joint Affiliate of Philips Industries and Sprague Electric Co., Managed by Sprague
50 East 41st Street = New York 17, New York « Factory: Saugerties, New York



Seletron can furnish
hermetically sealed
selenium rectifiers
to your order. . .

OF COURSE, this type of rectifier is usually for military
and naval installations . . . and the occasional uses where the
extra cost of sealing is justified by the extra results achieved.

For some time now we’ve produced oil filled, hermetically
sealed rectifiers on order in a variety of ratings . . . so if you
have an application in mind that calls for the utmost in pro-
tection against atmospheric conditions or unusual shock,
send us your specifications. We'll gladly supply engineering
data and quotations.

Cutaway view of typical internal

ti t of Itipi A FEW EXAMPLES OF
b Eicn Bact T RATINGS SELETRON HAS P JER T OAWENT
assembly. ALREADY SEALED IN OIL

Regular SELETRON selenium rectifiers are the choice of an ever
increasing number of manufacturers in diversified fields because
they are so thoroughly dependable under all types of grueling
conditions. They're available in the miniature sizes for radio,
TV and other electronic circuits, all the way up to heavy duty
power stacks used in industrial applications. Write us today for
Bulletin No. 104-D-12.

SELETRON DIVISION

RADIO RECEPTOR COMPANY, Inc.
@ Since IP22 in Radio and Elecirenics @

Sales Dept.: 251 W. 19th St., New York 11, N. Y. + Factory: 84 N. 9th St., Brooklyn 11, N. Y. TMoREG Us Pa
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MITCHELL-RAND |

Insulation Headquarters

-

2 47) 77

r s

". r
&l 4

X woven of FIBERGLAS

... to provide the ultimate in electrical insulation

MIRAGLAS TAPES are available in a wide variety of

W“s SR HIGH TENSILE STRENGTH widths, thicknesses and styles, for practically every
2 electrical insulation requiremert where high dimen-

- sional stability and tensile strength are desired. Con-

GREAT D|M[NS|0NA“|_77 tinuous filament MIRAGLAS TAPES are supplied in
thicknesses ranging from .003” o .015” and in widths

W‘s tapes have | STABILITY from 32” to 12”. Medium weave tapes, for machine

taping, range in thicknesses from .005” to .015” while
EXCESSIVE HEAT tight weave tapes for manual taping, range in thick-

MOISTURE nesses from .003” to .007" only. Staple fiber tapes in

M Gus tape ist thicknesses from .010” to .025” and widths from 2 to
OVERLOAD 1%2 are also available for applications where space is

3 ACID - DIRT not a primary consideration or where a more resilient

wrapper cushion is wanted.

Write for a copy of the MIRAGLAS TAPE BULLETIN
Qbbb g ... also for a FREE TEST SAMPLE

Electrical

Wsuletian /A PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH - INSULATING PAPERS

Headquar::/-- AND TWINES - CABLE FILLING AND POTHEAD COMPOUNDS * FRICTION TAPE AND SPLICE - TRANSFORMER COM.
e - POUNDS - FIBERGLAS SATURATED SLEEVING * ASBESTOS SLEEVING AND TAPE < VARNISHED CAMBRIC CLOTH AND
- H TAPE -+ MICA PLATE, TAPE, PAPER, CLOTH, TUBING - FIBERGLAS BRAIDED SLEEVING - COTTON TAPES, WEBBINGS AND
SLEEVINGS - IMPREGNATED VARNISH TUBING - INSULATING VARNISHES OF ALL TYPES - EXTRUDED PLASTIC TUBING
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THE SECRET OF THE

Highly competent young experts set a fast pace for
product design engineers who work in the toy and model
fields.

That is why A. C. Gilbert’s famous American Flyer
scale model railroad equipment is true to life right down
to the rivet heads . , . and the latest Nathan Air Chime
whistle on the locomotives.

The Wheeler Insulated Wire Company’s part in this

picture concerns that air chime whistle. For the secret of
~ the “whoo-0-0-0!” is a tiny speaker powered by a modified
Wheeler phone coil unit that excludes audible response
to the 60 cycle train operating currents, but faithfully
and dependably reproduces the special high frequency
whistle-note impulses,

We helped A. C. Gilbert engineers solve this problem
successfully and quickly . , . at low
unit costs that are a key factor in a
highly competitive field.

We invire you to talk over your
problems with Wheeler Specialists.

Sound Powered
TELEPHONES
and
HAND SETS

HEELER

gve’fr;?&é’;éd/

COMMUNICATIONS

COMPONENTS

| TUBES AT WORK (continued)
i o
)
CALé [
R, TU
SIGNL ngTED :

TIE POINT
HEATER RETURN
O +45Y -45
i1
T 7

| FIG. 2—Typical low:-level amplifier cir-
cuit used

were twisted, Fig. 2, and shielded
and kept away from the grid cir-
cuit, which was also shielded.

Preliminary checks indicated that
hum is not significantly affected by
the usual variations in components
—plate, screen and cathode resist-
ors and cathode and screen bypass
capacitors required to match differ-
ent load impedances.

The most hum-free amplifiers so
fur investigated used either of sev-
eral triodes (6F5, 6SKF5, 7F7 or
5691) or a pentode (5693) in a
circuit including bypassed cathode,
heater grounded through an adjust-
able potentiometer and low grid
impedance.

Wide hum differences were found
for different tube types as well as
for different circuit arrangements.
Apparently, however, the 60-cycle
equivalent input hum of almost any
tube type tested, whether triode or
pentode, can be reduced to 10 micro-
volts by suitable circuitry. All of
the triodes tested could be brought
below two microvolts.

The 60-cycle components were
measured because of their impor-
tance in low-level power-frequency
| amplifiers often required in instru-
l mentation applications.

High Fidelity with
Small Enclosures

A NEw development in speaker-
’enclosure design recently demon-
strated shows promise as a small
and economical loudspeaker system
faithfully reproduce bass funda-

| mental notes down to 30 cycles.

INSULATED WIRE CO., INC., 1101 EAST AURORA ST., WATERBURY 20, CONN. -
THE WHEELER NS The enclosure sizes used are

Division of The Sperry Corporation I
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\ TOP
PERFORMANCE

MCS

and every other
microwave frequency

WORKSHOP PARABOLIC ANTENNAS are now recognized as the
top performers for all microwave frequencies. This is the result of
years of specialization on all types of high-frequency antennas
in laboratories equipped with the most up-to-date research
and test equipment in the industry. Normally, we can meet
your requirements with our standard equipment, but for special
applications, reflectors can be supplied in a wide range of sizes
and focal lengths.

Frequency Renge
Input Impedance
VSWR

Power Rating

Model 2000
N

Polarization

Reflector Size

Gain (db, approx.,
over isotropic radiator)

Halt Power Angles (H plane)
(E plane)

Side Lobes
Input Connection

Dish Heaters

VMV PARABOLIC ANTENNA COMPUTER

WaAVaVaV

-

1990 to 2110 Mes.

52 ohms nominal

1.25 to 1 or better over band
1 kw. continvous

Either vertical or horizontal available ot
time of installation.

48" 72" 96" 120"
27 30 32 34.5

9.2° 5.75° 4.25° 3.25°
10.28° 6.4 4.55° 3.65°

20 db down or better

Weatherproof type "N fitting. Special fittings
are avoilable for RG-8/U, RG-17 /U or %" copper
line. Specify when ordering.

Available for all models, Capacities range from
400 to 4000 watts.

OTHER STANDARD MODELS

FREQUENCY GAIN* HALF POWER ANGLE*
MODEL NO. (MCS.) (DB.) E Plane H Plane
940 920-940 19.0-28.0 19.75°-7.8° 17.75%6.9°
7000 5925-7425 36.0-43.0 3,24°.1.36° 2.86°-1.21°
*Gain and Half Power Angles are dependent on size and
frequency of parabolas, — 4, 6, 8 or 10 foot diamater.

FREE SLIDE RULE—This pocket slide rule quickly computes diameter,
wavelength, angle and gain for parabolic antennas, Reverse side
carries FCC frequency allocations, conversion tables and other data,

Wrile for your zopy.

ELECTRONICS — December, 1951

Write for Parabolic Antenna Catalog

DIVISION OF THE GABRIEL COMPANY
Specialists in High-Frequency Antennas
135 Crescent Road, Needham Heights 94, Massachusetts

The WORKSHOP ASSOCIATES

(A

—
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BRIDGEPORT BRASS COMPANY

Coppm ALrLoY BULLETIN

BMSB

.Brhd\g?rt MILLS IN BRIDGEPORT, CONN. AND INDIANAPOLIS, IND.—IN CANADA: NORANDA COPPER AND BRASS LIMITED, MONTREAL

Gears, bushings, coil, motor cover, pinions and copper shading rings used in 400-cycle synchronous
timing motor.—Courtesy Haydon Mfg. Co., Inc., Torrington, Conn.

Synchronous Timing Motor
Designed for 400-Cycle Current

The use of 400-cycle current by the
military and industry for many types
of servo mechanisms and in communi-
cations systems brought about the de-
sign and manufacture of the illustrated
synchronous timing motor.

The motor is used in time delay re-
lays, elapsed time indicators, potenti-
ometer controls, and sequence, interval
and repeat cycle timers. Many other

Synchronous timing motor.—-Ccurtesy Haydon
Mfg. Co., Inc., Torringten, Conn.

202

special timers have been or are being
developed to utilize this motor.

Only frequency control is necessary
to insure accurate timing since the
motor is not affected by variations in
temperature, altitude, supply voltage
and load within the operational limits
of the motor itself.

Self-Starting Insured

The motor is essentially two phase
with two coils, cores and interlacing
field pieces. To insure self-starting, a
capacitor is put in series with one coil,
thus giving this coil a leading flux effect.

Copper Alloys Widely Used

As in all electric motors, copper and
copper-base alloys are widely used not
only for their electrical characteristics
but for corrosion resistance and ease of
working or machining,

The motor cover is cartridge brass
(70% copper and 309, zinc) which
can be readily worked. has good corro-
sion resistance and a tensile strength

|

of 76,000 psi in the hard-drawn condi-
tion. The cover is cupped, drawn and
trimmed, then stamped with the com-
pany name and other information.
Since shading rings must have high
electrical conductivity, electrolytic
tough pitch copper 99.99 pure is used
because of its 98-1009 conductivity.

Self-Lubricating Bearings

Rotor bearings are of graphite
bronze, which was selected for its self-
lubricating properties. However, for
the output bearing where long life and
strength is demanded under compara-
tively heavy loads, commercial bronze
is the choice. This alloy contains 89.5%,
copper, 8.5% zinc and 29 lead, which
increases the machinability consider-
ably. Many standard gear combina-
tions are available to give varying out-
put speeds depending on the timing
involved.

Wheels of Clock Brass

The wheels (gears) are made from
clock brass (669 copper, 2% lead, and
remainder zinc). The lead helps to
eliminate burrs in machining the gear
teeth and in blanking and piercing the
wheels. Since the lead exists in the
metal as small globules, some lubrica-
tion is obtained as the lead is bur-
nished over the surface of the teeth
while in operation.

Two alloys are used for the pinion
gears depending on the load put on
them,

Free cutting brass rod (619 copper,
3.4% lead and remainder zinc) per-
mits clean drilling and machining of
the pinions and gives long life under
relatively light loads. When the loads
are greater, a leaded phosphor bronze
is utilized. (7496)

New Publication Available

“Bridgeport Alloys—Properties and
Uses”—new 4-page folder designed
to help the metalworking industry
and other fields to distinguish be-
W tween copper

basealloys. Lists
65 commonly
used Bridgeport
alloys, their
composition,
properties,
forms and typi-
cal uses. Write
to our Sales Pro-
motion Service.

BRIGEPORT ALLOYS |
PROPERTIES AND USES
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WHETHER FOR PEACE OR DEFENSE a great responsibility is vested in
@Iectrical control. In this era of defense there is an urgent demand for electrical
ontrols in quantity with the highest degree of quality at economical cost.
How efficiently Guardian Electric has moved to meet these requirements is
convincingly told by the millions of Government Approved Controls by Guardian
now being used in planes ... in tanks... in communications...in bomb releases...
inradar ... in guided missiles... in gun controls. The same excellent controls
that helped to insure Victory in World War II! If yours is a problem of electrical A.N.CONNECTOR PLUG
control requiring relays, steppers, contactors, control assemblies, or the familiar HE'::%EJ'TCAIS:&LED
“Guard-A-Seal” hermetically sealed relays, consult Guardian. Write.

J:
14 4 b
e

| 2 a

{ %
¥ 4

AN-3320-1 D.C, AN-3324-1 D.C, Series 595 D.C, Senes 610 A.C.—615 D.C. Séries 695 D.C.

GUARDIAN\ELECTRIC

1625-P W. WALNUT SYREET CHICAGO 12, ILLINOIS

A COMPLETE LINE OF RELAYS SERVING AMERICAN npysSIAY

ELECTRONICS — Lecember, 1951 203



4 o

TUBES AT WORK {continued)

barely larger than the speakers they

HERE’S
contain. A floor enclosure, measur-
ing 18 by 18 by 18 inch d using
L A B o R p R o D u c T l o N ;ngt\vo-\i,'ay );ystegllc (\3:1:}11] gilsr;i

| mounted tweeters and a 12 or 15-
inch speaker has been developed.
Also. a corner enclosure measuring
241 by 24 by 16 inches with the
same speaker has been developed.
Here, the 16-inch measurement is
made from the corner directly out
to the edge of the front of the en-
closure. An eight-inch speaker in
about the $13 price range was
mounted in an enclosure measuring
14 by 14 by 10 inches.

The standard model enclosure
demonstrated will take either 12 or
15-inch speakers without any al-
teration of overall size. The lower
| frequency response is limited solely
by the speaker itself and not the
enclosure. Both two-way and single
speaker systems have been tested
and coaxial speaker systems are
under test with equally good results
possible.

Back waves from the speaker are
completely absorbed within the cav-

KELVIN plus WHEATST
ONE |
RANGES IN ONE HANDY

BRIDGE

Why pay for two ins

g truments :
both jobg? Providing b when one will deo

ranges from 0,000] oth Kelvin and Wheatstone

hm to 11.1]1 i
Shallcross No. 638.R combined bridg??sgﬁ?:l:llyt:;s

ity so that there are no reinforce-
ments or cancellations upon the
front wave. The front wave feeds
through a specially designed acous-
tic loading chamber and exits
through a slot arrangement. The
combination of front and back pres-
sure on the speaker cone is dynam-
ically balanced to provide ideal

Lt AR

damping and transient response.

Quick-Acting Optical Shutter

| By J. H. Jupk
Middlesexr, England

A FAST optical shutter developed in
Britain uses a photoelectric image
converter. The image of an elec-
tronic flash tube is focused onto
the photo-cathode of the image con-
verter and the electron image from
the cathode is focused magnetically
onto a fluorescent screen, where the
image of the flash tube is made
visible,

The electron image may be inter-

rupted at high speed by means of
a negative bias applied to one of
A . the electrodes of the image con-
verter. Superimposing a short posi-
tive pulse on the electrode will re-

SHALLCROSS MANUFACTURING COMPANY D20 NS0 et LSRRI BT e s

duration of the pulse, which may be
Collingdale « Penna. | as short as ane microsecond.
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<@ Consider Crowley
;g! NO. -1 source of supply for magnetic and ceramic

es. For here, under one roof, are specialists who
 ‘pioneered the “parts from powders” art for the
og-'él'ecfronic industry.

‘ Crowley ‘means production facilities that have sup-
plied the> major portion of magnetic cores in peace
ahd war alike. Here are extrusion, molding and
machining facilities that can provide steatite and other
severe-service insulators in the widest range of char-
acteristics, sizes, shapes.

By all means try Crowley! You can save time, money
and trouble, just as other electronic designers, engi-
neers and production men are doing.

ﬁnd in standard
itom molds into
e widest choice of
apes and sizes,
‘thereby minimizing
‘machining. High
aree of accuracy to
o rimh metal parts in
¥ qesembly. Plain

ﬁ;}od finish.

" “MACHINED
CROLITE

Elaberate shapes, ine

el.l.vding grooves, bob« HENRY L CROWLEY & COMPANY, INC
bins, holes, threads, Pioneering POWDER-IRON and STEATITE products

fins and other fea-
tures, can be included 3 . 1 Central Avenue
in Crolite machined J West Orange, N. J.
pieces. Precision ’

machined tools in the
hends of skilled spe-
cinlists, insure the
matching of rigid
mechanical specifica-
ticns.
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RUGGED LITTLE RIVET

HAS TWO BIG JOBS

UNIT CARRIER ASSEMBLY

f%!
<

g}

THREE TIMES
ACTUAL SiZE

HEATING ELEMENT

b EERE—
\'?‘JI | HEATING ELEMENT
| _ WELDED HERE

i.
- {],

MICA WASHERS /!

A ._RIVET STUD

Small enough to put under your fingernail,
this rivet is made by Progressive for The
Cuno Engineering Corporation. Used in an
automotive cigarette lighter, it serves as a
post to which the center of the heating coil
is spot welded and as a rivet for fastening
the burner cup to the lighter shell.

This double function required precise up-
setting of a metal sufficiently soft to be used
as a rivet, yet rugged enough to withstand
the welding operation.

At Progressive, we welcome special jobs
like these. I¥'s our business and we’re good
at it. See Progressive—if it's a SPECIAL.

\‘I— WRITE FOR OUR CATALOG
IT MAY SA/JE YOU MONEY

MANUPACTURING COMPANY

50 NORWOOD ST., TORRINGTON, CONN,
SALES OFFICES: SAN FRANCISCC, LOS ANGELES,
PORTLAND, DETROIT, PHILADELPEIA, CLEVELAND,
SEATTLE, BOSTON, SYRACUSE, ST, LOU S, CHICAGO,

provides
a low cost sourece

for the
Production of
Electronic Parts

Stainless conico! en-
velope for cathode ray
m assembly. Vo' 446
chrome iron, 16" dia.,
112" deep.

Corona shield ~ g"”
250 aluminum, 20 long.

Rectangular TV envelope —
mass produced of /8’ 430 chrome
iron, 24" wide, 16"
high, 9’/ deep.

Beuded static shield -~
18 U. S. ga. cold rolled
steel, 8" dia,

STUDY these illustrations of Spincraft
“engineering”’ — interesting examples
of a high order of ability to “work”
metal by spinning and fabricating.
Best of all, these methods pay off in
time gained — and substantially lower
costs, both on large and small runs.

Progressive new Spincraft techniques
may help simplify your production
problem in any metal — just as they
have helped others in the electronics
industry. Your inquiry is welcome —
and you are invited to send for the new
Spincraft Data Book, a stimulating
source of ideas for engineers, de-
signers and plant production men.
Write today.

4143 W. State S, Milwauvkee 8, Wis.

Heretofore known as
Milwavkee Metal Spinning Co.
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Thc newest addition to Sperry’s Microline® is

‘lodel 296B Microwave Receiver for laboratory use.
This instrument is an important addition to S PERRY

the microwave laboratory where a good secondary
standard of attenuation is required.

The versatility of Model 296B permits measurements MICR o LIN E
1o be made at all microwave and UHF frequencies.
In addition to its use as a secondary standard RECEIVER FOR
of attenuation, this receiver has many

other uses . . . one of the more important

being antenna pattern measurements. A CC U R A TE
MEASUREMENTS

o
S
e

AT MICROWAVE ‘
e FREQUENCIES

Model 296B Microwave Receiver

30 Mc Amplifier Gain: 70 db + 30 db preamp gain
— 1% db insertion loss.

Model 296B consists of a 30 mc pre-amplifier,
IF Bandwidth: 1.8 Mc.

IF amplifier and precision 30 mc waveguide

below cut-off attenuator. Included in the receiver Aftenuator: Insertion loss 15 db: 80 db attenuation
is & well-regulated klystron power supply. rangz with detent positions at 10 db sieps;
Klystron stability is assured by self-contained, Local Oscillator Power SUPP’Y; Beam supply
au-omatic frcqucncy control Circuitry. 60().1'0 800 volts 50 ma, continuously vanfluble.

positive grounded. Reflector supply continuously
Our Special Electronics Department will be happy variable from —10 to —500 volts with respect
to give you further information on this to cathode.

instrument as well as other Microline equipment. Accessories Supplied: One pre-amplifier, one pre-
amplifier power cable, one klystron power cable.
two 30 Mc IF cables.

Accessories Needed: Local Oscillator Klystron

GYROSCOPE COMPANY S s

DIVISION OF THE SPERRY CORPORATION

HT. M. REG. U, §. PAT. OFF.

GREAT NECK, NEW YORK - CLEVELAND - NEW ORLEANS - BROOKLYN - LOS ANGELES - SAN FRANCISCO - SEATTLE
IN CANADA — SPERRY GYROSCOPE COMPANY OF CANADA, LIMITED, MONTREAL, QUEBEG

ELECTRONICS — December, 1951 207



208

IT GOT TAKEN
FOR A RIDE

and liked it!

This Ward Leonard Virrohm bracket terminal resistor
was installed in the fluorescent lighting system of the new
subway cars for three important reasons.

First, it could withstand the wear and tear of constant
vibration and shock of starts and stops.

Secondly, it could be installed faster and easier in very
limited space.

In the third place, although these resistors last indefinite-
ly, they must be readily replaceable in case of accidental
c{amage.

These subway cars run on 600 volt D. C. The builder pro-
vided pre-wired terminal studs. By using a_bracket terminal
resistor it was possible to combine mounting and electrical
connection in one simple, fast installation.

That's Ward Leonard “result-engineering”—problems
turned into perfect performance by the proper selection or
adaption of electric controls. Write for Vitrohm Resistor
Catalog, Ward Leonard Electric Co., 31 South Street, Mount
Vernon, N. Y. Offices in principal cities of U. S. and Canada.

WARD LEONARD
ELECTRIC COMPANY

R ents-E npntornd Continls Sinee 1872

AESISTORY « AHEOSIAIS = RTLATS - CON a0L BEVILES

THE ELECTRON ART

(continued from p 142)

grid. Whether directly connected,
for d-¢ measurement, or through a
rectifier for a-c, this is not good
enough for general use.

The operating conditions for low
output resistance are exactly op-
posed to those for low input con-
ductance, so to attain a high stand-
ard of performance it is necessary
to use separate input and output
tubes. It can be accepted also that
a balanced system is desirable for
stability of zero, so altogether four
tubes are needed for the d-¢ “re-
sistance transformer”. The de-

sign of the rectifier system needed
for a-¢c measurements is not con-
sidered here; it can be conven-
tional.

By adopting stabilized power
supply technique, the output re-
sistance can be brought far nearer
the ideal zero than in conventional
circuits. Figure 2 shows the sche-
matic, in which V, denotes the volt-
age to be measured. With the V,
terminals short-circuited, V, and
V. can be recognized as forming a
stabilizing system keeping the volt-
age across R, constant, and V, and
V. similarly keep the voltage across
R, constant. A good approximation
to the total output resistance be-
tween the cathodes of V, and V, is

2
m Gm

R, =

where m is the voltage gain from
the grid of V. to the grid of V,
(and V, to V,) and ¢.. is the trans-
conductance of V. (and of V,).
Tubes V. and V, are chosen for low
input conductance and high gain,
and these are not incompatible re-
quirements. With suitable tubes,
m may be over 100 and g, over
0.005 mho, making R, less than 4
ohms, which can usually be neg-
lected.

Complete Circuit

In a practical circuit it is neces-
' sary to provide positive voltage for
V. and V,, and the potential-divider
method shown in Fig. 3, although
it throws away nearly half of m,
has proved very satisfactory. With
the tubes, component values, and
supply voltages specified in Fig. 3,
the system limits at V, = 65, posi-
tive or negative, giving a margin
for falling supply-line voltage and
| tube characteristics above the top
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youwn Specifications

Second anode connectors, tube caps, battery connectors. single and multiple dial
light assemiblies, insulated screw-hase candelabra sockets, insulated miniature hase
sockets, combination switch-end miniature base sockets — all manufactured by

Ucinite, all wired to the specitications of individual Ucinite customers.

Tfle UCINITE Co. Specialists in

: 4€ ELECTRICAL ASSEMBLIES
Newtonville 60, Mass. #

RADIO AND AUTOMOTIVE

Division of United-Carr Fastener Corp.

ELECTRONICS — December, 1951
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# ELECTRONIC
DESIGN ENGINEERS

| ® TECHNICAL WRITERS
® DESIGN DRAFTSMEN

® PHYSICISTS

\Vestinghouse

offers you

| SECURITY AND
OPPORTUNITY

EE's and ME’s with over 3 years
i experience . . . a number of excellent
positions are now available in our
Electronic & X-ray and Air-Arm
Divisions for work on:

» Broadcast Transmitters

» Power Line Carrier
Communication Equipment

« Railroad Radio

» Radio Frequency Heating

e Medical and Industrial X-ray

» Commercial Radar

» Balancing Equipment

 Military Radar (ship, ground,
airborne)

 Military Transmitters

« Specialized Electronic
Equipment

» Fire Control Systems

» Automatic Pilots

» Guided Missiles

Check These Outstanding Benefits:
Top pay, ideal working conditions,
advancement on merit, graduate
study opportunities, employee
scholarships, paid re-location ex-
penses, Baltimore location.

Send resume of experience and edu-
cation to: Manager of Industrial
Relations, Westinghouse Electric
. , Corp., 2519 Wilkens Ave., Balti-
alogtSMPany ©

vable ne,,” lette,. more 3, Md.

Tae A
- P s 19 <n.

ARROW Sucrmomics e, i

82 CORTLANDT ST., NEW YORK ¥, N.Y. - DIGBY 9-4714
For Super Speed

TELETYPE NY-1-472
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DUMMY LOAD
DA 22/U

POLAR RECORDER
Model PRS-1A

We are pleased to announce the affiliation
of the Antenna Research Laboratory, Inc.
of Columbus, Ohio with the Electronics
Division of Thompson Products, Inc. The
Antenna Research Laboratory is now
a wholly-owned subsidiary of Thompson
Products. This company has had extensive
experience in the design and development
of antennas, electronic instrumen-
tation,and microwave components for both

STREAMLINED
AIRCRAFT ANTENNA

WAVE METER
Model WM-460
Frequency 6-60cm

COAXIAL SWITCH
Single-pole, four-throw

RADAR CROSS-SECTION
MEASURING EQUIPMENT

military and commercial requirements.

This affiliation makes available to the
industry research and development facili-
ties and production capacity for antennas,
dummy loads, polar recorders, coaxial
switches and allied electronic equipment.

Address inquiries concerning your require-
ments to Thompson Products, Inc.,
Electronics Division, 2196 Clarkwood Rd.,
Cleveland 3, Ohio.

roducts, Inc.

ELECTRONICS DIVISION « 2196 CLARKWOOD RD. « CLEVELAND 3, OHIO
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CORNER OF COMMERCIAL STREET, WCRCESTER, MASSACHUSE

212

Manufacturers of Thermoplastic Insulated. Wire, Cables,

FHALD

“"Current’s Favorite Conductor”

Provides Versatile Quality
for Mobile Communication!

Year after year, hundreds of thou-
sands of feet of shielded connecting
cables bearing the famous
“Current’s Favorite Conductor”trade-
mcrk, find their way into the nation's
best moaile radio and telephone
communication systems.

Phalo builds shielded cables that
are as versatile as the systems they
comnect . . . whatever the purpose,
yoJs couldn’t find a better quality

answer.

Next time specifications call for
shizlded zommunication cable, call
for PHALD and be certain!

Ha
Shielded, jacketed mobile

communication cable

Braided
Assembly

Cord Sets and Tubing to Gowernmnent Specifications

b )
N ik T

i g o S

]

s

THE ELECTRON ART (cantinued)

VOLTS

150

=50

FIG, 4—Diagram showing the potentials
of the correspondingly lettered points in
Fig. 3 over the full range of input volt-
age. Differences in voltage between
points with th2 same letters are neglected

range of 0 to =50 volts. The
limiting tube is V., for both positive
and negative V,; positive is limited
by low plate voltage and negative
by plate-current cutoff. Up to cut-
off there is no perceptible departure
from linearity.

The meter itself is a rugged
0 to 3-ma instrument and the char-
acteristies of the circuit limit the
possible current through it to a
little above full-scale reading. The
measured output resistance of the
tube system is 4 ohms, so this rela-
tively heavy-current meter lowers
the terminal voltage between the
cathodes of V, and V, less than 1
percent even at full-scale on the
lowest (1.5-volt) range; and this
small error can be entirely removed
by the resistors R, and RE; which
slightly raise the output voltage,
making it exactly equal to the input
voltage V.. Zero set R, adjusts the
balance between V, and V,.

Four ranges, 1.5, 5, 15 and 50
volts, are obtained by the usual
switched series resistors; in fact,
| any multirange d-c voltmeter tak-

ing not more than 3 ma at full scale

can be used in conjunction with
the tube system up to 50 volts.
| There should, of course, be a meter-
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TRADE MARK

a NEW MARK of Long=Established

Quality

Since 1878 and the earliest bicycle cyclom-
eter ... to the present day when counters
are built into everything from hay-balers
and textile looms to jet planes and gasoline
pumps . . . Veeder-Root has been “the name
that counts.”

Today, Veeder-Rootis the world’s largest
manufacturer of counting and computing
devices for mechanical, electrical, and man-
ual operation. And as a symbol of “the
name that. counts,” this trademark has
been developed as a hallmark of old-

fashioned quality and modern design in
everything that counts.

So when you buy counters. look for this
mark, and remember: V-R stands for
Veeder-Root . .. and also for "“"Value
Received.”

VEEDER-ROOT INCORPORATED
“The Name That Counts”
HARTFORD 2, CONN. « GREENVILLE, S, C.
Montreal, Canada . Dundee, Scotland
Offices and agents in principal cities

REG. U. S. PAT. OFF.

Veeder=Root RCIO[UNTIEIRISH 7z buyting o bt
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1422

I {FORMERLY G. E. TEXTOLITE 1422)

AST\(.
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i
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Rexolite 1422 has been specifically
designed and developed to meet
the growing need for a lightweight
— low cost U. H. F. insulating
material.

Rexolite 1422 is available for im-
| mediate delivery as centerless
ground rod in any diameter up to
1. Also cast in larger diameter
rods and sheets.
Meets JAN-P-77 and MIL-P-77A spec-
ifications.
| g The unusual chemical inertness and
| physical properties of Rexolite 1422
allow its use where other materials
fail.
For use in: connectors, coaxial con-
nectors, wavequide, antennas, leads
and spacers, spreaders and air
wound coil supports, coil forms,

YOU GET THE BEST FROM MID-WES]

Z,
KT

|
|
|

- - el We are geared for production of fully-approved, MIL-T-27 |
Transformers and Filter Reacters 1o meet Military specifi-
cations. Our Production includes: HYPERSIL®, or Nickel |
alloy materials in Hermetically scaled or Fosterite® type
transformers. |
MIDWEST’S modern plants are staffed by experienced
personnel employing the latest equipment and electronic
knowledge to produce components of consistent quality
for Military and Civilian use.

WE INVITE PRIME AND SUB-CONTRACT INQUIRIES

Write today

for fechnica%“‘
bulfletins and
samples. Our en-
gineering staff is al-
ways at your dis-
posal.

MlD_WEST CO“_ & TRANSFORMER CO. 1 Manutacturers of :n.....m. wire, High Tempare-
|
|

products.

THE REX CORPORATION

64 LANSDOWNE STREET
CAMBRIDGE 39, MASS.

) ture Electrical Tubing and other extruded plastic
1642 NORTH HALSTED STREET « CHICAGO 14, ILLINOIS

Branch Offices: New York City Buffalo (Kenmore) Plymouth, Indiana
270 La Fayette St. 278 Hamilton Blvd. 805 Pennsylvania
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Brand New
Gatalog
Just Qut

General Electric Offers Complete
Catalog of Measuring Equipment

Send today for your free copy of
TABLE OF CONTENTS Pages ..

D3C AMPHAETS .« « « venneeereeeaneeinneennns 23 NEW 80-page catalog containing
E ectric-circuit Testing Equipment............ 4-7 . .
F-ectronic-circuit Testing Equipment. . .. ...... 8-12 condensed information about all G-E
Eigh-voltage AC and DC Testing Equipment..13-18 . . .
Irsulation and Resistance Testing Equipment. . .19-26 Testing an d Measuring Equipment.
Magnetic-field-strength Testing

and Measuring Equipment................. 27-30
Time Switches and Timers.........oooivan.. 31-33 SESES S iainn ——— = — e -

| Materials-testing and -inspection Equipmenz=. . .. 34-41 Section B 602-222
Chemical Analysis Equipment................ 42-47
Color and Light Testing Equipment. .......... 48-53 g:hneer:zldiljdgc :o.Y
Foree, Strain, Tension, and Thickness Gages....54-58 y 2 N T
Soeed and Torque Measuring Equipment....... 59-63 Please send me GEC-1016, 1952 Catalog of
f Temperature Measuring Equipment ... ........ 64-67 General Electric Measuring Equipment for labora-
L=ak Detectors, Vacuum and Pressure Gages. ...68-71 tory and production testing.
Scund, Vibration, and Balance Equipment...... 72-75
Power Supplies, Alternators, and Regulators. . .. 76-79 NAME } o
POSITION I _

125 DIFFERENT DEVICES for production and laboratory
testing are described and shown in this new catalog.

GENERAL @3 ELECTRIC
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Because all Leach Relays are quality
engineered for dependable duty...
they are specified firsz by leading
manufacturers of industrial equip-
ment of all types. If your equipment
demands relays that are first and
foremost, more dependable and
longer lasting, specify Leach Relays

. they're more dependable... per-
formance proves ir. Whatever your
relay control problem...it's a chal-
lenge to Leach. Illustrated are but a
few of the wide selection Leach
provides industry, as standard
equipment.

RELAYS SHOWN ABOVE CAN BE SUPPLIED WITH YARIOUS
CONTACT ARRANGEMENTS. WRITE FOR DETAILS.

BETTER CONTROLS THROUGH BETTER RELAYS

.{ 5

"fﬁu,u

MOTOR STARTING
RELAY

OVERLOAD TRIP
LIGHT DUTY

HERMETICALLY
SEALED

MIDGET LATCHING
RELAY

|/ RADIO AND HIGH
VOLTAGE

‘\/ CIRCUIT CONTROL

R B LAY @@:.

5915 AVALON BOULEVARD, LOS ANGELES 3, CALIFORNIA

qureuntaﬁw)ex in Prinsjpei] Cities of U. S. and Canada

1
|

THE ELECTRON ART (continued)

reversing switch if both negative
and positive voltages are to be
measured. Higher ranges are ob-
tained by a high-resistance input
potential divider. The system
should be checked to show no ap-
preciable response to the insertion
of say 20 meg in series with V, at
any voltage up to =50.

The SP61 tubes specified could
no doubt be replaced by 6ACT or
even 6J6 types, and the EF37A by
6J7’s selected for low grid current.
It helps to reduce grid current if
the heater voltage for V, and V, is
reduced to about 5.3 volts.

Proof of Performance

The insensitiveness of the sys-
tem to tube characteristics has
been strikingly demonstrated by
paralleling a second tube with V.
(or V,). In spite of this unbalanc-
ing, and without any readjustment,
the zero shift was no more than
0.004 volt, and as this was constant
all over the scale there was no per-
ceptible change in calibration. Re-
sults were similar with a drop of
10 percent in B+; and a drop of
10 percent in heater voltage caused
0.01-volt zero shift and no percep-
tible calibration error. Paralleling
a second tube with V, or V, causes
a relatively large zero shift (0.61-
volt) but this test is far more dras-
tic than any reasonable working
conditions, and even so the calibra-
tion shift was negligible.

Under ordinary working condi-
tions the zero is exceptionally
stable. Provided that the zero is
checked, the accuracy of the instru-

ment for direct voltages car be
VZ
= v
(o OR R 0
73 7 \
///AV{ >273
9,731
‘ooo e §
105003 99700
I9727
°|ooooo
1,000,000" | MEG
ISV
55Ma

FIG. 5-—Ohmmeter circuit. applicable to
Fig. 4, for mid-scale readings of 1, 10,
100, and 1,030 kilohms
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When you neep A Fuse

—tnink of BUSS ...

Fuse Headquarters for
the Electronic Industries

J

TELEVISION + RADIO + COMMUNICATIONS
CONTROLS + AVIONICS < INSTRUMENTS
A complete line of fuses is available. Made in

Dual-Element {Slow blowing), Renewable and One-

Time types. Sizes from Y500 ampere up.

DUAL:ELEMENT (SLOW BLOWING) FUSES
RENEWABLE FUSES, OME TIME FUSES, SPECIAL FUSES

And a companion line of BUSS Fuse Clips, Fuse
Blocks and Fuse Holders.

Behind each fuse or fuse mounting are 37 years
of know-how in building products of unquesticned
high quality, the world’s largest fuse research
laboratory and the world’s largest fuse pro-

duction capacity.

Each BUSS Fuse Electronically Tested.

To assure proper operation in the field, each
and every BUSS fuse is tested in a highly
sensitive electronic device that rejects any
fuse that is not correctly calibrated —
properly constructed and right in physical
dimensions,

BUSS Fuses are made to Protect —

not to Blow. FUSE CLIPS, FUSE BLOCKS,
FUSE HOLDERS, SPECIAL FUSE MOUNTINGS

IF . . . YOU HAVE A We welcome requests to help you in selecting the proper fuse or in

5 P E ( IAI. P Ro B I.E M designing a special fuse or fuse mounting best suited to your conditions.

Submit sketch or description showing type of fuse contemplated,
number of circuits, type of terminals and the like.
TURN TO Ovur staff of fuse engineers is at your service.

BUSSMANN MFG, CO., University at Jefferson
I St. Louis 7, Mo, (Division McGraw Electric Co.)

A,
USE THIS COUPON - Ge' A" 'he Fa(fs I Please send me Bulletin SFB containing complete facts on BUSS

Small Dimension Fuses ond Fuse Holders.

\. Name

BUSSMANN MFG. €O., St. Louis, Mo. B e -
sy 3 Division of McGraw Electric Company Company
MAMNUFACTURERS OF A COMPLETE LINE OF FUSES I
i FOR HOME, FARM, COMMERCIAL AND INDUSTRIAL USE. 5 Address __ : =
: 5 City __ o State
' ELRC-1251
/" & N N B B B N BN N |

ELECTRONICS — December, 1951 217



-« -“HIOW FAST IS
2x107%second?

ENGINEERS
| DESIGNERS
PHYSICISTS

HE Aerophysics & Atomic Energy
| . Research Division of North Ameri-
can Aviation, Inc., offers unparalleled
opportunities in Research, Development.

| Design and Test work in the fields of

[ Long Range Guided Missiles, Automatic
Flight and Fire Control Equipment and
Atomic Energy. Wellqualified engi-
! neers, designers and physicists urgently

needed for all phases of work in

Supersonic Aerodynamics.

Preliminary Design & Analysis,

Electronics,

SAGNETIC

$2:0214G COIL Electro-Mechanical Devices,

O8JEZT  LhcusinG
\ o N
[ N

-

H ‘8
|
Bt et
/"\é jr\'_‘\ T~—a
Fr :
R 25005 B

Flight Test,

1 Instrumentation,
Navigation Equipment,

Controls.

PHOTOCATHOOE ELECTRON m
STREAM

Servos,

PRINCIPLE OF OF‘ER_ATION Rocket Motors,

| Propulsion Systems.
Thermodynamics.

® ¢ 2 % In 2 x 10-8 second light travels just about 6 metres. At something less than I Airframe Design,
that speed you can take a photograph with a Mullard image converter tube. I
These new devices are the world’s fastest electronic camera shutters. Pulsed
to exposures in the order of 1/100 microsecond they out-perform Kerr cells by a
factor of ten, and the best available flash tubes by more than fifty. I
In continuous stroboscopic eperation their flat, metal-backed screens produce i

Stress & Structures.
L

rock-steady pictures at a rate of 20,000 per second. Salaries Commensurate with

PRINCIPAL CHARACTERISTICS OF MULLARD IMAGE CONVERTER TUBES training & experience.

| Excellent working conditions.
ME1200 ME1201 ME1202 . i .
Finest facilities and equipment.
Descripti Diode Grid controlled Diode I Outstanding opportunities
escipe converter converter converter | f d
or advancement.
Maximum anode-cathode (220 Gl
voltage . - 6 kV. 6 kV. 6 kV. X
Linear magnification of image 3 times 3 times 1 Write now-—Give complete resume of
Screen diameter - . 4 4" | education, background and experience
Screen resolution . 200 lines/crm. 200 lines/cm. 200 lines/cm.
These tubes are available with various screen materials and photocathodes. ‘ .

) PERSONNEL DEPT.
u ar | | AEROPHYSICS & ATOMIC ENERGY

RESEARCH DIVISION
For complete details of these and other available image converters write to:

In U.S.A.—International Electronics Corp., | NORTH AMERICAN AVIATION

137 Hudsen St., New York, 13, N.Y. INC
ELSEWHERE—The local Mullard Representative. ’
12214 LAKEWOOD BLVD.

— A Product of Mullard Limited DOWNEY, CALIFORNIA

MULLARD OVERSEAS LTD., SHAFTESBURY AVENUE, LONDON, ENS%#ND
109
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CONTAINS A VOLUME
— OF INFORMATION IN A
-/ POCKET-SIZED BOOK
¥ Economies in Ordering
General Machining Tips

' v Turning
fo) Drilling
pocke‘ bo Tapping and Threading
) C,O“ng Punch'mg
e o ‘O‘On Shearing
-

Sawing and Cut-Oft
Milling and Planing
Forming and Drawing
Screw Machine Operations
Finishing

Marking

Tables and Measurements

\asf\cs

c-bP

g

\\\\\\\\\\\\\\\\\\\\\\\\\

tells how to

> REDUCE COSTS

R warter prody,,
<!

— \“
ﬁ— & your partest
Y
' ar cOMPAY

> SPEED FABRICATION SmE

» CONSERVE PLASTIC

Thic NEW "Pocket Book on Fabricating C-D Plastics’’ rules to follow, tooling recommendations, feeds and
places at your fingertips a wealth of practical, easy- speeds. Put to use in your plant, it will help you get the
to-use information that can help you conserve plastics most from every rod, sheet and tube of plastic you use.
. speed assembly . . . lower fabrication costs . . . get Write today for your copy. A note on your com-
morz production from every man working with plastics. pany letterhead, giving your title, will bring your
Written by men who understand your problems, it is free copy of the “"Pocket Book on Fabricating C-D
fﬂle? with valuable tips and suggestions on general Plastics.”” No obligation, of course.

DILECTO (Laminated Thermosetting Plastic)
CELORON (Molded High-Strength Plastic)
DIAMOND FIBRE (Vulcanized Fibre)
VULCOID (Resin Impregnated Fibre)
MICABOND (Bonded Mica Splittings)

'n‘ be”er

Your Parfper i °

DE-6-5

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

X SR i
[mn/mmn/a/w D!a//mw-(/ FIBRE COMPAN.SY

Established 1895 .. Manufocturers of Lamincted Plastics since 191T— NEWARHK 16« DELAWARE
m
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more GE(. STEVENS con winoine

EQUIPMENT IS IN USE THAN ALL

OTHER MAKES COMBINED!

e MORE OUTPUT...LOWER
COSTS . . . from EXCLUSIVE SPEED
FEATURE. Universal motors permit
variable speeds without changing
belts and pulleys. Coil design per-
mitting, speeds as high as 7500
RPM are not uncommon.

o PORTABILITY. Conveniently car-
ried from place to place. Machines
come mounted on bases to constitute
one complete unit.

¢ MUCH LOWER ORIGINAL
COST. The same investment buys
more GEO. STEVENS machines than
any other coil winding machines.

o LONG LIFE. Most of the original

——‘

GEO. STEVENS machines bought 14
years ago are still operating daily
at full capacity.

e MUCH FASTER CHANGING OF
SET-UPS than any other general
purpose coil winding machine.
Quickly changed gears and cams
save time between jobs.

e VERY LOW MAINTENANCE.
Replacement parts are inexpensive,
can be replaced in minutes, and are
stocked for ‘‘same day'' shipment,
thus saving valuable production time.
o EASIEST TO OPERATE. In one
hour, any girl can learn to operate
a GEO. STEVENS machine.

fa,

LR R ERAEAREER R N

]
£,
& -
x:w!'it-.
i

SPACE WINDING MACHINE, MODEL 30, winds resistors and space wound coils up to
6" long. Winds wire from No. 40 to 18. For smaller wire sizes, Model 92-6 De-Reeler
is recommended instead of the bench type spool holder illustrated.

8 to 800 TURNS PER INCH is an outstanding feature, permitting an unusually

wide range of pitch selection. 48 pitch change gears—completely enclosed for safety
—give desired pitch. Up to 10,000 turns are registered by full vision 6” Clock Dial
Counter.

For speedy return to starting position, the heavy traverse bar has a friction drive
and uses a rack and pinion for return. Accurate location for start of coil is attained
by screw adjustment on feed roller. Fine wire is wound freely and fast due to ball
bearing, spring tension tailstock which also allows quick change of coil forms.
Spools and tailstock may be adjusted closer or farther from winding head by moving
tension bracket—because they are mounted on bed rods. Tailstock may also be
moved to the front or rear for perfect alignment.

Motor equipment: 3 H.P, Variable Speed Universal Motor with foot treadle con-
trol. Automatic Stop with Predetermined Counter is optional—it saves time and
eliminates most bad coil rejection by not requiring operator to do turns manually.

Also available—MODEL 35—same construction, same features but arranged to
wind forms up to 12” long.

There is a GEO. STEVENS machine for every coil winding need. Machi that wind ANY
kind of coil are available for laboratory or production line. . . . Send in a sample of your
coil or a print to determine which modei best fits your needs. Special designs can be made
for special applications. Write for further information today.

Dorlels %’lyed/ g/l'{amu/hc&uoc
0/ Cocl Win(ﬁny voAlecdteried

46EQ. STEVENS

REPRESENTATIVES

INC.

Frank Tatro
6022 Ne. Rogers Ave., Chicago J0, lllinols

Rolph K. Reid
1911 W. 9th S, Los Angeles 8, Callfornia

MFG. CO.,

R. A. Staff & Co.
1213 W. 3rd St., Clevelond 13, Ohio
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THE ELECTRON ART (continued)

assumed lo be thal of the moving-
coil meter and its range-switching.
So long as the grid current of V.
is low enough, and cut-off is kept
above the top-range voltage, almost

| any tube can be plugged into any

socket without noticeable effect on
the calibration. To facilitate de-
sign, a potential diagram such as
Fig. 4 (which refers to the points
lettered in Fig. 3) should be made.
It clearly shows how V, determines
the maximum measurable V.. The
grid bias voltages of all the tubes
are relatively so low that they are
neglected in this diagram.

Further Refinement

The type of tube ecircuit de-
scribed lends itself well to the
usual electronic test-meter facili-
ties for measuring resistance, as
the negative operating voltage can
be tapped off R, The effective
source resistance of this voltage is

\L: GUARD
@ ' TERMINAL
> HIGH-R
TEST
5
° | MEG
STD
o
-]
S
HIGH I
RESISTANCE ace
LIMITER

FIG. 6-—Three-terminal measurement
circuit for high resistance (50 to 1,000
megohms) applicable to Fig. 4

equal to the two parts of R, in par-
allel, and this must be subtracted
from the standard resistance for

| the range.

For example, if R, is 20,000 ochms
and carries 5.5 ma, the tapping for
1.5 volt is 273 ohms from the top.
This in parallel with the remaining
19,727 is 269 ohms, which sets a
lower limit to the midscale resist-
ance of the ohmmeter. Figure 5
shows the values for mid-scale re-
sistances of 1, 10, 100, and 1,000
kilohms. Insulation leakage from
50 meg to about 1,000 meg can be
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e 2Lecl1oniK Function Plotter

OUTSTANDING ADVANTAGES
Ample Chart Travel—15"

Chart Traverse Time—
4 seconds

Push-buttion
Standardization

Maximum Chart Speed —
4" per second

Full Scale Pen Travel—11”

Pen Traverse Time—
2 seconds

Maximum Pen Speed—
6" per second

Flexible Actuations

For more detailed informa-
tion, write for a copy of
Data Sheet 10.0-5.

ELECTRONICS — December, 1951

Records a Precise
and Continuous

Curve of y-f/x/

-
-
b

-
| -
-
-
' -
-
-
-
-
-
-
-
-

GONE are the days of labored hand plotting . .. logging
countless readings . . . missing many in-between values . . .
consuming valuable time. Now you can automatically
record a precise and continuous curve representing the
relation of any two variables, that can be reduced to a dc
voltage, by connecting them to the new ElectroniK
Function Plotter. Every point of the curve will be re-
corded exactly as it is measured.

Applicable to countless analyses and investigations, the
ElectroniK Function Plotter is being used for plotting
such curves as speed vs. torque, stress vs. strain, tempera-
ture vs. pressure, amplifier output vs. input, grid voltage
vs. plate current, and antenna radiation patterns.

Call in your local Honeywell engineer . . . he is as near as
your phone. MINNEAPOLIS-HONEYWELL REGULATOR CoO.,
Industrial Division, 4428 Wayne Ave., Philadelphia 44,
Pa. Offices in more than 80 principal cities of the United
States, Canada and throughout the world.

Homneywell

@www, Gustaumeits-
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Measure it!

Only 1"Lx 5/16" W x 1/4” H

% And into this tiny space a com-
plete three-element thermostatr is
housed. Severe temperature changes
can’t strain the bimetal (principal
cause of calibration changes) because
of the special strain relief construc-
tion. Precision calibration is effected
by extra fine threaded adjustment
screw. Electrolytic silver contacts are
used, too. Temperature ranges up to
400°F. are available.

Here’s the mechanically rugged
unit you should investigate for posi-
tive control. Ulanet engineers will be
glad to help you if you state the

application you have in mind.
MODEL 13

' GEORGE ULANET
COMPANY

417 MARKET STREET
NEWARK 5, NEW JERSEY

If your problem is Heat Control
your solution is Ulaner—
Precision Thermostats & Thermal Timers
Exclusively Since 1931

ELECTRIC HEAT CONTROL
ENGINEERS

3580 ELSTON AVERUE, CHICAGC 18, ILLIND §
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new uses for an old friend

You probably know Lasicom (Laminated Plastic) as
an old friend for such uses as tube socket supports, coil
forms, dials, panels, antenna parts and many other
applications.

The same qualities that make it adaptable to these
uses may also provide practical answers to your material
shortage problems .. and perhaps even bring vou sav-
ings or improvements!

Laanicomw is made with fillers such as glass, nylon,

\V4
Y
iH

High Dielectric Strength

Low Power Factor

Heat Resistance

Low Moisture Absorption
® High Impact Resistance

Dimensional Stability

Light Weight

Tensile Strength

Abrasion Resistance

* L4

paper, fabric, ctc. and a variety ol resins. This wide
range of matcrials makes it almost certain that Lasticomn
can give you the essential mechanical, structural, or
insulating characteristics your product requires.
Larzicomissupplied as standard sheets, rods and tubes,
or fabricated into parts to your specification. Why not
let us put our 58 years ol experience to work on your
electrical insulation problems. Send your blueprints
and specifications to us today for prompt quotation.

MICA %ﬂ’ﬁm COMPANY

Schenectady 1, New York

Offices in Privcipal Cities

LAMICOID (Laminated Plastict « MICANITE {Built-up Mica)

ELECTRONICS — December, 1951

EMPIRE (Varnished Feabrics and Paper) « FABRICATED MICA
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THE ELECTRON ART (continued)

measured if there is an additional
tapping on R, at —78 volts, as in
Fig. 6. The low-potential V, ter-
minal can then be used as the guard
terminal to exclude undesired leak-
age effects.

Barimin Titanate Delay Lines

By LeoNarD M. ORMAN,
Lt. Col.,, U. 8. Army
and
LESLIE G. CALLAHAN

Capt., U. 8. Army
Fort Rliss, Teras

UNUSUAL properties of barium
titanate were noticed about ten
years ago, and since that time.
considerable research has been di-
rected toward its further investiga-
tion, as indicated by the bibliog-
raphy at the end of this article.

Advantages of this material are
that it is easy to work, may be
molded into many different shapes,
may be polarized in any desired di-
rection, has a large electromechan-
ical coupling factor, and is quite
stable in its properties at ordinary
temperatures.

A mechanical wave can be in-
duced to travel down a piece of bar-
ium titanate upon the application
of an electric field across the speci-
men, providing the sample has been
polarized under the electrodes.
Here then exists the possibility of
a solid delay line without elec-
tromechanical transducers. Re-
search into this subject revealed
that at least three research groups
had given thought to the problem,
but none has come up with any-
thing concrete or conclusive. The
authors thus felt justified in
launching an additional venture
on a small scale, without great risk
of duplication of previous efforts.
A brief description of the experi-
mental procedures followed and the
results obtained therefrom is given
in the following.

Preparation of Samples

A summary of the technique de-
veloped for preparing a thin sheet
of barium titanate for use as a
delay line is given in the following
steps:

(1) Cut Scotch tape into strips
1 inch wide. On a thin sheet of
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. BURGLAR ALARM
. SYSTEMS, vvicH

PROTECT BANK DEPOSITS
TOTALLING MILLIONS OF
DOLLARS, RELY FOR THEIR
UNFAILING PERFORMANCE
ON TELECHRON TIMING
MOTORS.

't

..SPUR GEARS

oF ALL TELECHRON TIMING MOTORS ARE
‘It mCCU RATE HOBBED. ..NOT STAMPED. .. FOR TRUER,
ELECTRIC QUIETER. OPERATION AND LONGER LIFE!

e

TIMING, oz e

MOST PART, RESULTS
FROM THE TELECHRON ™
SYNCHRONOUS MOTORS IN THE e d
MASTER CLOCKS WHICH ARE USED TO .

CONTROL FRERUENCIES IN POWER STATIONS. o*
ABOUT TELECHRON

e TIMING MOTORS ARE #

7 CONTAINED IN
... SKIED HELP OV BULLETIN TS-120.
" CHARTS, TORQUE RATINGS
EMERGENCY CONTRACTS AND COMPLETE SPECIFICATIONS
15 AVAILABLE AT TELECHRON PLANTS. |  MAKE IT EASY FOR YOU TO SELECT THE
. NEW BROCHURE, “ PRECISION ON THE RIGHT MOTOR FOR SUCH APPLICATIONS AS :
" PRODUCTION LINE,” GIVES A HEATING CONTROLS, APPLIANCE TIMERS,
QUICK PICTURE OF PERSONNEL- INSTRUMENTATION, PROCESS TIMERS, TRAFFIC
CAPABILITIES AND MASS— CONTROLS, ETC. WRITE FOR BULLETIN I$-120 ToDAY.
PRODUCTION FACILITIES, ' TELECHRON DEPARTMENT, GENERAL ELECTRIC
WRITE FOR YOUR COMPANY, 412 UNION ST, ASHLAND, MASS.
copPy TOLAY.

S
{ ALL TELECHRON TIMING MOTORS ARE

J ENST ANTLY .o JCONSTANTLY SYNCHRONOUSE
-E_—‘,_-—_-—_gg:
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ECLIPSE-PIONEER

Announces the New Line of

PYGMY

SYNCHROS

Size of pygmy
as compored
to AY-200

series outline

Eclipse-Pioneer has added a tiny new member to its great family
of tamous Autosyn* synchros. It's the new AY-500 series, a
precision-built pygmy weighing only 134 oz. while scaling only

1.278” long an

937" in diameter (the same diameter, inci-

dentally, as a twenty-five cent piece). Its accuracy and depend-
ability are assured, thanks to Eclipse-Pioneer’s 17 years of
experience and leadership in the development of high precision
synchros for aircraft, marine and industrial applications. For
more detailed information on the AY-500 and other E-P Autosyns,
such as the remarkably accurate AY-200 series (guaranteed
accuracy to within 15 minutes on all production units), please
write direct to Eclipse-Pioneer, Teterboro, N. J.
100k For THE PIONEER wmarx or quaLiTy

*pEG. TRADE MARK BENDIX AVIATION CORPORATION

REG. U.S. PAT. OFF.

Typical Performance Characteristics

One AY-201-3 Driving One AY-500-3 Driving
One AY-500-3 Two AY-500-3 One AY-500-3
Control Transformer | Control Transformer | Control Transformer
INPUT ) )
Voltage 26-volts, single-phase | 26-volts, single-phase | 26-volts, single-phase
Frequency 400 cycles 400 cycles 400 cycles
Current 88 milliamperes 110 milliamperes 55 milliamperes
Power 0.8 watts 1.2 watts 0.9 watts
Impedance 105+ 280 ohms 100+j220 ohms 290-j370 ohms
OUTPUT
Voltage Max.
(rotor output) 17.9 volts 16.2 volts 14.1 volts
Voltage at null 40 millivolts 40 millivelts 40 millivolts
Sensitivity 310 millivolts /degree | 280 millivolts /degree | 245 millivolts /degree
Voltage phase shift | 23 degrees 26 degrees 44 degrees
System accuracy
(max. possible
spread) 0.6 degrees 0.6 degrees 0.75 degrees
Other E-P precision ¢ ts for servo hanism and puting equipment

Servo motors and systems e rate generators e gyros e stabili-

zation equipment e turbine power supp or

te indi

ting-

transmitting systems ond special purpose electron tubes.

For detailed information, write to Dept. C

ECLIPSE-PIONEER DIVISION of

r

.

Get practical help
from these
McGRAW-HILL BOOKS

gl

AUTOMATIC

FEEDBACK CONTROL
Just Published!

1 Gives information needed for the design and
w selection of automatic feedback control appa-
ratus. Covers operation of controls and problems
encountered in industries. Shows functional and
constructional requirements of instruments. Covers
servomechanisms, pneumatically operated controls,
temperature regulation, speed governing, pressure,
flow, and liquid Ilevel.
By William H. Ahrendt,
Pres. Ahrendt Instrument
Ce., and John F. Taplin,
Consulting Engin., Ken-
dall Controls Corp. 420
pages, 378 illus., $7.50

ADVANCED
ENGINEERING

MATHEMATICS
Just Published!

2 Provides a reference and guida on the branches
= of mathematics which the engineer must under-
stand and use in_his daily work. Covers ordinary
differential equations, with particular emphasis on
linear equations with constant coefficients; Fourier
series; operational calculus; separable partial dif-
ferential equations and associated boundry value
problems; functions of a complex variable: vector
analysis; and various numerical methods. A ape-
cial chapter provides data and information on me-
chanical and electrical vibrations, By C. R. Wylie,
Chairman, Dnpt, of Math., Univ, of Utah. 640
pages, (05 illus.. $7.50

QUANTUM THEORY

OF MATHEMATICS
Just Published!

3 Deals first with the general principles of
® quantum mechanics, starting from the begin-.
ning and presupposing a moderate knowledge of
atomic structure and mathematical physies. Then
discusses the structure of atoms, molecules, and
solids, with attention to such properties as atomic
spectra, intermolecular forces, band theory of
solids, electrical conductivity, semiconductors, di-
clectric and magnetio effects,
Treats the theory of atomio mul-
tiplets, molecular structures, fer-
romagnetism, ete. By John C.
Slater, Prof. of Physics, Mass,
Inst. of Tech. 528 pages, 134
illus., $7.50

o L

HIGH FREQUENCY
MEASUREMENTS

4 Here is up-to-date reference
® material for experiments heing
carried on in radio as well as sfec.
tronics. Discusses many procedures for measuring
practical units such as amps, watts, volts, me2, ete.,
to enable you to decide which pr ure to use
for a specific problem. Describes measurements for
short-waves, lines and antennas, and for a-m , p-m,
and f-m. By August Hund, Scientific and Tech.
?:7:4& Consultant. 2nd Ed., 676 pages, 417 illus.,

SEE THESE BOOKS 10 DAYS FREE

F--------------

TETERBORO, NEW JERSEY
Expor! Sales: Bendix international Division, 72 Fifth Avenue, New York 11, N. Y.

_AVIATION CORPORATION
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: |
] McGraw-Hill Book Co., 330 W. 42 St., NYC 18

Send me book(s) checked below for 10 days® exami- '

§ ration on approval. I 10 days I will remit for ]
book(s) I keep, plus few cents for delivery, and

l return unwanted book(s) postpaid. (We pay for I
delivery if you remit with this coupon; same return

§ privilege.) i
0O 1. Ahrendt & Taplin—AUTO. FEEDBACK

] CONTROL .. ereeesmnsersssenninnen $7.50 ]
I oz V\gillo—ADVANCHD ENGINEERING 7.5
MATH., .. iiinieiecraveaasotreanranvan .50

0 3. Slater—QUANTUM THEORY OF l

] MATH. ..o vesotsrsrasnnsnrenennes: $7.50 |

4. Hund—HIGH FREQUENCY

[ | MBASURBMMENTS ........oc.ovon.. $10.00 J

§ (rrint 1
NAIME oo i i it

l -\ (¢ 1SN 858 55 508 B0 b BooaDaCaaAE00006 06066 E0EaE I

oy o Zone..... Sate....... 1
B company ...

J Position ..ol 12 1

This offer applies to U. 8. only

A e
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WHY SEARCH

for
technically correct
ceramics?

We have again challenged the tumes, as
we have all through our 75 years of

developing and producing “'Lavite”
Technical Ceramics (""Lavite” Steatite,
“Lavite” Titanates, “Lavite” Ferrites and
others). We have increased our facili-
ties — research, design and manufactur-
ing —to help you meet the drastic de-
mands for ceramics of specific physical
characteristics. We invite you to sub-
mit your problems to our engineering
department for individual study and
recommendation — or, perhaps one of
the well known and proved standard
“Lavite” Ceramics will satisfy your
nceds. Whichever it be, we will give your
requirements immediate attention, Write
for general characteristic data on all
“Lavite” Ceramics.

D. M. STEWARD MANUFACTURING CO.

3604 Jerome Avenve Chattanooga, Tennessee

Sales Offices in Principal Citres

o |

ANNIVERSARY -

p ..-"'":;_—:-": =
fiLEBRVATIQ =
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CONSIDER THESE
FOR IMMEDIATE DELIVERY

“Lavile” STEATITES :

$-10 and S-15 for ordinary radio and general

medium-frequency requirements. 5-201 and
$-300 for ultra low loss — high frequency
applications.

“Lauile” SEMI-STEATITES

S-25H with good electrical properties at high
temperatures. R-10 for element supports in
electrical appliances.

Y Lavile’”” CORDIERITE

S-40H, S-12H and R-15 for special application
for extreme thermal change when a low
linear coefficient of expansion ceramic is
required.

Y Lavile” MULUTE

R-20 and R-25 for light duty refractory
applications,

“Lauile” ZIRCON PORCELAIN

Z-200 and Z-300 with excellent all around
properties including: (1) low electrical loss;
(2) high mechanical strength; and (3) thermal
shock resistant.

“Lauile” FIRED STONE GRADES

N{M) and A for mechanical parts where
special tools are not required and telerances
can be maintained. Especially adaptable for
models.

“ Lauife” TITANATES

Available in a range of types and properties
including low, intermediate and high “K”
groups.

Y Lauile” FERRITES

Permeability factor 1000 initial — 3000 maxi-
mum and curie point of 250° F. Particularly
adapted for television and frequency
modulation. g

227



lo _ | THe FLECTRON AW feontinued

hold

down OO
coston K\'@
Clock
Radios

.

gt
L

.. specify

SESSION

With fewer moving parts and a
compact motor, Sessions Timers cost

less. Yet they offer quality and value
uncxcelled by any other timer. Silent,
long-life switches are rated at 10A and
15A (UL approved). Subsynchronous

movement eliminates annoying “whine”

Other Famous name

of high speed gears. Dependable clock-radios now using

Sessions Timers are factory tested and SESSIONS TIMERS:

guaranteed accurate. Admiral

. . . Jewel

Give your new-design clock-radios Esavire

the benefit of Sessions lower-priced Phciilhormonic

Timers. Available with choice of True Tone

switching arrangements and features. Sylvania

Dial and hand styling to specifications, Airline

Write for technical bulletin. The C?"“"e"m'

Sessions Clock Co., Timer Division, Aircastle
Ambassador

Dept. 412, Forestville, Conn.

228

500-CPS 6-uSEC S500-uSEC
TRIGGER [ L-C —» STEP
GEN DELAY GEN
DELAY LINE

UNDER |

TEST

H-po | | H-P

AMP aAMP [ .

FIG. 1—Block diagram of delay line
test sefup

presilvered barium titanate place
the strips of tape around the inside
of the perimeter and across the
sheet where it is desired to have
the lines separating the electrodes
from the central shield. This is
done on one side only. Melt par-
affin in a glass dish. Immerse
ceramic sheet completely in the
paraftin. Remove tape from ce-
ramic while wetting with water.
Place the specimen below the
surface in a dish of concentrated
nitric acid. Remove after twenty
minutes and wash with cold water.
Scrape any unwanted residual
silver from surface of ceramic with
a razor blade. Soak sample in ben-

| zene until paraffin is dissolved. Ex-

treme care must be exercised in the
putting on and removing of the
tape and in the scraping as these
fragile sheets are easily cracked or
shattered.

(2) Make a holder of wood for
two pairs of spring relay contacts.
With the contacts touching the elec-
trodes at each end of the sample
immerse the specimen in a castor
oil bath previously heated to 130
deg C. Apply 300 volts d-c across
the sample for one hour. Maintain
the temperature of the oil at 130
deg C. Remove specimen and wash
off oil.

(3) Cut sample into desired
shape on a large diameter (16-
inch) high-speed, glass cutter
wheel with water playing directly
on the sample.

Test Equipment

A Dblock diagram of the test
equipment is shown in Fig, 1.

The delay line can only detect
the rise and fall of a rectangular
pulse and discards the low-fre-
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Write for Information Bulletin.

AMPLIFILM DIVISION
AIRCRAFT - MARINE PRODUCTS INC.

2100 Paxton Street, Harrisburg 10, Pa. .




the INSIDE STORY tells why!

The proof of toughness is on the inside=—the actual proof that demon-
strates why CHICAGO Transformers are preferred by engineers, why
theyfully meet the express requirements of today's tubes and circuits.
Here are the “inside facts” of CHICAGO ‘‘Sealed-in-Steel” design:

Core and coil vacuum-impreg-

nated with varnish. Final
high-temperature baking achieves
a perfectly impregnated coil and
core locked against vibration.
e All internal free space is filled
by special, moisture-resistant

Exclusive one-piece drawn-

steel case, unsurpassed for
strength, moisture-resistance,
better electrostatic and magnetic
shielding, mounting ease, and
streamlined appearance.

Uniformly-wound precise coil

structures—cooler operation
and better electrostatic shielding
in power units—minimum leak-
age, optimum coupling in audio

units.
0 Core of high-grade non-aﬁinﬁ

silicon steel brought to hig
efficiency by scientific heat-treat-
ing in CHICAGO’S own anneal-
ing ovens.

compound. Prevents corrosion
and helps maintain far cooler
operation than in conventional
air-surrounded mountings.

Checked by quality controls
at every stage of manufac-
ture, rigidly inspected, “‘torture-
chamber”’-tested to insure long,
dependable life in actual service.

SEND FOR “"NEW EQUIPMENT LINE" CATALOG

You'll want the full details on CHICAGO'S New Equipment
Line—the famous Sealed-in-Steel line that offers advanced
engineering design to fit today's circvits. Lists units for all
purposes: Power, Bias, Filament, Filter Recctor, Audio,
MIL-T-27, Modulation, Stepdown and isolation. Write for your
FREE catalog today—or get a copy from your distributor.

CHICAGO TRANSFORMER

e

DIVISION OF ESSEX WIRE CORPORATION

toughest transformers

AVAILABLE
IN THREE
VERSATILE

CONSTRUCTIONS

H-Type. Steel base
cover deep-seal
soldered into case.
Terminals hermeti-
cally sealed. Ceramic
bushings. Stud-
mounted unit. Meets
MIL-T-27 Specifica-

tions.

S-Type. Steel base
cover fitted with
phenolic terminal
board. Convenient
numbered solder lug
terminals, Flange-
mounted unit,

C-Type. With 10"
color-coded stripped
and tinned leads
brought out through
fibre board base
cover. Flange-
mounted unit.

3501 ADDISON STREET o CHICAGO 18, ILLINOIS
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HEAT FOR
ALL TYPES
OF
SOLDERING

With 250-Watt

WELLER GUN

No need to change tools for light

or heary soldering. The 250-watt
Weller Soldering Gun does

\ both with controlled dual
heat. 5-second heating
saves time and current

on every job. Your
Weller Gun pays
for itself
in a few
months.

Check These
Time-and-
Money
Saving

| Features

TRIGGER-SWITCH CONTROL— Governs heat

for light or heavy work. Saves power because no
need to unplug gun between jobs.

SOLDERLITE — Spotlights the work. Lets you see
what you're doing at all times.
5-SECOND HEATING —No waiting, na wasted
| current. Saves hours and dollars each month.
| LONGER REACH —Llets you get at any job with
ease. Slides between wiring — inta the tightest spots.
| STREAMLINED—Compact and comfortable ta
‘ hold. Pistol-balanced for fast precision soldering.

RIGID-TIP — Chisel-shaped. More soldering area
for faster heat transfer, “Over-and-under’’ termi-
nals give bracing action.

DUAL HEAT _Single heat 200 watts; dual heat
| 200/250 watts; 120 volts, 60 cycles.

See the new 250-watt Weller Soldering Gun today
at your distributor—or write for bulletin direct.

SOLDERING GUIDE— Get your new copy of
| SOLDERING TIPS—revised, up-to-date and fully
| illustrated 20-page booklet of practical soldering
2 suggestions. Price 10c at your distri-

butor, or order direct.

ELLER
| ELECTRIC CORP.

806 Packer Street, Easton, Pa.
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‘ 5 in thermal shock-resistance!

STUPALITH

low-expansivity ceramic materials!

This unique ccramic material serves where con-
ditions of extreme thermal shock prevail, or where
negative or low positive expansivity is desired.
Two principal compositions arc available on a
commercial basis: “‘zero” compositions and non-
porous compositions having near-zero expansivities.

Stupalith parts may be made in sizes ranging from
a fraction of an ounce, to items weighing several
pounds. Forming is accomplished by pressing, cast-
ing, extruding or ramming. For parts requiring a
high degree of dimensional accuracy, precision
tolcrances may be held by machining or grinding
after firing. Safely used at temperatures up to 2400° F.

Stupakofl engineers will be glad to work with you
in selecting a type of Stupalith best suited for your
applications requiring a material of low expansivity,
negative expansivity, or resistance to thermal shock.

PROPERTIES
of typical Stupalith bodies

TEST A-2417 A-2209
Compressive Strength—psi. . ... .. 19,880 60,800
Impact Strength—ft. Ib./in.2. .. .. 0.90 1.40
Modulus of Rupture—psi........ 4,250 8,000
Moisture Absorption—%. ... ... 21.5 0.00
Bulk Density—gm/cc........... 1.60 2.34
Coefficient of Thermal Expansion

20°C—500°C—in./in./°C. . ... 0.063 x 10-6  0.85 x 10-6
Thermal Shock.......... ... . 2300°F to 900°F to

cold water  cold water

WET DRY
Power Factor. .. .............. . 0.00492 0.00424
Dielectric Constant. . ........... 5.56 5.57
Loss Factor. . .................. 0.0273 0.0236
Dielectric Strength—volts/mil. . .. — 450.0

JAN I-10, L Grade. .. ......... [.-3 L-3

@ Miypnikent
RURRTRIIT|

Send tor Bulletin

lllustrated bulletin giving more
complete information on Stupalith
will be sent upon request. Also,
samples of Stupalith for testing
will be gladly furnished.

STUPAKOFF Products for Electrical and Electronic Applications

ASSEMBLIES—Metoallized ceramic induction
coils ond shafts; metollized plates for fixed
rigid assemblies; ceramic trimmer condensers.

CERAMICS—Precision-made ceramic products
for electrical and electronic applications, all
voltages, frequencies and temperatures.

RESISTOR CERAMICS—Used for temperature
indicating or measuring equipment, for infra-
red light source and for heating elements,
Complete with terminals, in the form of rods,
tubes, discs, bars, rings, etc.

CERAMIC DIELECTRICS—For by-pass, lead-
through, blocking, stand-off and trimmer appli-
cations. Temperature compensating Ceramic
Dielectrics and high K materials. Tubes, discs
and special shapes, plain or silvered.

PRINTED CIRCUITS—Amplifiers, couplings, fil-
ters, integrators.

SEALS, KOVAR-GLASS—Terminals, Lead-ins;
Stand-offs—for hermetically sealing and me-
chanical construction in radio, television, elec-
tronic and electrical apparatus. Single or
multiple terminal units, in a wide variety of
sizes and ratings.

KOVAR METAL—The ideal alloy for sealing
to hard glass. Used for making hermetic attach-
ments. Available as rod, wire, sheet, foil—or
as cups, eyelets and other shapes.

STUPAKOFF CERAMIC & MFG. CO., Latrobe, Pennsylvania

ELECTRONICS — December, 1951
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PRODUCTION

rropucriox schedules must be
built on a foundation of ability

. . and Bliley is doing an out-
standing job of propuerinn for
the defense program.

Twenty-one years of exgerience
help us to give you a better
product . . . when you need it

. .. the way you need it.

4
liley
CRYSTALS
BLILEY ELECTRIC COMPANY

UNION STATION BUILDING
ERIE, PENNSYLVANIA
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THE ELECTRON ART (continued)

queney component.  Due to this in-
herent characteristic the line
should pass narrow pulses much
better than wide ones. To drive the
line with but one mechanical dis-
placement, it is necessary to ap-
proximate a step function with
practieal circuits.

To measure delays of less than 1
psec accurately an A/R Range Scope
designed by Radiation Laboratory,
M.1.T. is used. With this scope it
is possible to read delays of 0.1
usec without the use of external
range markers.

A one-shot multivibrator was
built to be triggered by a pulse
delayed six microseconds from the
start of the horizontal sweep on
the scope. This allowed a clear
picture of events occurring at the
leading edge of the driving step.
The pulse generator previously
mentioned was used for basic syn-
chronization.

The one-shot multivibrator eir-
cuit is shown in Fig. 2. The large
capacitance of the input electrodes
on the line necessitated a large sud-
den change of current to preserve
the leading edge of the step volt-
age. Two 6Y6 power amplifier
tubes in parallel are used as a
cathode follower. This provides a
high impedance to the multivibra-
tor and a low impedance to the
delay line.

The small 100-ohm resistor in
series with the grid of each 6Y6
prevents oscillations with the sud-
den change in plate current. A
frequency of 500 to 1,000 cps is

used to trigger the circuit. Higher
frequencies would increase the
+ 300V
[e]]
INPUT O
TRIGGER

= +300V

6Y6

UTPUT !
e %s,ooo
1 30V

FIG. 2—Step generator used to excite
barium titanate delay line

|

S =
P hora
Thermosetting Plastic

with . . .

EXCEPTIONAL
ELECTRICAL
PROPERTIES

TOGETHER WITH SUPERIOR
CHEMICAL RESISTANCE AND
MECHANICAL PROPERTIES

. 6000

The Hysol 6000 Series is an exceptionally
versatile group of materials which derive
their properties from the epoxide resins.
Supplied in cast rods, tubes and sheets;
as a casting resin; and as a coating solu-
tion. A variety of formulations can be
compounded to assure best service in
specific applications.

SPECIFICATIONS
OF THE BASIC CAST RESIN
Specific Gravity . ... ..... .. .. 1.18 -1.20
Coef. of Thermal Expan.. .. 25-60.4 x 10-6
Heat Resistance. .. ... .. ... 230 - 250°F
Water Absorption 24 hrs.. ... . .. 0.10¢;
Rockwell Hardness M Scale. .. ... 85-95
Tensile Strength psi. .. ....... . . 11,370
Flexural Strength psi........... 15,540
Modulus of Elasticity psi.....426 x 10-6
Izod Impact (Ft. Ibs. in notch) . ... .. 45
Compressive Strength psi. . ... .. 14,100
ELECTRICAL PROPERTIES

POWER FACTOR

60 cycles. .. ... 0.0011 103 cycles. .. ... 0.0042

1 megacycle. . .0.026

DIELECTRIC CONSTANT
50 cycles . . ... . 3.88
1 megacycle. . .3.49
LOSS FACTOR
60 cycles. . .. .. 0.0043
1 megacycle. .. 0.091
DIELECTRIC STRENGTH
step by step (14 inch section)....... 350 Volts/mil

ARC RESISTANCE

10 megacycles ., 0.035

10% eycles. . ... . 3.70
10 megacycles..3.17

103 cycles. . . ... 0.01
.11

3
10 megacyeles..0.110

135 seconds

Write for Technical Bulletins

F e,

loughton%“

laboratories, ine.

OLEAN NEW YORK

Plants in Olean, N. Y. and Smethpeort, Pa.
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YJor Communication Circuill %%%/0 ﬂmf Qor Networtd
TOROIDAL %”3|Nnucrons

\‘—— S

1
s mmUENCV TYRE FI°

—

Qv l e
‘\ T QTVV:EF::E.‘:UENCV
e 1 { : —
§ / o ' / \
\\
Q vs F Sl e e
Ry FREED TYPE FREQUENCY / k.
- TI-1 Up to 15 KC 0*3‘,':‘;’,”;"”
TI-2 Up to 75 KC .
; TI-3 Up to 200 KC ]
TI-3A Up to 200 KC
Ti-4 Up to 15 KC ‘
> o vs FREQUENCY Ti-5 Up to 15 KC e e .
TypE T1-2 TI-6 Up to 75 KC 8L
- , TI-7 Up to 75 KC ° o ,';‘::“Tf“;' ’
TI-8 Up to 60 KC e .
- . TI-9 Up to 60 KC : \ !
4 T1-10 Up to 60 KC . ‘ N\ l
TI-11 Up to 15 KC - \
e TI-12 Up to 15 KC ’ \
__i__'éo vs FREQUENCY 1[43 UP to 75 Kc Joe ) S
£ g

TYPE Ti-34& X

Q vs FREQUENCY
TYPE T1-10

b SR |

el fam— '

Q vs FREQUENCY
TYPE 7114

r e e
vs FREQUENCY TYPE T1.1;

-

q vs FREQUENCY
TYPE T1-5

N

i

0 vs rucouzncy
TYPE Ti.13 .

N\

Q vs FREQUENCY
TYPE Ti-6

LR Py

| SENDFORNEW COMPLETECATALOG.

'FREED TRANSFORMER CO.. INC.| ™

|DEPT DE 1718-36 WEIRFIELD ST., (RIDGEWOOD) BROOKLYN 27, N.Y. |

| S—

‘ No. 1010 No. 1020 No. |030 oW Frequency No. 1060 Vacuum No. | HOA Incremental No. 1140 Null Decade Inductors
Comparison Bridge Megohmmeter A [ dicator Tube Volimeter {nductance Bridge Detector 30 CPS to 300 KC



A responsible
low-cost source

of supply for

we produce these and any other

{  special shapes, in all ferrous

§ and non-ferrous metals and al-

loys, to customers’ specifications

: up to 3/4” wide and 3/16"

Ry thick. Tolerances: '
" <+ .0005

As one of the country’s fore-
most manufacturers of fine
quality jewelry chain, onr
plant is equipped with hun-
dreds of high-speed wire
drawing and forming mga-
chines. Many of these ma-
chines, which were designed
and built by this organization
from the ground up, are also
capable of producing the most

stampings &
piercings

any shepe, any type to custom-
ers’ specifications, in all ferrous
and non-ferrous metals and al-
loys, within these dimensional
timits: Over-all size—up to 1”.
Thichness of stock —up to
1/16”. Tolerances:
-+ .0005

intricate stampings and
piercings to customers’ speci-
fications.

¢ + o Additional facilities
such as an up-to-date tool
shop plus complete finishing
equipment — including tum-
bling, polishing, heat treat-
ing — assure you of on-time
deliveries to meet your de-
fense work schedules.

LOW FREQUENCY
RECEIVER

35 K.C. to 500 K.C.

Excellent Selectivity
and Sensitivity

for
Special Government
and
Commercial

Communications
Applications

Exceeds 1 micro-

SENSETIVITY :
volt over entire frequency range
and on all antenna input im-
pedances.

SELECTIVITY: Approximately two
percent of operating frequency
over entire frequeney range.

ANTENNA INPUT IMPEDANCES:
70 ohms and 600 ohms untuned
and 300 ohms series tuned.

REMOTE CONTROL  PANEL:
Available for remote control of
RF gain and BFO frequency.

AUDIO OUTPUT: 500 mw 10 600

ohm balanced line.

Selection of AVC or MVC
A. F. Gain Control

Primary Power Source: 115 v. or

230 v. 60 cycles

FINED FREQUENCY OPERATION
PLUG-IN COIL SETS
Built to Rigid Government
Specifications

Available only in lots of 10 or more

Prices upon Application

7

SEND BLUEPRINT OR SAMPLE & QUANTITY REQUIREMENT FOR COST
COMPARISON & DELIVERY, DR CALL SOUTH ORANGE 2-7600.

2649 N. HOWARD STREET
PHILADELPHIA 33, PA.

universal chain co. inc. @

92 burnett avenuve, maplewood, n.j.
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LITTON INDUSTRIES NEWS

LITTON JAN-4J50 MAGNETRON

SNAP-ON OPERATION, LONG SHELF LIFE
WITH LITTON X BAND MAGNETRONS

Two high-quality pulse magnetrons
in the 9345 to 9405 mc/sec range
are now being manufactured by
Litton Industries. Designated JAN-
4J50 and JAN-4]J52, these magne-
trons require no aging or seasoning.
Special design and processing have
resulted in tubes with long shelf life
and snap-on operation to full power
immediately after completion of the
cathode warm-up period.

These tubes offer either high or me-
dium power outputs. Litton JAN-
4J50 is a high-power magnetron
providing 225 kw minimum peak at
.001 duty. JAN-4J52 is a medium
power magnetron offering 65 kw
minimum peak at .001 duty. Both
operate at or beyond ratings.

MOLECULAR LUBRICANT
PRODUCTS

Litton Molecular Lubricant “C” has
a vapor pressure of approximately
107 mm. Hg. at room temperature.
In the presence of ionization it will

give an indicated pressure of 10
mm. Hg. Its principal use is in vapor
pumps and as a lubricant for bear-
ing operation in vacuum.

Great care has been exercised in its
refinement, and the product has a
very narrow boiling range. The color
and fluorescence are inherent to the
material.

This oil has excellent lubricating
qualities at temperatures below
100° C. and is suitable for use with
anti-friction bearings operating
within dynamic vacuum systems.

%

Werite for price and delivery information. Data subject to change without notice.

LITTON

INDUSTRIES

2970 SAN CARLOS, CALIFORNIA, U.S, A,

ELECTRONICS — December, 1951

OIL VAPOR VACUUM PUMPS

The Litton Oil Vapor Vacuum
Pumps are of all-steel construction
which obviates the possibility of
glass breakage and substantially in-
creases the length of service of the
equipment.

Boiler and charcoal
baffles are easily de-
mountable for clean-
ing purposes. Litton
pumps feature re-
placeable external
heaters, special cool-
ing coils and demount-
able baffles. These
pumpscan beobtained
in various combina-
tions with high vac-
uum valve, with char-
coal baffle for straight-
through operation or side opening.

The Litton pump with charcoal
baffle (straight-through operation)
has an ultimate vacuum of 5 x 10-8
mm. of mercury. The speed (meas-
ured at 105 mm. of mercury) is 75
to 100 liters.

NEW LITTON PLANT ADDITION

Litton Industries has added a new
building to its plant at San Carlos,
California. 40,000 square feet of
space 1s now used for research, man-
ufacturing and general offices. The
new building is windowless con-
crete-and-glass-block construction,
completely air conditioned. The in-
terior is light engineered for opti-
mum working conditions.

DESIGNERS AND MANUFACTURERS of:

Glassworking Lathes and Accessories,
Vertical SealingMachines,BurnerEquip-
ment, Precision Spotwelders, Oil Vapor
Vacuum Pumps, Glass Baking Ovens.
Vacuum Tubes and Tube Components,
Magnetrons, High Vacuum Molube Oil,
Microwave Eqodipment.
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[ ) l_{iAn iobbers THE ELECTRON ART (continued)

can supply | duty cycle of the 6Y6's above

normal operating condition.

400 CYC'.E The 25,000-ohm potentiometer

e — allows an amplitude control Of\

from 0 to 123 volts across the out-
power components put. The leading edge of the out-

I put step arose from 0 to 123 volts
ﬁg_m_StQCk. in 0.5 psec without the load and
from 0 to 123 volts in 1.8 usec with
1+ by #-inch electrode.

l RIAD ““HS" (hermeti-

cally sealed) Transform- A step voltage (Fig. 3A) was
ers. Miniaturized to an

applied to a sample bar (3% 1
X % inch) prepared in the above

absolute minimum in

Development of a Line l
|

size and ight. Stand- . -

! s o manner using relay contacts. The [

ard MIL cases suitable B :

for military prototypes. output voltage appe(ue;d on the i

Sturdy ! Dependable ! ' oscilloscope not as a single pulse 2

but as a long train of pulses (Fig. | 7

| 3B) in much the same manner as | ‘o

reported by previous workers. FILTERS 35

% 1

Plate Supply o i E
_ No. AC Voits DC Ma. Filaments No.. F“.TRUN |s sp[cmm :

~500C.T. 40

213.%‘,"“" OK THE MAJORITY OF

C
60001, 70 AR 3 MODERN AIRCRAFT,
ekl GHIDED MISSILES,
HS-407 600 C.T. 120 6.3C.T-3.5A. JB SIGNAL CORPS,
B33k ‘ ORDNANCE AND NAVAL
HS-415 B00/600C T 200 6ICT6A KB f | EQUIPMENT
S N '
WS-417 800/600 C.T. cT FILTRON will design

the right filter for your
| cirtuit conditions
LY i
| to meet size, weight and

‘Tapped for S volt rectifier use.

electrical characteristics—

FILAMENT Transformers

and meet specifications
wherever RF Interference

rgge Secondary i must be eliminated.

Primary Volts Volts Amperes
HS-425 105-115-125 6.3 C.T.
HS-427 105-115-125 6.3 C.1.
'HS-433 105-115-125 "6.3C.1.

6.3 f FIG. 3—Oscill howi It of comstant research and
HS-435 105-115-125 "6.3C.T. o . 3—Oscillograms showing result o development, with

imple dampin >
S e Lt FILTRON’S production
know-how, insures

FILTRON'S advanced
engineering, due to

HS-441 105-115-125 *SC.T. r

quality components

*Series or parallel connection.

15 volt tap for filament type rectifiers. | The same voltage was then ap- I to _m‘ee' your delivery
| plied to a thin sheet (3% X 13 X teshirements.
: | 0.01 inch) of BaTiQ, prepared in
Filter REACTORS )
- : | the above manner. Less spurious
Type Current Inductance Resistance Case modes and nolses were nOtlced than Senid for 6w LATEST CATALOG
Noi  DOIMa: _ Henies§ Ohms No. in the case of the bar although the | Ml
o on your company letterneaq
:: 22; =) ,‘; ZZ -~ ::‘ two samples were of the same | 7
HS-335 5 5o T length. The thin sheet was then RF INTERFERENCE SUPPRESSFON FILTERS FOR:
HS-339 3 105 8 reduced in width to one-quarter ?“e, E:’,‘::'“.,'.:,
HSs-341 g f: inch and similarly excited. Less Elecromic Gasoline
yy . ! ontrals e,
spurious modes and noises were| [ and ot BF taierterente producing cqsipment

noted than in the case of the wider PR
sample. The ends of the line were :
then tapered and again driven with
a step function. The extraneous -, —
pulses were again reduced. . IHEWCO., ING.

However, the problem still re- FLUSHING, LONG ISLAND, N. Y.
mained of distinguishing the direct
pulse from the spurious modes and LARGEST EXCLUSIVE MANUFACTYURERS
OF RF INTERFERENCE FILTERS

TRANSFORMER MFG. CO

2258 Sepulveda Bivd. .
Los Angeles 64, Calif. noises. It was thoucht that reflec-

e,
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HE.&RT'OF A RECORD-CHANGER

It’s General Industries’ turret-type, 3-speed motor, currently
being supplied to record-changer manufacturers.

In this highly efficient design, turntable speeds of 33'%—45 and
78 RPM are secured through three separate pulleys mounted
on a turret plate. By means of a simple lever, the desired

pulley is brought into contact with the idler wheel. The two
pulleys not in contact with the idler wheel remain stationary.

In addition to this turret-type motor, General Industries also
offers the popular Model TR turret-type, manual 3-speed motor,
as well as the Model TS belt-drive 3-speed motor for both
manual and record-changer applications. Write today for full
information on all models.

General Industries also offers a complete range
of single and dual-speed phonomotors to meet
every phonograph and record-changer require-
ment. Complete details on request.

The GENERAL INDUSTRIES Co.

DEPARTMENT B e ELYRIA, OHIO
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Here’s why those in the know

—demand I )

SOLENOIDS

Spring for locking mechanism. l minimum pull with 1/2”

stroke at 24 v, at 170°F.
Also available with 1-1/6”

Small coil to release lock. stroke

Switch controlling coil
circuits

L Main actuating coil
Ball and sleeve latch

Cannon type AN receptacle

‘

e
Here's a special purpose Cannon D.C. Sole- «ii
noid, #16366 for aircraft. Design and i & &
safety conditions require that the armature i
lock in the actuated position for an indefinite #1154 an intermittent service sole-
time, without relying on a continuous flow noid, 12v, D.C.—10.5 amps.~stroke

327, weight 13 oz,
of current. ik €

The ingenious ball-and-sleeve latch locks
the armature as the main coil circuit is broken
through the built-in switch. When current
is applied to the smaller coil, motion of the
sleeve releases the main armature. Study of
the drawing shows how a smooth-acting,
positive lock is accomplished.

#4440 a continuous service solenoid,

This is one of more than 60 different 24v, D.C~3.6 amp. (starting) .42
Cannon D.C. Solenoids built around 18 ‘;2‘9&(“01"'"8)—5""“@ 3" weight

basic coils for either continuous or intermit- .
tent service. Write for Solenoid Bulletin
free on request.

CANNON ELECTRIC

Since 1915

CANNON ELECTRIC COMPANY # 11790 a continuous service sole-
LOS ANGELES 13, CALIFORNIA noid, 24v, D.C.—3.6 amp. (starting)

Factories in Los Angeles, Toronto, New Haven. Great Lakes 42 amp. (holding) —stroke %"
Division, Benton Harbor, Mich. Representatives in principal weight 15.5 oz

cities. Address inquiries to Cannon Electric Co., Dept. L-120.

P.0.Box 75, Lincoln Heights Sta., Los Angeles 31, Calif.
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16366 Solenoid ~18.7 Ib.

The Nenmelting Silicone Insulating
oad Waterproofing. Compound that
is stable from —70° to over 400°F.

Meets all
Requirements. DOW CORNING

4EUMP‘UUND

of AN-C-128a

g2

Dow Corning 4 opplied by brushing to AN con-
nector receptacle of pitot's “jock box" prevents
interfetence zoused by moisture ot this critical
junition in  oircroft communications system,

Dew Corning 4 applied by brushing to AN con
nectar an V. H. F. Transmitter 'Receives excludes
mossture without opprecioble change in resist-
arice o:ross properly moted pin ond socket
connections.

Arrows shew where Dow Corning 4 is used on
varioble inductonce rollers in a  Collins-
Western Electric V. H. £. Transmitter /Receiver
t> Iubricote, minimize resistonce and reduce
leakage losses,

Ehotos courtesy B-aniff Internotional Airways.

Morz waserrepellentthan paraffia, Dow
Corning 4 Silicone Compound is highily
resistantto oxygen, ozone and deteris-
ration coused by corona discharge.

PWite 7“{49’-/' for your copy of

our new booklet on Dow Corning 4
Compound: Address Department BD.
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meNewW/ CLARE ™ RELAY...

a small, highly sensitive relay

designed for efficient operation on low power”

CLARE Type “N” Relays are designed for operation on

CLARE Type ‘N’ RELAY extremely low power. A close-coupled magnetic circuit,

generous use of magnetic iron, and unusually eflicient coil
design give high sensitivity while retaining high contact
pressure (minimum 30 grams) and adequate contact gap
(minimum 0.015”).

Other important advantages include small size, light
weight, and especial adaptability to hermetic sealing.

Type “N” Relays having not more than 14 terminals for coil
and conlact springs can be hermetically sealed in
enclosures of extremely small size.

For more detailed information on Clare Type “N” Relays
you are invited to write {or Bulletin No. 109. Clare sales
engincers are located in principal cities. Call them or write
C. P. Clare & Co., 4719 West Sunnyside Avenue, Chicago 30,
Illinois. In Canada: Canadian Line Materials, Ltd.,

Toronto 13. Cable Address: CLARELAY.

SPECIFICATIONS of
CLARE Type ‘‘N!"" RELAY

CoiL

N With a 10,000-ohm coil, 1 Form C contact (spdt), and a

* standard adjustment, this relay will operate on less than
50 milliwatts. With a 450-ohm coil and four Form C con-
tacts (4pdt), it will operate on 7/10 watt, even under

OPERATING VYOLTAGE conditions of vibration and high ambient temperature.

ARMATURE

CONTACT ASSEMBLY ' Clare Type “SN”’ Hermetically Sealed Relay

CONTACTS

TERMINALS

DIMENSIONS

Shown ahove is one of the hermetically sealed steel

enclosures in which the Type “N” Relay can Le sealed.

Dimensions are: Length: 1-7/16”; Height: 2-1/167;
NET WEIGHT Width: 154”. Net weight of relay having 12 contact

springs, six in each pileup, is 5 oz. (approx.). Note con-

nection diagram clearly and permanently imprinted on
MOUNTING base of enclosure by silk screen process,

Werite for CLARE Bulletin No. 109
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THE ELECTRON ART (continued)

tions from the receiving ends might
be cancelling part of the direct
pulse, since electrodes were placed
at the ends of the specimen. A
sample was prepared with two
separate electrodes on each end.
The contacts were then placed on
the inner pair of electrodes. It
was hoped that, since the electrodes
were the same distance from each
end, the multiple reflections would
cancel out leaving only the direct
pulse.

Results obtained from this pro-
cedure were inconclusive. The
maximum length obtainable of the
sheets was only three and one-half
inches. The sheets were one and
one-half inches wide. A wide vari-
ety of dimensions might have given
more definite results.

Damping

Clay from a child’s modeling set
was then used as a damper on a
similar sample. The specimen was
covered with a coating of clay ap-
proximately ¢ inch thick and
mounted on fiber board. The train
of spurious pulses that follow the
direct pulse were almost completely
damped out (Fig. 3C). It was
affirmed, as might be expected, that
the first pulse of the train is the
direct pulse.

This experiment was repeated
with coatings of paraffin being used
instead of the clay. Both thin and
thick coatings were used. The
results obtained were similar to
that obtained with the clay. The
heavier coating gave greater damp-
ing not only to the extraneous
pulses but also the direct pulses.

Testing the Line

Tests were made with pulses of
various widths with electrodes of
various widths. These preliminary
measurements seem to indicate that
there is an optimum pulse width
for each electrode width. Further,
this test indicates that the output
voltage amplitude is a function of
width of electrode. The line used
is shown in Fig. 4A. The width of
the pulses used was 1, 2.5, 10 and
50 usec.

A slotted line was then con-
structed as shown in Fig, 4B, Re-
sults obtained from tests indicate
that a line of increased length with-
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How

to make a Magnetic

that’s really small?

Write for

BLUE SHEETS

on Allegheny Ludium
Etectrical Materials

Complete, laboratory-
certified data on each
grade—its physical prop-
erties, electrical charac-
teristics, uses, methods
of handling, etc. Write
for Blue Sheets on the
materials in which you
are interested.

ADDRESS DEPT. E-24
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When the conditions of service make
it imperative for you to hold the size
and weight of magnetic cores at an
absolute minimum, that's the place to
use Permendur. With this material
you can push the flux density up to
20 kilogausscs, and pracrically elimi-
nate weight as a consideration.

Along with its suitability for cores
wherever the premium is laid on
compactness, Permendur is just the
thing for sonar magnetostriction
applications, too. We maintain
proper annealing facilities for this
alloy. Write for technical data on it,
and let our engineers help you to
cash in on its possibilities.

STEEL CORPORATION
Pittsburgh, Pa.

LECTRICAL
NDUSTRY

wab 2402
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FOR MILITARY APPLICATIONS

- &

CUSTOM=BUILT
TRANSFORMERS

Since 1927, Raytheon has
been a leading producer of
custom-built magnetic com-
ponents for military and
commercial applications.
Typical units include: single
or polyphase power trans-
formers, pulse transformers,
blocking oscillators, servo
transformers, chokes, audio
components, filters, satu-
rable magnetic components,
etc. Cased or open types to
meet the most exacting MIL
specifications as well as
Underwriters’ Laboratories
and R.M.A. requirements.

NEW, ULTRA COMPACT, Raytheon
miniature audio type transformers with
new patented, compression terminals.
Designed for minimum space require-
ment and assembly ease in communica-
tions equipment:

FOR POSITIVE VOLTAGE CONTROL

-
a»
VOLTAGE
STABILIZERS

The first choice of manu-
facturers of electrical equip-
ment for more than two
decades. Compact, rugged,
light weight and with no
moving parts, they can be
built into equipment or used
as an accessory. Compen-

STATHAM
DYNAMICALLY
BALANCED
TRANSDUCER

MODEL P69
ey AN

The Model P69 pressure transducer is designed
for long lite and excetlent performance under con-
ditions of vibration and acceleration sueh as are
encountered in flight test and guided missile ap-
plications. This dynamically balanced, tempera-
ture compensated transducer is offered for the
measurement of gage, differential, or absolute pres-
sure. The fult bridge of the transducer will
operate successfully with a wide variety of con-
trolting, indicating, recording and telemetering

gircuits. .
Please Request Bulletin No. 3.3
We invite ocorrespondence with
our engineering staff when you are
considering instrumentation for

the measurement uf acceleration,
pressure, foree or displacement.

SCIENTIFIC
INSTRUMENTS

12401 WEST OLYMPIC BLVD.
LOS ANGELES 64, CALIFORNIA

Designs available in ratings from 5 to
10,000 watts. A wide range of catalog
types, or custom-engineered to meet
special needs.

RAYTHEON MANUFACTURING COMPANY

sates for widely varying in-
put (£15%) within 1/20
second; maintains voltage
within +14%, of rated out-
put. Insures peak perform-
ance of any AC operated
electrical equipment.

WRITE FOR COMPLETE INFORMATION
Address Magnetic Components Division, Dept. 6460-A

Waltham 54, Massachusetts
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‘ CORD & WIRE CO.
RUNZEL 4723 Montrose Avenue
. Chicago 41,

IHinois.

WIRE, CORD
and
CABLE

SOLVE YOUR
WIRING
PROBLEMS

In almost endless variety of
zolors, sizes and specifications to
your order, Runzel products will |
assist you in your wiring problems.

Shielded wire and cords . . .
popular hook-up and lead-in wire
. . . speaker cords and all types of
insulated wire products.

Geared for fast production . . .
Centrally located . . . our facilities

\ for service are unexcelled.

Write for samples.
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They’re headed for

new frontiers

At the Laboratories’ school for communications development
training, the curriclum includes elzctronies, oscillations
and waves, switching and transmission. Each subject is di
rectly keyed to the latest fields of telephone research.

Eacnt year the Bell System selects hundreds of
engineering graduates from technical schools, to
find the answers to communications problems
through the application of science and tech-
nology. A specifically qualified group joins Bell
Laboratories to develop tomorrow’s telephone
system — also, in the present emergency, more
powerful electronic devicesfor the armedservices.

They come — thanks to the competence of our
nation’s educators—with an excellent grounding
in fundamentals. To equip them still further. the
Laboratories operate a school at graduate level
for advanced communications,

BELL TELEPHONE LABORATORIES £

Exploring and inventing, devising and perfecting, for continued improvements and ecomomies in telephone service.

The new men receive an intensive course in
the latest theory and techniques. At the same
time they take their places as members of the
Technical Staff doing responsible work which,
with their classroom instruction, reveals where
they can make the most of their aptitudes.

More than ever America’s future must depend
on mepn and women who are trained to think far
ahead in technology whether for tomorrow’s
telephores or national defense. By helping them,
Bell Telephone Laboratories help make Amer-
ica’s telephone system the world’s best, help the
armed forces keep our country strong.
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through Ward’s 25

Antenna Engineering

ult antenna problems are made easy

years of

Experience

llustrated here is an antenna designed by Ward for

Harvey-Wells Electronics.

The problem involved desigring a collapsible antenna, for

a tesf-set signal generator, usable in either horizontal or

vertical position, without adjusting the equipment.

The answer is a Ward-designed antenna—with a swivel
mount, permitting the antenna to be quickly swung from

horizontal to vertical positiocr. By the use of seven sections,

the 33%" antenna telescopes into 6% long with .500”

maximum O.D. Full hard brass tubing, chrome plated, is
used throughout. A stainless steel ball tops the antenna

tip for easy extending or collapsing the unit.

With Ward—you get top engineering plus facilities for

producing one to thousands of units.

Why don’t you save valuable time and expense by having
Ward make your hard antenna problems easy!

1523

tHe WARD proDUCTS

CORPORATION

Division of The Gabriel Co.
E. 45TH ST., CLEVELAND 3, OHIO

IN CANADA:

ATLAS RADIO CORPORATION LTD.

Toronto, Ont.

WORLD'S LARGEST AND OLDEST EXCLUSIVE MANUFACTURER OF ANTENNAS
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FIG. 4—Two typical BaTiO; delay line
configurations

out much increase in noises can be
obtained from a given specimen in
this manner.

To preserve the pulse shape with
4 minimum of distortion, pulse-
modulated  carriers of  several
frequenciés were used. Optimum
carrier freyuencies are in the
neighborhood of 100 ke.

Conclusions

The construction of a delay line
from a thin sheet of barium titan-
ate is realizable. A method, not
necessarily the best one, is sug-
gested in the preceding pages for
the preparation of such a line.

Less spurious modes are obtained
from a thin sheet delay line of
BaTiO, than from a similar line
having a thickness twenty-five
times as great. Less spurious
modes are obtained from a thin
sheet delay line of BaTiO, having
4 narrow width than from a simi-
lar line having a width four times
as great. Spurious modes and
noises obtained from a delay line
constructed from a thin sheet of
BaTiO, can be damped out by the
use of clay or similar material
Polarizing a sample of BaTiO, for
a period in excess of one hour has
negligible effect. Carriers are
effective in reducing distortion of
pulses over ten microseconds in
width.
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WO-57B

per inch deflection.

¥ Response — Flat within—2 db
from dc to 500 Kec.

4 Tilt ond Overshoot—Permits
square-wave reproduction up
fo 100 Ke.

d Input Copacitance — Only 9.5
uvut with WG-216A probe.

o Troce Exponsion — Two fimes

3" OSCILLOSCOPE

¥ Sensitivity— 30 millivol'§ rms e

stage, direci-coupled, push-
pull.

v Llinear Sweep Range— 15 to
30,000 cps.

v Preset Sweep Fositions—For
instant synchronizing with
horizontal and vertical sync
pulses.

v Plus and Minus Sync —For quick
lock-in on either “upright™ or
“inverted” pulses.

WO-56A

v Sensitivity—10.6 rms millivolts
per inch deflection.

v Frequency Response—Flat with-
in—6 db from dc to | Mc.

v Square-Wave Response —
Negligible tilt and overshoot
for square waves up fo 100 Kec.

v Attenvators — Frequency-
compensated, and voltage
calibrated.

7" OSCILLOSCOPE

v Plus & Minus Sync—For easy

lock-in of ‘‘upright’ or “in-

verted' pulses.

v Preset Sweep Positions—For in-

stant synchronizing with "H"
and "“V" sync pulses.

v DC Amplifiers—Identical in

both verticul and horizontal
sections.

screen diamefer.
v 60-Cycle Sweeg—With phas-

v Vertical Amplifier —Two- ing control.

~—— %

Ny e,
(PR
7 ,04;;?_;?

Both ’'scopes come fully equipped with
direct probe and cable, low-capacitance
probe, ground lead, and alligator clip.

%u R eHOICE of these famous RCA 'scopes

designed for professionals

The RCA WO-57B is a compact, lightweight oscillo-
scope; an excellent portable instrument for laboratory,
factory or shop use. It is the first inexpensive guality in-
strument wholly equipped to handle erery TV and radio
service job.

Direct-coupled amplifiers are used to provide low-
frequency response flat down to dc. Excellent low-fre-
quency square-wave reproduction, essential for correct
sweep alignment, is thus assured. Good square-wave
responsc up to 100 Kc enables the WO-57B to reproduce
blanking and svnc pulses for dependable television ser-
vicing in the shop or in the field.

You will find the RCA WO-57B ¢quipped right down
to the last detail . . . including a nickel-iron-alloy shield
surrounding the C-R tube to minimize bum pickup.

Ask your RCA Test Equipment Distributor for
complete technical data folders, or write
RCA, Commercial Engineering, Section 42LX,
Harrison, New Jersey.
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The RCA WO-56A has design features which make it
a versatile instrument for use in servicing and develop-
ment work on circuits for television, radio, audio, and
industrial electronic applications.

Its two identical d¢ push-pull amplifiers have equal
phase-shift characteristics and ample output and gain to
provide three-times horizontal-trace expansion. Wide-
range centering allows any portion of the expanded
trace to be observed for detail.

The ’scope includes practical refinements such as a
magnetic shield for the C-R tube, retractable light shield,
line-frequency sweep with phasing control, voltmeter-
type range switch for making peak-to-peak measure-
ments, and dual concentric controls for coarse and fine
adjustments of gain, sweep, and sync functions.

RADIO CORPORATION of AMERICA

YEST EQUIPMENT

HARRISON. N. J.
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SHIPPING
CONTAINERS

Eliminate Many
Hazards of Shipping

Gair Corrugated Containers are
so scientifically constructed that
they offer the utmost PROTEC-
TION agawnst the many hazards
of shipping...truly amazing how
they withsiand tremendous knock-
ing about and rough usage.

Without ebligation Robert Gair

offers a he'ping hand in solving

shipping comtainer problems. a
L R

WRITE TODAY
for technical information.

ROBERT G‘.'R COMPANY |NC Controlled fillet and ﬁ:ontinu-

ous grain flow, following the
155 EAST 44TH SIREET, NEW YORK » TORONTO
PAPEREOARD o FOLO'MG CARTONS = SHIPPING CONTAINERS Conielr Sif* i "URERAKE®
head, eliminate the straight

heads won’t

twist off, either

planes of weakness along

which shear can occur. Heads

' | are stronger, won't twist off.

. . j I And both heads and threads

ﬂ /I// \ HA I have higher tensile and greater
' et resistance to fatigue.

A/IR SPACED ARTICULATEDL

R.F. CABLES

Fatents Regd Trode Mork.

Low mp[p\ATTEN LOADG. U
THE LOWEST EVER |72 ohm @00 0w 1 OO '
CAPACITANCE OR [ Al. 74 (1.7 oM

0.36
E TION A2 74 1.3 0.24 044
ATTENUA Rev 53 o -,-_,,
We are speciolly organzedtohondle | o0~ ‘

ATTEN.
dlirect enguiries from overseas ang | capac. CAPAC. IMPED. 254 OD
7W¢’J m”’f? OAIHS /oo

ﬁﬂfl,mrmurlpﬂ/rlk/ﬂfopa.u ci 530 o P
7.3 4—5 2 5 PHOTOCELL
Billed in doliors Setflement by your chéck. | PEY no 2 132 3.1 036/t
C11 6.3 173 3.2 036

TRANSRADIO LTD

Write for your
UNBRAKO Catalog.

-SPS-

C3 6.3 171  2.15 0.44|
C22 5.5 184 2.8 044

CONTRACTORS TO H.M.GOVERNMENT. Cc2 5.4 197 | 1.9 0.64] VE iow ST
ETYN LA A AL L R AR LAV €33 (4.8 | 220 | 2.4 (0.64 cm‘m 4 STANDARD PRESSED STEEL CO.
CABLES. TRANSRAD LONDON. c4a4 4! 252 2.1 1.03 JENKINTOWN 10, PENNSYLVANIA
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SERVOS ‘
ACTUATORS

Has the Answers /
TO YOUR o AR DIEERS
FRACTIONA" > lEVI‘L:cC:I:zICAL
H.P.MOTOR g%, Assemsries
PROBLEMS ' ‘

Electric motors to meet exacting require-

ments have been a specialized business

of OSTER for more than 25 years.

A highly qualified engineering and pro- _
duction personnel which helped to I 2
solve your fractional h.p. electric

motor problems in the last war makes
fully available to you once again an
engineering and manufacturing skill
known for service, quality and dependa-

bility. A staff of trained field engineers

is at your disposal. Call on us!

e — A o]
= JOHN OSTER ==
MANUFACTURING COMPANY

AVIATION DIVISION
RACINE, WISCONSIN
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wOW TO kggp CLEAR
\ oF ERASURE Gn0515

%

N,

%

Specify ArkwrigkgTracing Cloth, and you’ll get
clean, clear, “ghost:free” blueprints no matter
how often you erasé%the drawing.
You can re-ink rﬁgor-sharp lines on Arkwright

cloth without “fgghering” or “blobbing”. More im-
portant, you can be sure that drawings will never
becom?)}ri‘t;le, opaque or paper-frayed with age.
_Fhey’re good reasons for you to remember:

£ if your work is worth saving, put it on

Arkwright Tracing Cloth. Want a sample?

§
. Write Arkwrighr Finishing Co., Industrial Trust
' Bldg., Proudena@-&.l\

ARKWRIGHT |
Thacing (i |

AMERICA’S STANDAID Fﬂ
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Measuring Maximum
Frequeney Deviation

BY ROBERT G. ROCKWELL

ITughes Aircraft (o,

tulrer City, Calif.
A FREQUENCY-MODULATED syvstem
quite often necessitates accurate in-
formation about the frequency de-
viation. Present methods are based
on the fact that the sidebands (de-
tected by a spectrum analyzer, for
instance) have amplitudes that may
be mathematically computed by the
use of Bessel functions.

The accuracy of this older
method depends on (1) accuracy of
the computations, (2) accuracy of
the carrier frequency and the mod-
ulating frequency, and (3) absence
of amplitude modulation.

When there is amplitude modula-
tion, the pips as presented on the
spectrum analyzer do not have their
proper (computed) amplitudes. The
method described in this paper,
however, is applicable even with
strong amplitude modulation and is
recommended also under conditions
where a-m is no problem, but the
frequency deviation must be suffi-
ciently high.

Figure 1 is a block diagram of
the equipment used in determining
the amplitude of a modulating volt-
age needed to produce a desired
frequency deviation. Two assump-
tions, or conditions, must be met
before continuing the experimental
procedure after the equipment has
been set up. (1) The source to be
frequency-modulated—for example,
a klystron (as in the block dia-
gram)—must be heated sufficiently
so that there is negligible fre-
quency drift with time. (2) The
same characteristics as those de-
sired in practice should be used in
the experiment: that is, in the case
of a klystron, peak-of-the-mode op-
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Where mechanical precision
means electrical accuracy

There’s more to a preciston potentiometer than
accurate windings. In order that the required
high electrical tolerances be held, it is absolutely
essential that such parts as the shaft, mounting
plate, and housing be designed and built for
highest mechanical accuracy.

At Fairchild, we've concentrated on building

precision equipment of all k)inds for more than
thirty years. Our engineers and craftsmen eat,
drink, and sleep precision. Since our first poten-
tiometer was produced, we've made it a practice
to carefully control every phase of manufacture
by building in our own plant every part that af-
fects accuracy.

The exumple below is but one case of how this extra mechanical precision assures highest electrical accuracy.

CRUCIAL PRECISION IN A RADAR CONTROL ASSEMBLY The gears on

this radar control assembly were precision cut to eliminate backlash and
binding, but the care that went into their manufacture could have been
completely nullified if the potentiometer couplad to them was not mechani-
cally precise. In this case, overall accuracy is assured by using a Fairchild
precision unit.

Like all Fairchild potentiometers, this one has a shaft that is centerless
ground from stainless steel to a tolerance of +.0000, —.0005 inch. Its radial
shaft play is held to .0015 inch F.LR. or better and concentricity of shaft to
pilot bushing is .0025 inch F.LR. or better, depending on type. Shaft to
mounting-plate squareness is held to .001 inch per inch.

The windings of all Fairchild potentiometers
are custom-made on special Fairchild-designed
machines. Guaranteed functional tolerances ate
+0.5¢% for linear windings, =1.0% for non-
linear windings—even better in some cases.

A COMPLETE LINE EXPERTLY DESIGNED AND BUILT TO INDIVIDUAL SPECIFICATIONS
PROMPT ATTENTION TO SAMPLE ORDERS. Prompt, ex-

pert attention to special potentiometer problems is
yours by merely dropping us a line. OQur Potenti-
ometer Sample Laboratory is set up explicitly to fill
such needs. Where sample orders are requested,
quick delivery is assured. Write today, giving com-
plete details to Fairchild Camera and Instrument
Corporation, 88-06 Van Wyck Boulevard, Jamaica
1, N. Y, Dept, 140-20A1.

!

PﬁECISION POTENTIOMETERS
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SERVOTHERM PRODUCTS c_:a%f%

BPORLEOI\MM EI’TLEI ‘:: IAE NR "
DYNAMIC
FREE initial amplification and mount. A N A L Y s I s

Thermistor bolometers are FAST, sensi-
T H E R M I s T 0 R Opportunities for man

tive INFRARED and HEAT detectors. Especially
RUGGED for industrial, scientific, and military

P 0 w E R s u P P LY qualified to head group
Provides voltages required by

applications. PREAMPLIFIER provides NOISE-
BOLOMETER bridge and PREAMPLI-

engaged in Guided

FIER. Regulated and filtered permit- Missiles guidance sys-
ting THEORETICAL NOISE LIMITS of tems, analysis and de-
amplification, while operating from

sign, Servo-Mechan-

60 CYCLE line. )
ism  Theory, Aero

Elasticity and simu-
J.Z-,ﬁm SERVO CORPORATION lator work. A prom-
OF AMERICA inent and responsible

DEPT. E-12 NEW HYDE PARK, N.Y. position for a man

with applicable techni-

7 S cal, supervisory and
M B I RTC H E R TU B E c lA M P leadership  qualifica-
éw tions.
FoR MINIATURE TUBES

POSITIVE PROTECTION °
AGAINST LATERAL AND
VERTICAL SHOCK! Write in confidence to

The New Birtcher Type 2 Tube MR. RALPH BICKFORD
Clamp holds miniature tubes in their )

sockets under the most demanding Industrial Relations Manager
conditions of vibration, impact and
climate. Made of stainless steel and

. . il
weighing less than 1% ounce, this .
New clamp for miniature tubes is S
easy to apply, sure in effect. The base D

is keyed to the chassis by a single
machine screw or rivet...saving time F ENCINE AND AIRPLANE CORPORATION

in assembly and preventing rotation.
fer e 4 g Y There are no separate parts to drop AI Rc H I LD
i G or lose during assembly or during '
e ' g use. Birtcher Tube Clamp Type 2 is o ’ ’

all one pxece and requires no weldmg, brazing or soldermg at any pgmtyp GW’ M

If you use miniature tubes, protect them against lateral and vertical shock
with the Birtcher Tube Clamp (Type 2). Write for sample and literature. pm

Builder of millions of stainless steel Locking Type Tube Clamps for hundreds ¢

1 ic facturers.
of electronic manufacturers EARMINGOALE, L. 1., N.Y.

Tice BIRTCHER é’a'-;,a—mmu

LUBY HUWITIHLTDO
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How many devices do yox know of that use an amplifier to boost

a feeble input signal up to where it will operate a relay? Most of
. more compact . . . more eco-

them would be more reliable
nomical —if the amplifier could be omitted.

It can be omitted! For rugged Weston Sensitrol Relays operate

reliably on input signals as slight as | millivolt or L5 micro-
ampere, handle substantial wattage at 110 volts! They require

no power for excitation.
Engineering assistance is freely offered to help you adapt these

Sensitrol Relays to present products, or any new problems vou
may have in mind. Simply consult your nearest Weston Repre-
sentative, or write Weston Electrical Instrument Corporation.

. . . manu-

595 Frelinghuysen Avenue, Newark 5, New Jersey

A Type for Every Need

So sensitive that they operate di-
rect on the output of a photo-elec-
tric cell or thermocouple, Sensitrol
relays enable the instrument engi-
neer to dispense with amplifiers,
vacuum tubes and auxiliary power
supplies. Single or double con-
tacts, fixed or adjustable, manual
or solenoid reset, Be sure you have
a copy of Bulletin B-25-B, which
gives detailed data on Sensitrol
and other Weston relays.

facturers of Weston and TAGliabue instruments.
- *
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* TROUBLE-SHOOTS A POWER LINE

Giaqt transmission lines require constant maintenance and replacement.
Magnec%rg Tape Recorders help in this full-time job by checking the
hum of high voltage transformers. Magnecord sound analysis of this
hum pin:b‘qinnts trouble spots along miles of power lines . . . cuts

o .
maintenance costs'and assures safe delivery of needed power.

%,

\=i‘:._
Whatever your recording problem — in the laboratory or in field tests —

Magnecorders offer greater fidelity and precision. Available for subsonic, audio

KA - . .
and supersonic research, Magnecerd can fill your most exacting requirements.

W

re engineers thon all other

, N3

HIGH FIDELITY TAFE RBCORDERS FOF INDUSTR=

Write for NEW CATALCG

MAGNECORD, INC., DEPT. EA-12
360 N. Michigan Avenue, Chicago 1, lllinoke

Send me further information on Magnecord tape
recording for indust-ial "Sosnd™ Research.

Name.

Company. - 1 CONSERVE
VITaL

e wagmns

[ od] OO Zone......... - State.
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WATT- POWER DIRECTIONAL
METER [T|DETECTOR COUPLER NO2

1

POWER . ‘
SUPPLY KLYSTRON

-VTVM I DIRECTIONAL |

A-F SIGNAL| |[COUPLER NO I

GENERATOR

FLAT
LOAD

[

r
F

LAT .
MAGIC FLAT
e TEE LOAD
|CRYSTAL

« | DETECTOR

R-F SIGNAL
GENERATOR SPECTRUM
ANALYZER

FIG. 1—Block diagram for accurate

method for determining the modulating

voltage amplitude needed for a maxi.
mum frequency deviation

eration. (This condition explains
the inclusion in the equipment of
directional coupler No. 2, the power
detector, and the wattmeter. These
units could presumably have been
omitted if the d-c¢ repeller voltage
for peak-of-the-mode operation
were accurately known).

Figure 2A illustrates the seope
presentation of the pip represent-
ing the peak-of-the-mode, or car-
rier frequency f., of the klystron, as
seen on the scope of the spectrum
analyzer.

The next step in the procedure
is to impedance-modulate at an r-f
rate the crystal in one of the side-
arms of the magic tee. The r-f
frequency of the modulation was
chosen equal to the desired maxi-
mum frequency deviation f,. Side-
band amplitudes corresponding to
the amplitude of the r-f generator
output were present on the oscillo-
scope. The spectrum analyzer was
so adjusted, however, that only the
first sideband on either side was
visible as a pip, as illustrated in
Fig. 2B.

After having established the con-
ditions presented in Fig. 2B, the
klystron itself was frequency-modu-
lated. If the modulation index is
sufficiently high, all of the signifi-
cant sidebands will be within the
maximum frequency deviation lim-
its.! Hence it is readily apparent
what the maximum frequency devi-
ation is f, as seen on the oscillo-
scope. The conditions existing,
when the a-f modulating voltage is
smaller than the amplitude produc-
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® G-E ignitrons control resistance welders of all
types, in all industries. The newest field of appli-
cation is 3-phase welding.

@ G-E ignitrons regulate large d-c motors, such
as those which drive this Dallas News press
shown below.

ELECTRONICS — December, 1951

IGNITRONS ARE NEWS!

GNITRONs are doing more and more BIG jobs!

As an electronic designer, it will profit you to know
the full, wide scope of these tubes in industry, because
—having no moving pa ts—ignitrons need no mechan-

ical upkeep.

SERVICE LIFE IS SO LOMG it may be measured in years.
Ignitrons are steel tubes, tough and shock-resistant!

STURDINESS AND VERSATILITY are such that new uses
for ignitrons are constantly developing. One important
application today is 3-phase welding control. G.E. has
off the press a new descriptive bulletin on Ignitron
GL-5822—a tube specially designed for 3-phase weld-
ing. Wire or write for ETD-157. Electronics Division,
Section 8, General Electric Company, Schenectady 5, N. Y.

® G-E ignitrons serve in high-volt- ® G-E ignitrons serve in low-voltage
age rectification. Example: this spe- power rectification, as in this mining
cial synchrotron power-supply unit type rectifier for Vinton Coal and
for M.I.T. Coke Company.

GENERAL @3 ELECTRIC

180-K4

253



The required resistor is

—"built-in.”

LOW IN COST

Special CENTRIFUGAL BLOWERS

for Maximum CFM - High Shock « Critical Mounting

Designed at

low cost to

meet your
specifications. ||
Standard units |g
also available;

APPLICATIONS ©

® Transmitters

® Radar Equipment

® Amplifier
Equipment

® High Ambient
Temperatures

® High Humidity
Applications

—CFan)

EASTERN AIR DEVICES, Inc.

BROOKLYN 17, NEW YORK

585 DEAN STREET
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an integral part of this assembly

RUGGED + DEPENDABLE
Sl I
WILL YOU TRY A SAMPLE? &

‘Write on your company letterhead. We will act at once.
No charge, of course.

SEND FOR THE 192 PAGE HANDBOOK OF PILOT LIGHTS

Among our thousands of Pilot Light Assemblies there is one

which will fit your special conditions. Many are especially

made and approved for military use. We pride ourselves
on prompt deliveries—ary quantity.

ASK FOR OUR APPLICATION ENGINEERING SERVICE

Foremost Manufacturer of Pilot Lights
The DIAL LIGHT COMPANY of AMERICA
900 BROADWAY, NEW YORK 3, N. 7.

FOR YOUR PANEL

A NOVEL and UNIQUE CIRCUIT INDICATOR

DESIGNED FOR NE-51 NEON LAMP
For 110 or 220 volt circuits

SPRING 7-1300

MODEL B5766K-1

SPECIFICATIONS

MODEL B57G6K-1: 115 volt AC e
60 cycle ® single phase ® 4 mfd. e 120
CFM at 0.5” SP—220 CFM at 0” SP
e Silicon impregnated ® Fungus proof.

GREEN A
ENGRAVER H
Proved Profitable —

Machine Tool, Radio, Electrical
and Instrument Mfrs.,, Sales Pro-
motion and Advertising.

Fast, rugged, convenient—and fnexpensive. The
Green Engraver is tops for low-cost performance
—zips out precision work on metal, plastics or
wood . . . cuts four lines of letters from 3/64'*
to 1" on curved or flat surfaces . . . operates
by tracing . . . makes anyone an expert . .
engraves panels, name plates, scales, dials,
molds, lenses and instruments. (Also widely
used for routing, profiling and three dimen-
sional modeling.) Electric etching attachment
available.

Special attachments and engineering service avail-
able for production work.

FREE—Fact-packed folder. Send for yours, today

GREEN INSTRUMENT COMPANY

363 PUTNAM AVENUE
CAMBRIDGE, MASS.

INCREASED
INSULATION

BETTER
CONNECTIONS

' JONES BARRIER

_Terminal Strips

-
Leakage path is in-

creased—direct shorts

from frayed terminal

wires prevented by
bakelite barriers placed
between ferminals.
Binder head screws
and terminals brass,
nickel plated. in-
sulation, molded

No. 2143

Shown: Screw  Ter-
minals — Screw  and
Solder Terminals —
Screw Terminal above,
Panel with Solder Ter-
minal below, For every
need.

Six series meet every requirement: No. 140,
5-40 screws; No. 141, 6-32 screws; No. 142,
8-32 screws; No. 150, 10-32 screws; No. 151,
12-32 screws; No. 152, 14-28 screws.

Catalog No. 18 listscomplete line. Send for your copy.

Howarp B. Joxes Division

CINCH MANUFACTURING CORPOSATIL ~
CHICACO 24 11 N

SUBSIDIARY OF UNITED-CARR FASTINIG (DB
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For the Answer to Your Insulation Problem

Look Through # Line... |

o

VARGLAS SILICONE. That’s the insulating sleeving and tubing—
pioneered by Varflex—that takes temperatures ranging from 500° F
above to 85° F below-in its efficient, resistant stride. Lead wire and
treated cord too.

VARGLAS TUBING IMPREGNATED WITH GENERAL ELECTRIC
PERMAFIL. Tough, flexible, heat-resistant—available in coils. Premium
tubing at a reasonable price.

VARGLAS SLEEVING AND TUBING. Numerous types and grades—in-
cluding synthetic treated, varnished, lacquered, saturated, litewall and
others.

VARGLAS NON-FRAY SLEEVING. Three types—may be subjected to
temperatures up to 1200° F—for applications where dielectric require-
ments are not primary.

VARFLO TUBING AND SLEEVING. New, low-priced — for applications
where unusually high temperatures are not a factor. A real economy line,
this.

VARFLEX COTTON TUBING AND SLEEVING. Varnish or lacquer im-
pregnants — for applications where Fiberglas products are not required.

SYNTHOLVAR EXTRUDED PLASTIC TUBING. Low temperature flexibil-
ity—high dielectric and tensile strength—made from a standard formula-
tion of vinyl polymers.

SAMPLES? All you want with

our compliments. For free
folder of our com-

plete line, just clip r---------------

and mail this

T, covvon J  VARFLEX Corporation, 308 N. Jay St., Rome, N. Y.

i Please send me information as well as free samples of your
|| electrical Sleeving and Tubing.

F L E x : 1 o_m porticulorly .i-rjifzre-a-sied in samples s.fj.i-iable for -opssems

NOME- . o s sz

CORPORATION || Company . e e

Street i ..imiss oo

 MAKERS OF ELECTRICAL INSULATING I City_.. EESEER, - : Zone State ooy e
TUBING AND SLEEVING
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DYNAMIC ANALYZER

2 5= E

Signal elements mounted bread-
boord fashion on seporote chassis
for easy modification.

. tates the evaluation awd
adjustrment of servo performe-
ance ir the laboratory and =1
the production line.

® Determines transient and fre-
quency response of a servo loz3
or its components.

® Measures phase and amgi-
tude as functians of fre-
quency; damped natu =l
frequen:y, and frst

SACH UNIT CUSTOM-BUILT FOR A SPECIFIC APPLICATION
RANGE OF DATA FREQUENCIES: 1 CPM TO 50 CPS.

RANGE OF CARRIER FREQUENCIES: 50 TO 2500 CPS.

CARRIER FREQUENCY AMPLIFIERS

PHASE DETECTORS

POWER: SUPPLIES
MODULATORS

SERVO
AMPLIFIER

JO *+ F6 + K6 - 0

7

® A 60 cycle, car-
rier frequency servo
amplifier. .

® Drives 2 phase motor with
3 watt mechanical output.

® Features independent controls
on damping, gain, and carrier
phase.

® A stock item with universality
of application because of its
range of adjustment.

CETLILS WRITE DEPT. E-12

INDUSTRIAL CONTROL CO.

LONG ISLAND NEW YQRK

WYRANDANGH

|
|
|
|

THE ELECTRON ART (continued)

A)
| l
|
8) (B
B G e
© e
A AND B
L Sr— —
f

FIG. 2—Scope presentation showing
position and nature of sidebands with
respect to carrier

ing the desired deviation, are shown

in Fig. 2C.

It can be seen that each of the
pips of Fig. 2B is frequency-modu-
lated; if the three pips are initially
of equal amplitude, they will each
have an identical spectrum. If they
are not initially of equal amplitude,
the difference between spectra is
not a limiting factor for the low
(7 ke) klystron-modulating audio
frequencies used. The end frequen-
cies (A and B) of the two side
spectra apparently travel towards
each other, and will be coincident
at f., when each has been deviated
from its side-pip an amount equal
to the desired frequency deviation
fa. This condition is represented in
Fig. 2D. If a-m is present, the end
frequencies A and B, among others,
will merely be of different ampli-
tude, but will occur at the same
frequencies as indicated for no a-m.

The a-f voltage was recorded, and
this same amplitude can be used at
higher (r-f) frequencies. A system
was available for testing the ampli-
tudes determined by the deseribed
method. The same system was used
for testing an amplitude of a modu-
lating voltage determined by the
cruder method of counting pips
(which were seldom integers). Re-
sults of the two methods were com-
pared, and the method outlined in
this paper was found to be de-

December, 1951 — ELECTRONICS



~ UHF cable insulated with DuPont “TEFLON”

/

/
/
/
/

withstands 250°C. next to jet
engine . ..remains intact,
electrically efficient

A 50-ohm UHF transmission line that could be in-
stalled within inches of a jet combustion chamber. ..
that was a need faced by engineers specifying com-
munications equipment for the Grumman “Panther.”

Insulation for this cable had to have a low dielectric
constant, resist temperatures up to 250°C., remain
tough but flexible, withstand long periods of continu-
ous vibration. Du Pont ‘“Teflon”* tetrafluoroethylene
resin provides this unusual combination of properties.

“Teflon” has a dielectric constant of 2.0 and a loss
factor of less than 0.0005 over the entire spectrum
measured to date (60 cycles to 30,000 megacycles).
These electrical properties combined with outstanding
heat resistance, toughness, resiliency, and zero mois-
ture-absorption make “Teflon” widely applicable

SEGMENT of UHF transmission line to antenna,
running through taii of Grumman “Panther.”

Conductor is covered with (1) 0.280” insulation of
extruded “Teflon,” (2) silvered wire shield, (3
wrapping of ‘‘Teflon” tape, and (4) an outer jacket
of silicone-treated glass braid. RG87/U cable
made by American Phenolic Corp., Chicago, for
Grumman Aircraft Corp., Bethpage, L. 1., N. Y.

REG, y § paT OFF
BETTER THINGS FOR BETTER LIVING
... THROUGH CHEMISTRY

Polychemicals

DEPARTMENT

PLASTICS » CHEMICALS

ELECTRONICS — December, 1951

wherever high frequencies, high voltages, and /or high
temperatures are encountered.

Demand for “Teflon” currently exceeds supply.
However we suggest you investigate its properties for
future applications. “Teflon” can be extruded or
molded . . . is also supplied by Du Pont as tape and in
water dispersions. It may well help you, as it has
helped Grumman, solve difficult electrical insulation
problems. We'll gladly discuss the availability of ex-
perimental quantities for development work. For addi-
tional information on “Teflon” and other Du Pont
plastics, write to: KREG. U.S. PAT. OFF.

E. I. du Pont de Nemours & Co. (Inc.)
Polychemicals Dept., District Offices:
350 Fifth Avenue, New York 1, New York
7 S. Dearborn St., Chicago 3, lllinois
845 E. 60th St., Los Angeles 1, California
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automatic slideback
peak pulse

[}

SELF-BONDING POLYETHELENE BASE TAPE

LONG LIFE
MOISTURE-TIGHT SPECIAL |

9
SuLATION VOLTMETER T |

scales from .10 to 5000 volts

Far more versatile than conventional full scale.
types, the C.G.S. peak pulse volrmeter @® Pulse Width 0.25 microseconds
reads rapidly and accurately on pulse to 50 miliseconds.
Forms into a solid mass of insulation widths of .25 microseconds anc! at ® Accuracy =£3% of full scale.
. . . repetition rates of 10 pps. The instru- ® Input Impedance 200,000
producing moisturetight seals by means ment reads on eithfr poiitéve or negz;f- ohms,
: ; . tive pulses. Controls include an on-o
ofa gaSketmg action on all materials. rangg selector and input polarity switc,h; Write for Catalog Sheet
zero set control. A switch which throws Giving Full Information
a D.C. restorer into the circuit provides — Or Contact Us Con-
accurate peak to peak measurements of cerning Your Own In-
FOR sine and square waves. ng;fdl_lal Pr\(])blemss. Our
taft 1s at Your >ervice.
HIGH FREQUENCY Write Dept. A

L P

;{;; C. G. S. LABORATORIES, INC.

LUDLOW STREET STAMFORD, CONNECTICUT

HIGH TENSION

ELECTRICAL
INSULATION

FOR Torrolds - Coils - Reslstors « Deflection Yokes « Antennas |

FOR  Electroplating - Masking surfaces of external recessed diameters
Clean edges eliminate the need of lacquers.

FOR  End Sealing of Cables.

FOR  An underwater sealing mechanism both for dielectric and ber- | O . WASHER SPECIALISTS for nearly ~ BEVELED
metic seallng, half-a-century. Dies in stock will cpu:ou
| O ] Y produce most sizes. Big runs made  perainer
| Q f A » Ry with automatic presses. An econom-  LOcK
CHECK THESE EXCLUSI . # ) =, ical, accurate, and highly reliable SPacCErs
) HES ' SIVE FEATURES: C - & % source for washers, also all kinds of  SPRING TENSION
4/ Fuses into a non-laminar homogeneous mass. @) ) metal stampings. HAVE WHITE. SQUARE HOLE
+/  Excellent dielectric characteristics— ! ‘ € b HEAD'S CATALOG ON FILE; :L:;;,ocx
over 1,000 volts/mil. & | ¢t ite for it. ,
A/ A perfect moisture barrier and corona resistant. / o ‘ y =g TONCUE
(Can be applied a1—30° F.) Prolonged ageing o~
without deterioration. & g ESTY. STAMPIN G
4/ Will not corrode metals. 1903
A/ Easytoapply—conforms readily to odd contours. e Rex) CQEPAIN Y
S.1.C.2.12, P.F..0004 @ 10 m.c.
¥ SA0im= 1691 W. LAFAYETTE ° DETROIT 16, MICH. 1}

SEND TODAY FOR FREE SAMPLE STRIP

for NAVY SPARE-PARTS BOXES 'Y, STRICT ACCORDANCE

19 STOCK SIZES — AT PUBLISHED PRICES fi

NOW available to you
without costly sub-contracting problems

stock standard TYPE M, STEEL SPARE-PARTS
BOXES, made in strict accordance with Navy
Specifications.

To better service your need for Specification
Spare-Parts Boxes (shipboard use}, we have
taken them from our “Special’ department
and put them on a mass production line.
| [ — - RESULT: they can now, in most cases, be
shipped from stock.

SIMPLY ORDER THEM BY STOCK NUMBER
Company_ . S NAVY 42B9C WRITE FOR SIZE AND PRICE CHART

Address. e e
Tel: VErona 8-2372

i~
I BISHOP MANUFACTURING CORPORATION
' 10 Canfield Road, Cedar Grove, New Jersey
' Please send BI-SEAL data.
| -

Title ——— —

DOLIN METAL PRODUCTS, INC.
319 LEXINGTON AVE. - BROOKLYN 16, N. Y.
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sTEP

Sector
Choke -

Toroidal o

Speaker o Field

Telephone Relay
Honeycomb

yP COIL PRODUCTION with

WINDERS

Loud
and

Standard Relay e
Transformer o

Many Other Types of Coils and Armatures Wound Accurately and Quickly

MODEL RW TOROIDAL WINDER
with Coil Supports—automatically
winds toroidal coils around 360°
or sector coils up to 270°.

Winds in either direction. Made
in three sizes for single wire
from 18 to 38 AWG, double or
stranded wires from 2 x 18 to

2 x 26 AWG. Maximum winding
speed 200 RPM.

MODEL OGA AUTOMATIC
WINDER with removablz semi
or fully automatic paper
interleaving attachment.
Adaptable for multiple coil
winding with or without
interleaving and for interweaving
of cotton threads. Made for
five speed ranges from 70 to
3000 RPM. Wire sizes from

8 to 44 AWG.

MODEL OOFA-PEM MULTIPLE
FINE-WIRE WINDER with fully
automatic paper interleaving
device, for flanged or flangless
coils. Winds up to 6 coils at a
time with individual paper
interleaving. MODEL OOFA-PEB
winds up to 10 flangless coils

Wire sizes from 24 to 44 AWG.
Winding speeds from 360 to
3000 RPM.

NATIONAL REPRESENTATIVES

s A CORPORATION

405 Lexington Ave., New York 17
ELECTRONICS — December, 1951

with common paper interleaving.

MODEL OOFA AUTOMATIC FINE-WIRE
WINDER with removable semi or
fully automatic paper interleaving
attachment. Will wind wires from

24 to 44 AWG at certain speed
ranges between 950 and 6000 RPM.
Attachment available for winding
two coils simultaneously. MODEL
OOFA-T, similar to above, winds

up to 12,000 RPM.

MODEL AWO-A SMALL ARMATURE
WINDER—Fully automatic for mass
production of small two-pole
armatures with straight or skewed
slots. Wire is guided by adjustable
guide blade. Wire sizes (without
insulation) from 23 to 44 SWG.
Winding speed 700 RPM.

THESE WINDERS HAVE
MANY ADVANTAGEOUS
OPERATING FEATURES:

Accurate and Stepless adjustments
of feeds during operation.
Automatic reversing—without play—
of wire guide at layer end,

Simple adjustment of wire pull, which
will remain constant regardless

of speed and reel diameter.

Five figure turn counter with

zero set-back lever.

Automatic cut-off at pre-set
number of turns, or by wire
breakage or empty reel.

There's a MICAFIL for Every Winding Application.

Sk

THESE MACHINES IN OPERATION AT COSA'S NEW YORK

SHOW ROOM OR SEND FOR DESCRIPTIVE LITERATURE.
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NEW
OSCILLATORS
009 to 520,000 cps.
f .
'MODEL
MODEL .

. 420-A

. 400-A ) v
: ' 35 to 52,000 cps.
.009 to 1,100 cps. Audio and Sub-Audio ranges.

e sine wave oscillator ci'rcuit. .
-l{lroutuning or switching transients. Fast AVC action.

Price $350.00 EACH MODEL FEATURES -
Jltaneously. @ Good amplitude

Price $290.00

th sine and square woves,‘sim L0l
c.or?s(:cmcy 41 db over the entire frequency range. @ Low distor
:

i rate calibration, better than :i:Q%.
hoglinlei::s S?;T: Il:/z.rit:\rrﬁzc:iial with vernier tuning cont;oh ° il:i
\.Novg Output, 30 volts peak to peak. @ l.ow| Hurln o.ncomc)rztec’
ponent, less than 0.19% of output at any reve.

Jogarithmic output lexel c?,ntrol. @ input power,

size, overall 12" x7" x 8",

A5 watts. @ Small

260

MODEL

430-A

cc“brqﬁonl
rithmic diq 8
AVC action,

*1.59, o
® Calibrate
[ } Sma” siz

- MODEL

o

410-A
.018 to 22,000 cps.

@ Both sine and square waves, simultaneously. @ Excellent ampli-
tude constancy, #0.25 db over the entire frequency range.
@ Extremely low distortion, less than 0.259, at any frequency.
® Fast recovery from transients. @ Accurate calibration ==1.5%.
® Single scale logarithmic dial. @ Calibrated output attenuator
switch. @ Constant impedance “T" pad output control. @ Vernier
tuning control. ® Price $950.00

All KROHN-HITE Instruments are fully guaranteed
for one year against defective materials and workmanship.

KROHN-MTE INSTRUMENT

-

(eriyoarny

580 MASSACHUSETTS AVENUE, CAMBRIDGE 39, MASS.,
. o % 3 T Y

THE ELECTRON ART (continued)

cidedly more accurate.

An accurate method for deter-
mining the amplitude of the modu-
lating voltage needed to produce a
desired maximum frequency devia-
tion has thus been deduced and ex-
perimentally tested. The tests show
that the accuracy of the method out-
lined is indeed superior to that of
counting pips. Although it is ad-
mittedly more complicated, the
accuracy available makes the
method definitelv worthwhile.

REFERENCEL
(1) . E. Terman, “Radio Engineers
Handbook,” p 578, New York, 1943.

Accurate Frequency
Calibration Method

I'REQUENCY calibration of electronic
equipment is another of the phases
of the business that has felt the
pressure for increased speed and ac-
curacy. These requirements, along
with the general increase in fre-
quency range involved, have more
or less antiquated the basic zero
beat method. Lissajous pattern
techniques have been found suitable
for a large number of applications,
but when used in conjunction with
a primary standard, the task of
identifying the proper ratio be-
tween compared signals (when nol
used for direct one-to-one compari-
sons) becomes somewhat complex,
and errors are likely to result.

A method has been developed at
the Naval Research Laboratory
which inherently produces a signal
exactly equal to the standard fre-
quency whenever the signal to be
calibrated is exactlv adjusted to any
detectable harmonic of the standard
frequency. The equality is auto-
matically indicated as a simple one-
to-one Lissajous pattern which iy
obtained for each usable harmonic
point. Thus, with the aid of this
technique, less skilled personnel can
perform, more quickly, equipment
calibrations equivalent to those ob-
tained through standard Lissajous
methods.

The block diagram of the equip-
ment used is shown. A standard
frequency source is chosen that will
generate a signal of a frequency
equal to the frequency interval of
calibration desired. If not directly

December, 1951 — ELECTRONICS



For fast production and fine performance,
Allis-Chalmers uses TEMFLEX 105 TUBING

“Qur No. 1 reason for using Temflex 105 Tubing,” says Allis-Chalmers
Manufacturing Company, “is the way it speeds up our general pur-
pose motor production in assembling insulation on coil leads, stubs

and neutral, jumper and lead connections.”

Of course, that’s just one of the advantages that Allis-Chalmers—
and so many other world-famous makers of electrical equipment—
get from using Irvington’s Temflex 105. Temflex 105 also offers such

outstanding service features as:

Continuous operation at temperatures up to 105°C.
Exceptional flexibility down to —40°C.

High dielectric strength of 1200 vpm.

Excellent chemical stability.

This flexible plastic tubing produced by Irvington Varnish & Insu-
lator Company in all standard colors, is readily identified by the
continuously printed name on the smooth tubing surface. Be sure

you identify it by name when you buy! Technical literature is yours
for the asking.

000000000000000000000000 000000000

- Send this convenient coupon now Irvington Varnish & Insulator Company
- Po 6E Argyle Terrace, Irvington 11, N, J.

'
]
@ [
: Gentlemen:
1 Please send me technical literature on TEMFLEX
! 105 Tubing.
: i
1 e
)
1
1
1 .
’
H

Name ) Title
VARNISH & INSULATOR COMPANY o "
ompany.
Irvington 11, New Jersey Street
Plants: El Monte, California Hamilton, Ontario, Canada City Zone State

For Further Information, Consult pages 92-93 in the 1951-1952 Electronics Buyers' Guide
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TANDEM TERMINALS
Attached and Sotdeted

— ] : . .
D 20 S0 20 I @@ X w
';‘; 'v":.ﬁ-';‘n AR R » . @‘ X I1.‘. b -
leseneRonoRonenONen e

FAFARARARAAAAARA. i
VAN A

al raltes up 1o

1200 Per Hour

Costs are rcduced, production increased and more efiicient termina-
tions consisiently result when P-M Pre-Soldered Tandem Terminals
are machine attached and soldered! Produced in ccntinuous form,
and supplied on reels, P-M Tandem Terminals are applied in our
machine that cuis off, clinches and solders terminals to wires in
one instantaneous operation. This methed has replaced slow,
costly hand attachment in many leading planis. Handling of
loose terminals. solder and flux are eliminated to cut costs and
boost production on long runs. Siandard types available. Send
for detailed information, and erc ose sample of terminal and wire
now used. Address Dept. E.

For ordinary runs in moderate ¢ antities we continue to produce

SEPARATE TERMINALS for ELECTRIC WIRES

We are also large producers of SMALL METAL STAMPINGS. Modern

plant with complete equipment _or large velume production of stamped
metal parts in accordanc: with customers’
charges. Precision work. Prompt service.

prints. Moderate die

Edgewood Station, Providence 5, R. I.

Standard

AN ECONOMICAL INVESTMENT IN
LONG-LIFE PERFORMANCE AND
EXTREME ACCURACY. RUGGED, FOR
HEAVY-DUTY SERVICE: FLEXIBLE IN
APPLICATION.

Scale

Divisions
p—— =9

1/ [ e0mn |
17100 in. | 60 min_|

Totalizes Accuracy

+.002 min.

+.0002 min.

/1000 min | 10 min_|
[1/100sec. | 60 sec. |
/1000 .| 360 .|

MST-500]1/1000 sec.

+.001 sec.
+.002 sec.

The clutch coil can be connected directly in the plate circuit of
electronic tubes. For this use the coil has a resistance of 2000 ohms
and requires 50 to 60 milliamperes. When ordering for this purpose,
always specify 120V DC clutch coil. Write for Bulletin 153, -

meStandard Flectric Time Co.

FOUNDED iBB4

97 Logan Street Springfield, Mass.
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“SPECIFY
7awe/14

Stamless Towers offer you:

® All welded, tubular
struction

® Easy-to-erect 20-ft. sections

8 Aerodynamic design providing
minimum wind resistance

¢ Natural ladder — easy to climb
easy to maintain—|MMEDIATE
DELIVERY

STAINLESS, INC.

NORTH WALES, PA.
PHONE: NORTH WALES 874

steel con-
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THE COURSE OF YOUR CAREER
may depend upon what you do about
your future—now. A sure way to
miss success is to miss opportunity.

Now is the time for qualified
ELECTRONIC, ELECTRICAL and ME-
CHANICAL ENGINEERS . . . PHYSICISTS

. METALLURGISTS . . . CHEMICAL
and CERAMIC ENGINEERS . . . as well
as TECHNICAL SALES ENGINEERS to
decide to take full advantage of the
opportunities now open at RCA to
achieve professional success.

LIFELONG
CAREER OPPORTUNITIES

These are not temporary positions.
They are independent of national
defense requirements. The openings
represent a wide choice of long-term

Whatever your plans for the future—you
will find the booklet “The Role of the
Engineer in RCA” interesting reading.

Write for your free copy.

ELECTRONICS — December, 1951

government projects as well as chal-
lenging work in the permanent ex-
pansion of a diversified line of
commercial products.

YOU ENJOY THESE BENEFITS

At RCA, you enjoy professional
status, recognition for accomplish-
ments . . . unexcelled research facili-
ties for creative work . . . opportuni-
ties for advancement in position and
income . .. pleasant surroundings in
which to work. You and your families
participate in Company-paid hospi-
tal,surgical,accident,sicknessandlife
insurance. Modern retirement pro-
gram. Good suburban or country resi-
dential and recreational conditions.
Opportunities for graduate study.
Investigate opportunities today.

POSITIONS OPEN
IN THE FOLLOWING FIELDS:

TELEVISION DEVELOPMENT—
Receivers, Transmitters and Studio
Equipment

ELECTRON TUBE DEVELOPMENT—
Receiving, Transmitting, Cathode-Ray,
Phototubes and Magnetrons

TRANSFORMER and COIL DESIGN

COMMUNICATIONS—
Microwave, Mobile, Aviation, Special-
ized Military Systems

RADAR—
Circuitry, Antenna Design, Computer,
Servo - Systems, Information Display
Systems

INDUSTRIAL ELECTRONICS—
Precision Instruments, Digital Circuitry,
Magnetic Recording, Industrial Televi-
sion, Color Measurements

NAVIGATIONAL AIDS
TECHNICAL SALES

ELECTRONIC EQUIPMENT FIELD
SERVICE

MAIL RESUME
If you qualify for any of the positions listed above, send us a
complete resumé of your education and experience, also state
your specialized field preference. Send resumé to:
MR. ROBERT E. McQUISTON,
Specialized Employment Division, Dept. 46X
Radio Corporation of America,
30 Rockefeller Plaza,
New York 20, N. Y.

A
@l/ j) RADIO CORPORATION of AMERICA
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HERMETICALLY
SEALED UNITS

NYT hermetically sealed trans-
formers are available in all stand-
ard sizes to meet MIL.T-27 speci-
fications, and especially designed
constructions for a wide variety of
military as well as civilian applica-
tions. Designed and built to meet
the most exacting specifications.
Production facilities for quantity

production of all sizes.

FULL RANGE OF MIL-T-27
TRANSFORIMERS

._

the HORNET

HORNET transformers, pioneered
by NYT, are of open type construc-
tion, utilizing Class H insulating
materials. Approximately one-
fourth the size and weight of com-
parable Class A units. Filament
and plate supply transformers and
chokes. Units can be designed for
ambients up to 190 deg. C., alti-
tudes up to 60,000 feet; power
ratings from 2VA to 5KVA,

POWER, AUDIO, FILAMENT
and PLATE TRANSFORMERS
REACTORS * FILTERS - CHOKES
TV RADIO ¢« ELECTRONICS

Engineering and development facilities

NEW YORK
TRANSFORMER CO., INC.

ALPHA, NEW JERSEY

THE ELECTRON ART {continucd)

available, the standard frequency
can be derived from a primary
standard through frequency-divid-
ing techniques.

The final standard signal is fed
through a harmonic generator to
produce integral multiples of the
fundamental. A filter suppresses
the fundamental, and the resulting
harmonics are fed to a balanced
modulator along with the signal to

| be calibrated. The modulator is
| balanced to eliminate harmonics of

I
|
|
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the fundamental standard fre-
quency, and its output contains the
signal to be calibrated, and beats
between the signal to be calibrated
and the harmonics of the standard
frequency. When the signal being
calibrated approaches one of the
harmonics of the standard, a zero
frequency component will be pro-

[ Har-

| FREQ
F,| osCiL-

MONIC | STAN-
{ GEN | DARD LOSCOPE’
-F,2F,3F,4F... .
FILTER TO SUPPRESS mﬂ\,
STANDARD FREQ |Fy-nF
2F,3F 4F 2~

INST
BEING | FX| BALANCED
CALI- MODULATOR
BRATED |

Fx,Fx*2F Fxt3F"

FILTER
TO

SUPPRESS
ALL FREQ
ABOVE
STAN-
DARD
FREQ

Block diagram showing method for accu-

rate calibration of an unknown with

harmonics of a standard frequency using
1-to-1 Lissajous figures only

duced. The output of the balanced
modulator thus contains the com-
ponents shown in the block diagram.
After filtering to remove frequen-
cies higher than standard fre-
quency, a one-to-one ratio then
exists between the standard fre-
quency and the unknown fre-
quency when the unknown is equal
to a harmonic of the standard fre-
quency.

It is also possible to obtain inter-
mediate check points by making
2-to-1 or 3-to-1 (or higher) checks
between principal calibration
points. This technique has been de-
scribed in somewhat more detail by
David I. Troxel of the Naval Re-
search Laboratory in Washington,
D. C., in NRL Report No. 3,701.
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TESTED A™
12,000 RPM

o —— PARALLEL
OR SERIES
CIRCUITS

EXCLUSIVE®

insure closer tolerances, absolute uniformity,
and the ultimate in miniaturization

Electro Tec units are the product of an exclusive manufacturing
technique that results in accuracy unattainable by conventional
fabricating methods. In this process a plastic is moulded around
the wire leads. Accurate machining reduces this blank to the
proper shape, complete with grooves. Hard silver is deposited into
the grooves by electroplating to produce the required rings. Final
machining insures concentricity and dimensional accuracy. The
result is one-piece, unitized construction with conducting rings of
60 to 70 Brinell hardness.

Diameters of these assemblies range from .045" to 24" cylindrical
or flat. Cross-sections may range from .005” to .060" or more.
Rings are polished to a jewel-like finish and can be held to 4
micro-inches or better. Even the smallest sizes withstand a 1000
V.A.C. breakdown test. Most types easily withstand rotational
speeds up to 12000 rpm.

ELECTRO TEC Assemblies are Specified by the Nation’s
Leading Precision Instrument and Equipment Manufacturers for Proven
Greater Dependability, Longer Life, Smoother Functioning.

The uniformly superior performance of Electro Tec slip ring and
commutator assemblies in thousands of industrial and govern-
mental applications has resulted in wide adoption of these com-
ponent units by most leading manufacturers of precision instru-
ments and equipment. Although these products provide improved
performance and extra dependability, prices are strictly com-
petitive. Write today for fully illustrated literature.

ELECTRO TEC (@"\ CORPORATION

$O. HACKENSACK : NEW JERSEY
PRODUCTS OF PRECISION CRAFTSMANSHIP BY A NEW AND REVOLUTIONARY PROCESS

ELECTRONICS — December, 1951

CONCENTRICITY

¢ "V" GROOVE

13 RINGS

003"

t \‘1'
o~

A
A\ N =
BN §’
\;‘p.___ SILVER ON

ONE PIECE
NYLON FORM

RINGS
ANCHORED
IN DOVETAIL

) o ONE PIECE, UNITIZED CON-

ELECTRO TEC tecuniques

STRUCTION

ABSOLUTE MINIMUM TORQUE
FRICTION

» DIAMETERS FROM .045" TO
24.0”

» MINIMUM 1000 V.A.C. HI-
POT INTER-CIRCUIT

» UNIFORMLY HARD SILVER
RINGS PLATED INTO GROOVES
ON PRECISION MACHINED
ONE PIECE PLASTIC FORM

» SPECIAL SURFACE DEPOSITS
PREVENT TARNISH, MINIMIZE
FRICTION, BRUSH NOISE AND
PRACTICALLY ELIMINATE WEAR

*PATENTS PENDING
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SPECIFY

, Rﬂﬂs CcO
#od; ﬂ-lli nlp__S'rl ADV;hNtED

b 1 'SWI'FHI

{

RF PERFORMANCE CHARACTERISTICS

e Frequency range up to 11,000 Mc./Sec.
o V.S.W.R. less than 1.5 to 1.
@ Insertion loss less than .5 db. through-

out operating range.

@ Attenvation between wnmused connectors

50 db minimum.

e Power handling capabilities equal to
improved type N connectors.

Motor driven actuator rating:

24-28 V.D.C.

"'dqi'an RF

"m 'ru',t mnuérﬂv |

MODEL NO.
SINGLE POLE 4-POSITION

1460-4

?n‘ w S co oflers a complete and outstanding line of coaxial switches,

pracision built for the most critical applications requiring efficient

performance under extreme temperature and shock conditions.

?R‘”sco coaxial switches are specified because in addition to

unsurpassed performance characteristics, they incorporate such advanced
features as (1) motor operated instead of solenoid, (2) straight end
connections which eliminate the use of lossy angle connectors, save

time and space, (3) simple and easy mounting.

?R‘ 'S € o has the complete answer to your coaxial RF switching

problems.

Write for complete engineering specifications and counsel.

RANSECO provucrs, INc.

DESIGNERS & MAMNUFPACTURERS OF MECHANICAL & ELECTRONIC AIRCRAFT EQUIPMENT

12210 NEBRASKA AVENUE, LOS ANGELES 25, CALIFORNIA
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NEW PRODUCTS

(continued from p 146)

provides a compact, fully-contained
ignitron-controlled unit for magne-
tizing simple and complicated
shapes of permanent magnets. Com-
plex assemblies such as p-m motors,
meters, magnetic phoho-cartridges,
magnetic pulleys and novelties in-
corporating permanent magnets
can be magnetized to the maximum
possible intensity after final assem-
bly. Adjustable intensity of mag-
netization, automatic voltage regu-
lation, manual and remote control
and automatic timing of magnetiz-
ing pulses are some of the features
incorporated. The LG5 operates
from any standard 115-v, 50 or 60-
cycle supply.

Multifunction Preamplifier

HErMON HosMER ScoTt, INC., 385
Putnam Ave., Cambridge 39, Mass.
Type 112-B Dynaural preamplifier
features: a noise suppressor that
reduces record surface noise with-
out losing musical quality; a pre-
amplifier for low-level magnetic
pickups; a variable turnover control
to compensate for different record-
ing characteristics; an adjustable
record-distortion filter; an input
level adjustment for use with the
noise suppressor and external auto-
matic loudness controls. Fre-
quency response is flat from 30 to
15,000 cycles, and usable response
is from 20 to 20,000 cycles.

Seintillation Counter

NUCLEAR RESEARCH CORP., 2707
Federal St., Philadelphia 46, Pa.,
has developed a new scintillation
counter with more than 25 times
the gamma efliciency, of a conven-
tional G-M tube. The portable
counter includes a permanent thal-
lium-activated sodium iodide crys-
tal mounted in a removable cap—an
RCA 5819 photomultiplier tube

December, 1951 — ELECTRONICS



The line of Du Mont cathode-ray tubes is
carefully engineered to provide the broadest
possible coverage of the entire range of stand-.
ard applications. In some instances, however,
the requirements of highly specialized appli-
cations are beyond the capabilities of RTMA
Registered cathode-ray tube types. For such
cases, Du Mont SPECIAL CATHODE-RAY
TUBES offer the answer. Typical examples
of these special tubes are shown below.

cathode-ray
tubes

TYPE K1101P — 5-inch flat-faced tube designed for ultra-
high-speed oscillography. Will provide spot writing speeds
as high as 1000 in./ sec. Overall maximum accelerating
potential of 37,000 volts, with good deflection sensitivity.

TYPE K1080P — 7-inch magnetically focused and deflected
tube operating at accelerating potentials up to 30,000 volts,
providing high light output with excellent resolution. Face-
plate manufactured to conform to uniform standard of cur-
vature and thickness.

TYPE K1065P — 3-inch flat-faced tube with high deflection
sensitivity. Deflection-electrode connections through neck
enable high-frequency applications.

If you have a problem beyond the range of
RTMA Registered cathode-ray tube types,
the facilities of Du Mont, the skill of the
most experienced designers of cathode-ray
tubes in the industry, are at your disposal for
consultation,

TYPE K1052P — 7-inch tube containing 5 wholly independent
electron-gun and deflection-electrode structures in a single
envelope. Auxilliary ring-socket for easy connection to all
deflection electrodes.

f"_.["lm above tobes are representative of the Do Maont |
line of SPECIAL CATHODE-RAY TUBES. For|
idetgiled “information on these, and other Du Mur.lt|
I PELIAL TUBES, write ta Department G at

the
BRE. I:relma-f e : N _.__.J

INSTRUMENT DIVISION, ALLEN B. DU MONT LABORATORIES, INC., 1000 MAIN AVE., CLIFTON, N.J.
ELECTRONICS — December, 1951 267



Plastic - clamp molded
by Mack for DuMont,
manufacturers ot
television

receivers

cK

components

RCA-Victor Model 66X12—Cabinet

compression molded by MACK

for the RCA  Victor Division

of Radio : Corporation of America.
0ES|GN'

Specify Mack with confidence for all your
molded component requirements. One of
the original plasti¢-molders, Mack expe--
ience dates back over three decades, to
the beginning of the industry. From
design to final inspection, Mack manu-
facturing methods — keyed to the elec-
tronic industry — give assurance that each
part is electrically and mechanically cor-
rect. Complete service from blueprint to
finish features deliveries to meet your
assembly line schedules.
receive prompt attention; address Mack

T

Molding Company, Inc.,, Wayne, N. J.

Inquiries will

A A 1
OVER 30 YEARS OF
MOLDING SERVICE TO INDUSTRY

v |
<\‘MOM«MANNG’// u

Plostic cose tor industrial I
storoge batsery made by I
C&D #n"e‘ies, Inc.

«ldes by MACK . tar the
CA-Vietori' ~16-inch  Te evision
Rezeivars: - Polystyrene  solves

the hgh voltage preblems. ’
|

|

. I_,-MO‘D,NC

-FOR

electroni, televsion,
communication and
electncal applications

FROM 3 COMPLETE PLANTS

=1 s =

NEW PRODUCTS (continued

| with all necessary circuitry-——and a

six-foot cable and connector. Size
of the unit is 24 in. x 8 in., and
total weight is 13 Ih. Extra acces-
sories include a lead collimator for
use with standard crystal cap and a
crystal cap for wide-angle gamma
counting.

Voliage-Regulated Power
Supply

KEPCo LABORATORIES, INC., 149-14
41st Ave,, Flushing, N. Y., recently
released the model 1250 voltage-
regulated power supply. The high-
voltage supply is continuously vari-
able from 200 to 1,000 volts and
delivers from 0 to 500 ma. In the
200 to 1,000-volt range the output
voltage variation is less than 0.5
percent for line fluctuations from
105 to 125 volts and less than 0.5
percent for load variations from 0
to 500 ma. Ripple is less than 20
mv. The rack panel cabinet height
is 28 in., width 21} in., depth 16 in.
Weight is approximately 167 Ib.

Flip-Flop

COMPUTER RESEARCH CORP., 3348
W. El Segundo Blvd., Hawthorne,
Calif.,, has developed a replace-
ment for the vacuum tube iIn
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The

Christmas
that starfs
/n the summer!

For some people, the Yuletide scason
starts arounc July.

They're the department store buyers of
America —and they do their Christmas
shopping rcally ear/y. They begin their
purchasing months in advance of the
Christmas buying spree.

Bur despite careful buying, December

ELECTRONICS — December, 1951

is a wild, unpredictable month. Shelves
are quickly emptied. Scll-outs become the
rule. Thousands of sales may be lost
through simple lack of mcrchandise.

But these buyers know the answer. To
them, a sell-out means one thing—a quick
call for more merchandise,via Air Express!

The world’s fastest shipping service fills
their shelves overnight!

Whether you buy or sell goods, here are
the unique advantages you can enjoy with
regular use of Air Express:

IT'S FASTEST — Air Express gives the
fastest, most complete door-to-door pick-
up and delivery service in all citics and
principal towns, af 120 extra cost.

1T’S MORE CONVENIENT —One call to
Air Express Division of the Railway
Express Agency arranges everything,

IT'S DEPENDABLE — Air Express pro-
vides one-carrier responsibility all the way
and gets a receipt upon delivery.

IT’S PROFITABLE—Air Express expands
profit- making opportunitics in distribu-
tion and merchandising.

For more facts call Air Express Division
of Railway Express Agency.

A HPRESS

GETS THERE FIRST
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Up aTree?

Not enough hours in your day?
Here's a handy slide-chart to make
your job simpler and save valuable
time! This FREE chart instantly
identifies A-N Nos. pertaining to
stainless steel nuts, screws, bolts,
rivets, cotter pins, washers; gives
sizes, other data. Write for your
FREE copy of Chart 51H TODAY!

umber and note ki

pelow, find AN n number and rea

nd of fastening.

d data.

n listing ' i & | |
‘Then in proper window, k
See other . X
o & ‘ S(“V’l Pll\ CAT. -
an ‘r‘D‘ i Lkl NUMBER \ ait | N PAGE :
S(::;:V N, | PAGE | COTTER PINS s , .
e T R non s ;
: : = o Lost DAGH NO indicate leng! ’
» e \eenths nch ‘
Pocer ond del.venes on -
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Fine Threod, Closs 3 Fit t ‘
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ETON-ON-HUDSON, NEW YORK

NEW PRODUCTS (continued)

certain  medium-speed counting,
amplifying and control applications.
The ferro-resonant flip-flop illus-
trated is a bistable-state device
which is equivalent to a single
vacuum tube Eccles-Jordan trigger
circuit. It resembles, somewhat, a
saturable reactor and operates at
frequencies up to 20 ke. It has no
filament to burn out and occupies
about 0.1 the space of a comparable
vacuum tube. As an amplifier it
produces a high-power gain, Oper-
ating on approximately 10 percent
the power needed by an equivalent
vacuum tube, it delivers 90 percent
of input energy as usable output.
There is virtually no problem of
heat dissipation.

Miniature Computer

THE JAcors INSTRUMENT Co., 4718
Bethesda Ave., Bethesda 14, Md.
The JAINCOMP-B is a small elec-
tronic computer that can add two
24-digit numbers in eight million-
ths of a second. It is the size of a
table model tv set and contains 300
tiny tubes the size of those used in
hearing aids. It weighs about 100
Ib. The unit described and illus-
trated accepts not only data in the
conventional ways used in comput-
ing machines but also inputs from
measuring instruments. Copies of
scientific papers on the new com-
puters are available on request.

Miniature Switches

CENTRALAB DIVISION OF GLOBE-
UNION INC, 900 E. Keefe Ave.,
Milwaukee, Wis., has introduced a
new line of unusually small rotary
switches. These units are avail-
able in a variety of multipole, mul-
tiposition, multisection types, also
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Buy SPEER when you buy
coil forms

£
...for the exclusive /notch
that prevents coil shifting

.=

Complete your circuits with R. F.
coils...chokes...riubulo_r-ond'disé- -
~ capacitors...high voltage con-
densers.. capristors by
JEFFERS ELECTRONICS, INC.

DU BOIS, PA.

Another Speer Carbon Co. Subsidiary’ .

})

ELECTRONICS — December, 1951

A SPEER CARBON COMPANY SUBSIDIARY

& 75069 ST. MARYS, PENNSYLVANIA



made to make
your MARK

Mk
Z?/%{{wz;’ ;W/W(d

Under these trade marks are made products ranging from nylons to air-
craft. They include garments, hosiery, knit goods and textiles, radio and
TV tubes, capacitors and resistors, vuleanizing eqnipment, camerus,
pharmaceuticals, hand grenades, eartridges anil eanvas goods. All over the
world, Markem methods, machines, type and inks are marking the products
of industry

There 15 a Marhem methid for almost every identifieation purpose.
Markem Equipment is used for Marking on Products, Packages, Parts, or
for producing Labels,

Submnit your problim in detail with a sample of the item to be marked.
Markem Machine Company, keene, §, New Hampshire.

SINCE IS/171

NEw \\YII
ELECTRIC

PRODUCTIMETER

;Jl-ul'-u.ln..ln =

for use on
light applications

M"’ {2 ACTUAL SIZE)

Hi-Speed... Accurate...long Life...Totally Enclosed

mounting conditions . . . panel mount-
ing or base mounting. Hardened steel
parts for long life and dependability.

® This small “Y" Electric Counter is
designed primarily for use on light
applications . . .
count at high,

built to give accurate
low or intermediate

DURANT MANUFACTURING CO.

1912 N. Buffum St.
Milwnukee 1, Wis,

Representatives in Principal Cities

PRODUCTIMETERS
\_Cousnt Ever

speeds — up to 1000 counts per min-
ute. Counter gives maximum reada-
bility at all angles. Design fits all

112 Orange St.
Providence 3, R. I,

&

SINCE 1879

272

NEW PRODUCTS (continued)

in combination with a-¢ line
switches and variable resistors.

TV Synchronizing Generator

FEDERAL TELECOM MUNICATION LAB-
ORATORIES, INC,, Nutley, N. J., has
developed the FTL 63A tv synchro-
nizing generator that features a
stable, high-speed binary frequency
divider that eliminates the need
for expensive c-r-tube monitoring.
There is a choice of five lock-in
sources: crystal, power-line, free,
external and interlace. Provision is
also made for the addition of a
high-frequency interlace generator.

' All-Magnetic Regulator

GENERAL DMAGNETICS, INC.,, 135
Bloomfield Ave., Bloomfield, N. J.,
has introduced a klystron d-c power
supply voltage regulator with no
vacuum tubes and an all-magnetic
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hnouncing a new complere lne of

GLENNITE SELF-GENERATING

ACCELEROMETERS

Write or phone todoy for Bulletin A403 containing
complete information on Glennite Accelerometers.
These are available in many standard types cap-
able of meeting most requirements or can be
custom-built to customers specifications for uvnusval
applications. A complete line of ouxiliary equip-
ment is also available for use in conjunction with
Glennite Accelerometers including special instry-
ments, Please address inquiries on letterhead.

CATHODE
FOLLOWERS

b, Designed 1o Termingte Piezo
lck?ps and other High Impedq
into Standard Electronic Eq

MODEL F403 — BATTERY POWERED

An inexpensive instrument designed primorily for use with Glennite
accelerometers. An input probe switch permits increasing the ronge
of Glennite occelerometers without overloading.

MODEL F405 — BATTERY POWERED

This model is specifically designed for general loboratory use os
well as for use with Glennite accelerometers. Input capocitonce is
lower thon the F403, provision is made for applying o calibrating
signal and accessories are furnished for on externol shunt copoci-

tor and probe tip.

MODEL F407 — AC POWERED

Operates on 110V, 60 cycle supply. Features higher gain, lower out-
put impedance, wider frequency range ond higher overloading
voltage than F403 or F405. A superb instrument having wide
adaptability as a general purpose unit.

GENERAL DESCRIPTION

All models are self-contained in handsome oak carrying case
measuring only 6”x6% "x7". Botteries fit within case of models
F403 and F405 with miniature ponel meter provided to monitor
bottery condition. Bottery life approx. 30 operating hours. All
models are supplied with external probe on 9 foot cable for

moximum convenience.

SPECIFICATIONS

~Electric 5
nce Devices

vipment

I

F407

_ mopm - ~ ra03 F405 -
Power Supply ~ battery battery 110V, 60 cydes
Freq. Resp [ 1 to 35,000 11035000 110 200,000
Input Imped, 60 megahms 60 megohms 60 megohms
Input Shunt Capacity 100 mmfd & 5 mmfd & Smmfd &
o 022 mid 022 mid 022 mid
Input Block Capocitor ) 02 mfd .02 mfd 02 mfd
Output Impedance 1000 ohms 1000 ohms 1000 ohms
Output Block Capaditor none 2 mfd 2mid
Gain 088 0.85 0998
Noise Level 40 microvolts 40 micravolts 100 micravolts
Overloading 15 volts 15 volts 60 valts

Our engineering department is equipped to handle all types of research, design
and development of piezo-electric and electromechanical devices. Should you
have a problem requiring specialized engineering our staff is available for

consultation without obligation.

GULTON MFG. CORPORATION

M ETUCMH E N,
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% : oy NEW PRODUCTS (contined)
amplifier-tvpe circuit. It maintains

power supply output at 18,000 v d-c
for load current variations from 0

N ; ]
at _ WItI'I the to 100 ma, and line voltage varia-
: . : tions from 105 to 135 v a-c. Regu-
I]H 5’1 lation accuracy is = 1 percent; and

g nsc"-[nsmmscﬂp[s 2 ; time delay, approximately 0. 1 sec.
MW? BH_EK The unit may be modified for power

supplies of any output rating.
SYNBHRUSBI]PE P4-EX

g

Models ON-5A and ON-

5X are designed as basic,

highly flexible laboratory

instruments for general '

pulse work. Their specifi-

cations include:

® High-gain vertical ampli-
fiers. |

® Triggered sweeps, if an
external trigger is avail-
able.

® Recurrent sweeps, at a
repetition rate of 10 to . . .
100,000 per second. Wide-Band Video Amplifier

® Vertical input delay of
0.45 microsecond (ON- PoLAarRAD ELECTRONICS CorpP., 100

5X), Metropolitan Ave., Brooklyn 11,
N. Y. Model V-2 improved wide-
band video amplifier has a flat amp-

Model P4-EX is designed for applications requiring a triggered litude response =1.5 db from below
sweep, and where the signal fevels met do not demand 10 cps to 20 me. It is designed for
extremely high-gain amplification. Its many outstanding fea- use as an oscilloscope deflection

(LI amplifier for the measurement and

viewing of pulses of extremely short
duration and rise time. It is a tool
for laboratory and industrial use

® Internal trigger, at a repetition rate of 50 to 5000 per second,
easily synchronized with an external trigger if desired.

® Output trigger, with the same range of repetition rates, which
can be continuously phased to lead or lag the sweep start by a

maximum of 500 microseconds to extend the amplitude range of

Detailed specifications and performance data available promptly on your request. vacuum-tube voltmeters and signal
These new instruments represent a high level of precision design and generators. Its extended low-fre-

versatility of application at remarkably low cost. Major features that quency responses permit accurate

are common to all three instruments include: analysis of tv signals. Sixty-cycle

e Type 5UP cathode-ray tube, operating at an accelerating potential square waves are passed with less

of 2600 volts. P1, P7 and P11 screens are available.
® Sweep writing rate continuously variable from 1.0 to 25,000 micro-
seconds per inch.
e Sweep calibration in microseconds per horizontal scale division, |
accurate to plus or minus 10%.
e Vertical amplifier flat within 3 db from 5 cycles to- 5 megacycles.
e Vertical calibration voltages, at accuracy of plus or minus 5% for
lglc\}dg;( P4-EX, and plus or minus 10% for Models ON-5A and
e Vertical amplifier input step attenuator.
® CRT cathode connection externally available, for application of
blanking or marker pulses.
NET PRICES, F.O0.B. Winchester, Massachusetts:
P4-EX ... $465.00 ON-5A ... $48500 ON-5X... $535.00

Write today for FREE BULLETINS giving detailed specifications and
performance data.

than 5-percent tilt.

BROWNING ' Subminiature Control

Laboratories, Inc.
Winchester, . | CrarosTAT MrG. Co., INcC., Dover,

ENGINEERED FOR ENGIN : N. H. Series 48A improved sub-
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another
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PLASTISEL

MOLDED*-IN

ELECTRONIC SELENIUM

— RECTIFIERS

Easier to handle!
Take up less space!
No mounting holes necessaiy!
No possibility of short circuiting!
No shock hazards!
Cuts down wiring!
No grounding problems!
Write for

our FREE
Rectifier Catalog

ELECTRONIC DEVICES, INC.

Precision Rectifier Division

429 12th Street, Brooklyn 15, N. Y Telephone: SOuth 8-3530

PLASTISEL — A complete line of

both molded-in and open stack electronic
selenium rectifiers.

Also manufacturers of MINISEL —

a complete line of sub-miniature encased
selenium rectifiers for military applications.

= o - o
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U. S. NAVAL AIR DEVELOPMENT CENTER
JOHNSVILLE, PA.
takes its

ENVIRONMENTAL TEST PROBLEMS

to

Maximum flexibility, efficiency, dependability—those are
essentials of test-chamber design for military research
use. And those are the qualities engineered into the
Tenney Test Chamber recently installed at the U. S.
Naval Air Development Center, Johnsville, Pa, for en-
vironmental testing of aircraft components.

Specifications: Altitude to 80,000 feet; humidity, 20%
to 95%: temperature, —100° F. to 4200° F.; any tem-
perature—altitude conditions simultaneously; automatic
program cycling control with minimum elapsed time for
obtaining all extreme conditions.

For all types of testing—development, research, speci-
fication, and production—a Tenney-engineered chamber
will meet your requirements. For testing under all degrees
of humidity, at all altitudes and temperatures, a Tenney-
built test chamber assures complete dependability and
precisely controlled test data. Automatic cycling, indicat-
ing, and/or recording systems to your specifications, if
desired.

For further information without obligation, write Tenney
Engineering, Inc., Dept. ), 26 Avenue B, Newark 5, New Jersey.

Test Chamber Design for Every Industrial Use

enney

@ 8034

Manvfacturers of Avtomatic Temperature, Humidity, and Pressure Control Equipment

276
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NEW PRCDUCTS (continued)

miniature control measures only §
in. in diameter, and is available as
either a single or dual unit. Body
depth of the single unit is 7/16 in.,
while the double unit measures
53/64 in. Bushing is %1 in. long,
bevond which the shaft extends 3
in. Series 48A is available in either
tapered or linear resistances. Linear
ranges are from 1,000 ohms to 5
megohms; tapered resistances, from
5,000 ohms to 2.5 megohms.

Ulirasonic Signal Source

Kay ELecTtric Co., Pine Brook,
N. J., has announced the Sonalig-
ner, a stable and accurate oscillator
in the ultrasonic range suitable for
use in determining the pass band of
narrow-band ultrasonic filters and
other work in this range. Fre-
quency range is from 10 ke to 220
ke in 13 bands. Output is a maxi-
mum of 2 volts from 600 ohms.
Crystal check points accurate to
0.01 percent are included with
marks every 2, 10, 50 and 200 ke.
Price is $695.

Magnetic Recording Rubber

THE BRUSH DEVELOPMENT Co., 3405
Perkins Ave., Cleveland 14, Obhio,
has announced a new magnetic re-
cording rubber made from a special
neoprene base. Magnetic oxide has
been pigmented into the neoprene

December, 1951 — ELECTRONICS
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BEVERLY . MASSACHUSETTS

1B26
1B36
BL-11
BL-3
1B24A
An extensive line of J:E
1B37
TR-ATR-Pre TR 1860
and 7248
ATTENUATOR TUBES |sie
covering “all frequency bands and power 1B51
levels. Precision built for maximum uni- 1827
formity and performance. Tubes meet 1838
JAN requirements. 1B44
1B52
We invite your inquiries regarding — 1853
1B54
e ENGINEERING 1B55

e DEVELOPMENT 1856
e PRODUCTION 1B57

1B58
1B62
7218
5792
5793

Catalog available on ATR387
request. Write Dept. C, 1823
Bomac Laboratories, Inc., 1840
Salem Road,

BL104
BL10S
BL106
BL107
BL112

Beverly, Massachusetts.
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OLDITE

['RE FILTER &

CORES

Samples promptly
submitted upon request
for design. pre-production,
and test purposes

SEND FOR CATALOG 108

COMPANY

1410 Chestnut Ave., Hillside 5, N. J.

Martin P. Andrews
Mott Road
Fayettevill, N. Y.

Jorry GoRen Co.
2750 W, North Ave.
Chicage 22, th.

278

controls,

Whether s
erit's o filter for electronic

®eoq W.len .t’s a8

matter of the absoluyge
in Precision design}

Perimuth-Coiman & Asseclates

1339 Soath Flower
Los Angeles, Cal.

motors,

'NATIONAL

Jose Luis Pontet
Cardoka 1472
Baenos Aires

NEW PRODUCTS (continued)

with an unusually good degree of
uniformity. Included in the base
material is a permanent lubricant
that virtually eliminates wear of
both the medium and the associated
recording head. Mechanical com-
pliance of the medium provides for
intimate contact with the recording
head. These recording bands have
been primarily designed for use
when stretched over a supporting
drum.

Multifrequency Crystal
Oscillator

CREST LABORATORIES, Whitehall
Bldg., Far Rockaway, L. 1., N. Y.
Model 50 oscillator is a multifre-
quency high output signal gener-
ator. Compact in size, it provides
a convenient and inexpensive means
of obtaining multiple outputs for
spot frequency alignment of tele-
vision and military receivers. It is
available in a crystal-controlled
range of 4.5 to 50 mec.

Voltage-Regulated
Power Supply

KEPCO LABORATORIES, INC., 149-14
41st Ave., Flushing, N. Y. Model
815 features one regulated B sup-
ply, one regulated C supply and one
unregulated filament supply. The B

December, 1951 — ELECTRONICS



Do you want a

Morc and morc of America’s outstand-
Ing cngineers arc carving finc carcers
for themselves at Bocing. They've
found a future here in an Engincering
Division that’s been growing steadily
for over 35 vears.

If you mecasure up. there’s great
opportunity here for you, too, and the
rewarding experience of working on
some of the nation’s most vital pro-
grams such as the B-52 and B-47 jet
bombers. guided missiles and  other
revolutionary developments.

You'll associate with men of the
highest engincering renown, men who
can help vou further your own profes-

ELECTROMICS — December, 1951

career with a future?

stonal standing. You'll find here re-
scarch facilitics that arc wmong the
world's fincst. And voi’'ll enjoy a good
salarv that grows with vou.

Needed now in Seattle are experienced and

junior aeronautical, mechanical, electrical,
etectronics, civil, acoustical, weights and tooi-
ing engineers for design and research; servo-
mechanism designers and analysts; and phy-
sicists and mathematicians with advanced de-
grees. (More housing is available in Seattle than

in most other major industrial centers.)

O, if you prefer the Midwest, sim-
ilar openings are available at the Bocing
Wichita. Kunsas, Plant. Inquirics indi-
cating such a preference will be referred
to the Wichita Division.

Write today to the address below or use

the convenient coupon.

[EEss==mm==m—=——=== ===

I JOHN €. SANDERS, Staff Engineer— Personnel i
i Dept. H-12 i
I Boeing Airplane Campany, Seattle 14, Wash. 1
! Engineering opportunities at Boeing inter- |
[ est me. Please send me further information. l
I 1
! Name ]
| Address S = l
i . ]
1 City and State S 1
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If you need a Helping Hand
on HOUSINGS

FER e

Call on

Corry-Jamest

A =

L

own!

e L

B
R

IF you're producing electronic components for the military,
you may find it advantageous to join production hands
with Corry-Jamestown for top-quality housings, cabinets
or chassis—delivered where you want them and when you
want them. Our three modern plants have ample facilities
to assure you the fast, dependable housing production you
need to keep pace, in quantity and quality, with your own
production. We have over 30 years experience fabricating
steel, stainless steel and aluminum, plus a large force of
skilled and experienced metal craftsmen who take pride in
their work. Our engineers are ready, right now, o talk over
your requirements. Complete information on our facilities
and capacity is yours for the asking.

CALL, WRITE O WIRE US TooAy !

CORRY-JAMESTOWN MFG. CORP.

CORRY, PENNSYLVANIA

%%ﬁmﬁSﬁ%e e fremidne

NEW PRODUCTS (continued)

supply is continuously variable
from 0 to 600 v and delivers from 0
to 200 ma. At the range 20 to 600 v
the output voltage variation is less
than 0.5 percent for both line fluc-
tuations from 105 to 125 v and load
variation from minimum to maxi-
mum current. Ripple is less than
5 mv. The C supply is continuously
variable from 0 to 150 v and de-
| livers 5 ma. For all output voltages

the output voltage variation is less

than 10 mv for line fluctuations of

105 to 125 v. The a-c output is 6.3
| v, 10 amperes, center-tapped, un-
| regulated.

| -

|
Signal Generator

|
ELECTRONIC INSTRUMENT Co., INC.,

276 Newport St., Brooklyn 12,
| N. Y., has announced preduction
of the model 322 r-f/a-f signal
generator in both kit and factory-
wired form. Specially designed for
f-m/a-m alignment, generation of
tv marker frequencies and the test-
ing of audio circuits, the unit has
a b5-step switching arrangement
that permits r-f, modulated r-f or
a-f output. Its Hartley oscillator
produces fundamentals from 150
ke to 34 me, with harmonics to 102
me, and its Colpitts audio oscillator
generates 400-cycle sine-wave volt-
age. Price in kit form is $23.95;
wired, $34.95.

|
i

Video Line Pad

THE DAVEN Co., 191 Central Ave,
Newark 4, N. J., has announced the
| type V-102 video line pad, assembled
in an aluminum case, and provided
with connectors for connecting one
or two line amplifier outputs, line
input and monitor input. This net-
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FACTS ABOUT THE

ELECTRONIC

TEMPERATURE MEASURING INSTRUMENTS

| Conventional industrial temperature measuring devices, like
‘ millivolt pyrometers and potentiometers, are often too fragile,
complicated or costly for many applications.

American Electronic Temperature Indicators and Recorders
[ have none of these disadvantages, whatever the demands of
service. They are rugged, simply constructed, economical—yet
[ measure temperature precisely between —100° and + 3000°F.

‘ Heart of the instrument is the power-actuated Microsen Bal-
ance, a unit extremely sensitive to low power input—insensi-
tive to line voltage variations. Both dials and charts are readily
calibrated to thermocouple temperature scales. Thermocouple
cold junction compensation is achieved—regardless of ambient
temperature effects—by a built-in, thermostatically-controlled
and insulated heater. A sealed housing protects all measuring
elements from dust and corrosive vapors.

The high torque rotary solenoid, which drives the pointer,
makes the instrument especially suitable for round dial indi-
cation, thus reducing the opportunity for parallax error. It also
assures “pin point” accuracy in positioning the pointer, and
rermits the use of dials as large as 12 inches.

HOW AMERICAN ELECTRONIC INDICATORS AND RECORDERS
MEASURE TEMPERATURE

The Microsen Balance maintains equilibrium
between two forces. One is proportional to ther-
mocouple input, the other to the mechanical posi-
tion of the instrument pointer.

Any change in thermocouple input deflects the
Microsen beam and changes the proximity of the
beam’s flag end to the oscillator coil. The oscilla-
tor circuit then detunes and creates a current
change through the vacuum tube and solenoid
coil.

As the solenoid armature rotates, it positions the
pointer so that the hairspring torque is opposed
and equal to the input torque. The mechanical
indication is thus weighed in exact proportion
to thermocouple input. Consequently, the pointer
accurately indicates the temperature on the dial.

MICROSEN BULLETIN 404 contains details about these revolu-

tionary new temperature measuring instruments. Also included is
information about American Electronic Indicators and Recorders
e for other fields of measurement. Write for a copy.

i

A product of MANNING, MAXWELL & MOORE, INC. STRATFORD, CONNECTICUT

LECTRONICS — December, 1951

i ;'_. MAKERS OF ‘AMERICAN’ [INDUSTRIAL INSTRUMENTS, ‘HANCOCK’ VALVES, ‘ASHCROFT’ GAUGES, ‘CONSOLIDATED’
T &, gl

= M 3 SAFETY AND RELIEF VALVES. BUILDERS OF ““SHAW-BOX’* CRANES, ‘BUDGIT’ AND

# o ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES.
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INDUSTRIAL ELECTRONIC WHOLESALERS

/x

/

BEekman 3-2980

15_TRUNK LINES
-Waiti

200 GREENWICH/STREET
NEW YORK7, N. Y.

Y a
MILOLECTRO, N¢Y.

282

RADIO ELECTRONIC PARTS

s FAST, EXPERT

ACTION

ON YOUR INQUIRIES und ORDERS!

@MENDOUS INVENTORY!

MILO’s stock of radio-electronic parts, tubes and
equipment is enormous! If you have been searching
far and wide for some elusive. urgently-needed
materials, you are practically sure to find it here at
MILO—for MILO stocks everything! Consolidate
your purchases with a single, dependable source of
supply such as ours and save yourself invaluable
time. money and effort.

LARGE TECHNICAL STAFF

— ENABLES MILO TO OFFER
““PERSONAL SERVICE" to EACH ACCOUNT

One of the many reasons for MILO's efficient service
to customers is that we assign a highly specialized
sales engineer to each account. Thus, each inquiry
or order from your firm is cleared through this staff
member who becomes personally familiar with your
firm’s requirements.

STANDARD :Verseo BRANDS
MILO stocks the complete lines of products of over
200 of America’s leading electronic equipment

manufacturers. No matter what your need, MILO
has it'—or can obtain it with surprising speed.

WHOLESALE PRICES

—Same as‘Direct-Factory’’ Prices

— {in most instances)

MILO serves the needs of countless hundreds of
industrial firms throughout the nation, plus research
laboratories, schools, colleges, government agencies,
broadcast stations, public utilities, railroads, tele-
phone and telegraph companies, airlines, oil and gas
refineries, textile mills. plastic mfrs.. etc. Your firm,
too, will receive the lowest prevailing wholesale
prices.

FAST, SAME-DAY SHIPMENT

Qur staff is geared to render fast. efficient service,
orders generally being shipped within hours of
receipt. MILO ships everywhere—via railway ex-
press, parcel post, air express, motor freight, railroad
or ocean steamer. Try our service when you are next
pressed for time.

NEW 1952 FREE MILO CATALOG

Write today on your company letterhead
for your free copy of our massive buying
guide—an invaluable aid in your purchas-
ing. Over 1000 pages crammed full with
information on the industry's leading Ay
products, completely illustrated, includ- /3
ing prices and technical specifications ’(b

Address Dept DE,

B

TUBES and EQUIPMENT

. for. ALL INDUSTRIAL APPLICATIONS'
| —PRODUCTION « RESEARCH « DEVELOPMENT

PROCESSING and CONTROL

MILO RADIO

& ELECTRONICS CORP.

200 GREENWICH STREET, NEW YORK 7, Ql; Y.

{

NEW PRODUCTS (continued)

work is designed to feed from a
73-ohm source to a 73-ohm line with
zero loss, and at the same time pro-
vide a branch circuit containing 14
db of isolation, for the connection
of a high impedance monitor. The
unit provides a simple method for
the direct monitoring of the out-
going signal between the output of
the line amplifier and the line with-
out disturbing the transmission
characteristics. At the same time
this network provides sufficient iso-
lation so that the line character-
istics do not influence the quality
of the connected monitor.

TV Bar Generator

SuPERIOR INSTRUMENTS Co., 227
Fulton St., New York 7, N. Y. All
that is necessary with the tv bar
generator to display an actual bar
pattern on any tv receiver screen is
to connect the unit to the receiver
antenna post, plug the line cord into
an a-c outlet and throw a switch.
The receiver under test will have
a stable nevershifting vertical or
horizontal pattern projected on the
screen, Power supply is 105-125
volts, 60 cycles ; power consumption,
20 watts; vertical sweep output, 60
cycles: horizontal sweep output 16,
750 cycles.

High-Sensitivity CRO

PrECISION APPARATUS Co., INC.
92-27 Horace Harding Blvd., Elm-
hurst, L. I, N. Y. Series ES-500A
high-sensitivity cathode-ray oscil-
loscope is a 5-in. laboratory type
with extended range, voltage-regu-
lated, push-pull amplifiers for mul-
tipurpose industrial, a-m, f-m and
tv applications. It features a verti-
cal amplifier with response beyond
1 Me, a4 2-megohm input resistance

December, 1951 — ELECTRONICS



.;w:m-c COUNTER CHATIOGY
“zEE2"

APPLICATIONS:

PROJECTILE VELOCITY MEASUREMENTS
CAMERA SHUTTER TIMING

PRECISION TACHOMETER
RELAY CONTACT TIMING
GEOPHYSICAL MEASUREMENTS

.
|
I
|
!
)
i
| FREQUENCY MEASUREMENTS
]
)
]
I
; GAS TUBE MEASUREMENTS
I

I e S ———

BINARY
COUNTERS
| S Y
18 16

1.6 MEGACYCLE
CRYSTAL
OSCILLATOR

DECADE
COUNTERS

START PULSE
STOP PULSE

O]
=
i

s
REGISTERS UP
TO | SEC. IN
120000 STEPS
OF 10 AL SECS.

REGISTERS UP TO
10 JL SECS. IN
16 STEPS OF
0.625 AL SEC.

HIGH SPEED ELECTRONIC COUNTERS, COMPUTERS AND PRECISION

FEATURES:

@ High Resolution and Accuracy—1/1,600,000
second.

©® Direct Indication of intervals up to one second
— recycling of counter can be observed or
recorded for longer intervals.

® Retains Indication of measurement until reset.

@ Easy to actuate — pulses from common or
separate sources can be used.

® Dependable and stable — no adjustments
required.

@ Accepted standard in practically all govern-
ment proving grounds.

PRINCIPLE OF OPERATION:

A quartz crystal, continuously oscillating at 1.6 mc¢
is used as a time base. During the time interval to
be measured the cycles are gated into four binary
counting stages having a capacity of 16 counts.
The neon indicator lights of these stages are
numbered 1/16, 2/16, 4/16, and 8/16 (sixteenths
of 10 microseconds or 0.625 microsecond). Fol-
lowing the binary stages are five decade counting
units having a capacity of 100,000 counts. Each
count entering the decades from the binary stages
represents 10 microseconds. Therefore, the time
interval between 10 microseconds and 1 second is
registered in the decades and the remainder is
registered in the binary stages. For instance a
time interval of .5374825 second would be indicated
as follows: 53748 on the decade indicators plus
4/16 (of 10 microseconds) on the binary indicators.

IN-

TERVAL TIMERS FOR ALL APPLICATIONS—ADDRESS INQUIRIES TO DEPT. 6-G

< QUME,

POTTER INSTRUMENT COMPANY Ig"‘if‘v
INCORPORATED \ _

115 CUTTER MILL ROAD, GREAT NECK, NEW YORK o
\OmeP

ELECTRONICS — December, 1951

283



MOSINEE

“Move lthan g@a/z% 7

If you have a fabricating or processing
problem involving paper . . . if you re-
quire definite technical characteristics
and, above all, dependable uniformity,

it may be worthwhile for you and

MosINEE technicians to get together.
MOSINEE is not interested so much in
terms of volume production as in our
ability to render helpful service to man-
ufacturers in the field of electronics
and in the electrical goods industry. Our
“paperologists” are at your service for

consultation. Please write Dept. L.

| O S -
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MOSINEE PAPER MILLS COMPANY « MOSINEE, WIS.
Essentlial e?a/ze/t %anu/ao/uw&é

NEW PRODUCTS (continued)

| and approximately 20-puf input ca-

pacity. Better than 20-mv-per-in.
vertical amplifier sensitivity per-
mits direct alignment and/or ad-
justment of low gain circuits and
examination of minute signal levels.
A multivibrator-type internal linear
sweep circuit affords direct cover-
age from 10 cycles to 30 ke. Net
price is $169.50.

Binary Scaler

GENERAL ELECTRIC Co., Syruacuse,
N. Y, has developed model 4SN1A3
binary scaler with a 90-v output.
It incorporates a new-type twin
triode tube, the 5963, which is

| especially designed to avoid emis-

sion decrease in pulsed service. The
scaler can count electrical impulses
at speeds in excess of 200 ke per
second when used in either binary
or decade combinations. Output
impedance is 15,000 ohms. Power
supply specified is 210 v d-¢ =20
percent at 7 ma; filament, 6.3 v at
0.3 ampere.

Video Generator

THE HICKOK ELECTRICAL INSTRU-
MENT Co., 10527 Dupont Ave,

December, 1951 — ELECTRONICS



AT ITS BEST—IT'S

PTM MICROWAVE
by federal =

PTM Provides INDUSTRY with complete, private,
high-reliability, weatherproof communications—over any
terrain—without costly line construction and maintenance

Federal PTM Microwave offers the most stable basic
channels for pipe lines, power utilities, railroads, tele- HIGH POINTS of
phone companies, broadcasting, aviation and others PTM

PERFORMANCE

@® Unaffected by fog, rain, snow,
ice, static or magnetic storm.

ROVED performance in all large and small industrial applications!
That’s why industry can rely on Federal Pulse-Time Modulation
Microwave . . . the modern system developed by the world-wide N 1 .
: . R A @ High signal-to-noise ratio.
In-ternatlonal Te}ephone and Telegraph Corporatlon,_ piloneer in @ Outstanding for high quality of
microwave techniques. Tens of thousands of channel-miles of PTM voice and other transmission.

FEDERAL TELECOMMUNICATION LABORA-
TORMS, Nutley, N. J,....a unit of

epgineering organization. -

have been installed in 15 countries by IT&T associates.

Federal PTM—providing all facilities simultaneously—meets all
eommunication requirements . . . over long distances and with re-
markable reliability, using equipment of highest RF output and
simplest design. For details on microwave at its best, write to Wire
and Radio Transmission Systems Division, Dept. D-713.

@ No inter-channel crosstalk due

to non-linearity of common ele-
ments.

® Energy beamed by non-critical,

directive parabolic reflectors.

@® High power allows large fading

margin.

® 99.229% reliability achieved

without RF stand-by.

“Federal Microwave —The System Backed by 20 Years of Experience’’

Federal Télephone and Radio (‘ot;oorafzon

100 KINGSLAND ROAD

ELECTRONICS — December, 1951

CLIFTON, NEW JERSEY

IT&T’s world-wide research and In Canada:  Federal Electric Manufacturing Company, Ltd., Montreal, P. Q.
Export Distributors: International Standard Electric Corp., 67 Broad St., N. Y.




NEW PRODUCTS (continued)

| Cleveland 8, Ohio, has developed the
| model 650 Videometer, and all-pur-

YOU CAN IMPROVE
CIRCUIT and CABINET DESIGNS e mstramen for visoaly Hdents

A A | fying and localizing trouble in any
o .| gection of a tv receiver independent
WITH %M F I'EXIBLE SHAFTS of station operation. The instru-

ment has r-f output directly cali-
| brated in microvolts for sensitivity
checks. It contains a line volt-
age scale for instantaneous check
on line voltage fluctuation, and in-
cludes horizontal and vertical saw-
tooth voltages, which can be di-
rectly substituted for vertical and
horizontal oscillator in a receiver.
| Amplitude is sufficient to give full
l raster deflection, and in the case of

fiyvback-type high-voltage power
\ supplies, the horizontal sawtooth
| can be used to light up the picture

tube.

Use these highly adaprable,
easily installed mechanical
elements as couplings between
control knobs and

variable circuit elements. They’ll
give you a free hand in
mounting both the elements and
controls wherever desired.

You can group the controls for

better appearance and more convenient operation.
Driver Unit

| AUDICRAFT INC., 77 South 5th St.,
Brooklyn, N. Y. Model DQ loud-
speaker driver unit is a heavy-duty
unit handling 30 watts of program

At the same time,

you can mount the elements
where they best satisfy
circuit, wiring

and assembly S.S. White flexible shafts | material and withstanding peaks of
requirements, come in a wide selection | 80 percent over this figure. One of
of sizes and characteristics. | the exclusive features of the unit
They can be made up | is a frequency response to the upper
tn any !ength limit of the audio range. Another
to user’s or government | feature is the patented Self-Instal

specifications ready for

: . diaphragm assembly in which have
installation.

been incorporated all elements of
l the vibrating system, Instant re-
\ placement of the assembly may be

made at the point of speaker oper-
| ation with only a screwdriver.

WRITE FOR NEW BULLETIN 5008
It contains the latest information and data
on flexible shafts and their application. ]
Write for a copy today. [ ] |

=  Literature

the features, application and opera-
tion of the Tantalytic capacitors
that are designed for low-voltage,
d-c applications where very small

DENTAL MFG. €O, Dept. E, 10 East 40th St.
@ NEW YORK 16, N. Y.

ole [ Low-Voltage D-C Capacitors. Gen-
THE * INDUSTRIAL DIVISION eral Electric Co., Schenectady 5,
l N. Y. Bulletin GEC-808 describes

|

Western District Office * Times Building, Long Beach, California
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POWER PLANT RUBBER GOODS  OFFICE EQUIPMENT

WOODWORKING RAILROAD

a2t & ﬂ :‘| -;;i JM__-7~ -

BAKERY BOTTLER

DISTILLING

STONE PRODUCTS PAPER PAINT

e

DAIRY

COSMETICS TEXTILES AIRPORY

OAY...
Were alf in the stee/ business/

&
|

SHIPYARD

PUBLIC WORKS

GLASS SHIPPING RESTAURANT MUNICIPAL PRINTER LUMBER ELECTRICAL GOODS
r
T g 9 4 ; ,..u-ﬂ_\
is | [osud | Imwn |
i |.. gt " |l
TANNERY INSTITUTION LAUNDRY PACKAGING CHEMICALS FOOD PRODUCTS uTiuTyY PETROLEUM

FOR EACH OF US TO GET MORE STEEL ... AND PRODUCTS MADE OF STEEL...
WE'VE GOT TO PROVIDE MORE SCRAP TO MAKE THE STEEL.

Half the melting stock used in the
steel mill or iron foundry consists of
iron and steel scrap. In normal times,
enough scrap is produced by the mills,
foundries, railroads, fabricators and
scrap dealers to fill the need.

But now the mills have stepped up
ca}l)acity to meet the greatly increased
military and civilian demands for steel.
And that increased capacity has out-
stepped the supply of scrap.

That is why we are calling on plants
in both metal-working and NON.
METAL-WORKING industries to pro-
vide the needed scrap NOW.

You have the heavy scrap
needed to make more steel
Enough obsolete machinery, equip-

ment and parts are being carried as
useless inventory to give a big push to

the production of steel. Surveys have
proved this.

The trick is to get that old steel into
the hands of the steel producers.

We’re putting that job up to you.

To help maintain steel production...
provide more steel for the equipment
you want . . . turn in your idle iron
and steel to your local scrap dealer.

What you can do to help
maintain steel production

1. Appoint one top official in your plant
to take full responsibility for surveying
the plant and getting out the scrap.

2. Consult with your local Scrap Mo-
bilization Committee about its program
to help out in the scrap crisis. For
chairman’s name, check with your
Chamber of Commerce, or the nearest

This advertisement is a contribution, in the national interest, by

330 WEST 42nd STREET, NEW YORK 18, N.Y.
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office of the National Production Au-
thority, Department of Commerce.

3. Call in your local scrap dealer to
help you work out a practical scrapping
program. Non-ferrous scrap is needed,
too.

4. Write for {ree booklet, “Top Man-
agement: Your Program For Emer-
gency Scrap Recovery”, addressing Ad-
vertising Council, 20 W. 45 St., New
York 19, N. Y.

T T

/’ SCRAPPY SAYS :
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Bowser Relative Humidity Testing
Units provide and automatically
maintain humidity conditions from
20% to 95% at temperatures from
+35°F. to +170°F. (Dry Bulb).
These units are ruggedly built for
extended service, yet feature the
close tolerance control required for
the testing of aircraft and electronic
parts and equipment. The Bowser
Humidity Unit is stainless steel
throughout. Special accessories
can be provided to meet specific
requirements,

Bowser’s complete line of testing, process-
ing and storage equipment meets all MIL,
JAN, USAF, AN and other Government
test specs. Our Engineering staff is always
available, and invites you to take advan-
tage of Bowser's long continuous experi-
ence, the most versatile in its field.,

B/ CHECK AND MAIL TODAY

C L 1 1 1 1 ]
BOWSER TECH. REFRIG., Terryville, Conn,
Send information on test equipment checked:

O High Yemperature [J Fungus Resistance
[ Low Temperature [ Rain and Sunshine
[0 Yemperature Shock [] Sand and Dust

O Humidity O Immersion

O Altitude [ Explosion Proof
{1 Walk-In Rooms [ Vapor Tight
Name. Pos.
Company

Street.

Zone___State_________

BOWSER

City

TECHNICAL REFRIGERATION
IN RO
TERRYVILLE » CONN

Hiils i SER INC
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On the Frontiers of Design You’ll Find
Micro Ground Miniature Ball Bearings

/73) | Where instrumentation and other delicate
"s mechanisms call for the last refinement in

saving weight, space and friction, the chances
are good that Micro bearings are part of the picture.
America’s first and only fully ground miniature ball
bearing, Micro offers 85 sizes and types with 34" to
Y” O.D. and in tolerance ranges of ABEC-5 and above.
They provide all the precision advantages which are
possible only in a ground bearing, yet they actually cost
less than comparable unground miniatures.

Write for Technical Bulletin No. 50

New Hampshire

Ball Bearings, Inc,

5 Main Street, Peterborough, N. H.

LISTENING
COMFORT

HEARING AT ITS BEST!

Modern, lightweight, durable—Telex Quality
Headsets are easy on the ears . . . No uncomfortable
ear pressure . . . Easily adjustable and built for
hard usage . . . Telex Headsets effectively block out
background noises . . . 5 ft. standard cord or
special cord with built-in volume control . . .

°
3 TWINSET* , MONOSET *

|
| ﬂ §  Nothing Touches ®  Direct Signal for

- the Ear ° Both Ears

- Weighs o Weighs
s only 1.6 oz. ° only 1.2 oz.
.

WRITE FOR FREE FOLDER—OR SEE YOUR PARTS JOBBER.

ELECTRO-ACOUSTIC DIVISION
DEPT. H-15, TELEX PARK, ST. PAUL 1, MINN.

°
In Canada, Atlas Radio Corporation, Toronto
°

STANDARD OF THE WORLD FOR QUALITY HEADSETS

C.A.A. Approved *Trademark
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NEW PRODUCTS (continued)

size, light weight, long operating-
and shelf-life are major considera-
tions. It is illustrated with photo-
graphs, line diagrams and test-data
graphs. The capacitors described
are rated 0.1 to 50 uf, 150 volts d-c,
and have an operating temperature
range of —55 to +85 C, with a
maximum Jloss of only 35 percent
capacitance at —55 C.

Pressure Connectors. The Thomas
& Betts Co., Inc., 66 Butler St.,
Elizabeth, N. J., has released bulle-
tin No. 66, a new two-color 56-page
catalog of pressure (solderless)
connectors. It lists and illustrates
the company’s three complete lines
of pressure fittings: the Lock-Tite
line whose feature is that it has
a very complete range of cable
sizes; the Tite-Bind line, which is
precision engineered; and the pre-
cision Hinjon line that works on
the nutecracker principle. The bul-
letin lists connectors, lugs and taps
for all kinds of copper conductors
from No. 14 through 2,000,000 cir-
cular mils.

Radioactivity Equipment. Tracer-
lab Ine., 130 High St., Boston 10,
Mass., has issued a new 108-page
catalog containing full informa-
tion on an extensive line of radio-
activity equipment, tagged chemi-
cals and consulting services. Many
new items for laboratory, medical
and industrial use are included,
as well as a complete listing of
chemicals tagged with radioiso-
topes. A section describes the
firm’s consulting service, especi-
ally adapted to the needs of indus-
tries not possessing a laboratory
of their own, or wishing to use
radioactivity for only one or two
problems.

Direct-Writing Oscillograph. Off-
ner Electronics, Inc., 5320 North
Kedzie Ave., Chicago 25 1ll., has
available a new bulletin giving ap-
plications, construction details
and specifications of the Dyno-
graph, high-speed direct-writing
oscillograph. Contents include the
story of the unit’s special chopper-
type amplifier for drift-free opera-
tion. The device described, oper-
ating at 100