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ULTRA COMPACT UNITS...OUNCER UNITS

HIGH FIDELITY .. .. SMALL SIZE.... FROM STOCK

UTC Ultra compact audio units are small and light in weight, ideally suited to remote amplifier and
similar compact equipment. High fidelity is obtainable in ali individual units, the frequency response
being + 2 DB from 30 to 20,000 cycles.

True hum balancing coil structure combined with a high conductivity die cast outer case, effects good :
inductive shielding. o

Type Secondary List

No. Application Primary impedance Impedance Price

A-10 Low impedance mike, pickup, 50, 125/150, 200/250, 50 ohms $15.00 H
or multiple line to grid 333, 500/600 ohms

A-11  Low impedance mike, pickup, 50, 200, 500 50,000 ohms 16.00
or line to 1 or 2 grids {multiple alloy shields for low hum pickup)

A-12 Low impedance mike, pickup, 50, 125/150, 200/250, 80,000 ohms overall,

or multiple line to_grids 333, 500/600 ohms in two sections 15.00
A-14 Dynamic microphone to one 30 ohms 50,000 ohms overall,

or two grids in_two sections 14.00
A-20 Mixing, mike, pickup, or mul- 50, 125/150, 200/250, 50, 125/150, 200/250,

tiple line to line 333, 500/600 ohms 333, 500/600 chms 15.00

A-21  mixing, low impedance mike, 50, 200/250, 500/600 50, 200/250, 500/600 16.00
pickup, or line to line (multiple ailoy shields for low hum pickup)

A-16  Single plate to single grid 15.000 ohms 60.000 ohms, 2:1 ratio 13.00
A-17 Single plate to single grid  As above As above 15.00
8 MA unbalanced D.C. N
A-18 Single plate to two grids. 15,000 ochms 80,000 ohms overall, \k. —
Split primary 2.3:1 turn ratio 14.00 e
A-19  Single plate to two grids 8 15,000 ohms 80.000 ohms overall,
MA unbalanced D.C. 2.3:1 turn ratio 18.00 Y A CASE
A-24 Single plate to multiple line 15,000 ohms 50, 125/150, 200/250. TYPE
333, 500/600 ohms 15.00 112" x 12" x 2” high
A-25 Single plate to multiple line 15,000 ohms 50, 125/150, 200/250,
8 MA unpalanced D.C. 333, 500/600 ohms 14.00
A-26. Push puil low level plates to 30,900 ohms 50, 125/150. 200/250, .
muitiple line plate to plate 333, 500/600 ohms 15.00
A-27  Crystal microphone to mul- 100,000 ohms 50, 125/150. 200/250,
tiole line 333. 500/600 ohms 15.00

A-30  Audiochoke, 250 henrvs @ 5 MA 6000 ohms D.C..65 henrys @ 10 MA 1500 ohms D.C. 10.00
A-32  Filter choke 60 henrys @ 15 MA 2000 ohms D.C., 15 henrys @ 30 MA 500 ohmsD.C.  9.00

UTC OWNCER components represent the acme in compact quality transformers. These units, which weigh
one ounce, are fully impregnated and sealed in a drawn aluminum housing 78” diameter. .. mounting
apposize terminal board. High fidelity characteristics are provided, uniform from 40 to 15,000 cycles,
except far 0-14, 0-15, and units carrying DC which are intended for voice frequencies from 150 to
4,030 cycles. Maximum level O DB.

Type

No. Application Pri. lmp. Sec. Imp. Price
0-1 Mike, pickup or line to 50, 200/250 50,000 $13.25

1 grid 500/600
0-2 Mike, pickup or line to 50, 200/250 50,000 13.25

2 grids 500/600
0-3  Dynamic mike to 1 grid 7.5/30 50,000 12.00
0-4__ Single plate to 1 grid 15,000 60,000 10.50
0-5  Piate to grid, D.C. in Pri. 15,000 60,000 10.50
0.6 Single plate to 2 grids 15,000 95,000 12.00
0-7 Plate to 2 grids, 15,000 95,000 12.00

N D.C._in Pri.

OUNZER 0-8__Single plate to line 15,000 50, 2007250, 500/600 13.25
CASE 0-9_ Plate to line, D.C. In Pri. 15,000 50, 200/250, 500/600 13.25

200/250, 500/600 13.25

78~ Dia. x 18" high 0-10 Push pull plates to line 30,000 ohms 50

plate to plate
0-11_ Crystal mike to line 50,000 50, 200/250, 500/600 13.25
0-12  Mixing and matching 50, 200/250 50, 200/250, 500/600 12.00
0-13  Reactor, 300 Hys.—no D.C.; 50 Hys.—3 MA_D.C., 6000 ohms 9.50
0-14 50:1 mike or line to grid 200 1/ megohm 13.25

10:1 single plate to grid 15,000 1 megohm

150 VARICK STREET . NEW YORK 13, N. Y.

SION: 13 EAST 40th STREET, NEW YORK 16, N:-V., CABLES: “ARLAB"
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makes them safe for inside use.

GASES

NON-POISONOUS

» ° OCM manufactures a new type of Catalytic Exhaust which takes the place
®  of the standard muffler . . . makes the exhaust gases of gasoline engines both
non-poisonous and odorless. When applied to Fork Lift Trucks, for example, it

In developing the OCM Exhaust, a special type of ruggedized pyrometer was
needed to withstand the deteriorating abuse to which OCM equipped machines are sub-
jected. Critical accuracy, and exceptional dependability under ‘extreme conditions of shock

and vibration were necessary. Only Marion’s new line of r#ggedized instruments could

meet these requirements.

This is why every OCM Exhaust now carries a Marion-made, thermocouple-
operated 1pyrometer on the instrument panel. It indicates the temperature of the exhaust
s

gases; tel

when the unit is operating within the safe range. It also measures the

air-fuel ratio while idling and so keeps a constant check on engine efficiency.

When you seek meters for unusual or standard applications, it will pay you to

investigate Marion. Point for point, Marion invites comparison. As
for catalog. There is no obligation. Marion Electrical Instrument Company,

401 Canal Street, Manchester, New Hampshire.

Canadian Repr tative: Astral Blectric Company, 44 Danforth Road, Toronto, Ontario, Canada

Export Division: 458 Broadway, New York 13, U.S.A, Cables MORHANEX

RS-

3
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1'r'S AS FASY '

OUR plant may be 3,000, 4,000 or even ¢,000 miles aw: ay, but you can reach us in 24 hours, and usually
we can ship lmmcdntel)

You'll need our c1t110g of course, and our quarterly journal * ‘Technique” tells vou about new developments
and applications, so you'd better ha\e that.

TO MUIRHEAD & Co. Lto. - BECKENHAM . KENT - ENGLAND

Please send me your catalog and

MA’L quarterly journal ”TECHNI@/E"
THIS COUPON | "

POSITION
NOW company
' ADDRESS

ORDER BY CABLE —PAY BY YOUR OWN DOLLAR CHECK

MUIRHEAD &« Co. L1p.

PRECISION ELECTRICAL INSTRUMENT MAKERS MUlRHEAD

BECKENHAM - KENT:ENGLAND ELECTRICAL INSTRUMENTS

Telegrams and Cables: MUIRHEADS ELMERS-END M.U.I3
ELECTRONICS -— October, 1950 3
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Exploration
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Specialization in resistors lets IRC
coglcentrate on research and quality control to e
a greater degree than any other supplier. 4 _;: i !
Result:—IRC exploration anticipates future resistor l__:.-l-';-' :‘la% ‘:i-
' needs—improves existing products—and controls *’.ii&;,&; o g

quelity and uniformity in every IRC unit. Largest «@'-v-%
res.stor manufacturer in the world, IRC attracts the
finest of engineering talent. We’re using more of such talent than ever,
now, to keep step with today’s electronic requirements — while
we plan for tomorrow’s advances.

FLAT POWER WIRE WOUND RESISTORS
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DEPOSITED CARBON PRECISTORS

A unique combination of accuracy, stability and economy makes IRC

Deposited Carbon PRECISTORS ideal for applications where carbon

compositions are unsuitable or wire-wound precisions toc expensive. Instru-

mentation, advanced electronics and critical television circuits also benefit

from their wide range of values, low voltage coefficient, excellent frequency

characteristics, pfedictable temperature characteristics, high volt-
age rating, low noise level and small size. Coupon brings

full particulars in Bulletin B-4.

Sealed-precision IRC Type MF
Resistors are completely impervious to moisture—have proved themseives
dependabie voltmeter multipliers for use under the most severe humidity
conditions. Each multiplier consists of a number of iRC Precision Resistors, mounted,
interconnected, and encased in a glazed, hermetically sealed ceramic tube.
MF's are compact, rugged, stable, easy to install, and may be used with very
littie drain on the power supply. Individual precision rasistors may be either
inductive or noninductive, so that they may be used on AC as well as DC. Mail
coupon for full data in Bulletin D-2.

(Uﬁmmtﬂw('jwdtsa%&—’v\/\r

Power Resistors ® Voltmeter Multipliers
¢ Insulated Composition Resistors ®* Low
Wattage Wire Wounds ¢ Volume
Conirols *Voltage Dividers ® Precision
Wire Wounds * Deposited Carbon
Pracistors * Jitra-HF and High
Ve tage Resistars ® Insuloted Chokes

INTERNATIONAL
RESISTANCE COMPANY

important™

-—— amm G

Engineered for high voltage applications where high
resistance and power are required, IRC Type MVX
Resistors are particularly suvited to many types of
television and electronic circuits. Unique application of
IRC's proven filament resistance coating in helical
turns on a ceramic ube provides a conducting path
of long, effective length. Result: A unit of high resis-
tance value with resistance materials having relative-
ly low specific resistance. Type MVX's have 2 watt
rating, are exceptionaily stable—permit the use of
high voltage on the resistor while keeping voltage
per unit length of path comparatively low. Send
coupon for complete details in Bulletin G-2.

INTERNATIONAL RESISTANCE CO. A
403 N. BROAD ST., PHILADELPHIA 8, PA.

Please send me complete information on the items checked below:-

Flat Wire Wound Deposited Carbon
Resistors {C-1) PRECISTORS {B-4)
High Voltage Resistors {G-2) Voltmeter Multipliers {D-2)

Name and address of local IRC Distributor

NAME vee
TITLE.

COMPANY. .. ... ... i N L. IR - oo ooy
ADDRESS. ... ... ... .. TS PEaEERE B Liddr . B Rl B

CTy. ... g g ZONE. .. ... .STATE...... ... ....
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SOLA Constant Voltage Transformers are
manufactured and employed throughout
the world for automatic, instantaneous reg-
vlation of voltage. They do not have mov-
ing parts, or require manual adjustments.

NO%

ENGLAND

Advance Components Ltd.
Walthamstow, E., England

RN

FRANCE

M. C. B. & Veritable Alter
Courbevoie (Seine), France

¥ 42 A Ve > s
R : % = o
SN . ARGENTINA
i Ucoa Radio S. A.
Buenos Aires, Argentina

AUSTRALIA

Endurance Electric Company
Concord West. N. S. W., Australia

Type CVH—With Harmonic

Type CV—Standard: Filter:

Wide range of capacities and volt-
ages . . . regulation ==1% or less Incorporates harmonic neutralizer
with a total primary variation of circuit . . . =1% regulated volt-
30% . .. for electronic equipment age . . . less than 3% harmonic
requiring close regulation. distortion.

Type CVA—For Television

Type CVE —Plate and Filament
Receivers:

Supply:

A sirigle, compact source of fila-

ment and plate supply voltages Voltage regulation of home TV

. regulated to within =3% or Receivers at moderate price . . .
less with line voltage variations of plug-in type . . . regulation =3%
100-300 volts. or less.

We invite your inquiry on the

W W application and benefits of SOLA

regufators to your product.

TRANSFORM E Rs BOOKLET D CV-102 is available
on request.

Tronsformers for: Constant Voltage ® Fluorescent Lighting © Cold Cathode Lighting ® Airport Lighting ® Series Lighting ® Luminous Tube Signs
Oil Burner Ignition ® X-Ray ® Power ® Controls ® Signal Systems © etc. ® SOLA ELECTRIC COMPANY, 4633 W. 16th Street, Chicago 50, lllinois

Manufacinred under license hy: ADVANCE COMPONENTS LTD., Walthamstow, E., England E M. C. B. & VERITABLE ALTER, Courbevoie (Seinc), France
ENDURANCE ELECTRIC CO., Concord West, N. 8. W., Australia . UCOA RADIO S.A., Buenos Aires, Argentina
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N«f:. A Another Engineer’s Problem Solved™
, 0or a
- series

SUBJECT: ‘coweurer

CAPACITORS

PROBLEM: ;..o ains bioh |

resistance at 85° to
125°C.

SOLUTION:

Several types of plastic film dielectrics have unusually high volume and surface resistivity at high tempera-
tures. However, all but two of the presently available materials have relatively high dielectric absorption.
Absorption sets up a residual charge which is objectionable at frequencies of 10 cycles or less.

'————'—-—————_————————-——-‘-

Type P film has low dielectric absorption and very high resistance at 85°C. A Type PAC 1 mfd. capacitor
in a CP 70 style can, 1 13/16 x 1 1/16 x 3" has a resistance of 200,000 megohms at 300V at 85°C. Al-
though this capacitor can be used at 100°C, the resistance drops and the life expectancy is poor.

Using Type T film, a capacitance of only .03 mfd. can be obtained in the same can. However, at 125°C,
resistance comparable to Type P at 85°C can be realized. Type TA capacitors can be operated up to
200°C.

At 85°C and higher, gasket-type terminals introduce considerable shunt-leakage. Therefore, glass-to-metal
scals are used. For high humidity conditions, the glass must be treated with silicone. Even so, at 909, R.H.,
the maximum resistance for a metal can capacitor with a pair of glass-to-metal insulators is 5 x 105 ohms.
For this reason where smaller capacitances are required our glassmike container style is very advantageous.
The type numbers are PAG and TAG.

Type PA and TA capacitors are used in servo amplifiers, integrating and differentiating circuits, electronic
calculators, etc.

What is YOUR engineering problem?

Your inquiries will receive immediate attenlion. I
1 [ ] [ ] ® l
] We manufacture a standard line of Plasticon Capacitors, :
‘7 Pulse Forming Networks and High Voltage Power Supplies. l
] Werite for our catalog. '
wn !

Condenser Products Company

1375 NORTH BRANCH STREET  « CHICAGO 22, ILLINOIS
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ALL RANGES WITH THIS || ONE CONTROL

Just one knob—extra large—easy to turn—flush with the panel,
controls all ranges. This one knob saves your time—
minimizes the chances of “burn-outs” because you don’t
have to remember to set another control. You can

work fast with Model 630 with your eyes as well as your
hands. Look at that scale—wide open—easy to read,
accurately. Yes, this is a smooth TV tester. Fast, safe, no
projecting knobs, or jacks, or meter case. Get your

hand on that single control and you’ll see

why thousands of “Model 630’s” are already in use in
almost every kind of electrical testing

ONLY #£39.50 AT YOUR DISTRIBUTOR

in Conada: Triplett Instruments of Canada, Georgetown, Ontario

TRIPLETT ELECTRICAL INSTRUMENT COMPANY - BLUFFTON, OHIO, U.S. A.

October, 1950 — ELECTRONICS



IMITATED, YES...
BUT NEVER EQUALLED!

AN IMPORTANT MESSAGE TO MANUFACTURERS OF
ELECTRONIC EQUIPMENT AND THEIR ENGINEERS

N OW .. in these hurried days of

solders in the market. Imitated,

ERSIN MULTICORE . . .

First solder with 3-core
construction.

Only solder made with non?
corroslve Ersin Flux.

Contains virgin metais
only:
Tin: 99.75% pure.
Lead: 99.97% pure.

Meets aii requirements of
Federal Specification QQ-S-
571-b, Sept. 1947.

Only major solder manu-
facturer whose entire pro-
duction is restricted to
solders of controlled, top-
purity content.

war-conversion, we stress again
the importance of solder as a
component—a working part—of
your equipment. The thousands
of soldered joints in your com-
plex product are more than “just
joints”...they are the very nerve
ends which control performance,
the collective guardian of your
reputation as a manufacturer.

Ersin Multicore solder is tne
world’s finest, and our advertise-
ments have consistently de-
scribed the little-understoad
standards by which to judge a
solder. Through the years, we
have had the satisfaction of see-
ing this internationally preferred
product adopted by Ameriza’s
leading manufacturers, for ex-
clusive use in soldering appliea-
tions where the quality of the
solder and its technical perform-
ance are of such importance
that they are willing to pay the
initially higher price in order to
save production time and avoid
rejects and failures.

Resulting economies in produc-
tion have more than compensated
for the slightly higher initial cost,
so ‘that Multicore has actually
proved to be the “cheapest” of all
solders. We have won acclaim “or
the advantages of three-core con-
struction, for the activated, yet
non-corrosive nature of Ersin
Flux, and for the speed and suraty
of bond . .. which Multicore alone
brings to your assembly line.

One by one, these characteristics
haye been adopted by competing
brands. Today, Ersin Multicore
is one of the most widely imitated

yes, but mever equalled . .
because quality and rigid manu-
facturing control are the main
precepts which guide the produc-
tion of this superior product.
Constant research perpetuates
this leadership.

The continuous, reliable func-
tioning of electronic equipment
in wartime assumes special sig-
nificance, because the mainte-
nance of military communica-
tions is measured in lives. “Little
things” like high resistance
joints (often directly linked to
the failure of solder) may affect
more than the business aspects of
your contracts. .. they can affect
the very timing and success of
military operations.

A soldered joint costs but a frac-
tion of a cent. Entrusted as you
are with the manufacture of mili-
tary communications equipment
... can you afford to use less than
the best?

Write for free testing sample and
heipful booklet “Modern Solders"

Address U.S.A. and Canadian inquiries to
MULTICORE SALES CORPORATION
164 Duane Street o New York 13, N. Y.

Inquiries regarding other territories to
MULTICORE SOLDERS LTD.
Mellier House, Albemarle St., London W.1, Eng.
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« o oo the Karp story is this:

We are specialists in sheet metal fabrication with
over 25 years’ experience in our craft.

We have some of the most ingenious men in the
industry—especially in our engineering depart-
ment and among our technicians.

We have 70,000 square feet of ultra-modern plant,
with every up-to-date aid in the way of tools, dies
and machinery.

KARP METAL PRODUCTS CO., INC.

We have the most modern painting and finishing
department, which is completely dust proof, and
equipped with the newest water-washed spray
booths and baking ovens.

We are geared to produce—at the right cost for
its specifications—anything from a simple box or
chassis to the largest transmitter housing—and
in any quantity.

In short, we're at your service for sheet metal
fabrication at its best. And we mean service!

215=-63rd STREET, BROOKLYN 20, NEW YORK
3{1/)r[caling S!we/ We/a/ /or jntlu:i/ry
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Centralab Model 2 Radiohm

A 1951 CONTROL FOR 1951 DESIGNS

o4 14 Good Reasons Why *
CRL’S Model 2 Radiohm is the Control for You!

1. Swirch — with positive detent in both on and off posi
tions. Terminals — with surfaces elevated to eliminai=

danger of shorting o cover legs . . . 1%” hole diameter
for simplifiec wiring . . . hot tin dipped for easy solde
ing . mechanical Jock to prevent loosening in soldericg
operations.

2. Cadmium plated steel corer completely shields resisto-
3. Insulator's high dielectric strength permits breakdown
test at 1000 volts R. M. S. Dust and dirt can’t get ia.
4. Stop, of cup des gn, provides superior switch shieldir 3
.« . gives ycu excellent torque strength without distortion.
5. High grade laminated Ehenolic shoe maintains higa
insulation resistance under humidity conditions.

6. Contact Spring gives you double wiping contacts ¢a
both resistor and center terminal ring . . . is accurate.y
formed to maintain uniform pressures and minimize nois-.

7. Electro :inaplat:d. terminals provide soldering cas:.
Tightly crimped temminals give you direct contact to rs-

sistor . . . assure constant contact under humidity and
soldering conditions.

8. Resistor is made of special resistance material bonded
to high quality phenolic for smooth operation, low noise
level, outstanding humidity characteristics.

9. Cadmium-tipped center terminal provides easy soldering
. . . good shelt life without oxidation. Adequatcly lubri-
cated for good rotation life, center terminal is finished to
give you smooth takc-off . minimum noise.

10. Laminated phenolic base maintains high insulation re-
sistance under humidity conditions.

11. Cadmium.plated steel ground plate assures positive
grounded cover.

12. Cadmium-plated steel bushing is accurately finished
and fit to shaft for smooth rotation.

V3. Retaining ring.

14. Shaft, Unlimited variations available to meet your
specifications.

*Switch Type, Tapped. Exploded View: Switch Type, Untapped.

Cellab — DEVELOPMENTS THAT CAN HELP YOUl)

Division of 6LOBE-UNION INC:  Milwaukee



Centralab Components
AND ALL OTHER EI.EC‘

IMAGINE the large variety of uses for peak-quality controls that are only 15/16" in diameter,
yet rated at 1/2 watt. That's Centralab’s great new line of Model 2 Radiohms. Designed
for television and radio sets, sound and test equipment, the versatile Model 2 is just what you
need for many other electronic uses where a combination of small size and finest performance
is essential. CRL Model 2 Controls are precision built of the finest materials to give you lower
noise level . . . longer life. Their clinched terminals insure rigid contact to the resistance
element under humidity and soldering conditions. What's more, Model 2's complete line of
3 basic switches 5, 8, and 1 amp. — provide 24 switch combinations for real flexibility in
application and design. For all the facts, see your CRL representative or write direct.

AM

New Centralab Model 2 Radiohm Control New Centralab Model 2 Radiohm Controls New Centralab Model 2 Radiohm Control
Left, single unit plain type, untapped; right, At left single unit switch type, tapped with Left, twin unit plain type, front section tapped;
twin unit plain type, untapped. Both with single shaft. Right twin unit switch type, right, twin unit switch type, rcar scction
single shafts. untapped with single shaft tapped. Both units have concentric shafts.
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TRONIC DEVICES

YA401-002A
2B 4

Centralab Triode Couplates save space and weight. They actually
replace 5 components normally used in audio circuits, Triode Cou-
plates are complete assemblies of 3 capacitors and 2 resistors bonded
to a dielectric ceramic plate. Available in a variety of resistor and
capacitor values.

YA402-002A

3 1 2
Centralab Vertical Integrators give you big savings in assembly costs,
particularly in TV vertical integrator networks. One type consists of
4 resistars and 4 capacitors brought out to 3 leads . . . reducing the

formerly required 16 soldered connections to only 3! There's a big
saving in the number of parts handled, too!

The original miniature ceramic

Centralab’s TC (Temperature Compensating) Tubular Hi-Kaps, left, are the most stable capacitors disc capacitors combining utmost reliabil-
avatlable. With TC Hi-Kaps, there's practically no variation due to aging or changes in temper- ity with small size and low mass weight.
ature or humidity, For applications where temperature compensation is unimportant, use Tubular Diameter %", 946", 36” and 14”. Single

BC Hi-Kaps, right.

shielded and non-shiclded units available

Centralab’s development of a revolutionary, new Slide Switch gives you improved AM and Great step forward in switching is CRL's
FM performance! Flat, horizontal design saves valuable space, allows short leads, conven- New Rotary Coil and Cam Index Switch.
ient location to coils, reduced lead inductances for increased efficiency in low and high fre- Its coil spring gives you smoother action,

quencies, CRL Slide Switches are rugged and dependable,

longer life,




'IMPORTANT BULLETINS FOR YOUR TECHNICAL LIBRARY!
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s
LEVER SWITCH o

O FROTUCT PREVIEW

 PERTODE C0U

Choose From This List!

Centralab Printed Electronic Circuits

973 — AMPEC — three-tube P. E. C. amplifier.

42-6 — COUPLATE P.E. C. interstage coupling plate,
42-22 — VERTICAL INTEGRATOR — for TV application.
42-24 — CERAMIC PLATE COMPONENTS for use in low-

power miniature electronic equipment.

981 — Hi-Vo-Kaps — capacitors for TV application. For
jobbers.
42-18 — TC CAPACITORS — temperature compensating capaci-
tors.
814 — CapraCITORS — high-voltage capacitors.
975 — FT Hi-Kaps — feed-thru capacitors.

42-27 — MoDEL 2 COUPLATE for small or portable set Centralab Switches

applications.

999 — PENTODE CoUPLATE — specialized P. E. C. coupling

plate.
42-9 — FiLpec — Printed Electronic Circuit filter.

Centralab Capacitors

42-3 — BC TusuLAar HI-Kaps capacitors for use where

temperature compensation is unimportant.

42-4R — BC Disc Hi-Kaps—miniature ceramic BC capacitors. 42-19 — MoDEL

953 — SLIDE SwITCH — applies to AM and FM switching
circuits.

970 — LEVER SWITCH — shows indexing combinations.

995 — ROTARY SWITCH — schematic application diagrams.

722 — SwiTCH CATALOG — facts on CRL’S complete line of
switches.

Centralab Controls
1” RabioHM — world’s smallest commer

42-10 — H1-Vo-Kaps — high voltage capacitors for TV appli- cially produced control.

cation.

42-85 — MopEL 2 RapioHM — CRL’s new line of '%,” diam.

42-59 — CERAMIC TUuBULAR TRIMMERS — designed for TV controls for TV — AM — FM.

and VHF application.

695 — CERAMIC TRIMMERS — CRL trimmer catalog.

Centralab Ceramics
967 — CeERAMIC CAPACITOR DIELECTRIC MATERIALS,
720 — CErRAMIC CATALOG—CRL steatite, ceramic products.

Look to CENTRALAB in 1950! First in component research that means lower costs for the electronic
industry. If you're planning new equipment, let Centralab’s sales and engincering service work with you. For
complete information on all CRL products, get in touch with your Centralab Representative. Or write direct.

CENTRALAB
Division of Globe-Union Inc.
914 East Keefe Avenue, Milwaukee, Wisconsin

Yes—| would like to have the CRLbulletins, checked below, for my technical libraryl

00973 [ 4224 [J 429 [ 4210 [ 981 [ 953
[0 426 [ 4227 [1 423 [0 4259 [ 4218 [ 970
[ 42-22 [J 999 [ 42-4r [ 695 1814 [ 995

975 [ 722

Name. S

Address....

City State.....

l TEAR OUT COUPON

2

[ 4219
[1 4285

1 967
[ 720 .
[

l <«——— for the Bulletins you want

Centzalab

Division of GLOBE-UNION INC. » Milwaukee




Here’s the ideal amplifier for control applications

SENSING

CONTROL TRANSFORMER
THERMOCOUPLE

PHOTO ELECTRIC CELL
MECHANICAL GAUGING BY
CHANGE OF RESISTANCE, IN-
DUCTANCE OR CAPAC!TANCE

CONTROLLED
DEVICE

ELEMENT MAGNETIC

AMPLIFIER

\

EFFECTIVE ACTION
PRODUCER
MOTOR
SOLENOID
RELAY
SATURABLE REACTOR
GENERATOR FIELD

HEART OF THE
AMPLIFIER

REACTOR WITH
PERMERON CORE

Why? Well, for one thing it’s a rnagnetic amplifier. The advantages
are obvious: there are no moving parts — hence, there’s nothing to
wear out. It’s shock-proof and vibration-proof.

Secondly, it has a core of PERMERON — I-T-E’s amazing new
core material. We say ‘““amazing’’ because all PERMERON cores have
identical magnetization characteristics. This means designers can pre-
dict amplifier performance accurately and positively before under-
taking the expensive job of winding and potting the reactor!

Furthermore, the lower control currents required in amplifiers
made with PERMERON cores result in space-saving equipment with higher
amplification factors and faster response time!

Magnetic amplifiers with PERMERON cores are now being pro-
duced by several large electrical manufacturers for an ever-expanding
field of uses. These cores, with their amazing characteristics, have
helped make magnetic amplifiers practical for many new uses and
better for many old ones.

If your business is amplifiers, or controls, it will pay you to take

another look at PERMERON!
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For additional information write—I-T-E Rectifier Division, or consult your focal |-T-E Representative

ITE )

FRMERON

A product of Rectifier Division, I-T-E CIRCUIT BREAKER COMPANY,
19th & Hamilton Streets, Philadelphia 30, Pa.

MECHANICAL RECTIFIERS « SWITCHGEAR « UNIT SUBSTATIONS « ISOLATED PHASE BUS STRUCTURES « RESISTORS « SPECIAL PRODUCTS
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to control high frequencies
USE LOW-CAPACITANCE RELAYS...

16

For smooth, chatter-free control of microwave
Circuits. . . switch them with Automatic Electric relays. Auto-
matic Electric made its first low-capacitance relay more than ten
years ago, and today offers two types, each providing excepuionally
low capacitance between contact springs, and between springs
and ground (frame, mounting, etc.)

In addition to these low-capacitance characteristics, Automatic
Electric relays provide the dependability of “twin” contacts and the
small size you need for compact mounting. The Class "C” relay
(background above) is especially suitable for strip mounting; it is
only 0.687" wide and 2%" high and is 5'3%" in over-all length. The
Class *'S” relay (two views in foreground) is 1” wide, 13" high and
119" long, over-all. Operating mechanisms are basically standard
Automatic Electric designs, thus assuring the high operating
efficiency for which Automatic Electric controls are famous,

To receive complete information, simply let us know your specific
needs. Address AUTOMATIC ELECTRIC SALES CORPORA-
TION, Chicago 7, Ill. In Canada: Automatic Electric (Canada)
Led., Toronto. Offices in Principal Cities.

RELAYS SWITCHES

PR7AL
AUTOMATIL 7 ELECTRICL

CHICAGO

OTHER AUTOMATIC ELECTRIC

TELEPHONE-TYPE CONTROLS

7 ., Stepping
Switches

Turn Keys

Lever Keys

Efficient, dependable Automatic Electric con-
trols are available also for many other uses.
Lever, turn and push-type keys; telephone-
type dials; stepping switches; lamp jacks and
caps—as well as a complete range of tele-
phone-type relays carrying the Automatic
Electric name—are now in service in hundreds
of industrial applications.

e ——
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announces

four new
cameras
+++FOR more versatile SINGLE-TRANSIENT recording ...FOR thrifty SINGLE-FRAME recording
. The New Du Mont The New Du Mont
Type 295 Type 296

+0. FOR improved FINISHED-PRINT recording ... FOR simplified MOVING-FILM recording
The New Du Mont The New Du Mont
Type 297 Type 321

NOW! more than ever it’s DuMont when you RECORD TO REMEMBER



A new and complete line of oscillograph-record cameras.

The Du Mont
Type 295

Transient phenomena represent.
ing writing rates as high as
180 inches per microsecond are
recorded effectively with the
Du Mont Type 295. The high-
writing-rate capabilities of the
Type 295 are obtained by the use
of an f/15, 50mm, coated lens
having excellent resolution and
a minimum of rectilinear distor-
tion. The camera accommodates
plain or perforated 35mm film
or paper and will make 40
exposures from a standard 36-
exposure cassette Film may be
removed from the camera as it
is exposed by use of a cut-off
knife and a detachable, light-

The Du Mont
Type 297

I'or applications where minute.
to-minute comparison of wave-
forms is required, the Du Mont
Type 297 furnishes a finished
print in a minute, by the Pola-
roid-Land Process. The Polaroid-
Land camera-back is attached to
the mirror housing by means of
a slide adaptor which has three
snap stops making it possible to
record one, two, or three traces
on a single print. The camera
may be set at any point along
the slide so that adjustment may
also be continuous where more
than three traces are desired on
a single print, An illuminated
data card permits recording
information photographically on

tight, film take-up cassette. Thus,
a portion of the film may be
developed while subsequent
exposures are being made. Com.
fortable binocular viewing is
possible while recording. An
illuminated data card records
pertinent hand-written informa.
tion directly below the exposed
trace. The housing has a side-
access door through which the
lens aperture is accessible. The
aperture control has “click” set-
tings. Both Time and Bulb expos-
ures may be taken. The camera
may be adapted for remote con-
trol of film advance and shutter
release.

the print. All possible confusion
between similar prints is elimi-
nated. The camera is positioned
so that the operator pulls the
film toward him. Thus, the
quick, smooth motion necessary
to obtain clean prints is achieved
with ease and comfort. The Type
297 incorporates a special, /2.8
coated lens. Exposures may be
taken at shutter speeds of 1/200,
1/100, 1/50, 1/25, 1/10 sec.,
Time, and Bulh. The recorded
image is reduced to one-third
the object size. The Type 297 is
mountable on any 5-inch cathode-
ray oscillograph and is supported
completely by clamping it to the
Du Mont Type 2501 Bezel.

ALLEN B. DU MONT LABORATORIES, INC.
INSTRUMENT DIVISION

1000 MAIN AVE., CLIFTON, N.J.

Single-frame recording provided
by the Type 296 represents the
most versatile and inexpensive
general-purpose technique. Oscil-
lograph-record application of
the Type 296 is unlimited except
by the specialized needs of
moving-film recording and ultra-
high writing speeds. Compact in
design, light in weight, and
sturdy in construction, the Type
296 is easy to handle and is
mounted quickly to all 5-inch
cathode-ray oscillographs
equipped with the Du Mont

The moving-film camera makes
possible the presentation of
waveforms upon an unusually
long time-base, and augments the
performance of the cathode-ray
oscillograph.

Many improvements from the
standpoints of performance and
operation have been incorpor-
ated in the Type 321 to simplify
moving-film recording. The
camera accommodates 400 feet
of perforated or unperforated
35mm film or recording paper.
Both the load and take-up maga-
zines may be detached from the
camera in a few seconds. Film-
loading is amazingly simple —
there is no threading necessary,
no complicated path to follow.
Film speed is variable in eigh-
teen steps from approximately
one inch per minute to 10,800
inches per minute (15 feet per
second).

Full speed is attained almost
instantly. Less than one inch
of film is wasted in
stopping the mo-
tion of the film
even when the
camera is operat-
ing at the highest speed. Spe-
cially designed film-braking
minimizes the possibility of clog-
ging, jamming, or breaking of
the film. A film-supply indicator
gives positive indication when

The Du Mont
Type 296

Type 2501 Bezel. A high-quality,
/2.8, 41.5mm, coated lens
increases the writing-rate capa-
bilities of the Type 296 approxi-
mately 57% over the Type 271-A,
which it supersedes. Shorter
focal length shortens the over-
all length of the Type 296. A
self-winding shutter has speeds
of 1/200, 1/100, 1/50, 1/25,1/10
sec., Time and Bulb. A comfort.
able, soft-rubber eyepiece per-
mits simultaneous viewing and
recording. The Type 296 weighs
only 5 lbs.

The Du Mont
Type 321

the recording film is exhausted.

The camera may be rotated 90
degrees, permitting either verti-
cal or horizontal recordings to
be made without rotating the
cathode-ray tube or reversing
deflection-plate leads. Single-
.frame records may also bz made

4 with the Type 321. Film travel

may be time-calibrated by a
flashing glow lamp. The light
shield permits simultaneous
viewing and recording. An illu.
minated data-card transfers per-
tinent information to the film.
The Type 321 uses an_f/1.5,
50mm, coated lens. Focus is fixed
for general oscillographic appli-
cations but may be adjusied
where required. Any desired
length of exposed film may be
removed from the camera by
means of a cut-off knife. The
take-up magazine may be re-
moved quickly and carried to
the darkroom. Additional
magazines are relatively in.
expensive. Stand
mounting makes
the Type 321 high-
ly mobile. It can
be mounted either
from the floor or bench top.
There is no mechanical connec-
tion between the camera and the
oscillograph. A sponge-rubber
sleeve makes the mounting light-
tight and vibration proof.
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: PRD now offers a complete series of Broadband
| Coaxial Bolometer Mounts covering in three
i bands the range from 20 to 10,000 megacycles
: per second. Both 1 mw and 100 mw units are
| | available for direct operation with the PRD
| Type 650 Universal Power Bridge. Additional
: wave-guide detectors provide coverage of the
i 12.4-40 kilo-megacycle band.

INDICATION:

Direct reading power measurement in four ranges
of 0.1, 1, 10, and 100 milliwatts full scale is pro-
vided by the Type 650 Universal Power Bridge.
This instrument may be used with positive or nega-
tive temperature coefficient bolometers operating

RANGE EXTENSION:

from 50 to 250 ohms with bias currents of 3 to 40 - A full Comp]ement of fixed and variable attenu-
milliamperes. | ators permits extension of the power range of
\ . bolometer elements to higher input levels. Direc-
M - ' tional couplers are also available for this purpose.

PRD now provides the instrumentation to permit accurate power measurement over
broad frequency bands with great precision and comforting ease of operation. Thus,
another parameter is erased from the realm of the unknown by PRD's continuving pro-
gram aimed at providing the r-f engineer with the best in test equipment. For full
information concerning our complete list of products write Dept. E-9 today.

A
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202 TILLARY ST, BROOKLYN I, NEW YORK
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- Ction plang at
n. Tel. 3-168)
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Now...more than ever... AMERICAN
is PHILLIPS HEADquarters

Yes, more tham ever sirc: American devel-
oped the Phill.p: Recessed Head and gave it
to industry, A ericen Fhil_ips Screws of all
types and metals arz rolling out in larger
quantity and | sgher quality,

5 acres of nea mzchines and equipment, in
the modern §hat et Willimantic . . . plus
the Norristova plent anc Chicago ware-
house . . . arc keepirg distributors and

AMERICAN SCREW COMPANY

Plants at Willimantic, Conn., and Norristown, Pa,

Warehouses at: Chicago 11 58S E. Illinois St.

Detroit 2: 502 Stephenson Bldg.

jobbers supplied to fill yourorders right now.
And that goes for all slotted fasteners, too.

Make a note of the new phone number of
thenew main plant... Willimantic, Connecticut
3-1681 . . . also Chicago—Whitehall 4-5866,
and Norristown 0158. Call the number
nearest you, whenever you want action on
large or small orders for Phillips or slotted.

Slotted

October, 1950 — ELECTRONICE




Type 557 Ceramicon
Ceramicon 5.7 MMF  Trimmer

Trimmer

—_ ey

*
Erie “GP” Molded Insulated Ceramicons
5 MMF—5,000 MMF
Erie “GP” Dipped Insulated Ceramicons

5 MMF— 5,000 MMF. 0.5-5 MMF Dipped Insulated Ceramicons
Erie “GP” Non-Insulated Ceramicons Y ek 1-8 MMF 0.5 MMF-— 1,800 MMF
5 MMF—'5,000 MMF. b : ey Temperature Compensating
3 J Non-lnsulated Ceramicons
Type 535 0.5 MMF—1,800 MMF

T'ew® B
SRR — S s —

Temperature Compensating
Molded Insulated Ceramicons *
0.5 MMF—550 MMF

Temperature Compensating

Type 531 and 532
Tubuiar Trimmers

o Type TS2A Ceramicon Trimmer = | Tubular
1.5-7 MMF  3-13 MMF 4.30 MMF Trimmer
3-12 MMF  5.20 MMF  7-45 MMF .75-3 MMF

ﬁj} ¥ Type 362

Feed-Thru Ceramicons
5 MMF—1,000 MMF
5 MMF—1,500 MMF

Erie Disc Ceramicons
Up to .0l MFD

Cinch-Erie Plexicon Tube Type 3688

Sockets with 1,000 MMF

built in by-pass condensers High Voltage Ceramicons

Up to 15,000 Volts
WORKING

_ 10"

12%"

The dependability accuracy to close
tolerances required elevision and Broad-
cast applications are d@mbined in Erie Ceram-
icons with compact d@kign, tubular in form,
for easy installation onfthe assembly lines.
Erie manufactured a complete line of Custom Molded ||
Ceramic and Button IMica Condensers for Plastic TV Bezels |
transmitter and receiver applications: Carbon
Suppressors, Custom Injection Molded Plastic
Knobs, Dials, Bezels, Name Plates and Coil
Forms. Our engineering department will work
with you in developing specially designed
components for efficient space-saving sub-

Types L-4, L-7, S-5 Suppressors
for Spark Plugs and Distributors

]

Type Typ;s 323 Type Type Type assemblies. Complete technical information
7208 and 324 2322 2336 325 on request.
Insulated

*Ceramicon, Hi-K, GP, and Plexicon are registered
Erie Stand-Off Ceramicons trade numes of Erie Resistor Corporation.

5 MMF—5,000 MMF

ERIE RESISTOR CORP., ERIE,PA. | i " .

€=,
LONDON, ENGLAND ¢ TORONTO, CANADA »

Custom Injection Molded
Plastic Knobs, Dials,
Bezels, Name Plates,

Coil Forms, etc.

Button Mica Condensers
15 MMF—6,000 MMF

I ST B o LT A e re . commpappi——
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T y L
Eisler Radio Tube Machine showing Kinney Single Stage
Pump used for initial pump-down and for backing
Eisler Pump. The vacuum exhausting process is fosi,
sure, and extremely vomplete . . . making: possible
longer-lived, keiter performing tubes.

Why do so many modern vacuum process g systems employ
Kinney Vacuum Pumps? Because these Pumps save processing
time, because they conserve operating costs, and because they
can be trusted on the job. If you want fast pump-down and
‘minimum equipment “down-time”, the Kinney Pump is the pump
you need. Write for Bulletin V45, the complete story on
Kinney High Yacuum Pumps and Equipment.

KINNEY MANUFACTURING CO., 35A5 Washington St
Boston 30, Mass. Representatives in New York, Chicago, Cleve-
land, Houston, New Orleans, Philadelphia, Los Angeles, San
Francisco, Seattle.

Foreign Representatives: General Engineering Co. (Radcliffe)
Ltd., Station Works, Bury Road, Radcliffe, Lancashire, England
... Horrocks, Roxburgh Pty., Ltd., Melbourne, C. I. Australia . . .

Naotionol Research €crporation high vacuum metal-

{urgicol furnace. Kirney Pump used for roughing and .
for” backing  ciFusien pumps. In high vacuum fur- W. S. Thomas & Taylor Pty., Ltd, Johannesburg, Union of South
noces metols like Titarium, Zirconium and Molybdenum Africa . . . Novelectric, Ltd., Zurich, Switzerland . . . C.L.R.E,

are being cast or treated in the pure gos-free state.
These vacusm-processed metals display new qualities
of ductility and conductivity . . . new advantages made
possible by Kinney-treated fow absolute pressures.

Piazza Cavour 25, Rome, ltaly.

KINNEY Vacuum Pumps d
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the 4-400A

EIMAC 4-400A POWER TETRODE
TYPICAL OPERATION

AMPLIFIER
EQUENCY POWER
AUDIO FRAND M ODULATOR

AB (Sinusoidal wave,
C'assunlessl otherwise specified)

two tubes,

DC SCREEN

EFFECTIVE LOAD
PLATE TO PBATE -

PEAK AF GRI
INPUT VOLTAGE

“Adjust fo give stated 1e70°5

it
DC PLATE VOLTAGE 3000 4000 Voits

U OUTAGE - - - 750 600 Volts
DCaGp%Le.)YOL.TA-GE- _136 -116 Volts
ZERQ SISNANT. 10 130 Mo
M?EAT;%SF?&EN?Z 520 510 Amp
ZE?SRESLGEG%{RE‘?% o o M
M?ékeéhetéﬁ;ke% 28 10 Ma

9200 16,000 Ohms

(per tube}) - - - 136 116 ‘\lﬁ{::“
e
DRIVING POW}EFL{ATE o 0
L
M?)C()‘VEIE?{NCA)UTPUT " 1100 1280 Watts

igna\ plate current.

Follow the Leaders ta

('}

ELECTRONICS — October, 1950

The Power tor R-F

% Long Lite
* Low Drive
4 RF Amplifier
% Audio Amplifier
* Simplified Cooling
* Pyrovac Plate
% Non-Emitting Grids

And... thoroughly proved
* in service.

A pair of Eimac 4-400A tetrodes provides the ideal answer for a one-
kilowatt AM or FM broadcast power amplifier stage. The 400-walt plate
dissipation rating of these tubes allows extremely conservative operation
at the 1-kw level, thus assuring long, trouble-free tube operation.

In AM service, the 4-400A is FCC rated for 500 watts output per fube
in high level modulated amplifiers. In FM applications, the superlative

performance of the 4-400A at VHF allows an easy 1-kw of useful power
output from a pair of tubes.

The low driving-power requirement of these tetrodes allows the driving
equipment to be reduced to simple low power stages employing low cost
tubes. The rugged construction of the 4-400A, plus a Pyrovac plate and
the use of other time-proven materials and manufacturing processes, con-
tributes to the tube's long life and ability to withstand both physical and
electrical abuse.

To simplity transmitter design, an Eimac air system socket and chimney
assembly is available for the 4-400A. This assembly provides a balanced
flow of cooling air to the tube with minimum air waste, as well as com-
pleting the shielding between input and output circuits.

The low driving-power required by the 4-400A makes it an ideal choice
for audio as well as r-f application. High audio power at low distortion
can easily be obtained with zero driving power. (See accompanying data.)

For tube economy in one-kilowatt equipment, consider the service-proven
4-400A developed by America's foremost tetrode manufacturer .

.. Eimac,
Complete technical data are available . . . write today.

EITEL-McCULLOUGH, INC.

San Bruno, California
Export Agents: Frazar & Hansen, 301 Clay St, San Francisco, California
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COPPER ALLOY BULLETIN

REPORTING NEWS AND TECHNICAL DEVELOPMENTS OF COPPER AND COPPER-BASE ALLOYS

- RASS
Prepared Each Month by BRIDGEPORT BRASS COMPANY “B@t”/ Headquarters for BRASS, BRONZE and COPPER
CO.

-3
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Hot water thermostat and component parts—Courtesy Camstat, Inc., Los Angeles, Calif.

Seven Copper Alloys Resist
Corrosion m Bi-Metal Switch

Rusting and other forms of corro-
sion change the electrical characteris-
tics of parts, decrease strength of
springs and jam bearing points in small
control instruments.

(3). Half hard metal was necessary to
permit drawing, forming and bending of
the cover, pointer and yoke, and in the
staple to permit the prongs to be bent
at assembly. The bracket is spring hard
(8 numbers) as it acts as a flat spring.

Phosphor bronze Grade A, 95% cop-
per, 5% tin, 0.15 phosphor, produces
flat springs in light gages (0.006 and
up) due to its excellent spring proper-
ties and resistance to fatigue. This al-
loy is used for the contact springs (16),
push button spring (17), spring link
(18) and flat spring (20). All have
spring temper.

Nickel Silver Grades A, B

Two grades of Nickel silver find use
in this unit. In the pivot bracket (8)
grade B, 559, copper, 18% nickel and
the remainder zinc, gives the part fine
spring characteristics, high strength
(better than 90,000 psi in its extra hard
temper), and the ductility in this hard

To combat such conditions, copper-
base alloys were primarily selected for
all functional parts in the illustrated
water heater thermostat. This unit op-
erates with a bi-metal actuator which
curves forward as the result of one
metal expanding more rapidly than
another.

Since each copper alloy has different
mechanical and physical characteris-
tics, seven were used in this unit, and,
in some cases, several tempers fcr each

alloy. |
Cartridge brass, 70% copper and
309 zinc, because of its ability to with- |
stand heavy working better than high |
brass, is used for the cover (1), bracket l
(2), pointer (4), yoke (9), and staple

BRASS - BRONZE

MILLS IN
BRIDGEPORT, CONNECTICUT
INDIANAPOLIS, INDIANA

In Canada:
Noranda Copper and Brass Limited,
Moatreal
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COPPER * DURONZE — STRIP - ROD

state to permit heavy bending and
forming.

Grade A, 659 copper, 18% nickel
and remainder zinc, has greater ductil-
ity than B which permits dimpling,
bending and forming on the actuating
lever (10). The base metal is hard (4
numbers) and has a tensile strength of
85,000. The coldworking done on this
lever increases its strength to around
90,000.

Several Parts Machined

Free machining brass rod, with the
highest machinability of the copper al-
loys, can be accurately machined with
good finishes at high speeds. For these
reasons, it is used for the counter-
weight (shown on assembly 9), adjust-
ing nut (5), terminal (6), stub (7),
and calibrating screw (12). This alloy
also has a conductivity 269 that of
copper.

The hollow rivets (11) and (13)
are produced in cold headers from
70-30 (cartridge brass) wire. When the
hollow rivets are such that drilling is
required rather than extrusion in the
header, a light leaded wire is used
(65% copper, 0.3% lead and remain-
der zinc) to facilitate the drilling.

The cold headed and roll threaded
screws (14) and (15) are made from
high brass, 659% copper, 35% zinc. Al-
though not as ductile as the cartridge
brass used in the hollow rivets, it is suf-
ficiently ductile for
heads and roll threading.

medium-sized

Silver Rivets

The hollow rivets used for electrical
contacts in the switch under the silver
links are also of silver to eliminate
danger of arcing.

Bridgeport’s laboratory can be of
help to product engineers in the select-
ing of the best alloy from a functional
as well as fabricating standpoint. Write
the nearest district office or contact
Bridgeport directly.

WIRE - TUBING

BRIDGEPORT BRASS COMPANY
BRIDGEPORT 2, CONNECTICUT

Established 1865
f ‘B dgep ot District Offices and Ware-
houses in Principal Cities
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Seconds...
Holtzer-Cabot motors!

Measvuring Split
with the help of

o The motor must rotate the drum with an
accuracy of one part in one hundred thousand.

e The motor must be exactly synchronous.

This ingenious electronic
device, made by American Time Products,

Inc., tells in 30 seconds exactly how fast o It must have the necessary torques to operate

the mechanical system with a margin of safety.
e The velocity of rotation must be perfectly
smooth and uniform.

or how slow any watch is running per 24
hours (a job that used to require weeks of
checkmg). Here’s how it works: — the ticks e The motor must be free from all electrical and mechanical
of a watch, picked up by a sensitive crystal noises which might be picked up by the microphone.
Holtzer-Cabot engineers were called in at the prototype stage
and, working with American Time Products’ engineers, met all
requirements by designing a modification of the Holtzer-Cabot
RWC 2505 synchronous motor. Result — years of trouble-free per-
formance in the field.

microphone, activate a stylus which prints
a dot for each tick on a revolving chart
drum. The pattern made by these dots
indicates the slightest variation of time-

This is just another example of Holtzer-Cabot’s ability to meet the
most demanding specifications in small-motor apphcatlons Holtzer-

Cabot motors range from 1/2000 up through 134 H.P.; from 24,000
RPM to 1 revolution per day

HOI.TZER CABOT

DIVISION OF NATIONAL PNEUMATIC CO.

BOSTON 19, MASSAEHUSETTS

but[ders of fine electric motors for three quarters of a century

keeping accuracy, and also indicates

the cause of any irregularity.

Designing a suitable motor for
this high-precision instrument
presented a difficult problem,
due to the demanding specifi-

cations of the application:

INVESTIGATE NOW .. . Holtzer-Cabot welcomes
inquiries involving special motors,

This is the WatchMaster . . . Watchmakers, watch manufacturers
and )ewelers everywhere use it to measure the accuracy of timepieces.

Photos Courtesy of American Time Products, Inc.
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Can you suggest

a good use for

\ Recently, we completed a new plant,
\ devoted exclusively to the fabrication of pressed board.
\ We feel certain it will be of great service to the television industry.
\ We are already producing the pressed board television backs shown.
\ Somewhere in your product there may be other parts,
now made of metal, that can be made more economically out
of pressed board. What is it? Our engineers

welcome a challenge. Write us today.

e ——— T

DONNELLY MANUFACTURING

A DIVISION OF JOHN DONNELLY & SONS
3134 WASHINGTON ST., BOSTON, MASS.

5 ToRg
+

PRECISION SHEET METAL & PRESSED WOOD FABRICATION
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WRITES

Left: Model BL-944 Power Supply.
Right: Model BL-222 Double Channel
Magnetic Oscillograph with electric styli.

New BRUSH Combination Oscillograph has

interchungeable electric stylus and inking pen

@ To improve the recording of variable phenomena
under extreme conditions such as high or low room
temperatures, The Brush Development Company
introduces the Model BL-221 Single Channel and
Model BL-222 Double Channel Combination Magnetic
Oscillographs for use with either clectric stylus or
inking pen. These combination units are furnished
with Model BL-944 Electric Stylus Power Supply,
electric stylus, inking pen, inkwell and both standard
and electric-recording chart paper.

ELECTRONICS — October, 1950

f £re mu’/&ny ectlh

BRUSH REGORDING ANALYZER

STRAIN ANALYZERS » SURFACE ANALYZERS « CONTOUR ANALYZERS » UNIVERSAL ANALYZERS « UNIFORMITY ANALYZERS

The Model BL-944 Power Supply, shown above on the
left, has a switch on the front panel o increase stylus
voltage for recording high frequency phenomena.

Write for details on these new Brush instruments. ..
or for information on conversion of standard direct-
inking oscillographs to combination types.

THE ?zwé DEVELOPMENT COMPANY

3405 Perkins Avenve, Cleveland 14, Ohio, U. S. A,

Conadian Representatives : A. C. Witkman (Canada) Ltd., P, O, Box 9
Station N, Toronto 14, Ontario
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an open letter

october: 1950

To All Users ©
Anywhere, .S
Next time v er 1is placed
core maker rhis que do you use

cores?

using the highes
you anotheTr name
of high Q, of temperature a
cost? Can

doesn‘t use
e make

Your cOT

The answer is obvious.
£ he uses GA&F Carbonyl
e an order.

rith the pest -~
sore maker next time you plac
3 difference these low—cost, nhigh Q meterial

ANTARA PRODUCTS
& Film Corporation

General Aniline

. ® carbOHYI
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Core users—here’s a tip that will guarantee you cores

made of the highest quality materials on the market.

Ask your core maker for cores made with Carbonyl Iron
Powders. You will guarantee yoursell high quality cores
because Carbonyl Iron Powders are high quality products

with low loss characteristics. They are manufactured and

o

tested for quality under the most rigid conditions.

e
-~

It costs no more to secure Carbonyl Iron Powder cores.

On a performance basis, they offer savings not possible

3y

{}mmmummm

with other magnetic powder.

Your core maker knows about these high Q materials.

He is familiar with their stability, their ease of insulation,
and the controlled particle size distribution. That’s why
we say, next time you order, insist on Carbonvl Iron

Powders for best results!

THIS FREE BOOK — fully illustrated, with performance charts and application
data — will help any radio engineer or electronics manufacturer to step up
quality, while saving real money. Kindly address your request to Dept. 56.

“  ANTARA- PRODUCTS

GENERAL
& ANII.INE & FILM CORPORATION

444 MADISON AVENUE NEW YORK 22, N. Y.

Iron Powders. . .

ELECTRONICS — October, 1950 27
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A
RELIABLE SOURCE
OF SUPPLY for
EPENDABLE RESISTORS
for OVER 20 YEARS

. FIXED RESISTORS

VARIABLE RESISTORS ... IRON CORES . ..
CERAMAG® CORES . . . LINE, SLIDE
AND ROTARY SWITCHES . . .
CARBON VOLTAGE REGULATOR
DISCS... MOLDED COIL FORMS

. GA “GIMMICK" CAPACITORS, ETC.

Electronic Components Division

STACKPOLE CARBON COMPANY
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ANOTHER -hp- SERVICE

Person-to-Person Help With
Your Measuring Problems

Almost anywhere in America, -hp- field
representatives can give you personal
help with your measuring problems.
They have complete data on -hp- in-
struments, their performance, servicing
and adaptability. Call the nearest -hp-
aeld representative whenever, wherever
you need help with a measuring problem.

ALBUQUERQUE, NEW MEXICO

Neely Enterprises

302Y; W. Central Ave., Albuquerque 3-2245
BOSTON 156, MASSACHUSETTS

Burlingame Associates

270 Commonwealth Ave.. KEnmore 6-8100

CHICAGO 40, ILLINOIS

Alfred Crosstey & Associates F . o ) .
4501 Ravenswood Ave., UPtown 8-1141 rom 2 cycles to 700 megacycles, there’s an accurate, easy-to-operate
ML P Odelt o -hp- voltmeter to fit every voltage measurement requirement. You can
2536 Euclid Ave., PRospect 1-6171 choose from 5 precision voltmeters (including a battery-operated
DALLAS 5, TEXAS . . . ﬁl . d E h
Earl Lipscomb Associates tnstrument) the ones which precisely fill your measuring need. Eac
4433 Stanford St., LOgan 6-5097 H fegl . sor - .
" has th'e' familiar -bp 'charact?rlsncs 'of high sensitivity, wide range,
e oS versatility, compact size, and time-saving ease of operation. These -hp-
) . Farst St ichigan gl . d .
DENVER 3, COLORADO precision voltmeters are used by radio stations, manufacturers, rescarch
Ronald G. Bowen o . g
852 Brondway. AComa 5211 laboratories and scientific men throughout the world.
DETROIT 5, MICHIGAN
S. Sterling Company NP T
13331 Linwood Ave.. TOwnscnd 8-3130 | INSTRUMENT | FREQ. RANGE | VOLTAGE RANGE ACCURACY MPECANEE PRICE
FORT MYERS, FLORIDA
Arthur Lynch & Associates 1 |
P. O. Box 466, Fort Myers 1269M —hp-400A | 10cpstol me o Within3% | 16 itdhont | $185.00
HOUSTON 5, TEXAS 1o
Earl Lipscomb Associates .005 10 300 v . meg.,
3919 Riey St T hocien 6303 —hp—4008 | 2 cps to 100 ke heaies Within 3% | 20 ufd shont 195.00
HIGH POINT, NORTH CAROLINA 1
Bivins & Caldwell -hp-400C | 20cpsto2me | 000 vie 300w Within3% | 15 ot hant | 200.00
Rm. 807, Security Bk. Bldg.. High Point 3672 ranges
LOS ANGELES 46, CALIFORNIA —hp— 404A 0005 v 10 300 v " 10 meg.,
Neely Enterprises (Battery Op-d.} 2 cps to 50 ke 11 ranges Within 5% 20 pufd shunt 185.00
7422 Melrose Ave., WHitney 1147 i — T 10 meg i
NEW YORK 13, NEW YORK —hp—410A | 20 ¢ps to 700 mc 2 DiDgeY Within 3% v 245.00
Burlingame Associates 7 ranges ° 53 cpidihan

103 Lafayette St., DIgby 9-1240

PHILADELPHIA 44, PENN.
Burlingame Associates For complete data on any -hp- H E w L E TT- P A C KA R D CO.

422 Coulter St., TEnnessee 9-2006

SAN FRANCISCO 3, CALIFORNIA instrument, write direct to fac- 1876-A PAGE MILL ROAD ¢ PALO ALTO, CALIF.
zﬁeﬁfﬁﬁ?g’fﬂmugm 2-2609 tory or contact the nearest -hp- Export Agents: Frazar & Hansen, Ltd.
ST. LOUIS 3, MISSOURI technical representative. 301 Clay Street, San Francisco 11, California, U.S.A.

Harris-Hanson Company
208 North 22nd St., MAin 5164

SYRACUSE, NEW YORK
Burlingame Associates
712 State Tower Bldg., SYracuse 2-0194 g
TORONTO 2-B, ONTARIO, CANADA
aboratory instruments
56¢ King St. West, WAverley 4761
WASHINCTON oA FOR SPEED AND ACCURACY

Burlingame Associates
2017 S Street N. W'., DEcatur 8000
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ELECTRONICS

SOLVE DESIGN PROBLEMS
WITH THE SWITCH
OF 10,000 USES

A member of the well known SB-1 switch
family can find a useful place on almost
any large electronic control panel. The
precision-built parts of this all-purpose
switch permit as many as 40 stages—four
banks of ten stages each—to be operated
in tandem. Switches with up to 16 stages
and 12 positions are commonly furnished.
Over 10,000 circuit-sequence combinations
are possible. Ratings go to 20 amperes at
600 volts a-c or d-c. See Bulletin GEC-270.

§B-1 switch,
cover-removed

PANEL INSTRUMENTS—A COMPLETE LINE

/46 wrate anda Beliable

FOR MEASURING D-C, A-C, RF, AF, VU

General Electric panel instruments have long
been known for their reliability and accuracy.
Recent design changes provide for better per-
formance, readability, durability, and appear-
ance. G-E voltmeters, kilovoltmeters, ammeters,
milliameters, microammeters, and vu volume-
level indicators; thermocouple types and rectifier
types; round or square, with conventional or long
250-degree scales—all will give your measure-
ments the accuracy required and your panel that
smooth, modern appearance. To bring you up to
date on the latest improvements in cases, faces,
and mechanisms, G.E. offers a comprehensive 24-
page bulletin containing all information neces-
sary for ordering. Write for Bulletin GEC-368.
For vu indicators, see Bulletin GEC-369.

SAVE PANEL SPACE
Huminated WITH ONE-UNIT PUSH-BUTTON
pachlEAer AND INDICATING LIGHT

This space-saving pilot-circuit switch con-
sists of a sturdy push-button unit, 2%
inches high, with a hollow translucent cap
and 6-volt lamp. The switch is the mo-
mentary contact type, single-pole, with one
normally open and one normally closed
circuit. It uses movable-disk type contacts.
Buttons are supplied in clear, red, green,
blue, amber, and white. For more data on
this and other G-E push-button units, see
Bulletin GEA-4254.

GENERAL &3 ELECTRIC
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TIMELY HIGHLIGHTS
\ ON G-E COMPONENTS

sl

NO DERATING AT 125° C OPERATION

For operation at high ambient temperatures, these standard-line
G-E Permafil capacitors are naturals. They’re paper dielectric
units and can be used at temperatures up to 125° C without
derating. All are metal encased, compression-sealed, and have
long-life silicone bushings. Ratings: up to 2 muf for operation
at 400 volts d-c and below. Case styles: 53, 61, 63, and 65 (JAN-
C-25 specifications). For more data, write Caparitor Sales Div.,
General Electric Co., Pittsfield, Mass.

I

| i

[ ik

STEPLESS VOLTAGE VARIATION

Inductrols are G-E dry-type induction voltage regulators for 120
and 240-volt operation. Hand-operated models provide smooth
and extremely precise voltage adjustment for such uses as instru-
ment calibration and rectifier control. Motor-operated models
are used with automatic control to maintain voltage within
narrow limits, irrespective of supply variations. Sizes range from
10V x 614 x 774 inches for the smallest hand-operated unit to
14 x 6 x 1074 for the largest motor-operated unit. One unit pro-
vides a voltage range of 10% raisc and lower on 3 and G-kva
circuits, another gives 1009 raise and lower for 2.4 and 3.6 kva
circuits. Complete information in Bulletin GEA-4508.

ELECTRONICS — October, 1950

HIGH-VOLTAGE SELENIUM RECTIFIERS

WITH LIFE EXPECTANCY OF
60,000 HOURS!

Now available from G.E. are 26-volt RMS selenium rec-
tifier cells with a continuous-service life expectancy of
over 60,000 hours. Their initial forward resistance is
very low and samples show an average increase in resist-
ance of less than 6% after 10,000 hours of operation.
General Electric knows of no other high-voltage sele-
nium cell on the market that can even approach their
performance.

The high output voltage permits the design of smaller
stacks while the low resistance means cooler operation
and the space saving that goes with it.

Stacks made with the new G-E cells may be obtained
with rated outputs from 18 to 126 volts d-c at .15 to 3.75
amps. Write now for Bulletin GEA-5280.

e — I
|
| General Electric Company, Section E§67-7

Apparatus Department, Schenectady 5, N. Y.

Please send me the following bulletins:
1
| Indicate GEA—4254 Push-button units
i ff°" GEA—4508 Inductrols
i ;en;;r?r\‘;(; GEA—5280 Selenium rectifiers

a GEC—270 SB-1 switch

{ for planning
| ariitamed i aTe GEC—368 Panel instruments
’ project (X) GEC—369 Vu volume-level indicators
: NAME _— _ —SS
i COMPANY
: ADDRESS . ——n T e
i arv STATE
L =
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“Wsdol 185
INDUSTRIAL CIRCUIT TESTER
I
,, 2 1 the shop . . . 28 ranges in one case to locate circuit troubles on production equipment.
On the bench . .. 28 ranges in one case for checking electrical equipment during manufacture.
" Inmthelab ... 28 ranges in one case immediately available for research and development work.

28 Instrument Ranges

D-C VOLTS: 100 mv, 1/10/50/200/500/1000 volts (20,000 ohms per volt).
A-C VOLTS: 5/15/30/150/300/750 volts.

D-C CURRENT: 50 microamps; 1/10/100 milliamps; 1/10 amps.

A-C CURRENT: .5/1/5/10 amps.

RESISTANCE: 3000/30,000/300,000 ohms; 3/30 megohms.

Stock Accessories Available for Extending Above Ranges

A It does so much, so well, for so little. Check your Weston Representative for full details or see your
local jobber. Weston Electrical Instrument Corporation, 618 Frelinghuysen Avenue, Newark 5,
New Jersey . .. manufacturers of Weston and Tagliabue Instruments.

« Dallas » Denver » Detroit Houston« Jacksonville  Knoxville oLittle Rock e Los Angeles» Meriden « Minneapolls « Newark « New Orlsans
« In Canada, Northern Electric Company, Ltd., Powerlite Devices, Ltd.

i

Albany « Atlanta « Boston « Butfalo « Charlotte » Chicago « Cincinnati» Cleveland
New York « @riando « Philadelphia « Phoenix « Pittshurgh « Rochester « San Erancisco » Seattle « St. Louis s Syracuse = Tulsa = Washington, B. C.
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Let OFMITE Engineers
BACK UP Your Engineers

IN SOLVING YOUR RESISTANCE PROBLEMS

The valuable time of your engineering staff can be conserved
appreciably by letting Ohmite help solve your difficult resist-
ance problems. Because Ohmite engineers are resistance spe-
cialists, they can quickly analyze your requirements and
recommend the correct rheostats and resistors—or frequently
a moneysaving combination—for your particular application.
Both Ohmite’s engineering help and its laboratory facilities
are available to you for the asking. Years of experience in
building dependable resistance units . . . and in helping others
to economically solve their resistance problems . .. are your
assurance Ohmite can help you.

Be Beghz weth- ©) 1l VN 17 2

Reg U. S. Pat. OF,

jtdwjﬁu/d Choice in. RHEOSTATS + RESISTORS * TAP SWITCHES




TYPES AND SIZES
For Every Resistor Need!

In addition to the many types of
resistors shown, Olimite offers re-
sistors in more than 60 sizes—

ranging from 2'.” diameter by 20”

long, to %" diameter by 17 long
— to meel your exaect require-
ments. Mauy sizes are carried

in stock.

Reg. U. S. Pat. Off.

RHEOSTATS - RESISTORS  TAP SWITCHES




BROWN
INSTRUMENTS
ACCELERATE
RESEARCH

Schematic
Wiring Diagram

Combines Longevity and Dependability

ELECTRICAL CHARACTERISTICS Bme The Brown
o A 400 Cycle Converter

CONTACT RATING—SPDT switching. Nominal .
rating, 28 volts to one microvolt, 1.0 milliampere; Practically identical to the service-proved 60 cycleconverter

maximum power, 100 microwatts. used in the Brown line of ElectroniK precision instruments,
this component is ideal for use with any system involving
the conversion of low-power direct voltage signals of the or-
der of 100 microvolts to 400 cycle alternating voltages. It is

SWITCHING ACTION—Each contact closed 55 per
cent of each cycle, closed simultaneously 5 per cent

of the time. - > ool - o
particularly useful for applications requiring error voltage
SYMMETRY—Within 5 per cent, measurements or null detection. The design and arrange-
ment of its contacts practically eliminateelectrostaticstray
LOAD CHARACTERISTICS—Resistive or inductive. potential pick-up. For detailed information, write for a

copy of DataSheet 10.20-1. MiNn~NEAPOLIS-HONEYWELL

S a0 salktusldssbath g roundod Recurator Co., Industrial Division, 4428

thi h pin No. 2. " . . 3

rough pin o Wayne Ave., Phila. 44, Pa. Offices in more
VIBRATION RESISTANCE—Output voltage will than 80 principal cities of the United
vary less than 2 per cent, with rates of vibration States, Canada and through-
from 0 to 10 g. out the world.

PHASE SHIFT—OQutput voltage differs from that of
driving voltage by 45 to 50 degrees.

STRAY PICK-UP—Sufficiently low for the measure-
ment of a one microvolt d-c signal after amplification
by a suvitable audio frequency amplifier.

Honeywell

BROWN INSTRUMENTS

ELECTRONICS — October, 1950
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Designed for Application
GRID DIP METERS

Millen Grid Dip Meters are available to meet all various laboratory
and servicing reguirements.
The 90662 Indusirial Grid Dip Meter completely calibrated for labora-
tory use with a range from 220 kec. to 300 mc. incorporates features
desired for both industrial and laboratory application, including three
wire grounding type power cord and suitable carrying case.
The 90661 Industrial Grid Dip Meter is similar to the 90662 except for
a reduced range of 1.7 to 300 mc. It likewise incorporates the three
wire grounding type cord and metal carrying case.
The 90651 Standard Grid Dip Meter is a somewhat less expensive
version of the grid dip meter. The caiibrction while adequate for
general usage is not as complete as in the case of the industrial
model. It is supplied without grounding lead and without carrying
case. The range is 1.7 to 300 mc. Extra inductors available extends
range to 220 kc.
The Millen Grid Dip Meter is a calibrated stable RF oscillator unit
with a meter to read grid current, The frequency determining coil
is plugged into the unit so that it may be used as « probe.
These instruments are complete with g built-in transformer type A.C.
power supply and interminal terminal board to provide connections for
battery operation where it is desirable to use the unit on antenna
measurements and other usages where A.C. power is not available.
Compactness has been achieved without loss of performance or con
venience of usage. The incorporation of the power supply, oscillator

JAMES MILLEN

MAIN OFFICE

and probe into a single unit provides a convenient device tor check-
ing all types of circuits. The indicating instrument is a standard
2 inch General Electric instrument with an easy to read scale. The
calibrated dial is a large 270° drum dial which provides seven direct
reading scales, plus an additional universal scale, all with the same
length and readability. Each range has its individual plug-in probe
completely enclosed in a contour fitting polystyrene case for assur-
ance of permanence of calibration as well as to prevent any possi-
bility of mechanical damage or of unintentional contact with the com-
ponents of the circuit being tested.

The Grid Dip Meters may be used as:

1. A Grid Dip Oscillator

2. An Oscillating Detector

3. A Signal Generator

4, An Indicating Absorption Wavemeter

The most common usage of the Grid Dip Meter is as an oscillating
frequency meter to determine the resonant frequencies of de-energized
tuned circuits.

Size of Grid Dip Meter only (less probe): 7 in. x 33/16 in. x 3% in.
Millen Laboratory Instruments are illustrated and described in our

Laboratory Equipment cataloguc, a copy of which will be mailed upon
request.

MFG.

AND FACTORY

CO., INC.

MALDEN, MASSACHUSETTS, U.S. A.
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Those in the Radio and Television Indus-
tries know from actual use the fine per-
formance of these Tubes.

They also know that our large production
capacity assures them of a dependable
source of supply with prompt delivery.

P

*

Ask us about these spirally

laminated paper base phenolic

tubes in diameters, wall thick-

nesses and lengths that will
meet ycur needs.

% CGE

NEW YORK AREA
NEW ENGLAND

CANADA

ELECTRONICS — October, 1950

EVELAND

01 BARBERTON AVE.
PLANTS AND SALES OFFICES ot Plymouth, Wisc., Chicago, Detroit, Ogdensburg, N.Y., Jomesburg, N.J.

CANADIAN PLANT: The Cleveland Container, Coanada, Ltd., Prescott, Ontario

CLEVELITE

and

COSMALITE’

LAMINATED PHENOLIC TUBING

is used also for many other electrical products at
a considerable saving where exacting specifica-
tions must be carefully followed. For the best . . .
“Call Cleveland.”

* Trade Marks

CONTAINERAFR

CLEVELAND 2, OHIO

ABRASIVE DIVISION ot Clevelond, Ohio

REPRESENTATIVES
R T. MURRAY, 614 CENTRAL AVE, EAST ORANGE, M. J.

R. S. PETTIGREW & CO., 968 FARMINGTON AVE.
WEST HARTFORD, CONN.

WM. T. BARRON, EIGHTH LINE, RR 41, OAKVILLE. ONTARIO
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“with AMERICAN i AIRLINES

p—— m— O
wr

\ iF

4 of

| States HERSCHEL WOLFP
of American Airlines

AYS Herschel Wolf, in charge of aircraft radio communications

for American Airlines: “You can trust G-E High-reliability
Tubes to do their job «/l the time. They’ve helped us lift our high
safety standards still higher.”

You can’t beat these special G-E miniatures for steady perform-
ance “under fire” —the kind of day-in, day-out job you can count
on. So take a tip from American and other enthusiastic users, and
specify G-E High-reliability Tubes in the equipment now on your
drawing-boards! You’'ll lower upkeep costs, increase safety factor,
widen your product’s acceptance.
Altimeters, radio compasses, radio control apparatus, h-f air-
craft receivers—all are emploving G-E High-reliability miniatures
with marked success. Every tube gets 50 hours’ service at the factory
under Class A conditions. Also, frequent samples are chosen for
life tests, during which the tube is operated normally but inter-
mittently by turning the heater on and off at one-minute intervals.

Communications . . . industry . . . along with aviation, find
numerous applications for G-E High-reliability miniatures—the
better tubes for better service where conditions are exacting! Write GL-5686
for further information. Learn more about what these tubes are; Sharp-cutoff r-f pentode
what they will do; how they can serve your needs more efficiently. H-f swin riode
Electronics Department, General Electric Co., Schenectady 5, N. Y. Power-amplifier pentode
Semi-remcte-cutoff r-f
pentode
Twin diode

Remote-cutoff r-f pentode
Pentagrid converter
High-mu twin triode
180-J0

Medium-mu twin triode
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TRANSFORMERS AT WORK—KENYON
pH Meter

CAMBRIDGE INSTRUMENT CO.,
INC.,, Grand Central Terminal, New
York City. The industrial model pH
Meter is a precision instrument for the
determination of acidity and alka-
linity of fluids, which finds wide appli-
cation in medicine, science and in-
dustry.

o i a5

}
po—
I'or manv years, Cambridge has used
KENYON Transformers in various in-
dustrial, research, laboratory and medi-
cal instruments,

Electrocardiograph

Another example of Cambridge pioneer-
ing is the Simpli-Trol Portahle Electro-
cardiograph-Stethograph, a diagnostic
instrument used by prominent cardi-
ologists, hospitals and medical schools
throughout the world for the study of
heart disease.

developments in
science and indusiry have been fur-
thered by instruments designed and
manufactured with KENYON Trans-
formers by the Cambridge Instrument
Co.

Many important

For over 25 years, leading manufactur-
ers and engineers in all fields have spe-
cified KENYON Transformers for in-
dustrial, communication, sound, elec-
tronic and scientific applications. Cam-
bridge, too, specifies KENYON Trans-
formers for quality, dependability and
sound construction! Advertisement

ELECTRONICS — October, 1950
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Here’s the Q" in Transformers

\

\
FsKENYoN Qudlity

one of the oldest names in transformers, offers
Kf; n‘I' O n you high quality specification transformers cus-

tom-built to your requirements — practically at catalog prices! For over
25 years the KENYON “'K" has been a sign of skillful engineering,
progressive design and sound construction.

RENYON'Speciate” e Descgued For:

JAN APPLICATIONS AUTOMATIC CONTROLS

BROADCAST AUDIO AMPLIFIERS
INDUSTRIAL MACHINERY EXPERIMENTAL LABORATORIES
RADAR ATOMIC ENERGY EQUIPMENT

Among many others

Consult our engineering staff on any of your
*'special’’ problems at no obligation to you.
Call or write now for our representative.

“’s’*— famous line of high <@
Kf} n‘l'o n quality, uniform transformers i
are ready for immediate delivery from stock. QOur !
standard line can save you much time and expense.
For a complete story about specific ratings on all
transformers, send for your copy of the latest
KENYON Catalog edition now!

KENYON TRANSFORMER CO0., Inc.

840 BARRY STREET NEW YORK 59, N. Y.

KENYON Transformer Co., Inc.
SEND 840 Barry Street, New York 59, N. Y.
FOR Send me the latest edition of your new catalog without obligation.

LATEST Name........... PER———, Sootocoi, Address....
CATALOG Position........ccooooivniiiiiiie ity
NOW!

COMPANY.....oiiiiiiiiiictieee e State................. e
We need “special” transformers —

i I Please have your representative call
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electronic voltage regulators

e MAXIMUM ACCURACY
@ MINIMUM DISTORTION

0 FREQUENCY INSENSITIVITY

Fe == Standard DC

*Qutput voltage 6 12 28 48 125

**Load in amperes  5-15-40-100 5-15-50 5-10-30 15 5-10

95-130 VAC single phase 50-60 cycles:
adapter available for 230 VAC operation

Input voitage

Regulation +0.2% from 1/10 to full load
Accuracy

Ripple voltage 1%
RMS Max.

Recovery time 0.2 seconds — value includes charging time
of filter circuit for the most severe change
in load or input conditions

*Adjustable-+10%,—25%
**Individual models identified by indicating output voltage first
then amperes. Example: E-6-5 6 VDC @ 5 amperes

Standard AC

50005
Model in VA Capacity 150§ 2508 20008 10000S
5008 10008 30008 150008

Regulation Accuracy  *+0.1% 0.1% 0.1% 0.1%

Harmonic Distortion 3% max. 2% max. 3% max. 3% max.

95-130 VAC also available for 190-260
VAC single phase 50-60 cycles

input voltage

Adjustable between 110-120; 220-240 in
230 VAC models

Output voltage

Load range O — Full load

P.F. range Down to 0.7 P.F.

NOTES: Regulators can be hermetically sealed.
Ali models temperature compensated.

SPECIALS Your particular requirements can be met by employing the ORIGINAL
SORENSEN CIRCUIT in your product or application.

SORENSEN REGULATORS can be designed to meet JAN specifications.

SORENSEN engineers are always available for consultation about unusual regulators to
meet special needs not handled by THE STANDARD SORENSEN LINE.

Wnite for (Complete Litenatune

_EOI'E"SEH and company, inc.

375 Fairfield Avenue, Stamford, Conmn.
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D FOR YOUR REQUIREMENTS
-y e 1p 3 2l
see

w

TTTTTUTY oo | 220 {220 008
; <{ § i |
- el g ke
H 1P %3
~ ge gz ;3o
[ | Q o' i HRS R
CERAMIC PLATE IS
2 + 50 o
. . 3-4 220 s mmf
Essentially similar, except m"‘shape, to Hi-Q Disk | ] 1 :g
Capacitors except that in the n’lultiple units they do o f 45 2207 20 % mmf
NOT have to have a common ground as is the case ! l . +75
_ ! g ) 56 005 " 2% mf
with disks. These Hi-Q Plates can be produced in an
unlimited range of capacities, the number on a plate PC-101
being limited only by the K of fhe material and the i
physical size of the unit. They offer the greatest avail- S uod  oos 1o loas 002
able capacity per unit volume of‘any type condenser | [
on the market. 1 ! H
Guaranteed minimum values of qapacity up to 33,000 ' 2 “ .
mmf per sq. in. are available. Thisis based on the use l $z E £ §§ Eg
of Body 41 ceramic having 3000 as a dielectric constant I “ T e ;§ =l 3 oz g2 |
“K” and .020 in. thickness and the formula: [ '23? § by %30°%3
- i . 1.2 .002 Y mf
D)9 - °
C (mmf) = 220 o ol @ﬂ iny + gg 12 002 T75 ¢ ¢
D | in. 23100 T 209 mmf + fgo
If temperature compensating ccru!nic: are used, the 3.4 005 T ;: % mf 35050 157 % mmf
capacity will be considerably lower Typical” circuits N 45 005 + '00‘7 mf
- . . 4.5 150 + 50 % mmf el .
are shown here, hut almost any combination can be — 50 /0 +75 .
ved f . L . ; + 75 5-6 100 7 o mmf
produced for your specific needs. Congult our engineers 56 005 T 2% mf 25
for complete details. Write for new l{l-Q datalog. 67 005 T ;: % mf
PC-103 PC-104 PC-105
002 008 150 150
3x.004 .003 005
F—\ 12002 T 729 m U — + 75
" | 3 34 .008 Min % mf 12003 T 2% mf
oz az | 2 g + 50, % " 3 + 15,
§§ §§ : | z 4.5 150 50 /e mmf ' gg 53 | -3 005 — 25 /o mf
»§§z 3§§u§ 5 ¢« ¥ 2 87 150 +5°o° mmf ! z 3 & '8t %z
e & = 8 - 28 IX 004 Min mf
— *.
- Y | A Y2k
T PCa107 |
sl ] | | WAYS
i -4
P 4 150 500
q 1 H 1~ BETTER 4
‘ 1 )/ PRECISION
‘ COMP ON Iy
! ] : 1 ) ! . ‘/ UNlFORM .
| ' | Capacitors 4/ DEPENDABILIT
I 2t 12 150 F 80 e | Choke Coils 1ZATION
, 25 7 \ Trimmers ® 1~ MINIATUR
| ] + 15, istors
JJ | ; | -3 500 " o0 % mmf ll Wire WQund Res
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{ JOBBERS — ADDRESS: 740 Belleville Ave., New Bedford, Mass.

e S ——— s et e e P St e e
4

bectical Reactance (Zorg.

OLEAN, N.Y.

y
B\

SALES OFFICES: New York, Philadelphiq
Detroit, Chicago, Los Angeles

PLANTS: Olean, N. Y., Franklinville, N. Y.
Jessup, Pa., Myrtle Beach, S.C.
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Products bearing the registered trademark *‘dag’’ originate only
with the Acheson Colloids Corporation, Port Huron, Michigan, or
with Acheson Colloids Ltd., London, England. Acheson Colloids is
the world’s largest producer of colloidal graphite dispersions for the
metalworking and electronic industries, and also supplies dispersed
pigments to a large segment of the color-consuming trade. The trade-
marks “Oildag”, “Aquadag”, ‘“Prodag”, “Glydag”, ‘“Castordag”,
“Varnodag” and “Gredag” identify particular products of Acheson
Colloids Corporation or its affiliates, and are duly registered in the
United States and in other principal countries of the world.

dag Achieson (Jollods (Jorporation, Port Huron, Michigan

| DISPERSIONS .. . also Acheson Colloids Limited, London, England
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QUICK, RELIABLE

impedance measurements
up to 500 megacycles

FTL-42A IMPEDOMETER

Any signal generator with 0.1 volt maximum
into 51.5 ohms output furnishes sufficient
power for operation.

Crystal detector and audio amplifier with
output meter have sufficient sensitivity as
a detector above 100 megacycles.

Compact, simple, accurate instrument for the measurement of impedance, attenuation,
reflection coefficient and standing-wave ratio at frequencies up to 500 megacycles.

Read relative voltages of incident wave, reflected wave and resultant. Plot diagram of
voltages on Smith Chart and impedance can be determined to +5%.

Requires no unusual accessories — only those found in every laboratory and test shop
working in the frequency range of the instrument: signal generator with 0.1 volt maximum
output, crystal detector, audio amplifier, and output meter. Below 100 megacycles a radio
receiver is desirable for its greater sensitivity.

In addition, the FTL-42A Impedometer can be operated with input power up to
several hundred watts when it is desired to drive the load in this manner.

Adapters for 1% inch line to type N are furnished so that the instrument can be used
with flexible cables.

The FTL-42A Impedometer can be used directly with 1% inch line, or with other
sizes of lines or cables by use of various adapters that are available.

It can be built for other impedances such as 72 ohms coaxial, according to require-
ments of user,

Dimensions of cabinet: 6'%s inches long by 5%s inches wide by 5% inches high. Net
weight including adapters is 7 pounds.
Price — $400.00

Write for complete FTL-42A brochure.

Federal Telecommunication Laboralories, Ine.

500 Washington Avenue Nutley 10, New Jersey

ELECTRONICS — October, 1950 41
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EM-PM FOCUS COIL—These units combine the NEW DEFLECTION YOKE-—Sweeps 70© with only HORIZONTAL SWEEP TRANSFORMER—when
effects of Alnico 6 permanent magnet and an 20 watts of power from a 260-volt supply. Ferrite used with high efficiency yokes, these ferrite core
electromagnet to provide uniform focus with a core units available for high efficiency applications. transformers provide 70° deflection at 13 kv.
minimum of circuit power.
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-
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GENERAL @3 ELECTRIC ..
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RECEIVER MANUFACTURERS

You can cut replacement parts servicing problems
to a minimum...keep your sets in the field with
the assurance of ready serviceability . . .

WIDTH & LINEARITY CONTROLS —
Provide convenient control of picture
and linearity by screwdriver .
adjustment.

reduce
ION TRAP MAGNET—

material and handling costs...by designing General * Available in two sizes, 35 and 42 gauss.

Electric TV components into your product.

More than twenty TV receiver manufacturers
are now using G-E components. Big makers like
them because they’re expertly fabricated, depend-
able, backed by a name you can depend on.

Smaller manufacturers turn to G.E. for compo-
nents specially adapted to fit particular designs.

VERTICAL SWEEP TRANSFORMER—For use in
magnetic deflection circuits from 50°-700. Design-

Remember_when you use G-E parts, duplicates are ed to match vertical output tube to deflection yoke.

stocked by G-E distributors and dealers everywhere
—automatic assurance that your sets will be repaired

in the field, not returned to the factory.

SERVICEMEN

Estimates peg the TV market at ten million sets in

FM WAVE TRAP—Reduces or eliminates interfer-

’ . 2 :
use by the end of 1950...that's your opportiunity! ence caused by FM broadcasting stations operating

in 88 to 108 mc channels.

Millions of G-E parts are now in receivers every-

where...and more manufacturers are turning to
General Electric every day...Be sure yvou get vour
share of the skyrocketing replacement business that
supports these receiver sales...that's your market!

Now—for the first time—dealers and servicemen
can stock the complete line of General Electric

IF WAVE TRAP—Designed to reduce or eliminate

components shown here! They're available through interference on TV receivers caused by signals at

IF frequencies of 41-47 mc.

parts jobbers and distributors in your area.

Put yourself in the replacement
business for keeps—and for profit.
Call your jobber or distributor for full
details. Meanwhile, send for the com-
plete G-E Parts Catalog, just off the
press. Mail the coupon and the cata-
log will be rushed to you—free!

ELECTRONICS — October, 1950

ARE YOU READY?

MAIL THIS COUPON TODAY!

General Electric Company, Section 4100,

Electronics Park, Syracuse, N. Y.

b want my share of the new TV replacement market. Send me
complete catalog of TV components and facts on service sales. .

NAME
®

ADDRESS

cITY STATE .
0000000000
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wnovox MR-
_MIN IATURES

(TYPE P83Z AEROLITE* CAPACITORS)

@ A thousand to the pound! Smaller than
previous “smallest,” these molded ther-
moplastic tubulars unfold an entirely
new concept of capacitor construction.
The smaller physical sizes are directly attributed to the
latest metallized-paper technique which combines both
dielectric and electrodes in a single winding strip. Unusu-
ally strong lead connections to capacitor section. Since
capacitance is predetermined mechanically in the initial
processing, it is no longer necessary fo rely on the human
element for capacitance control.

Type P83Z Micro-miniatures are particularly applicable
to that portion of the electronic field where low capaci-
tance paper capacitors and high-capacity disk capacitors

are now being used. #Trade-mark

Featuring...
Two sizes: 3/16” d. x 7/16" L; 1/4”" d. x 9/16" L.
200, 400 and 600 rated voltage; 300, 600 and 900 test voltage.

Hyvol K impregnated in humidity-resistant molded thermoplastic
case.

Operating temperature from —15°C. to +85°C. without derating.

Powoer lactor less than 19 when measured at or referred to {reo-
quency of 1000 cps and ambient temperature of 25°C.

Life test: 1000 hours at 1.25 times rated voltage in ambient temper-
ature at 85°C,

Insulation resistance of 25,000 megohms or greater, measured at

or referred 1o temperature of 25° C. Insulation resistance at 85°C.,
$00 megohms or greater.

| ® Try Aerovox Micro-minia- i
tures in your minfaturized as-
semblies. Write Dept. MM- 83 ‘
for engineering data, samples,
guotations and application-en-
gineering aid.

FOR RADIO-ELECTRONIC AND
INBUSTRIAL APPLICATIUNS

AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S.A.
Sales Dftices Ir All Princpal Cities » Export: 41 E. 42nd St., New York 17, N. Y.

> h.:aﬂ..__u__-_.—“:.. =

Cable: AIROCHP, N. Y. « In Canada: AEROVOX CANADA LTD., Hamilton, Ont.
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1 SUB-MINIATURE “GUIDED MISSILES” FILTERS 3 HIGH Q TOROIDAL COILS
For security reasons details of this development in “Actually the first essential requirement in the design
miniaturization must be omitted. It can be told, how- and manufacture of high quality audio filters, these
ever, that all six channels are contained in a total toroids wound on molybdenum permalloy cores have
volume of 18 cubic inches or 3 cubic inches per provided the almost impossible solution for many
channel. network problems. As the leading independent man-
ufacturer of toroids, our products are backed by
2 TONE GHANNEL F"_TEns years of experience and specialized knowledge.”
1 Available for cither 170 or 340 cycles spacing hetween 4 TELEMETER"‘G FILTERS
L channels. These filters have received wide accep- Among the earliest to he employed in the improved
tance and are extremely popul_al‘ among maanpc- telemetering system now in general use. Particular
turers of carrier telegraph equlpment._ In addition attention has been paid to linearity of phase shift
to the‘many standard types of tone !1lte|:s we are and good transient suppression as well as high inter-
supplying, special charac(erls‘tlcs can readily be in- channel attenuation in order to eliminate distortion
corporated into designs to snit your application, in telemetering reception.
~“Filters such as these are included in a nide variety of types which we are now
producing for manufacturers and users of microwave commumications and relay
N equipment. We would be pleased to discuss your application for filters in this
field and bring you up to date on the latest developments in the application and
design of filters which have resulted from our close association with the carricr
1 communications industry.”’

ELECTRONICS — October, 1950

YONKERS 2, NEW YORK

CABLE ADDRESS “BURNELL"
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MICROWAVE TEST SET ... TYPE H-1 0

UHF SIGNAL GENERATOR ... TYPE

ARC COMMUNICATION AND NAVIGATION EQUIPMENT

Checks on...

@® 24 Omnicourses

® Leftcenter-right on
Phase-localizer

@ Left-center-right on
Amplitude-localizer

@ Omni course sensitivity

® To-From and Flag-alarm
operation

@ All necessary quantitative
bench tests

T e

Provides source of cw or
pulse  frequency - modu-
lated RF, power level —37
to —90 dbm. RI power
meter measures levels
from +7 to +30 dbm. Frequency meter
for measuring output or input REF accu-
rate to better than 20 me. Primary pur-
pose of the H-10 is to measure receiver
sensitivity, bandwidth, frequency, recov-
¢ry time, and overload characteristics,
plus transmitter power and frequency.
Recommended as a standard source of
REF for research or production testing.
Fqual to military TS8-223/AP.

PRICE: $1692.00 net, f.o.b. Boonton, N. J.

H-12

900-2100
MEGACYCLES

23,500-24,500
MEGACYCLES

Provides source of cw or
pulse amplitude-modulat-
ed RF, power level 0 to
—120 dbm. Internal pulse
circuits with controls for
width, delay, and rate, and provision for
external pulsing. Single dial tuning, fre-
quency calibration accurate to better than
1%. Built to Navy specifications for
research and production testing. Equal to
military TS-419/U.

PRICE: $1950.00 net, f.o.b. Boonton, N. J.

Aircraft Radio Corporation also manufac-
tures LY and VHF airborne communica-
tion and navigation equipments - all
CAA-Type-CertiEcated for scheduled air-
carrier ‘use or for those whose type of
flying requires a high degree of -reliabil-
ity and performance. Equipment consists

of light, small units which can be com-
bined to provide the required operation,
whether it be the 1 Receiver/1 Transmit-
ter (15-pound) installation in a 2-place
helicopter, or a 3 Receiver/2 Transmit-
ter/VHF Omni installation (70 pounds)
in larger 2-engine aircraft.

Use the H-14
for Testing Omni
Receiving Units in Aircraft

. .....oronthe Bench.

The Type H-14 Signal Generator,
108-118 megacycles provides a
standard signal source for the com-
plete testing of VHF airborne
omnirange and localizer receivers
in aircraft or on the bench. It pro-
vides for testing 24 omni courses,
plus left-center-right checks on both
amplitude and phase localizers. Air-
craft may be checked out quickly
and accurately just before take-oft.
RF output for ramp checks, 1 volt
into 52 ohm line and for bench
checks, 0-10,000 microvolts. Pro-
vision for external voice or other
modulation. AF output available for
bench maintenance and trouble
shooting.

N

PRICE: $885.00 net, f.o.b.Boonton,N.J.

-

ircraft

adio
Co!Soration

Boonton, N. J.
Dependable Electronic Equipment Since 1928

WRITE TODAY for descriptive bulletins on any of these instruments
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I n medieval times, a coat-of-arms had an import-
ance that could not be overestimated. It was
granted as a personal badge, signifying the attri-
butes and accomplishments of its proprietor—and
as such was respected thruout the civilized world.
It had no duplicate.

In turn, the emblem imposed upon _ts owner a
responsibility for maintaining an enviable reputa-
tion—a condition which stimulated general con-
fidence in him.

Times have changed, but not all tFin gs. The
sense of sanctity of an emblem is prevalent today as

i

€

it was hundreds of years ago. That is why we take
such pride in our trademark: NICHROME.

It is evidence of our accomplishment; our unique,
personal badge — respected everywhere. Granted
solely and wholly to us by the United States Patent
Office over forty years ago, it symbolizes a series of
superb electrical heat and corrosion-resistant alloys
(developed and produced only by Driver-Harris
Company) which today is serving industry all over
the world.

Yes, there are other excellent heat and corrosion-
resistant alloys, but only one NICHROME—the
product of exclusive Driver-Harris knowledge and
techniques.

We are well aware of our obligation to maintain
its reputation, both here and abroad. In fact, such
obligation is an inspiration to give of our best—
now, tomorrow, and always.

Nichrome* is manufactured only by

Drzver-Harris Company
HARRISON, NEW JERSEY

BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, San Francisco,

Manvfactured and sold in Canada by
The B. GREENING WIRE COMPANY, LTD., Homilton, Ontario, Canada

*T.M. Registered in United States Patent Office by Driver-Harris Company August, 1908
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PUSH-PULL

OSCILLOSCOPE | " 3 mw

Rt

P

%* New AC and DC push-pull amplifier.
* New step attenuator frequency compensated input.
* New non frequency discriminating input control.

* New heavy duty power transformer has 68% less magnetic
field.

* New filter condenser has separate vertical and horizontal
sections,

* New intensity circuit gives greater brilliance.

* Improved amplifiers for better response useful to 2 megacycles
* High gain amplifiers .04 Volts RMS per inch deflection.

* Improved Allegheny ludlum magnetic metal CR tube shield.

* New synchronization circuit works with either positive ¢r nega-
tive peaks of signal.

* New extended range sweep circuit 15 cycles to over 100,000
cycles,

* Both vertical and horizontal amplifier use push-pull pentodes
for maximum gain.

The new 1951 Heathkit Push-Pull Oscilloscope Kit is again the best
buy. No other kit offers half the features — check them,
Measure either AC or DC on this new scope — the first oscilloscope
under $§100.00 with a DC amplifier

. The vertical amplifier has frequency compensated step atcenuator input
P E N S I V E M o D E I- s‘2 into a cathode follower stage The gain control is of the non frequency
|N EX discriminating type — accurate response at any setting. A push-pull
. pentode stage feeds the C.R. tube. New type positioning control has

S w I T C H § K l T wide range for observing any portion of the trace.
E L E C T Ro N I C The horizontal amplifiers are direct coupled to the C.R. tube and may
P be used as cither AC or DC amplificrs. Separate binding posts are

i i - provided for AC or DC.
Twice as much fun with your oscdloscopﬁ y provied or AC!
2 observe two traces at once — see bot - 7 I A
the input and output traces of an amphnci{ ‘ ;
and amazingly you can control the size an

ype sweep generator has new frequency compen-

sation for the high range it covers; 15 cycles to cover 100,000 cycles

The new model 0-6 Scope uses 10 tubes in all — several more than
ately — super- | . any other. Only Heathkit Scopes have all the features.
position of cach trace separ . !eparate for ; New husky heavy duty power transformer has 50% more laminations,
impose them for comparison of - ) : It runs cool and has the lowest possible magnetic field. A complete
observation — no connections 1nside Sh PT N electrostatic shiel
All operation electronic, nothing mechan

d covers primary and other necessary windings and
‘ons has lead brought out for proper grounding.
cal — ideal for classroom demonstratio : The new filter condenser has separate filters for the vertical and
checking for intermittents, ctC. Dlsgor- : / horizontal screen grids and prevents interaction berween them.
tion, phase shift and other defects s Saolll An improved intensity circuit ptovides almost double previous bril-
up {nstantly. Can be used with any type liance and better intensity modulation.
or make of oscilloscope. So inexpensive ; A new synchronization circuit allows the trace to be synchronized
. without one.
ou can't afford to be_ e
v Has individual gain controls, position

with either the positive or negative pulse, an important feature in
observing the complex pulses encountered in television servicing.
ing control and coarse and fine switching

The magnetic alloy shield supplied for the C.R. tube is of new design
e e e e rime Sq‘ialr(e) "“dl.““§ a special metal developed by Allegheny Ludlum for such
; imi B 1cations.,
; rer limited range. = . '

‘\‘j'mle(%e:scf:)arﬁrero(;ﬁémmd Semstetal s The }gﬁqthki( scope cabinet is of aluminum alloy for lightness of

S i ; Occupies e et

;ith tubes, cabinet and all parts.
:\el;l; lli;ttlc’space beside the scope. Better

i The kit isbcomlpleltg, all tuprcif, cabinet, tmns{ormeli, ﬁontrols, %rid

y A . Mode screen, tube shield, etc. € instruction manual has complete

get one. You'll enjoy 1t immensely. b step-by-step assembly and Fictomls of every section. Compare it

§$-2. Shipping Wt, 11 lbs. \{"‘l/th z}’l‘l)ol;)hers and you will buy a Heathkit. Model 0-6. Shipping
T, S.

EXPORT DEPT.

13 East 40th St.
NEW YORK CITY (16)
CABLE: ARLAB-N.Y.

...BENTON HARBOR 14, MICHIGAN d
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FOR CONTROLS,
As “Big Business,” television came
RESISTOR S, BEAM-BENDERS suddenly. Just as suddenly, Claro-

stat was ready. Three decades of
pioneering and specialization,
backed by a plant second to none,
assured TV designers and manu-
facturers of an outstanding selec-
tion of resistors, controls and
resistance devices.

And when ion spot blemishes be-
came a major problem, again
Clarostat was ready with simpler
and cheaper beam-benders.

Thus Clarostat products are al-
ready representcd in over 5,000,000
sets and in countless radios in
daily use. All because, for quality,
uniformity, dependability, econ-
omy, it’s CLAROSTAT.

WRITE FOR Engineering Bulletins on
fesistors, confrols and resistance
devices, Let us collaborate on
your control and resistance prob.
lems and requirements,

Controls and Resistors

CLAROSTAT MFG. CO., INC. o DOVER, NEW HAMPSHIRE
IN CANADA: CANADIAN MARCONI CO. LTD., MONTREAL, P. Q., AND BRAMNCHES
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DVANCED ELECTRONICS
ANTON LABORATORIES is a complete, self-contained
electronic establishment in which the advanced
designs of skilled technicians are converted into
a wide range of outstanding instruments and com-
ponents for measurement and generation of
radiation—equipment that has won the acclaim of
users in research laboratories, schools, hospitals,
and the acceptance of manufacturers and the
Armed Forces.

Located in the center of research activity, in New
York City, cooperating with eminent scientists in
many fields, the ANTON Laboratories provide
completely integrated facilities for research and
production. We design what we make—and make
what we design—all under one roof and one man-
agement. We do an outstanding job, because we
do all of the job.

Most recently, our work in cooperation with the
U.S. Navy and the Naval Research Laboratories
has resulted in the development of Counter Tubes
of greatly improved sensitivity, performance and
dependability. These are now available to labora-
tories and manufacturers of quality instruments.

Complete Tube Catalog, containing detailed specifi-
cations and technical data, is available upon request..

=
S0

.
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TYPE 302—
U. S. NAVY TYPE BS-2. Low sensitivity

gamma counter, extremely short dead time—
for precision high intensity measurements.

TYPE 201—U. S. NAVY TYPE BS-1.

High sensitivity end mica window counter for 8,
Y, and high energy @ detection. Specificolly

. designed for precision survey instruments,

IMPROVED COUNTER TUBES

Anfon Tubes are the product of years of
intensive research effort—employing new
methods in design and manufacturing, im-
proved materials, precision workmanship,
and controlled production techniques.

e GROOVED CERAMIC INSULATORS
A basic improvement over conventional
flame-worked glass bulb: Precision molded
...uniform diameter...accurate align-
ment . . . mechanically stronger. Deep
grooves lengthen surface path to minimize
external leakage. No bulge around cath:
ode to interfere with probe assembly or
restrict “’stacking’’...no wax coating to be
scratched...and non-photosensitive.

e HALQGEN QUENCHED

Uniform, stable characteristics unaffected
by use...cannot be damaged by sustained
over-voltage ... operating range —55°C
to +-75°C...long shelf life...large pulse
amplitude.

e MECHANICAL DESIGN

Mechanically rugged, capable of with-
standing shock and vibration ... designed
for convenient incorporation in instruments
...exhaust tip protected by screwed-on
terminal cap.
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Glideslope Receiver

rs

eseinside and ovut

THIS is the new Collins 51V-1 glideslope

receiver for aircraft. Note the orderly
design, and the accessibility of all tubes,
components, and wiring.

The 51V-1 provides reception of 90,/150
cps tone modulated glideslope signals on
any of the twenty channels in the uhf range
of 329-335 mc. This receiver together with
Collins 51R navigation equipment will
fulfill ILS receiving requirements for mili-
tary, commercial and private aircraft. The
design of the 51V-1 is based on “Glideslope
Receiver Characteristics” issued by Aero-
nautical Radio, Inc., and on U. S. Airforce
specifications.

Output circuits of the 51V-1 receiver feed
standard ID-48ARN deviation indicators
including flag alarm. By means of the flag
alarm the pilot has a positive indication of
the reliability of the glideslope signals and
instrumentation.

The 51V-1 control circuits are integrated
with the standardized R/6 channeling sys-
tem with channel selection provided by
means of a Collins 314U remote control unit.

More complete information, in the form
of anillustrated bulletin, is yours on request.

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

COLLINS RADIO COMPANY, Cedar Rapids, lowa -
2700 West Olive Ave., Burbank, Calif.

B

/
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New Tough Insulation
Speeds Coil Production

In coil manufacture, the amazing flexibility
of BH "649” Fiberglas Tubing and Sleeving
permits ease of push-back with no loss of
physical or dielectric properties. Saves valu-
able production time. Cuts down rejects.
BH “649” can be twisted, compressed, folded
— with no cracking or rupture of the film.

BH “649" has a smooth borc, handles easily
during production with no snagging. Will
not support combustion. Resists moistur

oils, grease or ordinary chemicals. Remains
supple after baking at 302°F. for 24 hours.
Unaffected at temperatures as low as —G67°F.
Suitable for use with most impregnants— for
complete test data, see our Technical Data
Folder. BH “649” is made in Grades A-1,
B-1, C-1 and C-2—in all sizes from No. 24
to %" inclusive. Write tor production

samples.

TLEY, HARRIS MANUFACTURING COMPANY
CONSHOHOCKEN, Pa,

Bentley, Harris Mfg. Co., Dept. E-42, Conshohocken. Pa.
I am interested in BH "649" Fiberglas Tubing and Sleeving. Send samples for production

testing of Grade in sizes as follows____ for
(size or I.D.)

peratures of. °F. at volts.

NAME

(product)

Send samples, pamphlcts and prices
operating at tem- on other BH Products as follows:
[0 BH non-fraying Fiberglas Sleeving

[J Cotton or Rayon-base Sleeving and

ADDRESS

Tubing

ELECTRONICS — October, 1950
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"MINIATURE TUBE SOCKETS

7-PIN and 9-PIN...and SUBMINIATURES

Premium Tnsulation

Priced Competitively

Now MYCALEX offers both 7-pin and 9-pin miniature
tub§ sockets . . . with superior low loss insulating prop-
erties, at prices that offer ceramic quality for the cost
of phenolics.

MYCALEX miniature tube sockets are injection
molded with precision that affords uniformity and
extremely close tolerances. MYCALEX insulation
has high dieleccric strength, very low dielectric loss,

high arc resistance and great dimensional stability.

Produced in two grades: MYCALEX 410 con-
forms to Grade L4 specifications, having a loss
factor of only .015 at 1 MC. It is priced compar-
ably with mica filled phenolics.

MYCALEX 410X is for applications where low
cost of parts is vital. It has a loss factor only one
fourth that of “everyday” quality insulating

materials, and a cost no greater.

Prices gladly quoted on your specific require-
ments. Samples and data sheets by return mail.
Our engineers will cooperate in solving your

problems of design and cost.

Mycalex Tube Socket Corporation
“Under Exclusive license of Mycalex Corporation of America”
30 Rockefeller Plaza, New York 20, N. Y.

5 “Owners of 'MYCALEX' Patenfs”

RADE MARKREG.US. PAT. 0 Execative Offices: 30 Rockefelier Plazs, New York 20, K. Y. let\quﬁg{'enlxnjllﬁcs::.
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Airborne Instruments Laboratory Specifies

CLARE:«-~RELAYS

For Aircraft, Ship and
Submarine Control Equipment

r‘ [l
i
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Cutaway view of typical CLARE Type
"K" d-c Relay which is hermetically
sealed in @ permanent atmosphere of
dry, inert gas to give maximum per-
formance under the most extreme con-
ditions of dust, moisture, air pressure
and combustible gases.

Front view of Airborne Instruments Lab-
oratory control panel, with cover re-
moved, showing group of eight CLARE
hermetically sealed relays which per-
form important circuit control functions.

Close-up view of the CLARE
relay installation which dem-
onstrates the economical use
of space which use of CLARE
sealedrelaysmakespossible.

CI.ARE
Type "K” Hermetically

Sealed Relay

Airborne Instruments Laboratory of Mineola, N. Y.
uses CLARE Type “J”

components of ruggedly designed but delicatelv operated

and Type “K” sealed relays as

control equipment for aircraft, ship and submarine.

These small, compact, space-saving relays are used in
circuil applications that cover the broad field of low and
high current, a-¢ and d-c switching and video switching.
CLARE Type “J” and Type “K” Relays were selected for
their outstanding speed of operation, dependable per-
formance, resistance to vibration and very small size.
Hermetically sealed in dry, inert gas, they are immune to
changes in atmospheric pressure, humidity, dust or dirt

. will operate as required over a long period.

CLARE relays have long been first choice of manufac-
turers whose products must not fail. Selection of high-
est quality materials, precise manufacture and ability to
“custom-build” just the relay for a specific requirement
have made CLARE relays first choice with engineers who
the best.

insist on . ..and get . ..

Sales engineers are located in principal cities to cooper-
ate with you in the development of a CLARE “custom-
built” relay that will meet your most difficuli relay need.
Look in your classified telephone directory or wrile:
C. P. Clare & Co., 4719 West Sunnyside Ave.. Chicago
30, Illinois. In Canada: Canadian Line Materials Ltd.,
Toronto 13, Ontario. Cable Address: CLARELAY.

ERRE DRSS

First in the Industrial Field




SWITCH
SNap I_\(T\O“

management of Acro Manufacturing Company, Mu and

Acro snap-action switches comprise the finest and most

complete line obtainable. The combined plants, with en-

larged engineering and research facilities, are equipped to

THE BIG NAM precisely manufacture (or develop, if required) the style
IN switch which best suits your needs. To old or new Acro

and Mu customers our expanded facilities will bring even
ELECTRICAL SWITCHES'

4
\ %W W\mder' the strong ownership-

better products and service. Design engineers are invited
10 submit their switch problems to us for speedy, economical
solution. Write ecither location.

ACRO MANUFACTURING COMPANY

MU SWITCH DIVISION ACRO SWITCH DIVISION

CANTON, MASS, COLUMBUS 16, OHIO

COIN SWITCHES, OPEN BLADES, PHENOLIC ENCLOSED, METAL CLAD, MINIATURES, HIGH VOLTAGE, D.C.. PUSH BUTTON, PANEL MOUNTS
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the

America’s finest
portable tape recorder

Look at these features:

* Three heads for recording,

playback, erasing.

* Separate recording and

monitoring amplifiers.

* Three microphone input.

* Speeds: 15 and 7%’ /sec.

* Frequency response:
50-15,000 cps.

* Power supply and

amplifier in separate,

leatherette covered cases.

The PRESTO PT-900 has been chosen by discriminating engi-
neers, educators and broadcasters throughout the country as
the best constructed, best performing, most durable, portable
tape recorder available today. Combining the features of ma-
chines costing hundieds of dollars more, the PT-900 answers
the need for a recorder of ultra-high fidelity in a completely
portable, compactly designed unit. Built by the world’s largest
manufacturer of recording equipment and discs, the PRESTO
PT-900 is precision engineered for years of satistying service.

2 @ﬁ@ RECORDING CORPORATION
Paramus, New Jersey

In Canada: Walfer P. Downs, ltd., Dominion Square Bldg., Montrea!, Canada
Overseas: M. Simons & Sen (»., Inc., 25 Warren Sireet, New York, N. Y,



the New

PYRAMID

“Humidi-Seal

(TUBULAR PAPER CAPACITOR)

\

Ruggedly built to
withstand undue
vibration and rough
handling

Outer tube
plastic impregnated

to prevent —»
moisture-absorption

Light outer coat
of high-temp wax
provides

double protection

Each end
plastic sealed
against moisture

Leads anchored
securely in solid
plastic end

Type 85TOC “"Humidi- |
Seal” capacitors are
specially designed for

85° C. operation, even

in the most humid at-
mospheres, and will meet

the severe present-day
demands of endurance in }
television receivers, ovuto
radios, etc.

WRITE FOR COMPLETE LITERATURE

Representatives and Distributors
throughout the U.S.A. and Canada

§ PYRAMID

PYRAMID ELECTRIC COMPANY

155 Oxford Street
Paterson, N. J., U.S.A.

TELEGRAMS: WUX Paterson, N. J.
CABLE ADDRESS: Pyramidusa

lbs..
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BUSINESS BRIEFS

By W. W. MacDONALD

Better Men than this Business
Briefs editor, in government and
industry, are reshaping our econ-
omy to meet the requirements of
peace, part-time police action or
full-scale war. We are glad they
are doing such planning, for the
transition from the first condition
to the second has already oc-
curred and the third step seems
probable. The only real uncer-
tainty appears to be one of termi-
nology and timing.

We think that no matter which
way the bear jumps the devotion
of American men and materials to
purely military projects will
eventually be at least equal to that
which applied at the close of
World War II. We think the elec-
tronics industry will ultimately
face a greater manpower shortage,
receive more military equipment
orders, and have to suspend more
civilian business  than most
people believe at this time. We
think this will be more apparent
after the November elections.

Having said all this, we can now
report current news out of Wash-
ington, without further editorial
comment. . . . . .

Mobilization Plans already be-
ing implemented as this item goes
to press lead Washington officials
to believe that military orders for
electronic items through the re-
mainder of 1950 and fiscal year
1951 will total between $2 billion
and $2.4 billion, with equipment
actually shipped totalling about
$1.5 billion.

Electronic industry spokesmen
say that if this is so military busi-
ness will require about 25 percent
of their plant capacity and man-
power to handle. This might per-
mit an industry goal of 6 million
television sets and 10 million radio
receivers to be reached in 1950,
despite an anticipated sharp drop
in December. A reduction in civil-
ian business of from 20 to 25 per-
cent would be sufficient in 1951.
Military people think this is over-
optimistie.

Some raw materials are already
in short supply due to military

needs. Some component parts ave
in short supply due to heavy tele-
vision receiver production and
protective stockpiling. Allocations
in some categories seem likely.

Three Major Groups have
been set up by the electronics in-
dustry to work closely with the
military. They are: (1) the Na-
tional Klectroniecs Mobilization
Committee, which is a joint under-
taking of RTMA and NSIA; (2)
the Electronics Industry Advisory
Committee, appointed in 1948 by
the Munitions Board and NSRB;
and (3) the Army Signal Corps
Advisory Council.

Navy has set up a new Elec-
tronies Office, part of the Office of
Navy Materiel located in the Exe-
cutive Office of the Secretary of
Navy. It will serve as a central
point of contact for contractors
formerly dealing individually with
BuShips, BuAer, BuOrd, BuSup-
plies and Accounts.

Training Servicemen capable of
handling electronic equipment to
the satisfaction of the Navy De-
partment in time of war costs
from 10 to 100 times the value of
the equipment these men maintain,
according to L. V. Berkner of Car-
negie Institute. It takes from two
to four years, plus an additional
four to ten weeks on each new
highly specialized piece of equip-
ment.

Editorial Assistant Jack Carroll
went on ELECTRONICS’ masthead
last month. This month he is back
in his Ensign’s uniform and Some-
where in the Pacific.

Fascinating Fact of the month
is the granting of permission to
remain silent for one day to radio
stations KFGQ and KFGQ-FM by
the FCC. It seems that the sta-
tions are run by a biblical college
and the staff needed a day off to
attend graduation exercises in
Iowa City.

Puerto Rico, because of a very
lenient corporation and personal
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For low impedance applications...

- SYLVANIA Germanium Diodes

All Germanium Diodes are notable for

5 their low forward impedance. But the
IN56 is specially engineered to make
the most of this quality.

Typical 1N56 Resistance Characteristic Use this diode for high efficiency cir-
cuits with low input and output im-
pedances. Use it for relay activation,
heavy current and surge applications

& with low impedance coils, transformers
and condensers.

Try the 1N71 varistor in carrier teleg-
raphy and telephony work. The low

1N56 DIODE with a potential of +1 shuntcapacitanceinsureshighefficiency
volt will pass a current of 15 ma. or more. throughout the high frequency range.
With a potential of —30 volts, less than Y 1l find thi . v ef
300 pa. will flow. ou wi nd this varistor equally el-

ficient in low impedance modulator cir-
cuits of the carrier suppression or
carrier transmission type.

Both the IN56 Germanium Diode and
IN71 Varistor are available from Your
Sylvania Distributor. Also ask him
for a copy of the new book “40 Uses for
Germanium Diodes.” Priced at only
$1.00, it is the most complete collec-
tion of germanium diode

For Carrier Communications
1N71 VARISTOR —The 1N71 con-
sists of 4 matched low impedance
diodes each of which, with +1 volt
impressed, will pass a current within
one ma. of the average current of
the four.

applications yet published.
Call him today ... or
mail the coupon below.

Sylvania Electric Products Inc.

ELECTRONIC  OEVICES; '
Dept. E-1010, Emporium, Pa.

-
!

RADID TUBES; TELE- |
VISION PICTURE TUBES; . I
ELECTRONIC TEST | { . |
EQUIPMENT; FLUORES- s i
CENT LAMPS, FIX- |
|

|

[

I

TURES, SIGN TUBING, Name
WIRING DEVICES; LIGHT
BULBS; PHOTOLAMPS; Street
TJELEVISION SETS |
) f City Zone__State
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swock ~ visrarion NEWS

There’s a BARRYMOUNT 3
for each of your needs! -

AIRCRAFT MOUNTING BASES

=

Standard bases with dimensions to govern-
ment specifications. Special bases to cus-
tomers’ exact requirements.

AT

o
i
=

For mobile, railroad, and shipboard elec-
tronic and electrical equipment. Also for
isolation above 2000 c.p.m., and for general

sound isolation.
! 9

e
e% ' .o

AIRCRAFT VIBRATION ISOLATORS Ny

-

<>

Unit isolators designed to meet Army. Navy,

and CAA requirements. Stock mountings —

k /s pound to 45 pound load range. Others
on order.

SHOCK MOUNTINGS

INSTRUMENT MOUNTINGS

- |

>
= gaa For electronic components, tiny fractional

H.P. motors, record changers, dictating
machines. and other lightweight apparatus.

e e -
INDUSTRIAL MOUNTINGS
= .

For fans. motor generator sets, transformers,
presses, other heavy industrial equipment.

Free Cdfdlog.f give dimensions and load ratings of stock
BARRYMOUNTS. Catalog 502 covers aircraft

applications. Catalog 504 covers industrial and
general-purpose mountings. WRITE TODAY to

BAR RY cos

Main Office 177 Sidney St.
New York

THE

Cambridge 39 Massachusetts

Rochester Philadelphia Cleveland Dayton

St. Losis

Washington

Chicago ‘Los Angcles Toronte

Minneapolis

62
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BUSINESS BRIEFS (continued)

tax policy that is unique in the
U. S, is being eyed as a plant loca-
tion by a number of manufactur-
ers. Already several people in our
business have set up shop in the
unincorporated territory and one
or two others appear to be on the
verge.

First Six Months of 1950 saw
production of the following re-
ceiver totals by RTMA members:

{{ome Radios

Ty ine. portables) Cur Sels

Jany 335,588 170,715 189,480
Ieh 367,065 529,254 221,130
Mar 525,277 724,691 255,673
Apr 420,026 618,352 234,351
May 376,227 693,592 206,464
Jun 388,962 781,108 270,318
The 2,413,145 tv sets produced

in the first half of 1950 compared
with 913,071 made in the corre-
sponding period of 1949. The 5,-
228,170 radio sets made compared
with 3,481,858 made in the preced-
ing comparable period.

F-M and FF-M—A-M radios in-
cluded in the figures above totalled
539,852 in the first six months of
1950, an increase of 115,000 over
the first six months of 1949. In
addition, 225,673 of the television
sets made from January through
June this vear had f-m reception
facilities.

Receiving Tube Sales by manu-
facturers totalled 170,375,921 in
the first half of 1950 as against
81,663,218 in the first half of 1949.

l Electrons, Ine. says Detroit is
| still number one market for indus-
trial thyratrons of its manufac-
ture, but that Milwaukee and
Cleveland are running a close
second and third. We wonder how
these and other cities stack up as
industrial electronic equipment
markets for others.

Heard In A Lab, and applicable
in many other walks of life: “He
has an unerring instinct for the un-
important.”

Mexican XHTV is now trans-
| mitting television programs on
| a commercial basis two hours

nightly, transmits music and a test
pattern two additional hours each
day. At least three major U.S.
television receiver brands are be-
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ing sold in quantity in DMexico
City.

In July we mentioned a 700-
outlet master television antenna
system installed in New York and
invited correspondence from any-
one who knew of a bigger job.
Curtis Pierce of RCA Victor Dis-
tributing now tells wus that
Roberts-Stage Electric is complet-
ing a 740-unit installation suitable
for both television. and f-m on
Chicago’s Lake Shore Drive.

New Product ldeas are always
interesting to manufacturers. If
you have one tell us about it.
Maybe we can help.

Advertising Copywriiers are in-
deed ingenious in the matter of
artwork. Looking through the ads
in one of our recent issues we note
the presence of such widely
assorted eye catchers as flying
saucers, Indians, tight-wire artists,
ghosts, magicians, elephants and
butterflies.

September Issue Ads:

Just two pieces of copy make a
direct bid for military business.
However, several makers of temper-
ature, pressure and humidity test
chambers, and vibration testers,
are back in print for the first time
stnce World War I1.

Three tube makers feature
special long-life industrial types.

We are intrigued by the terms
“mush-wound” coils and “ground
worms (hard or soft)”.

Quality of editorial material is
the thing we strive for on
ELECTRONICS, but you get quantity
too. The average issue weighs 23
ounces.

Self-Hypnosis may be accom-
plished with a photoelectric relay
controlling a 10-watt lamp, accord-
ing to the Photobell Company.
“The lamp is placed mnear the
phototube, causing vapid oscilla-
tions controllable by varying the
adjusting knob. Adjust the fre-
quency by trial to mateh your
eye requirements, look closely,
and . .. .”

And what wakes you up, =a
power failure?
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SERIES 4

SPDT GENERAL PURPOSE SENSITIVE D. C. RELAY. Inex-
pensive Balanced armature for vibration resistance on aircraft at 50
milliwatt adjustment. Sensitive enough for V-T operated relay cir-
cuits; can be set to operate down to 10 milliwatts. Precision adjust-
ments for pull-on and drop-out. 2 amp. nominal contact rating. Coil
resistance up to 14,000 ohms.

SPDT VERY SENSITIVE D. C. RELAY. Balanced armature and
magnetic efficiency resist aircraft vibration on inputs as low as &
milliwalts. Withstands 500g shock without damage. Precision adjust-
ments. 2 amp. nominal contact rating. Coil resistance up to 16,000
ohms. Special adaptations: Built-in rectifier, two-coil differential
operation, constant voltage temperature compensation.

SPDT SENSITIVE RELAY AC-DC—~KEYING. Unusual char-
acteristics at low cost. Same D. C. sensitivity as Series 4 but less
flexibility of adjustment. Available with long life and bounce-free
contacts, it is suited to high speed counting and keying. Mechanical
life exceeds 10? operations. Gooid for plate circuits needing moderate
precision and vibration immunity. Contact ratings up to 5 amps.
Coil resistance to 14,000 ohms. A. C. sensitivity exceeds 0.1 V.A. at
60 cps. Serviceable on frequencies from 18—400 cps. Protects delicate
thermostat or instrument contacts.

MULTICIRCUIT POLARIZED SENSITIVE RELAY. Single or
double (differential) windings. Resistance up to 25000 ohms total.
Contacts up to 4PDT, 5 amp. nominal rating. Balanced armature for
strong vibration resistance. FORM X—Three Position or Null Scek-
ing. For automatic positioning or 2-Way process control. Sensitivity
(depending on contact complexity) from 10 to 100 milliwatts. FORM
Y-—Biased (Spring Return). Use as an ordinary sensitive relay if a
complex contact combination is needed. Combines funetion of pilot
relay and contactor. Sensitivity same as Form X. Responds only to
one polaritv. FORM Z — Latching (permanent magnetic). Replaces
mechanical latch electrical reset reluys, where longer life and greater
vibration resistance is required. Sensitivity from 100 to 250 milliwatts.

SPDT SENSITIVE HIGH SPEED POLARIZED RELAY. Single
or multiple windings up to 14,000 ohms (single). Balanced armature.
Nominal contact rating 2 amps. For repeating felegraphic signals at
speeds up to 260 WP M. Small in size and weight. Hermetically sealed.
Mechanical life exceeds 10° operations. FORMS X, Y and Z (see
Type 6 above) available in Series 7. Sensitivitics from less than 1 to
10 milliwatts depending on form and requirements. Form X is useful
as the detecting element in posttioning bridge circuits.

VARIETY OF ENCLOSURES

In addition to the open styles shown, SIGMA Relays
are available with dust-proof or hermetically-sealed
enclosures. Most types are available for either
plug-in or permanent solder-lug connections.

@ WRITE FOR FULLY DESCRIPTIVE CATALOG

SIGM A Instrumens. Inc

62 Ceylon Sireet, Boston. Mass
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Outstanding Advantages

of the new

Mallory Spiral Inductuner:

1.

8.

9.
10.

A single control for easy selection
and fine tuning of any television or

FM channel.

. EasilyadaptedtoUHF converteruse.
. Excellent stability eliminates fre-

quency drift.

. Supplied in three- or four-section

designs.

. Far more quiet operation; permits

high signal-to-noise ratio in front
end designs.

. Free from microphonics.
. Greater selectivity on high fre-

quency channels.

Eliminates ‘“‘bunching” of high
band channels.

Simplifies front end design and
production.

Reduces assembly costs.

*Reg. trade mark of P. R. Mallory & Co., Ine.
for inductance tuning devices covered by
Mallory-Ware patents.

64

in Mallory Inductuner®
for Television Receivers

Now there are important new reasons why the Mallory Inductuner should be
first choice for your TV receiver. Each one offers more convenience to the set
owner, new economy for you, without any sacrifice in the performance ad-
vantages of the continuous tuning principle . . .

Improved Inductuner eliminates “dead zone” from continuous
tuning; covers entire TV range from 54 to 216 megacycles, includ-
ing FM, in only 4 revolutions!

Improved Inductuner covers entire TV spectrum in only 3 revolu-
tions, if FM is not required!

Improved Inductuner can be channel-indexed for touch-tuning
without dial watching ... still provides fine-tuning adjustment!

Finally, the Improved Inductuner is available at low cost and will
make important savings for you in assembly and alignment
operations.

That’s Value Beyond Expectation!

Write for technical details. Also inquire about the surprisingly low cost and
superior performance of the suggested front end designs which Mallory engineers
have developed around the Inductuner.

Television Tuners, Special Switches, Controls and Resistors

SERVING INDUSTRY WITH

Capacitors Contacts
Controls Resistors
Rectifiers Vibrators
Special Power
Switches Supplies

Resistance Welding Materials

e = e R v

P.R.MALLORY & CO.Inc_}

e L oI = e ¥ % 3

R. MALLORY & CO., Inc., INDIANAPOLIS 6,

INDIANA

October, 1950 — ELECTRONICS



ELECTRONICS....DONALD G.

FINK....Editor..

..OCTOBER. 1950

» BLOOPERS . . . Major Arm-
strong has reminded the industry
that local oscillator radiation, now
so troublesome in the f-m and tv
bands, is an old problem, licked
long ago in regenerative and
superhet sets for the broadcast
band. In a strong letter read be-
fore the RTMA f-m receiver com-
mittee he cites measurements on
a particularly bad f-m receiver,
with no r-f stage, that developed
a full volt of local oscillator volt-
age across the antenna terminals,
and compares it with a better re-
ceiver developing 20 millivolts.
We agree with the Major that
keeping the radiation' voltage
down to 20 millivolts is good engi-
neering, but unfortunately it’s not
good enough. If it were, the tv
band would not be in the trouble
it’s in today. Measurements on
tv receivers of twelve manufactur-
ers, recently conducted under
RTMA auspices, showed that the
voltage across the antenna on
channels 2 through 6, adjacent to
the f-m band, was under 20 milli-
volts in 12 models of the 14 tested.
The majority were below 10 milli-
volts on channels 2 through 6.
The mark to shoot at is one
millivolt across 800 ohms for
these channels. Such a radiated
voltage represents only 3 billion-
ths of a watt radiated, and pro-
duces a field of 15 microvolts per
meter at 100 feet. Even on the
low-band channels, achieving this
low level is difficult. On the
higher channels, thus far, it has
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CROSS

TALK

proved almost impossible to meet
this mark, because radiation di-
rect from the chassis comes into
play when the wavelength is only
a few times the maximum di-
mension of the chassis.

The development that licked the
problem on the broadcast band,
so far as we are able to determine,
is the built-in loop antenna. The
majority of a-m sets now made use
loops, and no r-f stage. But the
loop is such a poor radiator that
the radiation is held to an accept-
able level. We wish that some
equally simple solution were avail-
able to f-m and tv designers.

» TV NATIONS ... A checkup re-
veals that as of September 1, pub-
lic television service of one sort or
another is being rendered in eight
countries. In the Americas, sta-
tions are operating on 525 lines in
the U.S. A., Mexico City and Sao
Paulo (Brazil). A second Brazilian
station, in Rio de Janeiro, is
scheduled to start on 625 lines, the
difference in scanning being pre-
dicated (wrongly!) on the power
supply frequency. Equipment for
525-line service has been shipped
to Cuba and should be on the air
this fall. In Europe stations are
on the air in London and Birming-
ham, Paris, Eindhoven (Holland)
Milan, and in Russia. Experi-
mental transmissions, without
public participation, are reported
to be under way in Denmark and
Sweden.

Many new stations can be ex-

pected in Europe, now that the
European standards have been
agreed on. Word from Geneva
has it that the European nations
(except France and England) have
definitely settled on 625-line, 25-
frame scanning, as anticipated in
our last report (August issue, p
70). Negative modulation and f-m
sound, following U.S. A. practice
and opposed to the British recom-
mendations, have been adopted.
The channel width is 7 me. Ex-
cept for the adoption of 25-frame
scanning, which will put the
European system at a disadvant-
age from the flicker standpoint,
the choices made at Geneva are a
sound basis for television service,
and reflect a careful study of
alternatives.

»RED FEATHER. . . The symbol
on our cover this month is a re-
minder that October is Community
Chest month. Two of our leading
industrialists, whose names are
100 percent correlated (Charles E.
Wilson, president of General Elec-
tric and Charles E. Wilson, presi-
dent of General Motors) are na-
tional campaign chairman and
vice-chairman respectively. The
Wilsons point out that the one-
campaign method is a very sound
way of raising money, from a busi-
ness standpoint, because the pro-
duction costs drop as the volume
increases. The campaign is not
only sound in method, it is free-
enterprise humanitarianism at its
best. Give enough!
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NEW IDEAS In

By NEWLAND F. SMITH

Engineer in_ Charge of Television
WOR—TV
New York, N. Y.

General view of studio A. Each studio has itls own program contre] room from which
program director, video switcher and audio operator watch action. Cameras are
controlled from central control room which views both main studios from secord floor

- N

EMANDS ON TECHNICAL FACILI-
DTIES at television studios vary
from program to program and from
day to day as new techniques and
ideas are developed. In order to
keep up with constantly-changing
requirements, the arrangement of
equipment must be extremely flexi-
ble.

A new approach to the problem
of television studio design has been
made at WOR-TV. A maximum of
attention has been directed toward
getting the most out of available
technical equipment. Facilities are
provided for rapid and effortless
interchange of equipment from
scene to scene and from studio to
studio. Careful planning has re-
duced the number of camera chains
required, while at the same time
production problems have been
eased.

The setup includes two large
studios, two announce studios,
three program control rooms, film

RN ———

Camera control center. Here operators set ouigoing video levels and maintain electrical focus on all cameras. Ceamera cable patch panel
is visible at exireme right
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Television Studio Design

Separation of program direction and technical control solves many problems and en-
ables station to get more out of available facilities. Central camera control provides

increased flexibility and efficiency with less confusion and complication

projection facilities and a camera
control center. The space is divided
as shown in Fig. 1.

A]l camera-control facilities for
all studios are centrally located in
the camera control center. Thus,
camera-control operation is removed
from the actual studio control rooms
which are called the program con-
trol rooms.

Program director, video switcher,
and audio operator are located in
these program control rooms. The
program director’s console has
seven 10-inch picture monitors.
These monitors are directly in
front of the director, enabling him
to have a close view of each camera
and signal available for his pro-
gram make-up. The console has a
lower top than is normally used in
television consoles, providing a good
view through the studio window
onto the studio floor. Here the pro-
gram director finds no distraction
from the camera control operators

being between him and his moni-
tors, as in the usual setup, making
concentration on his production
that much easier.

Video Switching

To the right of the program di-
rector, who normally sits in the
center of the console desk, sits the
video switcher. He has, in front of
him on the desk top, a sixty-button
control panel, which enables him
to do the necessary camera switch-
ing as called for by the director.

The panel uses d-c voltages to
energize video-switching relays
which are centrally located for all
studios in the camera control center.
The control panel consists of five
rows of buttons. It may be seen on
the right-hand end of the desk in
the program control room photo-
graph. The lower row of controls
provides for the switching of any
one of the twelve inputs to the out-
going program line, and represents,

CAMERA CONTROL CENTER

PROJECTION

/
CONTROL
ROOM A

7
ANNQUNCE BOOTHS

AY
“~CONTROL
ROOM B

STUDIO A - STUDIO B8
» ————
rey”
o - ————
= 2>
B i

P

FIG. 1—WOR-TV's new 67th Street studio building is designed to afford most efficient
use of technical facilities
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therefore, the program output of
this studio. The next two rows
select inputs for the effects mixer
amplifier. The gain of each section
of the mixer amplifier can be con-
trolled independently or simultane-
ously by a fader lever located to
the right of the buttons. The out-
put of the effects mixer is brought
back into the main switching bank
in the number twelve position, thus
providing for the switching of a
super-position or a lap dissolve di-
rectly onto the program line by
pressing the number twelve button
in this row.

Two additional rows of buttons
on the top of the panel enable either
of the two preview monitors lo-
cated in the console to be switched
at will to any one of the twelve in-
puts to this switching system.

Program Patching

All required signals for a par-
ticular program are sent to the
program-control-room switechboard
through a coax pateh panel located
in the camera control center. With
the normal arrangement, the first
eight positions on each studio-con-
trol switching system are reserved
for camera inputs, that is, signals
with video and blanking only. The
next three positions are reserved
for composite video signals. This en-
ables a remote signal to be switched
in as part of a studio program in
any of the studio control rooms
where it is required.

The video switching relays used
in the system are the standard RCA
TS-20A switching relays. In these,
the timing is dependent on only one
relay for each outgoing channel,
thus simplifying adjustment. In
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switching a television signal, time
delay is very important and has
been reduced in these relays to ap-
proximately one millisecond. In the
case of the program bank of relays,
the transfer relay is set to produce
an overlap in the switching. That
is, the two cameras are momentarily
on together at the time of switch-
over. This gives a smoother appear-
ance on the outgoing signal than a
gap between the two cameras. It
does, however, momentarily parallel
the output of the camera control
units during the one-millisecond
switchover. This does not reflect
back in any other outgoing signal.
In the case of the effects and pre-
view switching relays the timing
has to be set for a gap in switching.
1t is necessary to use gap switching
here in order that switching of
cameras on the preview or effects

busses will not disturb cameras that
may be feeding the outgoing pro-
gram line,

The camera switching system,
which is identical for all studios,
is shown in block form in Fig. 2.
The switching relays incorporate in
each outgoing bank a cathode fol-
lower which isolates the capacitance
of the outgoing line from the in-
coming camera circuit. In this
manner a uniform frequency char-
acteristic through the video bank is
obtained out to seven megacycles.
1t is necessary, however, to keep the
cable to the isolation amplifier as
short as possible.

Camera Control Center

All control units for both film and
studio cameras are located in the
one central control room as shown
in Fig. 3. Central camera control
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FIG. 2—Video switching is accomplished by remotely-controlled relays located in the
camera conirol room

operators merely set levels on the
outgoing video signals and main-
tain proper background and elec-
trical focus on each of the cameras.
A line monitor is incorporated in
the camera control console for each
of the studio control rooms. Thus,
the camera control operator can
readily check his levels after being
switched onto the program line.

The camera cable patch panel on
the wall of the camera control
center enables any of the eight
studio camera control units to be
patched into any of fifteen out-
going cables. These cables are
routed to the different studios and
announce booths. Any combination
of the eight studio cameras can be
distributed to the studios as re-
quired for a given program. In
addition to distributing the cam-
eras to the various studios as re-
quired, it is, of course, necessary to
patch the video output of the cam-
era chain to the proper camera-
switching control position, where
the show is to be directed.

A tally-and-intercom patch panel
enables the tally light signals that
are furnished by the switching re-
lays to energize the corresponding
camera control monitors and cam-
eras when they are switched on the
air. The same patch cord also
carries order wire and program
audio to the headsets of the camera
control operators and the camera-
men. Thus, at each of the camera
control positions the operator can
plug in a headset which will give
him communication with the video
switcher in the appropriate pro-
gram control room, and also with
the cameras that he is controlling.
In addition, the program audio is
fed to the camera operator from
his studio.

The film camera controls located
to the left of the studio camera con-
trols are operated in a similar man-
ner, with the exception that the
camera cable is connected directly
from the film cameras in the pro-
jection room to their corresponding
camera control units. The video
outputs of the film camera controls
may be patched at the video patch
panel into any of the three studio
control rooms for switching as re-
quired. Thus we have the provision
in any one of three studio control
rooms to switch in film inserts or
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FIG. 3—Complete equipment diagram shows wide variety of combinations available

through the use of separate program and camera control rooms

slides, ag well as any of a number
of studio cameras, depending upon
the size of the production.

Advantages

By centralizing the camera con-
trol units some of the control oper-
ators who have been working with
one studio can switch immediately
to a program from a second studio,
since it requires no physical move-
ment from one room to another. It
is possible to realize a saving in
operating personnel. Also, the quick
interchange of camera control sec-
tions, by use of the camera cable
patch panel, makes it possible to re-
place defective units quickly in case
of trouble during a rehearsal or
actual program.

An additional advantage of the
eentralized control room is a simpli-
fication of the cable-delay problem
which normally occurs when several
studios are operated at different
distances from a central master
control room. In this case it is
eustomary to delay the horizontal
driving and blanking pulses of the
nearer studio control rooms, so that
the time delay is equal to that of
the studio control room having the
greatest cable distance to the
master control room. By having all
of the camera control units for all
studios located at one point the
same delay between synchronizing
and blanking pulses holds, regard-
less of which studio control room
is used.
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By centralizing the camera-con-
trol equipment and the camera-
switching equipment for all studios
in one place, the actual program
signal does not appear in nor is it
routed through any of the studio
control rooms. The monitors in the
individual studio control rooms are
fed by lines from the camera con-
trol center, which merely bridge the
program circuits in the camera con-
trol center.

Power Supplies

In addition to the switching re-
lays and associated amplifiers, the
camera control center contains the
necessary power supplies for all of
the studio equipment, including
monitors in the individual program
control rooms. There are approxi-
mately 150 power supplies which
occupy 20 cabinet-type racks. All
of these power supplies are of
either of two standard types. They
are all of the plug-in type, which
means that spare units can be
quickly substituted in case of
failure of any individual power
supply. A power-cable extension
cord with suitable connectors is al-
ways kept available for patching in
the d-c outputs of the spare sup-
plies when required.

Centralizing all power supplies
simplifies the power distribution
problem and eliminates much of
the heat from the studio control
rooms. Furthermore, a reduction
can be made in the number of spare

units required to take care of
several studios.

Projection Room

The projection room, located ad-
jacent to the camera control center,
contains three TK-20A iconoscope
film cameras. Each of these is
multiplexed by means of a mirror
system to provide three sources of
film or slides for each film camera.
Two 16-mm projectors, two 35-mm
projectors, opaque projectors, and
slide projectors comprise the pro-
Jection equipment.

Cabinet racks contain picture
monitors for each of the film cam-
era chains as well as space for
audio and intercom amplifiers. An
intercom system consisting of a
microphone and talk-back speaker
is suspended over each film camera
assembly. The intercom system
can be tied in individually with any
of the studio control rooms that the
film camera should be associated
with on a given program. In this
way one film camera chain can be
used for a rehearsal with one studio
control room, while another film
camera chain is being used with a
second control room to produce a
show on the air. In the same way
that tally lights indicate studio
cameras are on the air, tally lights
on the individual film cameras show
when each is placed on the air by
a studio control room. The tally
signals are fed through the tally
patch panel in the same way that
the studio camera tallies are fed.

Master Control

The master control facilities are
located in the same room as the

Video switching relays like these are
energized by d.c from program control
rooms

69



eamera control center, and actually
are one half of the large U-shaped
console. The switching facilities
consist of equipment to switch six
incoming studios to four outgoing
channels. Both audio and video are
switched here, and individual pic-
ture and audio monitors are pro-
vided on each outgoing channel.
All switching is done by relays.
The switching relays set for gap
timing are used for the video
switehing and a special audio-relay
switching system has been built up
to accompany this.

All switching can be preset
and provision is made for either
simultaneous audio-video switch-
ing or independent audio and
video switching if required. Nor-
mally, only simultaneous audio-video
switching is used, since only com-
plete programs are switched at the
master control point. However, if
required to hold over the audio
from one studio to another, and
switch only the video, this can be
accomplished, and the audio
switched at a later moment. Pro-
vision is also made for tripping all
four outgoing channels simultane-
ously when required, or for switch-
ing them in groups or individually.

At this point in the system only
composite signals are handled, and
no provision is made for lap dis-
solving or fading. Fading is al-
ways a program function, and
should be handled when so required
at the direction of a program man
in one of the studio control rooms.
Each outgoing channel is provided
with a stabilizing amplifier in its
output, so that the picture level and
synchronizing level may be set in-
dependently on that particular
channel. Corresponding audio-gain
controls are also provided on each
outgoing channel.

The transmission center is really
a part of master control. Two addi-
tional console sections are provided
with TM-5A picture monitors,
which can be fed from any of the
six inputs to master control. The
inputs to these monitors are
switched by control buttons directly
in front of the monitor. Any of the
inputs to master control can be pre-
viewed here before actual switch-
ing.

Adjacent to the monitors are
located remote controls on six sta-
bilizing amplifiers. The controls en-
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Master control switching console

able the operator to match the
levels on all of the studio outputs as
well as any remote outputs which
may be patched in for checking.

Phase Comparison

A means is provided for compar-
ing the phase of an incoming re-
mote signal with that of the local
synchronizing system. This is done
by switching the vertical driving
pulses of the local sync generator
onto the grid of the cathode-ray
oscilloscope in one of the preview
monitors. This blanks out the
period of the local vertical syn-
chronizing signal, and when a re-
mote signal is switched up on this
monitor a portion of its synchroniz-
ing will be blanked out. When the
blank period is phased so that the
vertical disappears, then the two
synchronizing generators are prop-
erly phased as regards vertical
synchronizing. Normally, the phase
of the remote sync generator is
changed to bring it in with that of
the local studio sync generator.
Thus, the studio sync generator is
kept as a standard.

Remote controls on the phasing
of the local sync generators are
brought over to this console section
also, so that when required the
phase of these generators can be
changed conveniently. In addition,
a remote-control switch is provided
so that a stand-by sync generator
can be switched in in place of the
regular generator as an emergency.
1t is important that the two local
generators be previously phased.

Provision has been made for uti-
lizing the new RCA Genlock unit.
This will enable remote signals
coming in to control the phase of
the studio sync generator line-by-
line. A remote signal coming in
can be treated as a local camera,

and when patched into any of the
studio control rooms can be faded
and lap dissolved with local cam-
eras. To treat the signal this way
it is necessary to wipe off the syn-
chronizing component on the in-
coming remote by means of one of
the TA-5C stabilizing amplifiers.
The synchronizing thus removed is
fed into the Genlock unit to pro-
vide afe control on the local sync
generator. Synchronizing from the
local generator is then finally mixed
with the output of the studio con-
trol room to provide a composite
signal for both local cameras and
remotes.

Remote signals come into the
building through Telco video
lines. Approximately twenty-four
circuits are available from different
points within the city where re-
motes are handled. One circuit
comes from the microwave receiv-
ing location on the Empire State
Building, where many remotes are
received, and is then routed to the
master control.

Results

This studio system has been in
use since the first of the year, and
has worked out very well. On some
of the larger productions both stu-
dios have been used for one show.
In this case as many as seven cam-
era signals have been switched in
one studio control room to make up
a given production. On other oc-
casions rehearsals have been con-
ducted in one studio concurrent
with an on the air show from
another studio control room. The
flexibility of the system has been
very apparent in the rearranging
of camera facilities to meet the
individual requirements of different
types of productions.

With the present setup, only
three program control rooms are
used. Undoubtedly, the future of
television will require many more
studios. In such a system the same
basic principles that have been used
in the WOR-TV studios could be ex-
tended to provide the same ad-
vantages. It may be that a practical
limit, as to the number of camera
control units that might be located
in one center, would be reached. In
that case, two or more camera con-
trol centers might be provided for,
say, six or eight studios, to form a
practical arrangement.
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for V-2

FOLLOWER

ockets

Automatic tracking device keeps spectrograph in nose of V-2 rocket pointed at sun for

making intensity measurements at wavelengths as low as 500 angstroms. Servo-drive

system resembles SCR 584 auto-track principle, except that error signal is derived from

EEPING a spectrograph in a

spinning V-2 rocket pointed at
the sun is accomplished by a photo-
cell-controlled servo-drive mecha-
nism called the sun follower. By
lengthening the available exposure
time, measurement of radiation in-
tensities down to 500 angstroms
has been made possible. Hitherto
observation of solar spectra from
photographs taken by ultraviolet
spectrographs in the nose or tail
of V-2 rockets passing through the
ozone layer has Dbeen limited to
wavelengths above 2,000 A.

To overcome the effects of the
rocket’s angular motion, a two-axis
tracker was developed for stabi-
lizing the spectrograph and keeping
it pointed at the sun regardless of
the spin and precession of the
rocket. Automatic detachment and
descent by parachute are provided
to facilitate recovery of the sun
follower and spectrograph.

Requirements

The behavior of the rocket in
flight is depicted in Fig. 1. During
the burning period, axial-spin and
precessional velocities are imparted
to the rocket and remain approxi-
mately unchanged from a few sec-
onds after burn-out until the denser
atmosphere is encountered on de-
scent. A typical rocket assumes
axial-spin velocities up to 50 rpm
in either direction, and precessional
velocities up to 10 rpm in either
direction at angles up to 20 degrees
to a precessional axis which may
be inclined up to 20 degrees from
the vertical.
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photocell mounted in rocket

By HARRY L. CLARK

Head, Applied Optics Branch
Naval Research Laboratory
Washington, D. C.

Built into the nose of the rocket,
as shown in Fig. 2, and timed to
operate above the denser portion
of the earth’s atmosphere after
doors in the rocket’s nose have
opened, the sun follower stabilizes
by means of error signals derived
from the sun. This is accomplished
with a photocell error-signal gen-
erator and two independent servo-
drive units. The azimuth axis is
collinear with the longitudinal axis
of the rocket. The elevation axis is
perpendicular to the axis of the
rocket and rotates about it. By
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FIG. 1-—Typical V-2 flight pattern shows
Precession and spin that limit spectro-
graph exposure time

tracking with an error of less than
one-half degree in both azimuth and
elevation, the sun follower permits
the use of a spectrograph capable
of recording wavelengths as short
as 500 A.

Stabilization

The principle of the stabilization
system is similar to that of the
tracking unit employed in the SCR-
584 radar, except that the photocell
error-signal generator and low-
frequency amplifier replace the
radar’s r-f transceiver. A block dia-
gram is shown in Fig. 3. A real
image of the sun is focused by a
lens onto a rotating shutter situ-
ated in the focal plane with its cen-
ter on the optical axis. The shutter
(Fig. 4) is constructed of trans-
parent material upon which is
placed a number of equally-spaced,
radial, opaque spokes. Superim-
posed on the spoke design is a pat-
tern of linear shading. The spokes
chop the sun’s radiation at 400 cps
producing a 400-cps carrier. The
linear shading modulates the car-
rier at 40 cps. The degree and phase
of modulation of the 400-cps car-
rier are determined by the position
of the sun’s image on the shutter.
A photovoltaic cell placed immedi-
ately behind the shutter intercepts
the 40-cps-modulated, 400-cps light
signal and converts it into a propor-
tional electrical signal which is
amplified, maintained at constant
level with ave, and demodulated.

The resulting 40-cps signal is
then fed into a two-channel phase-
comparator circuit. In the azimuth
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to overcome

channel the phase of the signal is
compared with the phase of a fixed
40-cps voltage from a reference gen-
erator which rotates in synchro-
nism with the shutter. In the eleva-
tion channel, the phase of the signal
is compared with that of a second
fixed 40-cps voltage which is in
quadrature with the fixed voltage of
the first channel. The results of the
phase comparisons in both channels
are two independent d-c voltages
whose magnitudes are functions of
the differences in phase between the
respective signals and fixed voltages
which produced them and are pro-
portional to the magnitudes of the
respective demodulated signals.
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precession

This dual relationship makes the
respective d-c output voltages di-
rectly proportional to the horizontal
and vertical displacement of sun
from the center of the shutter and
hence the optical axis.

Displacement Yoltages

For example, if the sun’s image
is positioned on the optical shutter
at a distance R from the optical
axis and the resulting differences
in phase angle between the 40-cps
modulation on the 400-cps carrier
and the azimuth and elevation refer-
ence voltages are a and (3 respec-
tively, then the following propor-
tionalities hold for the d-c voltage

swings, AV,, and AV, in the azi-
muth and elevation channels

AV, e cos a
AV..< R
and
AV, «cosB
AV, xR
combining
AV., < Rcosa
AV, «< R cos §
therefore
Rcosa=X
RcosB=Y

In other words, the d-c voltage
swing in the azimuth channel is
directly proportional to the right-
left displacement, X, of the sun’s
image and the d-c voltage swing in
the elevation channel is directly
proportional to the up-down dis-
placement, Y, of the image. This is
true for image displacements up to
25 degrees off the optical axis and
is determined by the extent of the
linear portion of the shading on the
optical shutter. Beyond 25 degrees
to the edge of the shutter the shad-
ing is a maximum and constant.

After amplification the two d-c¢
voltages are employed to control,
individually, the outputs of the azi-
muth and elevation amplidynes.
These in turn control the azimuth
and elevation servo motors. Por-
tions of the amplidyne outputs are
fed back into the last stages of the
amplifiers for antihunt control.

The only stable condition for the
system exists when the image of
the sun is on the optical axis of the
error-signal generator. Other posi-
tions of the sun’s image result in
the generation of restoring torques
in the azimuth and elevation chan-
nels which are directly proportional
to the magnitudes of the respective
horizontal and vertical displace-
ments of the image. Since the op-
tical axis of the ultraviolet spectro-
graph is mechanically aligned with
the optical axis of the error-signal
generator; and, since the error-sig-
nal generator tends to line up with
the sun, the spectrograph is brought
into alignment with the sun.

Automatic Search

In addition to the simple tracking
function, the sun follower automati-
cally searches for the sun in the
azimuth plane when energized at
the start of the rocket’s flight and
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will do so automatically if it loses
the sun during the flight. The
search rate is 70 rpm relative to the
rocket in a clockwise direction.

Since the rate of search must be
greater than any anticipated rocket
spin velocity, the rotational velocity
of the sun follower relative to the
sun may be high under some con-
ditions. The stopping and locking-
on requirements are severe. Under
the worst possible condition, when
the direction of search and the di-
rection of spin are the same, net
search velocities up to 120 rpm can
be expected. Because of the limited
field of view of the error-signal
generator, it is necessary to stop
the sun follower in less than an 80-
degree sector so the tracking unit
can take over. This amounts to a
deceleration of approximately 600
rpm per second. A velocity-sensitive
unit providing for such deceleration
has been incorporated in the sun
follower.

Since the vertical coverage of the
error-signal generator includes the
sun in its field of view under normal
conditions, no added provision for
rapid acceleration and deceleration
is required in the elevation plane.

" (
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FIG. 4—Spokes of shutter provide 400- -cps optical carrier as wedge
shading modulates at 40 ¢ps

The sun follower also provides
rocket-aspect data for telemetering.
Since the error-signal generator
tracks the sun in both azimuth and
elevation, its instantaneous position
with respect to the main body of
the rocket is the same as the
rocket’s instantaneous position with
respect to the sun, Potentiometers
attached to the sun follower provide
d-c voltages for telemetering the
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rocket’s attitude. In addition, the
sun follower’s tracking errors in
azimuth and elevation are tele-
metered.

Rocket Installation

The first sun follower was in-
stalled in V-2 rocket No. 38 which
was fired on April 19, 1948. The
rocket’s flight was off course and
had to be terminated at an altitude
of eighteen miles. The cycle of op-
eration of the sun follower had not
begun at that time. In hope of sav-
ing the sun follower, the ejection
mechanism was actuated immedi-
ately following radio-fuel cutofl.
Signal Corps motion pictures taken
with the aid of a tracking telescope
show that the sun follower was
ejected properly. However, at the
time of the ejection the rocket’s
velocity was 3,830 ft per sec and it
is doubtful if the parachute with-
stood the shock of opening in the
earth’s atmosphere. No part of the
sun follower has been recovered.

A simplified version of the sun
follower is now being prepared for
installation in the Venus and Vik-
ing rockets as well as in some of
the few remaining V-2 rockets.
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Electronic Inspection of

ENGI]

E CAM CONTOURS

Cam pushes rod-shaped permanent magnet back and forth inside pickup coil to generate

voltage proportional to velocity, for viewing on cathode-ray screen to reveal contour

errors. System can also be used directly on engines to study valve motion at high speeds

HE CAMSHAFT LOBES that lift

the valves of internal combus-
tion engines must be accurately
ground if good engine performance
is to be obtained. In the production
of camshafts, errors in profile can
arise from factors such as wear in
master cams and machinery, un-
even grinding operations, lash and
inertia. A cam lobe possessing a
contour deviating noticeably from
the theoretical can affect engine
performance and cause failure of
parts in the valve gear. This points
to the need for cam contour inspec-
tion.

Inspection Methods

The conventional method of in-
spection involves using a suitable
fixture to record the cam contour
lift at intervals of one or two de-
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grees. This method is sufficiently
accurate for most inspection pur-
poses as it provides data compara-
ble to the design lift figures. How-
ever, small contour errors are not
easily found without plotting a lift
curve several times size or taking
differences between adjacent lift
figures and plotting the resulting
data which will resemble a velocity
curve. Also, differences of these dif-
ference figures can be taken to se-
cure data which will resemble that
of an acceleration curve.

Using inspection data in this
manner gives erratic results since
the fifth decimal place greatly

affects the acceleration curve. Fur-
thermore, this method of checking
a cam contour is time-consuming
and is impractical for production
testing except when done in rather
infrequent intervals. When each
lobe is to be inspected on a sixteen-
lobe camshaft for an eight-cylinder
engine, the inspection time can re-
quire from eight to thirty hours un-
less the fixture is suitably designed
to handle production inspection.
Small errors in indexing, errors in
bearing supports for the camshaft
and clearance errors in the tappet
follower can affect the accuracy
considerably.

An alternate method is to use a
template for comparative purposes;
this, however, is not suitable for
any real accuracy. A modified form
of the template method involves
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Cam contour inspection equipment installed on lathe. Operator watches curve on scope as tappat follower on lathe carriage is set on
each cam lobe in turn. Disc at left end of lathe shaft has holes that pass light to phototubes in box below for generating sync pulses

using a magnifying comparator io
cast an enlarged shadow of the pro-
file on a ground glass screen. This
is much more accurate, but still
does not lend itself to production in-
spection.

In view of the shortcomings aof
the two established methods of in-
spection, the electronic method was
evolved to obtain a rapid, accurate
and more reliable method of deter-
mining the type of motion a par-
ticular cam will produce.

By using the electronic method
of cam contour inspection it is pos-
sible to inspect each lobe in approxi-
mately one minute. All of the cam
lobes of a camshaft can be inspected
and photographed in only a fraction
of an hour, once the equipment is
set up. This method is equally suit-
able for supplementing production
inspection and for cam contour de-
velopment work.

Electronic Method

In the electronic method of in-
spection, the camshaft is mounted

ELECTRONICS — October, 1950

in a lathe, and =ach cam contour
is checked by observing curves that
appear on the screen of a cathode-
ray oscilloscope. The general
arrangement of the equipment is
shown in Fig. 1, along with the lift,
velocity and aceeleration curves
that are selected at will with z
three-position switeh. Individual
curves can thus be studied without
going through the process of ploi-
ting them from data obtained by
tedious micrometer measurements.
In actual inspection work the lift
curve is not of much value as small
errors are not apparent. The veloc-
ity curve reveals errors more
readily, and is esgecially aseful for
checking the ramps provided at
each end of the cam contour. The
acceleration curve is best of all for
critical cam contour inspection, as
it reveals local irregularities even
better than by calculation from lift
figures measured to 0.0001 inch.
The camshaft to be inspected is
mounted in a lathe and rotated at a
uniform speed somewhere in the

range of 200 to 400 rpm. A tappet
follower (flat, roller or shoe) is held
against the cam lobe by a light
spring to simulate the motion of a
tappet in a valve gear. Attached to
the follower is a small rod-shaped
Alnico magnet that moves inside the
pickup. The design of the pickup,
also detailed in Fig. 1, i3 such as to
give a high sensitivity factor along
with linear response in its operat-
ing range.

The electronic equipment com-
prises a cam contour inspection
unit, a 5-inch 208-B DuMont scope
employing a blue screen for photo-
graphic purposes, and a 215 DuMont
linear time-base generator. The
scope has sufficient Y-axis gain to
design a pickup for direct connec-
tion without an additional elec-
tronic amplifier. A more recent
model of scope (DuMont 304-H)
can be used without the separate
generator as it has a sufficiently
linear X-axis time base built-in.

The associated electronic circuit,
shown in Fig. 2, provides two types
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of pulse voltages, one for synchron-
ization of the scope to the rotative
speed of the camshaft and the other
to provide 10-degree markers on
the X axis for photographic use.
These pulse voltages are obtained
by using a rotating disc as in Fig. 1
to trigger light to two phototubes.
Two series of holes are used; one
series has one hole for 360-degree
rotation for synchronization pur-
poses, while the other series has
holes spaced 10 degrees apart for
X-axis calibration purposes.

The upper phototube and its asso-
ciated amplifier serve to produce a
stationary image on the screen by
injecting into the X-axis sweep gen-
erator circuit a voltage pulse di-
rectly related to camshaft speed.

Good results are obtained with this
method of synchronization; how-
ever, the photoelectric circuitry can
be satisfactorily replaced by a mag-
netie type of synchronization trip
actuated by a steel pin on the lathe
shaft.

The lower phototube and its am-
plifier serve to inject positive volt-
age pulses onto the control grid of
the c-r tube. This gives Z-axis
pulses producing dots every 10 de-
grees on the X axis.

When the permanent magnet (at-
tached to the tappet follower) re-
ciprocates within the pickup coil, a
voltage is generated across the
pickup terminals equal to k. Ndé/dt,
where N is the number of coil turns
and d¢/dt is the rate of cutting flux
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FIG. 2—Complete circuit of electronic cam

confour inspection unit

lines. But d¢/dt is equal to k.V,
where V is the velocity of the mag-
net, hence the generated voltage is
equal to k,NV. This shows that the
output voltage from the pickup is
directly proportional to the velocity
curve when the output terminals
from the pickup are connected di-
rectly to the c-r tube.

When the selector switch is set to
give the lift curve, an R-C integrat-
ing network is connected across the
pickup coil and the integrated output
voltage is taken across C, as shown
in Fig. 2. Values of R and C are
selected to give a high ratio of re-
sistance to capacitive reactance and
a high ratio of time constant (RC)
to the reciprocal of the frequency
of operation (1/f).

When the selector switch is set to
give the acceleration curve, an R-C
differentiating network is placed
across the pickup coil and the dif-
ferentiated output voltage is taken
across R. Values are chosen to give
a high ratio of capacitive reactance
to resistance and a low ratio of time
constant (RC) to the reciprocal of
the frequency of operation (1/f).

Calibrating Technique

A G0-cycle calibrating voltage is
used for adjusting the gain controls
to predetermined settings and to
secure curves on the c-r screen with
calibrated ordinates. This requires
that the pickup be calibrated to de-
termine its sensitivity factor by
measuring the voltage generated as
related to the maximum accelera-
tion and velocity of the small recip-
rocating magnet.

Calibration is accomplished by
employing an eccentric to recipro-
cate the tappet follower. Here the
actual acceleration of the tappet is
known and voltage measurements
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FIG. 4—Comparison of actual and theoretical acceleration curves for a new cam

contour that has been accurately finished
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are easily made on the screen due
to the sinusoidal waveform output
from the pickup. To secure adequate
sensitivity a higher speed is used
for calibration than for actual cam
contour inspection. Low speeds are
desirable during cam contour in-
spection to keep inertia and spring
loads to a minimum.

To find the sensitivity factor of
the pickup coil, its output is fed
through the cam contour inspection
unit to the oscilloscope. The Y-axis
gain is adjusted to give a certain
amplitude on the screen, such as 2
inches overall. The selector switch
is then set on CALIBRATION and the
calibration switch is set on ACCEL-
ERATION. Finally, fine and coarse
calibration controls are adjusted to
give the same height as before on
the screen. The reading of the volt-
meter in millivolts, multiplied by
the appropriate multiplication fac-
tor given on the coarse calibration
control, is then used to establish the
acceleration sensitivity factor of
the pickup. This factor is used for
all later adjustments, providing the
pickup and magnet are not altered,
the test speed is held at the pre-
selected value, and the differentiat-
ing circuit is not altered. The
velocity calibration is made in the
same manner.

Inspection Results

The inspection fixture as built up
employs a conventional lathe. The
tappet follower can be a flat plate,
roller, or curved shoe, and should
be the same as the type normally
used with the cam contour being
inspected if accurate data are to be
obtained for comparison with a the-
oretical curve. For purposes of
magnifying errors appearing on the
nose of the cam, a small roller fol-
lower may be used on a cam con-
tour normally requiring a flat plate
or large roller follower. In this in-
stance, the wave forms will be of
value for comparative purposes only
in production testing and will have
no direct relationship to theoretical
curves.

At the adopted test speed of 226
rpm the maximum inertia load,
when inspecting a high-acceleration
cam, is about one pound. During
testing a light oil (about SAE-10)
is continually supplied to the cam
lobe to eliminate any tendency of
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the tappet follower to chatter.
Inadequate lubrication produces
rough and nonrepetitive curves.

Actual inspection is generally vis-
ual, but the curves on the screen
can be photographed for -closer
study wherever desirable. A typical
complete set of curves as photo-
graphed for study of velocity and
acceleration is shown in Fig. 3. The
multiple curves shown are obtained
by multiple exposure, one for each
line or pattern across the film. The
film may be projected onto graph
paper and traced for accurate com-
parison with a theoretical design
curve, as shown in Fig. 4.

Engine Test Work

It is frequently desirable to ob-
serve valve motion directly on an
internal combustion engine at rela-
tively high speeds. Due to the flex-
ibility of the wvarious component
parts, to a possible surge of the
spring and perhaps to false motion
in the valve gear, the resulting
valve motion departs measurably
from the theoretical motion which
the cam is designed to produce.
The same electronic instrumenta-
tion used for camshaft inspection
may be advantageously used to ob-
serve valve motion at high speeds.

Arrangement of the equipment
on an engine with overhead valves
is shown in Fig. 5. Observations
may be made with the engine mo-
tored with a dynamometer or under
engine firing conditions. Typical

valve lift and velocity curves ob-
tained with the engine delivering
power at 3,600 rpm are also shown.

Due to the increased frequency
of operation on an actual engine,
it is necessary to alter the inte-
grating and differentiating net-
works to secure accurate results.
For this type of work the networks
shown in Fig. 5 are used.

Synchronization of the oscillo-
scope may be obtained by using the
simplified magnetic synchronization
trip shown in detail in Fig. 5. This
device consists of a coil of fine wire
wound on a steel core and mounted
on a permanent magnet. The mo-
tion of a steel pin past the core dis-
turbs the magnetic flux passing
through the coil for a short time
interval to generate sufficient volt-
age to give synchronization. The
high speed of operation produces a
rapid change in flux so that a suf-
ficiently high voltage is produced
and no additional voltage amplifica-
tion is required in the electronic
equipment.

The use of this type of electronic
test equipment for inspection pur-
poses will assure that more manu-
factured cam contours will be closer
to the preferred design. Its use on
engine test work will reveal to the
engine designer exactly how the
valve gear is performing in an en-
gine. The results will be longer life
to the component parts of the valve
gear and improved engine perform-
ance.
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Curtain-Rod F-M Antenna

Body forms part of tunable horizontal loop exhibiting nearly omnidirectional character-
istics. Design is easy to manufacture, install and adjust and withstands rough handling on

the road and in the shop
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FIG. 1—Antenna mounted on front of bus between windshield and destination window

HE CURTAIN-ROD f-m antenna to

be described is one component
of a complete bus f-m receiver sys-
tem which was developed for
Transit Radio, Inc., Cincinnati,
Ohio.*

A satisfactory antenna for this
application must meet the following
requirements:

(1) Receive
ized waves.

(2) The pattern in the horizontal
plane should be reasonably omni-
directional.

(3) A vswr on 50-ohm coaxial
cable of 5 to 1 or better over a fre-
quency band several times greater
than the f-m channel width of 200
ke.

(4) Mechanically strong to with-
stand the pressure of the large
rotary brushes used to wash the
bus, and to withstand the shocks
caused by striking low-hanging tree
branches during a run.

horizontally-polar-
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(5) Easy to install, tune-up, and
maintain by semi-skilled personnel.

Description

The antenna developed for this
application is called a curtain-rod
because of its physical appearance.
Fig. 1 shows the antenna installed
on the front of a bus between the
windshield and destination window.
It is a type of long, narrow, hori-
zontal loop which is adaptable for
mounting on the front or back of
the bus. The loop is supported in
the center by a metal U. This sup-
porting U also serves as part of the
tuned circuit that matches the bal-
anced high impedance of the loop to
the 50-ohm unbalanced coaxial
cable which carries the signal to the
receiver.

The antenna has five principal
parts, four of which are shown in
Fig. 2. The two long end elements
are made of soft aluminum tubing

which can easily be bent, flattened
and drilled. The center U has a
mounting base and connecting lugs
and is cast of brass. The tuning
capacitor which is mounted and
connected between the top ends of
the U, is a 7-to-45 ppf ceramic vari-
able of the disc type. A Plexiglas
cover for the center part of the U
keeps rain, dust and tree branches
away from the tuning capacitor and
feed wires. An access hole is pro-
vided in the bottom of the cover so
that the capacitor can be adjusted
during routine maintenance with-
out removing the cover. This hole
is normally closed up with a metal
snap-in button.

The cable that carries the signal
from the antenna to the receiver is
50-ohm RG-58/U coaxial. It termi-
nates at taps on the inner sides near
the bottom of the U to provide a
shunt-fed configuration.

Figure 3 shows how the optimum
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for Buses

By LOUIS E. RABURN

vswr and frequency bandwidth for
5-to-1 vswr of the antenna installa-
tion shown in Fig. 1 vary through-
out the frequency band 88 to 108
me. (It is a conventional specifica-
tion for receiving antennas that the
mis-match loss may be as much as
2.5 db, corresponding to a vswr of
5 to 1). These curves show that
the antenna can be adjusted for a
vswr of less than 3 to 1 at any fre-
quency in the band and that the
bandwidth is more than 2 mc. Act-
ual experience with a number of
bus installations has indicated that
this bandwidth provides a safe
margin for reliable operation.

The first horizontal-plane pat-
terns were measured using an
actual bus installation tuned to f-m
station WMLL on 94.7 me. The bus
was driven around in a small circle
at a location in the middle of a level,
clear field six miles from the station.
The effective radiated power of the
station was 4 kw and substantially
line-of-sight propagation conditions
prevailed. The strength of the in-
put signal to the receiver was
measured using a microammeter to
indicate limiter-grid current for
every 10-degree change of bus head-
ing. The receiver meter had been
previously calibrated in the labora-
tory with a signal generator. The
measured pattern of receiver input
signal voltage in millivolts versus
bus heading is shown in Fig. 4.
The strongest signal was received
when the bus was headed toward
the station but the extreme varia-
tion in the signal strength was only
7 db.

The same type of bus receiving
antenna has also been used in
several cities where the f-m station
is still in the low band of 42-50 mec.
In these cases, the antenna was
modified by the addition of a 25-uuf
fixed capacitor in parallel with the
variable tuning capacitor in the
center U. The resulting antenna is
not quite as well matched, but it
still has a vswr of less than 5 to 1
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throughout the band and gives very
acceptable performance.

General Design Aspects

The length of the loop is nearly
a half-wavelength and the loop is
center-fed with a balanced struc-
ture. A lumped-circuit approxima-
tion helpful in understanding the
antenna is shown in Fig. 5.

Each of the two end elements is
approximately a quarter-wavelength
long and during reception of a sig-
nal each element provides the center
U with an induced loop voltage in
series with a large resistance, R,
and reactance, X. Voltage is the
same from both elements and there-
fore a balanced voltage from a high-
impedance source is applied across
the top ends of the U. The U acts
as a parallel L-C circuit balanced to
ground; the base at the center of
the U is actually grounded to the
bus body.

The coaxial cable is tapped across
the U near its base for best match
to 50 ohms. The position of the tap
varies with frequency, but a satis-
factory compromise tap position can
always be found. This location
gives the vswr characteristics
shown in Fig. 3.

More than a thousand of these
antennas have been in service for
several years without any major
changes in the design. After the
curtain-rod antenna had been de-
veloped it was learned that a 75-mc
marker-beacon aircraft antenna
having somewhat similar radiating
elements was investigated by the
Germans during World War I1.2

The author wishes to credit John
B. Caraway, Jr. of Electronics Re-
search, Inc. for several invaluable
suggestions and Richard W. Ander-
son for performing some of the
measurements reported here.
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GETTER MATERIALS

RN

Typical Ba flash getters for glass bulbs (upper row) and getter strip assemblies

By WERNER ESPE

Tesla National Works
Prague, Crechoslovakia

MAX KNOLL

Dept. of Electrical Engineering, Princeton University,
and RCA Laboratories Div., Princeton, N. J.

and MARSHALL P. WILDER

Tele-Radio, Inc.
Stamford, Conn.

HE USE of getter materials is

based on the ability of cer-
tain solids to collect free gases by
adsorption, absorption or occlusion.
This effect is widely utilized in the
field of electronics to shorten the
exhaust period and to improve and
maintain a high vacuum or the
purity of an atmosphere of noble
gases.

Bulk getters are sheets or wires
of gas-absorbing metals, which usu-
ally are heated for this purpose
by mounting them on hot electrodes
¢f the tube, In some cases the heat-
ing is accomplished by a separate
heating source.

Coating getters are generally ap-
plied to those electrodes of vacuum
tubes, which during service are
maintained continuously at tem-
peratures between 200 and 1,200 C.
Such getters usually consist of non-
volatile metal powders that are sin-
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tered upon the electrode surfaces.

In the case of flash gettering,
chemically active, comparatively
volatile metals—mostly metals of
the alkaline earth group—are evap-
orated by heating their supports at
the conclusion of the pumping
process. - The metal vapor before
and during condensation reacts in-
stantaneously with all other than
noble gaseous residues and forms
on all cold parts of the tube, par-
ticularly on' the tube walls, the
so-called getter mirror. This sur-
face, because of its large area, is
capable of binding chemically or
physically gases that are liberated
during the life of the tube. With
respect to the mechanism of get-
tering and the action of gases get-
ter materials may be divided into
two groups: corrosion type and
solution ‘type. From this aspect,
barium (Ba )is the typical example

of chemical corrosion by gases and
zirconium (Zr) an example of solu-
tion of gases in a metal. Corrosion
takes place if the oxide film is por-
ous and incoherent, thus not pre-
venting further oxidation, which
usually happens only if the volume
of the oxide is smaller than that of
the metal to be oxidized. In this
case, the sorption of gas from the
surrounding atmosphere can con-
tinue uninterruptedly. Oxides of
the alkali and alkaline earth metals
have less volume than the metal.

From a technical aspect the wide
application of earth alkali metals
for flashing getters in vacuum
tubes is founded upon the fulfill-
ment of the following requirements.

(1) During the standard degas-
sing procedure at 400 C the getter
should have low vapor pressure
(p < 10° mm Hg).

(2) The getter should be readily
vaporized at its activation tempera-
ture. This temperature range must
be high enough so that the getter
may be readily degassed prior to
the flashing; on the other hand, it
must be sufficiently low to avoid the
evaporating, melting or loosening
of electrode metals. For nickel sup-
ports this establishes a temperature
range of 600 to 1,000 C.

(3) After flashing, the getter de-
posit on the tube glass wall must
have a negligibly low vapor pres-
sure (p < 107 mm Hg) assuming
the operating temperature of the
vacuum tube at 200 C.

(4) Between ambient and oper-
ating temperature the getter should
be very active for all gases, espe-
cially oxygen. The oxide film crea-
ted must be porous and incoherent
in order that the gases may diffuse
without hindrance into the interior
of the getter mirror and may be
absorbed also by getter molecules in
the volume of the getter material.

October, 1950 — ELECTRONICS



for ELECTRON TUBES

The specific action and applicability of Ta, Cb, Zr, Th, Ti, Al, Mg, Ba and P as getters
for vacuum tubes are shown. They can be formed as wires, sheets, tubes and tablets

directly or indirectly heated: they may be powder coatings on hot electrodes; or they

can be flashed

(5) The chemical compounds
should be stable in order that dur-
ing operating temperature or elec-
tron bombardment  the absorbed
gases are not expelled. For gas-
fllled tubes, the absorbed residual
gas should not be replaced during
operation by the filling gas, for ex-
ample—Hg-vapor in tubes.

The first requirement is satisfied
by all earth alkali metals. As seen
from Fig. 1, Mg is near the border
line, and cannot be used in tubes
with high operating temperature
because of the danger of migra-
tion of Mg atoms. Requirement 2
is met by all earth alkali metals but
not by aluminum. Requirement 3
is met by all earth alkali metals
with the exception of magnesium.
The fourth requirement, with em-
phasis on activity, is met by all
earth alkali metals with the excep-
tion of magnesium and aluminum.
In a similar manner requirement of
an incoherent oxide layer is not
met by magnesium and aluminum.
Requirement 5 (stable reactions) is
met by all earth alkali metals but
only up to a temperature of 200 C
(regarding the oxides created even
up to higher temperatures).

The materials Sr, Ba and Ca, are
the most suitable for flash getters
in high-vacuum electron tubes.
Concerning the replacement of ab-
sorbed gases by mercury va-
por, however, all earth alkali metals
fail with the exception of magne-
sium, which is the reason that the
latter metal is used in mercury
tubes.

There are few quantitative data
that permit a comparison of the
getter-efficiency of different metals
for different gases. Table I shows
such a comparison for flashed de-
posits of Al, Mg, Th, U, misch-
metal and Ba and the gases 0., H,,
N., and CO,. It exhibits Ba as the
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most efficient getter among the
metals investigated. The higher
efficiency of diffuse deposits is due
to their much larger surface, re-
sulting from their finely divided
state. This phenomenon, known as
dispersal gettering is illustrated by
the black Ba deposit.

The practical choice of the proper
getter material is a function of
factors other than efficiency alone.
The broad use of high-efficiency
flash getters requires considera-
tions of insulation, interelectrode
capacitance, contact potential and
secondary emission of vacuum-tube
electrodes and insulators, which
often suggest their avoidance. On
the other hand, Ba flash getters are
preferred for oxide-coated cathodes
because the Ba does not poison the
cathodes and in some cases will
improve the BaO cathodes. Judi-
cious use of shields and proper po-
sitioning of the flash getters

Table I—Comparison of Getter
Efficiency for Metals and Gases

Efficiency
Getter Gas (in microns of
pressure)
Bright  DifTuse
deposit  deposit
Al 0- 7.5 38.6
Nz, He, CO» -
Mg 0: 20 202
COq, N2, H.
Th 0: 7.45 31.15
H: 19.45 33.7
U 0O: 10.56 Y .26
H: 8.9 2.5
Mischmetal O 21.2 50.9
H: 16.1 63.9
N- 3.18 16.1
CO- 2.2 14.8
Ba 0: 15.2 15
H. 87.2 73
N: 9.5 36.1
CO: 5.21 59.5
Getter efficiency is determined by the product
of volume (1 liter) and pressure of gas cleaned
up by I mg getter material. Diffuse deposits
were obtnined hy {lashing the getter in argon
and consist of finely divided getter material.

avoids most of their disadvantages.

It has been known for a long time
that almost all metals (after thor-
ough degassing) are capable of ad-
sorbing gases on their surfaces.

Tantalum

Certain metals are capable
of incorporating gases, even noble
gases, by solution in their bulk
volume. The classical example is
tantalum which, on acecount of this
property, plays a predominant role
in the construction of high-power
transmitting tubes. After degas-
sing in a high vacuum for several
hours at a temperature of 1,600 to
2,000 C, tantalum is capable of ab-
sorbing gases in amounts up to
several hundred times its own vol-
ume. The optimum gettering tem-
perature for tantalum appears to
be in the neighborhood of 1,000 C.
At temperatures above 1,500 C, the
gettering action ig reversed. The
maximum getter effect is secured,
therefore, by dimensioning tan-
talum anodes so that during normal
service the electrodes operate at red
to yellow heat. Generally, the high
price of tantalum sheets and wires
limits the use of whole tantalum
electrodes to particularly valuable
tubes and suggests the coating of
e'ectrodes with tantalum powder.
This is mostly performed by apply-
ing very fine tantalum powder on
the surface of anode sheets in the
finished assemblies. They are sin-
tered together while simultaneously
degassing these powders during the
pumping operation by means of
high-frequency heating or by elec-
tron bombardment. On account of
the high degassing temperature re-
quired for tantalum, only molyb-
denum or tungsten is suitable as
a base metal for tantalum powder.
Tantalum should never be hydro-
gen-fired because of embrittlement
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and consequent destruction by this
gas.

The main disadvantages of tan-
talum are the high material cost
and the high temperature range re-
quired for proper degassing and
subsequent gettering operation.

Columbium

During recent years columbium
getter pellets have been introduced
to the vacuum technique. These
pellets are approximately three to
five millimeters in diameter and one
to three millimeters high, and con-
sist of oxide-free columbium metal.

The getter pellets must occupy a
position in the tube where they can
be heated to a high temperature
during exhaust by either high-fre-
quency induction or electron bom-
bardment. The position of the
pellet must be such that the tem-
perature is maintained by either
radiation or electron bombardment
at approximately 500 C. This tem-
perature is not critical but must be
above 400 and less than 900 C. A
temperature of 1,650 C is needed
to outgas columbium pellets because
at this temperature occluded and
absorbed gases are expelled and col-
umbium oxide is volatilized. A tem-
perature lower than 1,650 C will
not accomplish this expulsion of
columbium oxide. The outgassing
time may vary from a period of
five minutes to a somewhat longer
time. The preferred manner for
supporting the columbium getter
pellet is to weld a molybdenum wire

gassing is too high for a nickel sup-
port but is in the proper range for
molybdenum. Tungsten need not
be used.

Zirconium

Zirconium has valuable gettering
characteristics and has come into
wide use during the past decade. It
forms very stable solid solutions
(or compounds) with such gases as
0, N, CO and CO.. Zirconium metal
is cheaper than tantalum and re-
quires somewhat lower operating
temperatures. Zirconium is avail-
able either in solid metal form
(sheets or wires) or it may be ap-
plied in the form of a powder to
base metals (molybdenum) as de-
scribed above. The proper outgas-
sing temperature for zirccnium lies
between 1,000 and 1,700 C, which
is attained by either direct or indi-
rect heating of the zirconium metal
or of the base metal to which zir-
conium metal or zirconium powder
has been applied. Wherever it is
deemed inadvisable to heat the
getter material to this temperature
range, an outgassing temperature
of 700 C must be considered mini-
mum for activating the surface of
the zirconium getter. While zircon-
ium is effective as a getter from
about 400 C on, it is most active at
temperatures up to 1,600 C if used,
for example, on molybdenum and
carbon anodes.

The solubility of H, in Zr at room
temperature equals 1,500 times its

to it. The temperature of out- own volume at 1 atmosphere. Sorp-
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FIG. 1—Vapor pressure of metals used as flashing-type getters. Hg and Ni are
included for comparison
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tion begins at 300 to 400 C and is
completed at 500 C. As the temper-
ature is increased, the metal frees
H., but at 850 C the H, is again
taken up during transition from
a to B Zr. Above 850 C, H, is evolved.
Sorption and desorption are revers-
ible with decrease in temperature.
Preliminary heating to a high
temperature is a necessary condi-
tion for the sorption of H. at lower
temperatures. During a rapid pas-
sage from a high temperature
(above 1,200 C) to room tempera-
ture, a large amount of H, is quickly
taken up.

Oxygen as well as N, dissolve
homogeneously in Zr. When a Zr
rod covered with a thick white
oxide layer is heated in vacuum,
the metallic luster reappears.
Water vapor is cleaned up between
200 to 250 C. Care must be taken
that a part of the Zr getter re-
mains at a low temperature (ap-
proximately 400 C) during opera-
tion in order to bind the H,, while
another part must assume much
higher temperatures (approxi-
mately 800 C) in order to absorb
0., N, and other gases.

Zirconium metal in sheet form
0.002 to 0.005 inch thick is used on
locations that can be properly out-
gassed and which operate in the
temperature range indicated above.
Very often zirconium sheets are
mounted to grid shields, cathode
supports, and other structures,
which during operation attain a
temperature of 600 to 800 C. 1In
small tubes zirconium sheets, cylin-
ders, or ribbons are used for
cathode supports, grid supports and
radiation shields. Zirconium wire
of 0.005 to 0.020-inch diameter can
be mounted for direct heating,
being heated whenever absorption
of gas is required, or it may be
mounted for the same purpose by
winding zirconium wire around Mo
rods or other suitable structures.

Continuous gas absorbers such
as that shown in Fig. 2 provide a
support for the Zr wire and are
operated from 350 to 1,700 C, for
example, in x-ray tubes in series
or in parallel with the filament (the
temperature being adjusted by
proper length of the wire). They
have also been used for shortening
the degassing time of electrode
systems during pumping. Using a
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TUNGSTEN WIRE
0.007 IN. DIAM -7
5 .

. ZIRCONIUM WIRE
0.005 IN Olam

MOLYBDENUM CORE’
0.008 |N. DIAM

FIG. 2—Zirconium-wire assembly for
continuously heated gas absorber

Zr wire spiral of fifteen turns on a
0.040-inch Mo mandrel, treated and
outgassed for one hour at 1,700 C,
a pressure of 5 X 10 mm Hg was
reached in ten minutes instead of
thirty minutes with the high
vacuum pump alone. This auxiliary
pumping getter can be used repeat-
edly even though exposed to atmos-
pheric pressure between pumping
cycles, no additional outgassing be-
tween cycles being required. In
every case the Zr absorber main-
tained a higher vacuum at a con-
siderably higher effective pumping
speed than the 20-liter-per-second
high-vacuum pump.

A convenient way of using zir-
conium is to spray the tube parts
with fine zirconium powder. Such
powders, of particle size between 1
and 8 microns, may be suspended in
a temporary binder such as nitro-
cellulose dissolved in amyl acetate.
For high voltage tubes a permanent
binder such as colloidal silicic acid
has been used with success. Such a
binder has the further advantage of
not giving off gaseous products dur-
ing outgassing and operation. The
amount of binder is usually two to
five percent. This mixture is
sprayed on the electrode parts,
which in turn are fired in vacuum in
order to remove the binder or to
convert the binder to a stable com-
pound. Nickel electrodes (pre-
heated at 1,000 C, operating at 200
to 500 C), molybdenum electrodes
(preheated at 1,300 C in vacuum
and operating at 800 C) and graph-
ite electrodes can be satisfactor-
ily coated with such mixtures.
Quantitative data on the sorption
of different gases at different
temperatures by powdered Zr are
shown in Table II. Other methods
of applying zirconium powder to
electrodes have been reported, such
as a suspension mixture consisting
of paraffin, naphthalene, xylene and
methanol or deposition of zirconium
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powder by cataphoresis.

Zirconium hydride (ZrH,) may
also be applied to Mo, Ni, Fe or
graphite anodes or grids as a paste,
by spraying or cataphoretic precipi-
tation, and reduced to pure Zr upon
heating. This compound com-
pared with pure Zr powder presents
the advantage that at lower temper-
atures the zirconium ig tied up and
protected against oxidation or
poisoning during seal-in and ex-

haust. Then as the temperature is
raised, metallic zirconium is
formed, liberating its hydrogen

completely in vacuum at about 800
C. Thus, for coating on carbonized
plates, which liberate much ad-
sorbed gas during exhaust, zircon-
ium hydride may be preferable to
the pure metal since not only is the
combined zirconium protected from
the evolved gases but furthermore
the hydrogen that it liberates at
higher temperatures apparently re-
duces the last traces of adsorbed
oxygen in the carbon layer.

Zirconium has been used success-
fully in high-power transmitting
tubes, especially tubes having thori-
ated tungsten filaments, small
microwave tubes and gaseous dis-
charge tubes. Zirconium is inert
to mercury vapor.

Stable solutions or compounds of
Zr are formed with most gases in-
cluding water vapor, with the ex-
ception of hydrogen.

The chief disadvantage of zir-
conium as a getter is that the opti-
mum temperature for the sorption
of hydrogen is too low for the effec-
tive cleanup of oxygen, nitrogen
and the oxides of carbon. If, there-
fore, the zirconium-coated part is
to operate at a temperature much
in excess of 300 C, a supplementary
lower temperature Zr getter or a
getter of the barium or barium-
magnesium type should be added to
absorb the hydrogen. Whether this
precaution is necessary or not de-
pends upon the tube and the
amount of water vapor or pure
hydrogen found within it,

Thorium

During World War II, thorium,
thorium alloys and mixtures of
these with other getter materials
were developed in Germany for use
in vacuum tubes. Thorium metal is
manufactured by reduction of ThO,

with Ca. Powdered Th is very
pyrophoric; it is inflammable by
mere friction. Electrode parts were
coated with thorium powder by
cataphoresis and heated for two to
three hours in a vacuum furnace,
For wires the coating was 5 to 10
microns thick and for sheets 1 to
2.5 mg per sq cm. The heating
temperature is about 800 to 1,000 C
for nickel and iron and 1,500 to
1,600 C for graphite electrodes.
Considerable gas absorption is re-
ported to occur around 200 C but
especially in the range from 400 to
500 C. This getter is therefore
suitable for power tubes and very
small tubes with high anode
temperatures. If the anode is cov-
ered with thorium powder its sur-
face finish is rough, resulting in
increased emissivity by blackening.

One alloy of thorium is the getter
called Ceto, which comprises a 20-
percent mischmetal, (chiefly cer-
ium) and 80 percent thorium. This
powder mixture is sintered at ap-
proximately 1,000 C, and the bars
are milled to powder again. It is
very inflammable. Ceto getter pow-
der is transformed with amyl ace-
tate into a paste that is applied to
the tube electrodes in the amount of
15 to 25 mg powder per sq cm and
then sintered upon the base metal
in a vacuum furnace. The degas-
sing temperature of the Ceto getter
is 800 C and a marked getter action
is exhibited from 80 to 130 C up,
with an absorption maximum at
200 to 500 C.

Ceto getter material has a lower
secondary emission than barium.
It is used when it is desired to
avoid or to reduce secondary emis-

Table II—Sorption of Gases by
Powdered Zirconium

Gas sorbed {(cu cm X mm

Gas Temp C Hg per mg Zr)
O 25 0.38

400 1.99
N: 500 0.11-1.0

800 1.46
Co 25 0

500 0.43

800 3.65
CO2 25 0

500 0.57

800 3.04
Hs 25 0.69

350 13.33
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sion that might arise from the use
of Ba. It cannot be used above 600
C. Ceto bridges the gap between
the low-temperature flashing getter
such as Ba and the high-tempera-
ture non-volatile types (Th, Ta and
Zr.) Pure thorium or compounds
of Th and Zr are highly pyrophoric.

Titanium

A recent addition to bulk getter
materials is titanium, which can be
used either as bulk or as coating
getter. It is not pyrophoric and its
getter properties are good, besides
being easy to form and machine.
Blackening of the parts can be ob-
tained by a short heating in air. At
present titanium sheet is more ex-
pensive than zirconium per unit of
gas absorbed.

Aluminum

Aluminum in its pure state is not
used as a flash-getter, chiefly be-
cause its vapor pressure is too low
(see Fig. 1). It vaporizes suffi-
ciently only above 1,300 C, which is
much too high for the conventional
base metals like Ni. On the other
hand, aluminum plated on Fe to a
thickness of about 15 microns
shows a considerab'e coating-getter
effect for traces of O, being bound
by the carbon content of Fe elec-
trodes and released only slowly dur-
ing the life of the tube. After
heating at 700 to 800 C in vacuum,
the aluminum forms a black com-
pound with the Fe base (FeAl, or
FeAl,). This blackening increases
the total emissivity to a level that
is equal to or greater than that of
carbonized Ni anodes. Such Al-
plated sheet-iron has been widely
used in Europe for anodes in re-
ceiving and amplifier tubes with
oxide-coated cathodes.

The trade name for sheet iron
plated with aluminum on both sides
is P2-iron; plated with Al on one
side and with Ni on the other—
PN-iron,

Magnesium

Pure magnesium possesses many
desirable properties for a getter
material, such as availability in
suitable forms, and being compara-
tively stable and wvolatile under
vacuum at convenient temperatures
around 500 C. Unfortunately, the
gettering power of magnesium is
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FIG. 3—Typical Kemet KIC getter mount.

ings; A is nickel h- induction loop,

B getter strip, C iron sheath, D weak-

ened zone to allow evaporation and E
is 0.5 to 25-mg barium filling

not high because most gases are
only physica'ly absorbed. As a re-
sult, magnesium by itself is not
used in high-vacuum tubes. The
only evidence of its use is in Hg-
vapor-filled rectifiers and in certain
types as a grid coating powder to
reduce secondary emission.

In order to obtain a material of
greater stability and safety in use
than pure magnesium, the so-called
Formier getter was developed. It
consists of aluminum-magnesium
alloy powder (55 percent Al, 45
percent Mg) which is applied sus-
pended in a nitrocellulose binder
and applied to tube parts as a paint.
On account of the limited gettering
powers of magnesium, Formier is
used only when other types of
getters with higher evaporation
temperatures must avoided. Mag-
nesium getters are difficult to degas,
have little gas absorption up to
temperatures of 175 C and absorb
only oxygen. High vapor pressure
precludes use in small tubes and at
high operating temperatures.

Barium

The
flash
used

active ingredient of most
getters is barium, which is
in combination with alumi-
num, magnesium, tantalum, thor-
ium, strontium or calcium. The
getter is attached to the electrodes
in the form of a pellet, or more fre-
quently, to a special metallic sup-
port within the tube as shown in

the top row of the accompanying
photograph. It is mounted in such
positions as to insure that the vapor
stream produced is not splashed
against such parts as the stem or
the insulated lead-in wires. Shield-
ing sereens of metal, mica or cera-
mic materials are often provided to
prevent this. The getter pellet
must be attached to parts that dur-
ing the pumping process may be
readily heated to the evaporation
temperature of the getter. This
heating is performed by electron
bombardment or, more frequently,
by high-frequency induction from
coils arranged outside the tube.
Flash getters of pure barium
have the disadvantage that the un-
protected barium reacts at room
temperature with oxygen or with
water vapor, thereby becoming in-
active. This condition may be pre-
vented by using: a protective layer
or casing, alloys of Ba that are
inert at room temperature or by
generating the gettering material
in the vacuum tube by a chemical
reaction between stable Ba com-
pounds and deoxidizing agents to
form a reaction-type getter. Alloys
of barium with magnesium and
aluminum are relatively stable at
room temperature and yield pure
barium upon dispersa! or flashing
of the getter. The percentage of
metals in standard alloys for getter
tablets are: Ba 25, Mg 55, Al 20;
Ba 37, Mg 37, Al 26; Ba 43, Mg 20,
Al 37 (known by the trade name
Kemet). The tablets are mounted
on nickel flags of various shapes.
Barium-magnesium alloys yield
very little Ba metal in the flashing
and are, therefore, seldom used in
modern high-vacuum tubes. Ba-Al
getters  provide much larger
amounts of Ba metal, which ac-
counts for their wider use. A com-
mon disadvantage of both types of
alloys is their rapid rate of deteri-
oration upon exposure to air and
the necessity of vacuum packing.

Another commercial assembly
is shown in Fig. 3. Other types
comprise short pieces: of iron,

nickel and copper-clad barium wires
to be mounted on a support of Ni-
sheet, which can be high-frequency
flashed at 900 to 1,100 C. Trade
names of these materials are Feba,
Niba and Cuba.

Several x-ray tubes of European
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make use iron-clad barium (Feba)
getter made in wire form, 2 mm
diameter by 15 mm long. The
getter is mounted within a minia-
ture oven consisting of a ceramic
tube into which the getter just fits.
A tungsten spiral heater is wound
on the outside of the ceramic tube.
Care must be taken to avoid the
possibility of migration of the bar-
ium to active tube elements. After
sealing off the tube, the getter is
flashed by heating the spiral.
Examples of the reaction type Ba
getters are the reduction of BaO
by Al to Ba (Alba getter) and of
BaCO, or barium berylliate by Ta
to Ba. In the case of BaCO, a
tantalum wire heater is coated with
a mixture of BaCO, and SrCO,
(SrCO, prevents fusing of BaCO,).
At 800 to 1,100 C the carbonates
dissociate to oxides and at 1,300 C
the oxides react with Ta to form
metallic Ba, whereby 40 percent of
the theoretical Ba yield is obtained
in the so-called Batalum process.
Also barium berylliate (BaBeO,) is
stable in air and is used in a di-
rectly heated getter, shown in Fig.
4, formed in the shape of a trough
from a 0.040 x 0.001 in. Ta ribbon,
which holds approximately 2.5 mg
of Ba and gives a Ba yield of 60

FIG. 4—Arrows indicate direction of bar-
ium metal evaporation from barium beryl-
liate in tantalum trough

Another  flashing-reaction-type
getter is the so-called Bato getter,
which is prepared by mixing an
aluminum-barium alloy with iron
oxide and thorium powder. Its
purpose is to provide a source of
heat in the getter pellet and in so
doing aims at flashing Ba metal at
a relatively low getter flag temper-
ature. The source for the Ba is
the Ba-Al alloy and the latent heat
so derived forms an exothermic
reaction between iron oxide and
metallic thorium. The powder is
formed into tablets, which are
pressed into nickel cups and at-
tached to special supporting mem-
bers within the tube. Since it is
important to store the Bato getter
in a dry atmosphere, the getter

ated ampoules or cans. After the
pumping process, the getter is
evaporated by high-frequency.
Flash getters are outgassed at
temperatures between 600 and 700
C, usually by r-f heating from the
outside of the tube, and flashed at
temperatures beween 900 and 1,300
C. The barium vapor condenses on
the cold surface opposite the getter
material, usually on the envelope of
the tube. The appearance of the
condensed getter deposit depends
upon the vapor pressure in the tube
at the time of flashing. If the get-
ter is vaporized very slowly, the
first barium atoms evaporated will
absorb the gas present so that the
remaining getter is deposited in a
very high vacuum, exhibiting a
shining mirror. If flashing is done
very rapidly, however, the getter
deposits in a rather high wvapor
pressure and the getter mirror will
be discolored due to dispersion of
the Ba. If vaporization is carried
out in the inert atmosphere of a
rare gas the condensed deposit will
be black, resulting in a dispersal
getter. This condition does not
mean that the getter is con-
taminated, but merely that the de-
posit is finely divided and therefore
absorbs light. Such deposits ex-

percent. flags are usually sealed into evacu- hibit higher efficiency than the
Table III—Outgassing, Flashing and Operating Temperatures of Typical Getters
Ba
And Ba Reaction-Type Getters Phos-
Material Ta Cb Zr Th Ceto Mg Al-Mg  Compounds Bato Batalumm  Ba-Berylliate phorus
Form of bulk bulk Hulk coating  coaling flash flash flash flash flash flash flash
Application conting coating
Form of sheet pellets sheet. powder powder ribbon powder metal-clad Niclad BaCO; paint BaBeO: paint| powder
Getter powder wire wire paint wire pellcts on Ta on Ta suspen-
powder pellets sion
Outgassing 1,600- 1.650  700-1,300 for metal 800-1,200 100 400 600-700 no ref #00-1,100 900-1,000 no ref
Preheating 2,000 (up to base
Temperature 1,700 in 800-1,000
(deg C). com- for
pound graphite
wires) 1,500-1,600
Flashing —_— —_— 500 noref  900-1,300 750-800  1,200-1,300 1,360 >200
Temperature (900)
(deg C).
Operating 700-1,200 500 800 (up  400-5C0  200-500 ahsorbs gases 20-200 max  20-200 20-200 20-200 100-200
Temperature to 1,600 only during
(deg C). in com- flashing
pound
wires)
Applications D,E, M D, K C,D,E, C,D P . K A F A.B,DF, D, M A F AF o
Reported F.ILK, G,H, I,
L,M,N (). N
A — Small receiving tubes G — Cathode-ray tubes N — Tubes with thoriated cathodes
B — Miniature tubes H — Phototubes O — Incandescent tainps
C — UHF tubes 1 — Gaseous-discharge tubes P — Vacuum tubes in which neither flashing
D — Medium-size transmitting tubes K — Hg-vapor tubes getters nor the high temperatures oeces-
E — High-power transmitting tubes L — X-ray tubes sary for Ta and Zr may be used
F — Oxide-cathode tubes ™M — High-power vacuum tubes
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bright deposits indicated in Table I.

Barium reacts with atmospheric
gases such as oxygen, nitrogen and
carbon dioxide at room tempera-
ture, as well as with hydrogen and
carbon monoxide. This absorption
at low temperature makes flash get-
ters particularly valuable for tubes
that do not attain high operating
temperatures. If the volume of
the vacuum tube is large, multiple
getter strips or several getter
pellets are employed.

Flash getters have the disad-
vantage that during flashing metal-
lic vapor is produced, which may
settle on insulating parts or build
up a conducting layer on the glass
envelope. Such layers may become
charged during operation or repre-
sent interelectrode capacitance.
Usually flash getters are inadvis-
able in high voltage tubes or in
microwave tubes, the latter type
having very close spacing and only
short insulating surfaces. It
should also be considered that the
opaque mirror interferes with the
cooling of electrodes by radiation.
In high-voltage types like transmit-
ting and x-ray tubes fast stray
electrons may hit the mirror and
evaporate sufficient getter material
to cause a gas discharge followed
by a short circuit and destruction
of the tube,

Phosphorus

Phosphorus has a comparatively
high vapor pressure (indicated in
Fig. 1) and for this reason it is
not used in radio transmitting,
x-ray, or other high-vacuum dis-
charge tubes. Inexpensive and
simple to handle, it is used for high-
vacuum and gas-filled lamps, espeec-
ially for types of below 60 watts
with voltages of 90 to 250 volts.

The outgassing, flashing and
operating temperatures of typical
phosphorus getters are given in
Table III.

The authors wish to extend
thanks to E. B. Steinberg (Reming-
ton-Rand) and E. A. Lederer
(RCA) for assistance and sugges-
tions in preparation of this manu-
script.

BIBLIOGRAPHY
Condensed Papers and Books

S. Brunauer, “The Sorption of Gases
and Vapors”, Princeton 1942,

J. DeMent and H, C. Dake,
Metals”, New York 1946.

S. Dushman, ‘“‘Scientific Foundations of

‘Rarer

86

Vacuum Technique”, John Wiley and Sons,
New York 1949.

W. Espe, New Getter Materials for the
High Vacuum Technique, Powder Metal-
lurgy Bulletin, p 100, Oct, 1J~le«

W. Espe and M. Knoll ‘“Materials of
High Vacuum Technique”, p 305, Ann Ar-
bor 1944 (in German).

Faraday Society, London, “The Ad-
gorption of Gases by Solids”, p 447, Ox-
ford 1932,

J. D. Fast, Metals as Getters, Philips
Tech. Rev., 5, p 217, 1940.

. I Gregg, ‘“Adsorption of Gases by
Sollds” p 116, London 1934.

D. B. Langmuxr and L. Malter, The
Rate of Evaporation of Ta, Phys. Rev. 55,

p 748, 1939,
19%’[. Littmann, “Getterstoffe”, Leipzig
S.

I. W. McBain, “The Sorption of Gases
and Vapours by Solids”’, London 1932,

A. E. Van Arkel, “Reine Metalle, Her-
stellung, Eigenschaften, Verwendung”,
Berlin 1929,

Gettering and Getters, Light Metals,
34, Jan. 1944 and p 77, Feb. 194

J. S. Harrison, Production and Uﬁe of
Getters and Materials in German Radio
Valves, Thermlomc Devices and Electric
Lamps, I. 0. 8., Final Report No. 1834,
London 1948.

Gettering by Ewvaporated Metals
and Alloys

G. Ahrens, Cerium, Mod. Metals, p 20,
Sept. 1945,

M. R. Andrews and J. S. Bacon, The
Comparison of Certain Commercial Get-
ters, J. Am. Chem. Soc., 53, p 1,671, 1931.

M. Benjamin, C. W, Cosgrove and'G. w.
Warren, Modern Receiving Valves; De-
sign and Manufacture, J. Inst. El. Eng.,
80, p 421, 1937.

J. E. DeGraff and H. C. Hamaker, The
Sorption of Gases by Ba, Physics, 9, p
297, 1942,

s Dushman, Recent Advances in the
Production and Measurement of High Va-
cua, Journ. Frank. Inst., 211, p 689, 1931,

L. . Ehrke and C. M. Shcl\, An Inves.
tlgatmn into the Gettering Powers of Var-
ious Metals for the Gases He, Oz N2, CO:z

and Air, Jowrn. Appl. PhJS, 11, p 129,
Feb. 1940.
G. Haase, Die Getterwirkung duenner

Ba Filme bei tiefen Drucken, Zeit. f. ang.
Physik, 2, p 188, 1950.

. L. Hunt Telefunken Metal Ceramic
Radio Valves, B.I1.0. S. Final Report 39,
11_48c>;10(110)n 1945 (Dept. of Commerce, P. B,

G. W. Johnson, W. H. Hane and P. A.
Anderson, A Quantltqhve Study of the
Clean Up of Hz by Ba, Phys. Rev., 56, p
852, 1939.

Getters and Gettering Methods for Elec-
tronic Tubes, Kemet Labs., 1947.

E. A. Lederer and C. H. Wamsley, Ba-
talum, a Ba Getter for Metal Tubes, RCA
Review. p 117, 1937.

E. A. Lederer and C. Wamsley, Re-
cent Advances in Ba Getter Technique,
RCA Review, p 310, Jan. 1940,

A. L. Reimann, ’I‘he Clean Up of Vari-
ous Gases by Mg, Ca and Ba, Phil. Mag.,
16, p 673, 1933 and 18, p 1, 117 1934.

W. Rohmqon Rugged V'xlves and Me-
chamca] Tests for Valves and Components,

. 1. 0. 8. Final Report 501, Loondon 1945,

C. C. Van Voorhis, A. G. Shenstone and
A. W. Pike, Purification of Inert Gas with
Mischmetal, Rev. Sci. Inst.,, 5, p 367. 1934.

R. Wild, Les Getters et leur Emplois,
LeVide, 2, p 252, 1947,

Gettering by Solid Metals and Alloys

C. I. Bradford, J. P. Catlin and E. L.
Wemple, Properties of Wrought Commer-
cially Pure Titanium Prepared hy Arc
Melting and Casting, Metal Progress, 55,
P 348, 1949,

I. B. Campbell and others, The Prepa-
ration and Properties of Pure Ti, Journ.
Electrochem. Soc., 93, p 271, 1948.

W. Daellenbach, Grosqglemhrichter ohne
Vakuumpumpe, Elektrotechnische Zeit-
schrift. 55, p 85. 1934,

R. 8. Dean, and R. Silkes, Metallic Ti-
tanium and Its Allovs, U. S. Dept. Int,
Bur. of Mines Information Circular 7381
p 3%. Nov. 1946.

I. H. DeBoer and J. D. Fast, The a — 8
Transition in Zr in the Presence of Hoa,
{\’r‘e?c‘.‘ Trav. Chim., 65, p 350 and P 459,

Jab,

I. F. DeRoer and J. D. Fast, Electrol-
vais of Solid Solutions of Oxvgen in Me-
tallic Zr, Rree. Trav. Chim., 59, p 161, 1940.

I. H. DeBoer and J. D. Fast, Zr: I: Z.
11915 Chemie, 153, p 1, 1926 and 18%, p 177,

w. Deck, The Adsorption of Gases by

Steel Walls of a Vacuum Discharge Ap-
paratus and Its Bearing on the Life of
Pumpless Mutators, BBC Review, 29,
p 202, Aug. 1942,

E. I. du Pont de Nemours, Inc., Titanium
Metal, ELECTRONICS, 22, p 207, March 1949,

W. Espe, Platovane zelezo jako novy
material vakuove techniky, Slaboproudy
Obzor, 11, No. 2, p 31, 1950.

W, Espe, Metalicke Thorium, novy za-
jimavy material techniky vakua, Slabo-
proudy QObzor, 11, No. 5, 1950,

W. Espe and V Kratochvnl Titan-kov
blitzke budoucnosti, Slaboproudy Obzor,
11, 1850.

G A. Espersen, Zr for Electron Tubes,
Foote Prints, 18, No. 1, p 3,

Fansteel Metallurglcal Corp, ‘Informa-
tion for Use of Columbium Getter Pellets,
Chicago.

Fansteel  Metallurgical Corp., Co-
Ilumbium; Technical Information, Chicago
946.

Fansteel Metallurgical Corp., Tantalum ;
Technical Information, Data Bulletin Ta
6500, Chicago.

J. D. Fast, Ductlle Shaping of Zirconium
and Titanium, Metalwiss., 17, p 459, 1938,

J. D. FFast, Zirconium, Foote Prints on
Chemicals, metals, alloys and ores, 10,
P 1, Dec. 1937 and 13, p 22, 1940.

J. D. Fast, Zirconium and Its Com-
pounds with a High Melting Point,
Philips Tech. Rev., 3, p 345, 1938.

H. W. Gillet, Some Features of Ductile
Zirconium and Titanium, Foote Prints, 13,
p 1, 1940.

A, Greenwood, Titanium, Some Prop-
erties and Applications, Metallurgia, 86,
No. 211, 1947.

W. G. Guldner and L. A. Wooten, Re-
actions of Zr with Gases at Low Pressure,
Journ. Electrochem. Soc., 93, p 223, 1948,

S. Hukagawa and J. Nambo, Absorption
Properties of Metallic Zr and its Applica-
tion to Electron Tubes, Electrotech. Journ.
(Japan) 5. p 27, 1941.

w. J. Kro]l and A. W, Schlechten, Sur-
vey of Literature on the Metallurgy of
Zr, Bureau of Mines Information Circular
No. 7341, 1946,

W. J. Kroll and A, W. Schlechten, Ti-
tanium and Zirconium—Two Metals of the
Future, Metal Industry, 69, p 319, 1946.

O. Kubaschewski, Die Loeslichkeit von
Gasen in Metallen, Zeit. f. Elektrochemie,
44, p 152, 1938.

W. C. Lilliendahl and others, The
Quantitative Evaluation of Oz in Zr, Journ.
Electrochem. Soc., 93, p 235, 1948.

. R. Long, The Consolidation of Ti-
tanium Powder by Sheath Rolling, Metal
Progress. 55, p 191, 1949,

J. W, Marden and M. N, Rich, Investi-
gations of Zirconium, Ind. Eng. Chem., 12,
No. 7, p 651, 1920 and Bureau of Mines
Bulletin 186, Mineral Technology 25, 1921,

. C. Michels and 8. Wilford, The
Physical Properties of Titanium, Jowrn.
Appl. Phys.. 20, p 1,223, 1949.

A. L. Reimann and C. K. Granz, Some
High Temperature Properties of Nlobium,
Phil. Mag., p 34, 1936.

E R. Owen Telefunken Special Ma-
terials for Radio Valves, B.1.0.S. Final
Report 276, London 1945 (Dept. of Com-
merce, P. B. 27712).

M. Pirani, Ta und H:, Zeit. f. Elektro-
chemie, 11, p 555, 1905,

0. C. Ralston, and F. J. Cservenvak, Po-
tential Uses of Titanium Metal, Ind. Eng.
Chem.. 42, p 214, 1950.

A. N. Rogers, Use of Zr in the Vacuum
'11‘guhe, Trans. Electrochem. Soc. 88, p 297,

45.

O. W. Simmons and others, Arc Melting
og ;)I‘itanium, Metal Progress, 55, p 197,
1949.

I. B. Sutton and T. D. McKinley, In-
duction Melting of Titanium in Graphite,
Metal Progress. 65, p 195, 1949.

E. Wainer, Technology of Zr and Ti and
their Compounds, Ceramic Age, 48, p 198,

Nov. 1946.
F. 8. Wartmann, Production of Tita-
nium Powder by the Bureau of Mines,

Metal Progress, 55, p 188, 1949,

E. Wedekind, Ueber die Darstellung des
sog, kristallistierten Zr im el. Ofen, Zeit.
f. L}:ﬂlrktrochemw 10, p 331, 1904.

V. Whitney, Temperature Scale of
Cb, Th, Rh, Mo at 0.667 u, Phys. Rev., 48,
P 459 "1935.

Gettering by Phosphorus

W. J. Bartlett, Chemistry in Incandes-
cent Lamp Manufacture, Ind. Eng. Chem.,
21, p 970. 1929.

S. Dushman, Methods of Production and
Measurement of High Vacua, Part IX,
Physical Chemical Methods, G. E. Rev.,
24, p 669, 1.

October, 1950 — ELECTRONICS



Aircraft Ignition Tester

One set of spark plugs in an engine equipped with a dual ignition system is used as

ionization detector to determine if the active set is firing properly. The drop in potential

across the detector plug is sensed by an amplifier and neon-lamp indicator for each

cylinder to give a dynamic indication on the ground

By W. M. BAUER*

Assoc. Prof. of Electronics Eng.
U. 8. Naval Postygraduate School
Annapolis, Md.

PERATION of the ignition tester
to be described depends upon
the faet that an aircraft dual-
ignition system includes two sets
of spark plugs. Each cylinder has
two plugs, connected to associated
magnetos by a cable harness as
shown in Fig. 1. When the engine
is operating on one of the magne-
tos, the spark plugs of the other
magneto system can be used as de-
tector plugs to determine if the
other spark plug in the same cylin-
der is firing properly.

Testing is accomplished by ap-
plying a fairly high voltage across
the detector plug. When flame
strikes the electrodes as the cylin-
der fires, ionization conductivity of
the combustion gases permits cur-
rent to flow and the potential across
the detector plug drops.

This drop in potential across the
detector plug is used to flash a neon
lamp by means of an electronic cir-
cuit.

The basic circuit of the ignition
tester is shown in Fig. 2. A poten-
tial of about 500 volts is applied
to the detector plug through R..
The same voltage also charges C,
through R, and R.. The grid of V,
is normally positive, grid current
being limited by R, Neon lamp V,
performs the double duty of voltage
regulator and voltage level indica-
tor.

The use of a spark plug as a de-
tector of ionization has previously
been used in studies of propagation
of flames in cylinders. When an ac-
tive plug fires, the combustion

* Formerly Curtiss-Wright Corp.
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flame at the detector plug greatly
reduces the dielectric strength of
the gap. When the gap of the detec-
tor plug becomes sufficiently con-
ductive, the charged capacitor C,
discharges through the detector
plug. This discharge charges C, in
opposition to its normal polarity
and makes the grid of V, negative.
A typical oscillogram of this vari-
ation in grid voltage, measured at
the junction of C, and C,, is illus-
trated in Fig. 3. It will be noted
that the grid voltage is driven from
a positive value to a much greater
negative value.

Swinging the grid of V, negative
cuts off this triode with the result
that its plate potential becomes
much more positive, making the

[

and L. G. SANDS*

Industrial Div.
Philco Corp.
Philadelphia, Pa.

grid of V, positive. Tube V, is
normally biased to cutoff, so the
positive swing causes V, to conduct
and to light the neon indicator lamp
V.. Flashing of V, indicates that
the live spark plug has fired the
cylinder’s combustion charge.
After the voltage discharge
through the detector plug, the grid
voltage of V, relaxes toward its
quiescent positive bias illustrated
in Fig. 3, so that V, becomes con-
ducting. It allows V, to return to
its normally nonconducting state
until the next ignition flame is de-
tected by the detector plug. By
providing suitable voltages across
the detector plug and to the grid of
V., even a weak detection signal,
owing to a very lean mixture, can

axi

Complete tester, showing connecting cable from harness disconnect block. Two volt-
ages are obtained from vibrator supply and additional vacuum-tube rectifier
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be relied upon to flash the indi-
cating lamp V, brightly.

Bias Tube

The unusual location of the neon
indicator lamp V, in the plate cir-
cuit of triode V, may be noted since
the cathode is isolated from ground
except during the conduction pe-
riod of the lamp V.. By this means,
a negative biasing battery or other
inconvenient biasing method Iis
avoided. Cutoff bias voltage is de-
veloped automatically by ecathode
emission and by electron collec-
tion by the plate. The cathode, be-
ing isolated from ground by the
neon lamp, will raise itself to a
positive potential by loss of elec-
trons. With the grid grounded
through R, cutoff bias is obtained
that keeps lamp V. dark until the
positive grid signal is transmitted
through capacitor C..

In practical applications a sep-
arate electronic detector circuit is
used for each cylinder. For a nine-
cylinder engine, nine detector cir-
cuits with a total of nine firing in-
dicator lamps and nine dual-triode
tubes together with a power sup-
ply are used. This arrangement
makes it possible to check all nine
cylinders at once.

To conneet such an ignition
tester to an aircraft engine, dis-
connect junction blocks must be lo-
cated in an accessible position some-
where along the high tension leads
between the distributor and the
ring manifold of the harness. In
Fig. 1, the continuous ring mani-
fold is shown with the disconnect

L

Underchassis views of the tester,
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ground.

Spark Plug Faults Are Elusive

A plug that acts erratically in an engine when hot may test good when removed.
Plugs that wark perfectly under cruising conditions may go bad under takeoff
conditions of higher compression and temperature.
that could have been avoided if ignition had been checked under load on the

A canventional preventative is routine replacement of all spark plugs.
it tckes twelve man-hours to do the job on an 18-cylinder engine—with no assurance
that new troubles have not been introduced. The ignition fault finder described in
this article may go o long way toward improving maintenance

Many o crash has occurred

However,

blocks located on top of this mani-
fold in front of the engine. To at-
tach the tester, one disconnect is
opened and the tester cable is
plugged into the manifold block.
The plug from the magneto has all
contacts grounded for protection.

For a nine-cylinder engine, nine
individually shielded wires are con-
nected to the tester from the re-
ceptacle on the ignition harness.
Shielded leads are preferred in
order to prevent crosstalk between
the test leads in the cable to the
tester. If unshielded leads are used,
the mutual capacitance between
leads permits induction of the firing
gsignal from one lead to all the
others. Such capacitance causes
false flashing of the indicator
lamps and greatly dissipates the
strength of the initiating signal.

Another difficulty encountered
was the severe interference from
the mutual capacitance between the
live ignition leads and the test ig-
nition leads in the same harness.
Reduction of interference voltage
is accomplished by the capacitor

‘_A__“‘.A..AA_Q_..__-‘.

divider action of the comparatively
large capacitance to ground of the
test leads in the 20-foot eable con-
nection to the tester. Further elimi-
nation of interference is accom-
plished by the integrator circuit
defined by R. and C. Toleration of
residual interference is made possi-
ble by operation of triode V, with
positive bias that is too high for
any negative interference peak to
overcome.

Using the Tester

To test the ignition system of an
airceraft engine, the engine may be
run first on magneto 1. In this case,
magneto 2 is cut out and the tester
cable is connected to the receptacle
at the disconnect block between the
magneto and ignition harness in
the circuit of magneto 2. With the
engine running, firing of each cylin-
der is indicated by the flashing of
its respective neon indicator lamp.
The indicator lamp indicates defi-
nitely whether the associated cylin-
der is or is not firing, even if there
is only occasional missing. The in-

|
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Connection to the individual test plugs is made through the mulliconductor plug shown at left
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FIG. 1—Simplified detail of conventional ignition harness and method of attaching

tester
M DETECTOR _ ACTIVE
+450 TO 600 VOLTS 15 MEG 53 PLUG __SPARK PLUG
0. -~ L
RaSmEG ~
- /I _ENGINE
G 7 CYLINDER
+300 [ 0.005 _
voLTS R731.2 MEG

FIG, 2—Schematic of the test circuit. A similar channel is required for each cylinder

dication is simply the failure of the
neon lamp to flash repeatedly so
that an experienced operator is not
required to interpret the lamp in-
dications.

The ignition trouble is accord-
ingly localized in the particular cir-
cuit which fails to fire the cylinder
charge and in most cases the trouble
can be cleared by replacement of
the spark plug. If after such re-
placement, trouble still exists in
this particular circuit, a standard
harness and magneto tester may be
used to locate the trouble in this
cireuit.

As a matter of convenience, the
tester may be provided with a so-
called memory switch (S, of Fig. 2)
for each indicator circuit. If an in-
dicator lamp shows faulty ignition,
the memory switch may be closed
so that the lamp will remain lighted
after the ignition testing is com-
pleted.

Tests have shown that the detec-
tor spark plug need not itself be in
perfect condition for detecting
proper firing of the active plug on
test. It has been found that fouled
spark plugs will serve as ignition
detectors until they are practically

ELECTRONICS — October, 1950

POSITIVE
+ GRID BIAS

BIAS DUE TO
DETECTOR
DISCHARGE

FI&. 3—Oscillogram of the voltage at
the grid of {ube V;

shorted by a bridge of carbon across
the electrodes of the spark plug.
Even in case the testing apparatus
falsely indicates faulty ignition of
the active spark plug due to the
detector plug being very badly
fouled, the tester will still defi-
nitely indicate faulty ignition in
that cylinder since the badly fouled
plug would in this case fail to give
satisfactory ignition.

Unique Performance

During a test demonstration of
the ignition tester on a Wright
G-200 engine, an indication of in-
termittent ignition in a cylinder
where a new spark plug has been
instal’ed was indicated. Examina-
tion showed a mechanic’s failure to
make a proper connection to that
spark plug. No other existing type
of tester could have found this

trouble, nor could a complete re-
placement of an entire set of spark
plugs preclude recurrence of the
same trouble. The action of some
questionable spark plugs was to go
dead for a second or two, repeating
the trouble after an interval of a
few seconds to half a minute. Syn-
chronized with the indication of the
tester, there was an unmistakable
change in sound and vibration of
the engine. This type of an inter-
mittently bad spark plug usually
tests good on all other testers.

The presently used ignition har-
nesses are usually not equipped
with disconnect blocks that would
permit the ignition tester to be
readily attached. Manufacturers
have indicated a willingness to pro-
duce new harnesses with discon-
nects, Although this type has been
developed and is being tested by
airlines and engine manufacturers,
present applications are confined
largely to military uses.

The photograph shows an ex-
perimental model tester equipped
with nine separate channels so that
all cylinders of a nine-cylinder en-
gine may be tested simultaneously.
A type 6SN7GT dual-triode is used
in each channel. Power is supplied
from a vibrator pack and its asso-
ciated rectifier tube since this par-
ticular model is intended for port-
able operation at an airport. The
dual voltage output from the vibra-
tor is obtained with a synchronous
vibrator in addition to the novel
use of a full-wave rectifier tube
across the secondary of the vibrator
transformer. The nine neon indi-
cator lamps are visible through the
openings in the front panel. The
neon lamp to the far right is the
voltage regulator V., referred to
earlier in this paper. The glowing
of this lamp indicates that the volt-
age applied from the power supply
is sufficient for reliable operation
of the ignition tester.

Test facilities for this develop-
ment of the Curtiss-Wright Corpo-
ration Development Division were
provided by the Wright Aeronau-
tical Corporation ignition service
and engineering departments, and
by the Army School in Paterson,
New Jersey. Grateful acknowledg-
ment is also expressed for the help-
ful cooperation of A. C. Winter,
Tony Munsell and J. G. Smith.



Video

Complete video recording console. Hood at left covers the picture tube., Maga-
zine of camera at right holds 1,200-foot film for 33 minutes of continuous
recording

By F. N. GILLETTE,

Head, Apparatus
Development Section

G. W.

Staff Member,
Circuit Development

R. A. WHITE

Staff Member,
Camera Development

KING and

General Precision Laboratory, Inc.
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IDEO RECORDING, the transcrip-

tion of televised material onto
motion picture film from a cathode-
ray tube, is an essential medium
for long-distance network tele-
vision. Used with existing relay
facilities, video recording enables
program presentation at the same
hour in different time zones. In
the absence of relay facilities, it
provides the only means for net-
work distribution of key station
programs.

Current practice is to record on
16-mm film, at the motion picture
standard rate of 24 frames per
second. The recording camera is
driven by a synchronous motor,
operating from the local power line,
so that the film exposure rate is
synchronized to the local power line
frequency. The television picture
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rate, on the other hand, is neces-
sarily synchronized to the power
line frequency at the point of ori-
gin. If the camera has a conven-
tional mechanical shutter, fre-
quency difference between power
lines causes recording difficulties in
distant program pickup.

A new recording system, using
an electronic shutter timed by elec-
tronic counting circuits, is entirely
independent of the synchronizing
frequency at the point of program
origin. The equipment is self-con-
tained in a single console. It in-
cludes picture and sound pickup cir-
cuits, the recording cathode-ray
tube, a direct-reading video level
monitor, a camera and a sound
head.

The mechanical shutter of a con-
ventional motion-picture camera

performs the cyclic tasks of start-
ing, stopping and timing each film
exposure. The electronic shutter
is an assemblage of electronic cir-
cuit blocks which performs these
same tasks. It differs from a
mechanical shutter in the following
respects:

The exposure is started and
stopped by successively applying and
blanking the picture on the face of
the cathode-ray tube, rather than
by intervention of a mechanical
shutter blade.

The exposure is timed by count-
ing the scanning lines which com-
pose the television picture. Ex-
posure of each film frame is termi-
nated on completion of the 525th
scanning line, regardless of whether
or not the camera and the television
synchronizing generator are in syn-
chronism with each other. To
achieve the same desirable objec-
tive with a mechanical shutter, two
major variables must be controlled.
These variables are the operating
speed of the shutter and the angu-
lar blade width. The angular blade
width is fixed in the camera design
so that the time of shutter opening
is 525 lines when the shutter is
running at nominal operating
speed. Departure from nominal
speed during nonsynchronous oper-
ation causes line-count errors. Dur-
ing synchronous operation, momen-
tary changes in power line fre-
quency may cause line-count errors
because of the inertia associated
with the camera mechanism.

With either mechanical or elec-
tronic timing, the start of exposure
must be properly phased in relation
to the camera mechanism. Ex-
posure should not start until film
pulldown has been completed and
the film has become stationary.
With a mechanical shutter, this
function is performed by the trail-
ing edge of the shutter blade (or
the leading edge of the shutter
opening). With an electronic shut-
ter, it is performed by a mechanical
cycling dise which generates an
electrical cycling pulse suitable for
actuating the counting circuits.

The circuit blocks which compose
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Program Recording

Independence of synchronizing frequency at the point of program origin is established by

substitution of electronic circuits for the mechanical shutter of a motion-picture camera.

Tubes are also employed for phosphor persistence compensation and gray-scale correction

the electronic shutter are shown in
Fig. 1 together with a timing dia-
gram.

The scanning method commonly
used with either a mechanical or
electronic shutter is shown in Fig.
2. Since four film frames are to be
exposed during the period of five
television frames, one television
frame must be dropped out of every
five. By utilizing the interlace fea-
ture of the television scan, the same
result is obtained by dropping one-
quarter frame out of every one and
one-quarter. One complete field and
two complementary portions of ad-
joining interlaced fields are photo-
graphed during a single shutter
opening, the separate portions add-
ing up to a single television frame.

Accurate shutter timing is essen-
tial for correct operation. The
shutter not only blanks the picture
during the film motion interval, but
also times the exposure to allow
exact completion of a single tele-
vision picture on each film frame.
It is this additional timing function
that imposes the severe accuracy
requirement. With correct shutter
timing, the starting line of the first
field and the ending line of the
third field occupy adjoining posi-
tions in the raster. If the shutter
remains open a trifle too long the
film records several extra scanning
lines, which appear on top of a com-
pleted frame as a bright horizontal
strip.

Similarly, early shutter -clos-
ure causes a dark horizontal strip.
This strip, either light or dark, be-
comes an obvious exposure defect
which is sometimes called a shutter
bar. The region of the picture
where shutter closure occurs is
known as the join-up or splice.

These conventions apply to a
positive print produced from a
negative film. The light values re-
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verse for a direct positive print.

It is characteristic of the scan-
ning method that the join-ups of
alternate frames have different
positions. The two join-up loca-
tions are separated from each other
by one-half the picture height. In
Fig. 2, the intersections of the
dotted lines with the vertical saw-
tooths indicate the join-ups. The
phasing chosen places one join-up
near the top of the first and third
frames, and the other join-up near
the bottom of the second and fourth
frames. One join-up can be re-
moved from the picture area by
phasing the camera to place the
join-up at the raster edge, but the
other join-up lies within the picture
area. The join-up locations remain
stationary when the television and
camera rates are synchronized to
each other. Otherwise, they travel
up or down, depending on the dif-
ference between rates., An invis-
ible join-up is a necessity in either
case, and shutter timing must be

correspondingly accurate. As an
illustration of the degree of ac-
curacy required, it may be noted
that the edge of a mechanical shut-
ter blade is hand-finished to almost
micron dimensions in order to pro-
duce a satisfactory join-up. Even
with this degree of accuracy,
changes in the cyclic time base
during nonsynchronous operation
cause a shutter bar effect.

In the equipment illustrated, a
shutter gate generator, rather than
a timing circuit alone, blanks the
cathode-ray tube during a portion
of the film cycle. The phasing and
duration of the shutter gate are
established by several associated
electronic circuits. One of these
circuits opens the gate and starts
the timing action as soon as pull-
down of the preceding exposed
frame has been completed. Another
circuit times the exposure. A third
circuit closes the gate. This com-
bination of circuits forms an elec-
troniec shutter which replaces the
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FIG. 1—Stages of the electronic
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conventional mechanical shutter
and affords greater inherent ac-
curacy. - The electronic shutter in
the camera deseribed has an in-
herent timing accuracy of better
than one percent of a single hori-
zontal line, or 0.5 microsecond, in
either synchronous or nonsyn-
chronous operation. The join-up
reduces to a small line break in the
unused margin of the raster, out-
side the picture area,

Since each television frame con-
tains exactly 525 horizontal scan-
ning lines, counting circuits may be
used to time the film exposure. The
ecounting circuits blank the record-
ing cathode-ray tube when the cor-
rect number of horizontal lines has
been scanned. Film exposure may
start at any horizontal secanning
line. Once started, the exposure
econtinues to completion of the tele-
vision frame, and then stops until
triggered by a cycling pulse. In the
camera, film pulldown starts after
the exposure stops. On completion
of pulldown, when the film has
become stationary, the camera gen-
erates the cycling pulse and starts
a new cycle.

Referring to Fig. 1, the cycling
pulse, after amplification, actuates
the start coincidence circuit. The
pulse does not initiate the actual
exposure, but merely cocks the cir-
cuit. A single horizontal synchro-
nizing pulse then trips the circuit.
This same synchronizing pulse,
which may lie anywhere in the
scanning cycle, becomes the start
pulse which opens the shutter gate.
Photography of the first scanning
line ecommences with this pulse and
eontinues as long as the shutter
gate is open, the duration of the

shutter gate opening being de-
termined entirely by the timing
gate.

The timing gate resembles the
shutter gate, but the starting edge
is intentionally delayed so that the
gate opens during the first sean-
ning line, after passage of the zero
pulse. With the timing gate open,
each pulse following the start pulse
trips an appropriate stage in the
binary counter circuit until the
524th pulse trips the 10th stage.
This, in turn, actuates the stop
coincidence eircuit, effectively cock-
ing the circuit. The 525th horizon-
tal synchronizing pulse then trips
the circuit, closing both the shutter
gate and the timing gate. The
gates remain closed during the
blanking interval. At the conelusion
of this interval, the camera gen-
erates a new cycling pulse, ex-
posure starts and the operation
repeats itself.

Start Coincidence Circuit

Figure 3 shows the start coin-
cidence circuit. Under static condi-
tions, triode V. is strongly con-
ducting and V,, is biased to cutoff.

The negative cycling pulse from
the camera passes through diode
V.. and arrives at the grid of V..
as a strong negative pulse, suffic-
iently large to stop conduction in
this triode section. The voltage at
the plate of V., goes positive, carry-
ing the grid of V., with it. Con-
duetion thus transfers to V..
Meanwhile, the negative charge on
V.s grid starts leaking off through
the 1-meg resistor.

The time constant in the grid cir-
cuit is such that V., grid can re-
main negative during the period of
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relationships between television picture scan and film exposures

several horizontal lines. (This is
the cocking action illustrated in
Fig. 1). While V., is conducting,
the horizontal sync pulses are
amplified in V,, and appear as posi-
tive pulses on V., grid. Within the
time of a few scanning lines, the
negative potential on V,, grid be-
comes so small that a particular
pulse in the string of horizontal
sync pulses overrides the negative
potential on the grid of V... This
is the zero pulse, illustrated in Fig.
1, which causes transfer of conduc-
tion to V,,.. The voltage at the
plate of V,, falls abruptly from
+ 150 volts to almost ground poten-
tial, giving rise to a large negative
pulse which becomes the start pulse.
The stop coincidence cireuit is
shown in Fig. 4. It is similar to
the start coincidence circuit, except
for the use of direct coupling to V.,
egrid. The 524 count (Fig. 1)
from the 10-stage binary counter
replaces the cycling pulse as one of
the inputs. The other input, the
string of horizontal syne pulses, re-
mains the same. The output is the
stop pulse. The stop coincidence
circuit contributes the 525 count.

Shutter Gate Circuit

The heart of the shutter gate
generator is shown in Fig. 5. The
circuit is a symmetrical version of
the start coincidence circuit, and
may be recognized as a form of the
scale-of-two counter. It has two
stable positions, characterized by
conduction of one or the other
of the two triodes. If triode V.,
is conducting, a negative pulse ap-
plied through diode V,, transfers
conduction to triode V,.. Con-
versely, if triode V., is condueting
a negative pulse applied through
diode V,, transfers conduction to
tl‘iOde Vuz.

The counter stages also employ
the same Dbasic cirecuit. Ten
counter stages are used, but only
the first and last of these stages are
shown in Fig. 6. The circuit con-
figuration within each stage is iden-
tical. The circuit is known as the
Higinbotham counter circuit.

Tube V, of the counter group in-
verts incoming positive horizontal
pulses, providing the negative
pulses required by the design of the
counter circuit.

The negative sync pulses reach
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FIG. 3—Start coincidence circuit

the first counter stage, V,, through
a 100 -puf capacitor and the pair of
diodes in V,. The counter stage has
has two stable conditions, depend-
ing on whether the A or B triode
section is conducting. Each suc-
cessive pulse transfers conduction
from one triode section to the other.
Whenever conduction transfers
from the A triode section to the B
triode section, a 140-volt negative
pulse is produced at the plate of the
B triode section. This negative
pulse reaches the next counter stage
through another 100 -uuf capacitor
and another pair of diodes. The
action continues to the tenth stage.
Each counter stage contains two
diode sections, only one of which
is effective during any one pulse ap-
plication. The plate of the other
diode section stands at a negative
potential with respect to its ca-
thode, and hence the diode section
does not conduct. Conduction trans-
fers from one diode section to the
other as the counter operates.

Counter Operation

Assume each stage in the counter
is on when its A triode section is
conducting, or off when its A triode
section is nonconducting. The
stage produces a pulse when it goes
from on to off. It does not produce
a pulse in going from off to on.
The stage goes through a single re-
versal on receipt of a pulse from the
preceding stage.

Suppose, then, that all stages are
on as an initial condition. A single
pulse entering the first stage trips
all stages simultaneously, including
the last stage. As the last stage
swings from on to off it generates
an output pulse. In effect, the cir-
cuit has counted one.

Suppose, instead, that all stages
are off as an initial condition. The
first incoming horizontal pulse
swings the first stage on. The second
incoming pulse swings the first
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FIG. 4—Stop coincidence circuit

stage off ; and the resulting counter
pulse swings the second stage
on. The second stage thus requires
two incoming pulses for a single
reversal. Similarly, the third stage
requires 4 incoming pulses, and so
on. The tenth stage swings from on
to off, and generates an output
pulse, only after 1,024 incoming
horizontal pulses have been counted.

By turning certain stages on and
the other stages off as an initial
condition, any number from 1 to
1,024 can be counted. The 525 count
imposed by current television stan-
dards is just beyond the limit of a
9-stage counter, and hence ten
stages are used. The ten binary reg-
ister switches are set to count 524
incoming pulses during each coun-
ter cycle. The 525 count is contri-
buted by a separate stage asso-
ciated with the stop coincidence cir-
cuit. In this way, the final critical
count in each cycle is obtained di-
rectly from the associated hori-
zontal pulse, with a minimum of
intervening circuit elements,

The timing gate opens during the
first scanning line, and remains
open during the exposure cycle.
Positive polarity corresponds to
closed shutter. When the positive
timing gate is applied to V. grid,
the triode conducts heavily and the
voltage at the plate falls to almost
ground potential. This allows con-
duction through the reset diodes
V. to V. and the binary register
switches. All counter stages are
thus reset to their preselected on or
off initial conditions during the
b'anking interval. The reset diodes
do not conduct during the exposure
interval, and hence do not affect
the counter action.

A full frame of 525 lines is
scanned during the exposure inter-
val. One quarter frame is then
dropped during the b'anking inter-
val to effect the 5:4 frame rate con-
version. Under synchronous condi-

FIG. 5—Circuit of shutter gate generator

tions, the average blanking interval
covers 131.25 lines. However, since
the counting circuits do not recog-
nize fractional lines, the actual num-
ber of lines dropped during succes-
sive blanking intervals is 131, 131,
131, 132, 131, 131, 131, 132 and so
on. The difference on the fourth
count is caused by an accumulation
of fractional-line increments to the
point where they start the blanking
interval a whole line earlier. Each
picture, meanwhile, scans to com-
pletion.

On the fourth count, the scan
merely starts and ends one line
higher. Since the beginning of the
blanking interval is tied to the end
of the picture, while the end of the
blanking intervalis tied to the cyclic
rate of the camera, the blanking in-
terval is not subject to rigid cyclic
control. It can shrink several lines,
or increase by any necessary
amount. Because of this flexibility,
the camera need not be locked to
the frequency of the television sig-
nal. A full frame of 525 lines is
photographed during each locally
synchronous exposure cycle, and
any short or over lines are dropped
out during the blanking interval.

Camera Construction

In the camera, the most notice-
able differences are the absence of
the conventional mechanical shutter
and the substitution of a cycling
dise, outside of the picture light
path, which generates the cycling
pulse. This disc rotates at a constant
speed of 24 turns per second (1,440
rpm) and passes a single light
pulse during each revolution. It is
phased so that the light pulse fol-
lows immediately after completion
of film pulldown. A phototube with
associated amplifying and pulse
shaping circuits translates the light
pulse into the electrical cycling
pulse.

Figure 7 shows the amplifying
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and pulse-shaping circuits. Triode
Vu and V,; are a two-stage am-
plifier and V, is a gas tetrode used
as a pulse regenerator. It is biased
to cutofl in the absence of an input
pulse. A positive pulse applied to
the grid fires the tube and produces
a single negative-going pulse at the
plate. This pulse is fed to the start
coincidence circuit.

Film pulldown must be accom-
plished in a relatively short time.
The blanking interval of 1/120 sec-
ond establishes the maximum time
allowance for film pulldown, but
only a portion of this interval may
be utilized. The film must remain
stationary during the initial por-
tion of the blanking interval to
allow for phosphor persistence
effects in the recording cathode-
ray tube.

Rate changes encountered in non-
synchronous operation serve to fur-
ther shorten the allowable pulldown
time. During periods of increased
camera rate or decreased television
rate the end of the television frame
intrudes on the beginning of the
nominal blanking interval, and the
start of film pulldown must be cor-
respondingly delayed.

The camera uses a 3-to-1 skip
movement in the intermittent mech-
anism. In effect, the mechanism
operates at triple the normal speed
and would pull the film at the rate
of 72 frames per second if not for
the fact that two out of three pull-
down cycles are skipped. The film
travels at normal rate of 24 frames
per second, but pulldown is com-
pleted in 4 the normal time. With

this fast action, pulldown can begin
late in the blanking interval and
can be completed before the next
film exposure starts.

Practical Design Factors

It has been found that vibration,
even in a small degree, may betray
the location of the picture join-up.
The subject for photography is a
moving spot which traces successive
patterns of evenly spaced lines.
Vibration during film exposure dis-
places some lines with respect to
others, causing line pairing and
coarse line structure over portions
of the film. Differences in line
structure become particularly ap-
apparent at the join-up.

The effectiveness of vibration re-
duction measures employed can be
gaged from the fact that close in-
spection of a recorded picture, pro-
jected on a 6 by 8-foot screen, re-
veals no evidence of vibration
effects on either side of the join-up.

The deflection yoke design nec-
essarily involves a compromise be-
tween good focus and low distor-
tion. Perfect focus over the entire
field can be attained at the expense
of linearity, by accepting a certain
amount of pincushion distortion.
The approach used in this design
was to strive for perfect focus over
the field and to compensate for non-
linearity by optical means. As a
result, the scanning lines are clearly
resolved over the entire tube face,
while the departure from linearity
at any part of the picture does not
exceed the width of two scanning
lines. The recorded film original
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shows definite scanning line reso-
lution in regions of low or medium
density, at the corners as well as in
the center.

A P11 phosphor is used in the
recording cathode-ray tube. The
major component of this phosphor’s
light output is in the blue region
of the spectrum, where video re-
cording films are most sensitive.
This phosphor has a desirably
high decay rate, the persistence
illumination dropping to a very
small percentage of initial illumi-
nation within the scanning time of
a few lines.

Persistence illumination pre-
serves each line for photographic
exposure during an interval after
scanning, and supplies an appreci-
able additional light contribution in
relation to initial illumination. If
the last line scanned in each frame
is to contribute its full share of
persistence illumination before film
pulldown starts, the phosphor de-
cay rate must be very high.

The P11 phosphor is almost en-
tirely satisfactory in this respect,
but has one shortcoming which
seems to be common to all presently
available phosphors. Complete ex-
tinction of low-level illumination
requires several seconds. Residual
illumination from this source
causes a brightness difference be-
tween the first and last lines. Al-
though the magnitude of the effect
is small, the brightness difference
can be quite apparent because these
lines are adjacent in the recorded
picture, and because the high con-
trast of the photographic film em-
phasizes any brightness difference.

Compensation is effected quite
simply by using a sawtooth wave-
form which decreases the bias on
the cathode-ray tube (increases
brightness) as the exposure pro-
ceeds. The peak amplitude of the
compensating sawtooth waveform
is adjustable to meet different tube
characteristics. The adjustment
need be made only when a new tube
is installed, and need not be re-
peated during the life of the tube.

Power-Law Amplifier

Gray scale rendition is improved
by use of a power-law amplifier,

a device which was originally
developed for video recording,
but which now ° offers promise
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of general application wherever
gray-scale correction is required.

The gray scale of the reproduced
picture depends on the overall
transfer characteristic of the sys-
tem elements intervening between
the scene and the picture. The
transfer characteristic can often be
expressed in terms of the exponent
of a power-law relation, the ex-
ponent being analogous to the
familiar gamma of the photo-
graphic art.

A gamma greater than unity
indicates compression of the
blacks and expansion of the whites;
lower than unity indicates the con-
verse effect. A very high exponent
is associated with a harsh or con-
trasty picture; a very low ex-
ponent is associated with a flat or
washed-out picture. A gamma of
about 1.5 at the screen is consid-
ered to be most pleasing for motion-
picture exhibition by direct projec-
tion.

Current television practice re-
sults in an exponent greater than
unity, prineipally because of the
individual transfer characteristics
of the light-to-signal and signal-to-
light transducers. Direct studio
pickup involves only a single pair of
transducers, namely, the pickup
tube in the camera and the cathode-
ray tube in the receiver. The re-
sulting transfer characteristic is
quite acceptable. The video record-
ing process introduces two addi-
tional transducers, as well as the
film on which the recording is
made, and the cumulative effect
may be far from acceptable.

Assume that a linear transfer
characteristic (exponent of 1 in the
reproduced picture) is the desired
objective, and that the overall sys-
tem response is such as to result in
an exponent of 2. An amplifier is in-
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serted in the video line and is ad-
justed to provide a transfer char-
acteristic which follows a 0.5-
power-law relation between its own
input and output. Prior to correc-
tion, the brightness of the repro-
duced picture follows the square of
the scene brightness. The video
signal is modified by insertion of
the amplifier, the amplifier output
signal following the square root of
the input signal. With this correc-
tion, the brightness of the repro-
duced picture is linearly related to
the scene brightness.

The heart of the amplifier is a
germanium crystal diode. The re-
sistance of the diode varies with the
crystal current. One portion of the
resistance-versus-current character-
istic can be closely approximated
by the relation, R = KI°, where K
is a proportionality constant and
E and I are crystal resistance and
current, respectively. The ampli-
fier circuit which utilizes this char-
acteristic is shown in Fig. 8.

The first 12AT7 operates as a
cathode follower and delivers a volt-
age replica of the video waveform
at point A. Video black level is at
ground potential; video white level
is at approximately 0.3 volt posi-
tive. The cathode load on this first
tube is an essentially constant re-
sistance. The ecrystal resistance,
even at maximum value, is negiigi-
bly low in relation to the resistor in
series with it. The cathode follower
can therefore be regarded as a low-
impedance source feeding a con-
stant-resistance load. The load
consists of two voltage dividers
having significantly different char-
acteristies.

The voltage divider composed of
E and the germanium crystal diode
delivers its voltage output at point
B. Because of the relatively high
constant resistance of the resistor,
and the negligibly low resistance
of the crystal diode, the current
through the crystal diode is a re-
plica of the video waveform. The
voltage across the diode is, how-
ever, influenced by the crystal re-
sistance characteristic. The voltage
at point B is thus a power function
(exponent = 0.5) of the voltage at
point A.

The voltage divider composed of
R, and R, delivers its voltage output
at point C. The voltage at this

point is a linear function (or a
power law of unity exponent) of
the voltage at point A, The poten-
tiometer arm is set for equal white
level voltages at points B and C.

Both voltage outputs are applied
to the second 12AT7. Each half of
this second tube functions as a
cathode follower. Video output volt-
age can be obtained from point D,
E, or from any intermediate point
F. Point D provides maximum
correction, point E provides mini-
mum correction, and point F pro-
vides any intermediate value of
correction.

Sound

The sound portion of the equip-
ment is planned for direct positive
variable density sound-on-film re-
cording, using a recording system
developed by J. A. Maurer, Inc.

The positive film stocks used in
video recording are relatively in-
sensitive in comparison to the nega-
tive film stocks which are normally
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used in motion picture photo-
graphy. Considerably more light
is required if the optimum density
range of the film is to be utilized.
The sound recording system uses
larger than normal optical aper-
tures to allow an approximately
fourfold increase in illumination
level.

A precisely-shaped mask com-
pensates for the nonlinearity of
the light-transmission-versus-expo-
sure characteristic of the film.
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PRODUCTION TESTER

Transistor characteristics are determined quickly and accurately by a-c test apparatus.

Circuit design information is furnished as well as operational test results. Includes pro-

vision for electrically forming transistors

OLTAGE GAIN, current gain and
Vinput impedance of transistors
for various emitter biases and col-
lector load resistances are deter-
mined quickly and conveniently by
the transistor testing apparatus
shown in the photograph. Since no
general set of curves can describe

each transistor, this tester fur-
nishes specific design information
as well as operational test data.

The equipment has a built-in cir-
cuit to modify the electrical char-
acteristics of a transistor and an
oscilloscope for visual inspection of
its diode characteristics.
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Flu. 1—Block diagram of a-c test apparatus

FIG. 2—Scope trace (A) shows collector volt-ampere characteristic of

EMITTER +-6ma
4 CURRENT
L B!

Figure 1 is a block diagram of
the circuit. The transistor is con-
nected in the conventional manner
with 500 ohms in the emitter cir-
cuit and a 400 to 42,000-ohm vari-
able resistor in the collector circuit.
The emitter bias is supplied by a
center-tapped voltage divider so
that either positive or negative d-c
voltage may be applied. The col-
lector is supplied 60-cycle a-c volt-
age through the isolation trans-
former T. A ecrystal-diode rectifier
D, in series with the collector
probe, is connected in opposition to
the direction of rectification of the
collector probe itself. When not
shorted out by S, it will have the
positive half-cycle voltage of the
60-cycle supply developed across it,
permitting the collector probe to
be swept in negative polarity only.
With S, closed, the magnitude of
the forward current in the collector
may be varied by the variable re-
sistor in series with S,, The nega-
tive peak value of the 60-cycle col-
lector current is read on MM, as the
20-uf capacitor shown in Fig. 3
charges through diode D’. Switch
S.. selects the proper series resist-
ance to read either 10 or 20 ma full

o
transistor while line diagram (B) gives typical bias conditions

of emitter current and collector voltage. Back-voltage breakdown of crystal due to forming pulse is shown at (C) as seen on scope
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for TRANSISTORS

By L. P. HUNTER
and R. E. BROWN

Research Laboratories
Westinghouse Electric Corp.
Pittsburgh, Pa.

scale. The peak collector voltage
may be read directly from the trace
on the calibrated oscilloscope
screen.

Yoltage Gain

Voltage gain of the transistor is
measured at 10 ke by applving the
output of the 10-ke oscillator to the
emitter through the linear attenu-
ator and comparing the 10-ke volt-
age developed across the load
resistor with the direct output of
the oscillator. Voltage comparison
is made by means of the peak volt-
meter and S,, as shown in Fig. 1.
If the linear attenuator is adjusted
so that the two voltages are equal,
the voltage drop in the linear at-
tenuator is balanced by the gain of
the transistor, and the reading of
the attenuator equals the voltage
gain of the transistor. The 60-cycle
sweep voltage is filtered from the
input to the peak voltmeter so error
will not be introduced.

A similar method is employed to
measure current gain, The rela-
tionship of collector and emitter
currents is determined by compar-
ing voltage drops across resistances
selected by step switches S, and S..
These signals cannot be fed directly
into the peak voltmeter but first
must be amplified as shown in Fig.
4A. Step potentiometer S, (Fig.
1) is adjusted to pick up the same
value of 10-ke voltage as appears
across the resistance selected by
S;. The current gain can be read
directly from the setting of the
step potentiometer. The decimal
point is determined by S..

The input impedance may be
found by measuring the voltage
and current gains at a known value
of load resistance, since the voltage
gain is equal to the current gain
multiplied by the ratio of load re-
sistance to input impedance.

ELECTRONICS — October, 1950

Production tester for transistors

The collector volt-ampere chat-
acteristic is shown on the oscillo-
scope with the voltage across the
collector on the horizontal plates
and the voltage across the load re-
sistor on the vertieal plates. The
10-kc voltage amplitude is negli-
gible compared to the 60-cycle
sweep voltage so the trace is not
broadened appreciably if voltage
gain measurement is made while
the collector characteristic is being
examined. Figure 2A shows a
typical characteristic. Figure 2B
gives typical bias values of collector
current and voltage.

Short-cireuit current gain o may
be measured by adjuasting the load
resistance to equal the a-c resist-
ance of the collector<haracteristic
line at the desired operating point,
measuring the current gain and
doubling it. The collector char-
acteristic on the oscillascope may
be used to adjust the load resist-
ance to this value. The load re-

sistance is varied until the voltage
drop across the load is equal to the
voltage drop across the transistor.
To facilitate this adjustment, a
diagonal line is ruled on the oscillo-
scope screen at the proper angle
and the collector characteristic
trace is made parallel to this line
by varying the load resistance.

Forming Circuit

To form the collector probe of
the transistor a second 60-cycle
sweep voltage of large magnitude
is applied momentarily to the trans-
former in the collector circuit. The
duration of this forming pulse is
determined by the timing circuit
through RE,. The ratio of forward
to backward current in the collector
is controlled during the forming
pulse in the same manner as for
the sweep. A range of forming
pulse lengths from 20 cycles to one
cycle is available. The forming
pulse is applied by pressing the
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push-button switch S; shown in Fig.
3, and the effect of forming may
be observed immediately on the
oscilloscope and peak voltmeter.
Figure 2C is a photograph of the
back-voltage breakdown of a crystal
induced by a forming pulse.

The timing circuit shown in Fig.
3 controls the length of time of
application of the forming voltage.
It consists of a capacitor discharg-
ing through the winding of the
relay, initiating a voltage pulse in
the collector circuit. The relay is
in parallel with a variable resistor
so that the time of capacitor dis-
charge can be varied. One of two
capacitors can be selected with S,
and these capacitors are charged
through resistors large enough to
ensure that RE, cannot be activated
more often than once in 5 seconds
to prevent overloading.

Peak VYoltmeter

The peak voltmeter is one of two
systems used to measure voltage
and current gain. The output volt-
age of the 10-kc sine-wave oscillator
is compared by the peak voltmeter
with the same 10-ke signal after
passing through the linear attenu-
ator and transistor. Voltage gain
is measured by balancing the gain
of the transistor against the drop
in the linear attenuator. A peak
value voltmeter is necessary because
the modulated form of the wave
varies with transistor characteris-
tics.

Circuit illustrated in Fig. 4B con-
sists of a filter for 60 cycles, two-

+400vV

EMITTER  $
SIGNAL
—0

COLLEGTOR
SIGNAL

10-KC OSCILLATOR
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b S C
200ppF
—_— \%
G ~————0

250
pPF

(B)

FiG. 4—Current measurement preamplifier (A) handles extremely small signails.
Peak voltmeter (B) permits relative gain measurement

stage amplifier, series rectifier,
storage capacitor C,, and a low-
current voltage-measuring circuit.
The incoming signal passes through
a network consisting of C. and a
parallel L-C circuit. The L-C circuit
is tuned to 10 ke for maximum im-
pedance to ground. The high reac-
tance of C, in combination with the
low reactance of the L-C circuit at
60 cycles forms a 60-cycle filter. The
10-ke signal is then amplified 150
times in two stages to provide suf-
ficient amplitude for linear opera-
tion of the 6ALS5 rectifier. Ca-
pacitor C, charges through the
6AL5 to peak value of the signal.

The 12AX7 monitors this volt-
age, and the reading of M. is

EQMNUX%S " (REs  EMITTER '5.3 COLLECTOR !
ENU T
§ 500,000 ¥ 40 o 0
05 (yMA 075N 1 w
TO CURR. PREAMP ll_ . & 1‘( 2V [ GERMANIUM ‘SI:'_?_ZI_I 2 ‘g
3 w
N m 200,000 A:z""?“ 32 &0
& Con IO | 0 2
B o 5 400000 ¢ | | '8 b
= b L NS T
05 t@v Y ﬁ—ﬁ\ ?‘0%7 ¥
=1 | 7<% a
e o (70000 did, e 3 5 o
I 1 2000 l‘\‘.‘@w?‘l‘f @ %
5§ ’_/ a7
o] ) 273
6 O 12fw&vr3 é
o'/ . ‘ ge 8
s —

[a

ES!

)

FORMING VARIAC

SWEEP VARIAC

FIG. 3—Transistor bias supplies and timing circuit {for transistor forming pulse
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proportional to it. Potentiometer
R, is a zero set for M,; a 70,000-
ohm unit controls its sensitivity.

Direct Gain Reading

The absolute magnitude of the
voltages is unimportant. Meter M,
is set on the direct 10-kc signal,
then switched to the modulated 10-
ke signal of the transistor output.
The attenuation is varied until the
meter reads the value previously
set. The attenuator then gives volt-
age gain directly.

The second method of measuring
voltage gain is to apply the output
of the peak-voltmeter amplifier to
the vertical plates of the oscillo-
scope and compare the height of
the two 10-ke signals.

The use of the peak voltmeter to
make current-gain measurements is
essentially the same as described
above for the voltage-gain measure-
ments. Either M, or the oscillo-
scope may be used to indicate a
balance between the signals orig-
inating across the step potentiom-
eters S, and S, shown in Fig. 3.

By use of selector switches S, S:
and S, (Fig. 1) diode character-
istics, the voltage-comparison test
or the current-comparison test may
be viewed on the oscilloscope. The
horizontal input for the voltage-
and-current comparison tests is a
60-cycle variable sweep voltage.
The two methods of measuring volt-
age or current gain will work simul-
taneously. When the diode char-
acteristic is on the scope, the peak
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FIG. 5—Ten-kc oscillator furnishes test signal while linear attenuator gives direct
gain reading

voltmeter alone will register bal-
ance.

The 10-kc attentuator in Fig. 5
consists of two 10-step potentiom-
eters in series. The first adds 300
ohms resistance in each step.
The second adds 80 ohms per step.

The output of the attenuator is
always taken across the 30-ohm
resistor, R, When the attenuator
is on position 1, the 80 ohms is in
parallel with the secondary of the
transformer and may load the
oscillator amplifier to some degree
depending on the secondary imped-
ance. This does not create an error
in the measurements since all tests
are of a comparison nature. Above
position 3 this effect disappears. In-
creasing the attenuator from posi-
tion 1 to position 2 drops the volt-
age across the output resistor by
one-half. The next step drops the
voltage by one-third. These frac-
tions represent the ratio of the at-
tenuator-output voltage to input
voltage, therefore the step-position
numbers indicate directly the volt-
age factor by which the 10-ke oscil-
lator output is attenuated. When
this attenuation is balanced by the
gain of the transistor, the numbers
read directly the voltage gain of
the transistor.

Current Gain Measurement

The method of measuring current
gain makes use of extremely small
signals compared to those used in
voltage-gain measurement. These

ELECTRONICS — October, 1950
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FIG. 6—Oscilloscope displays both gain
measurement and transistor characteris-
tics

signals are amplified by the circuit
shown in Fig. 4A. Since the ampli-
tude of the 60-cycle current in the
collector circuit is large, and only
the 10-ke current is to be measured,
a 60-cycle filter is added ahead of
the preamplifier to prevent satura-
tion by 60 cycles. A twin-T fl-
ter' was chosen because it is pos-
sible to tune such a circuit to
cancel out one frequency com-
pletely. The twin-T ecircuit’s rela-
tively low input impedance is no
disadvantage since the original
signal appears across a resistance
of the order of 10 ohms. Following
the preamplifier, there are termi-
nals for an external oscilloscope,
which are used if current and volt-

age gains are read simultaneously.

The signal used to measure cur-
rent gain is so small that any stray
signals caused by inter-winding
capacitance in the oscillator output
transformer will add a constant
factor to the readings. This effect
is minimized with the addition of
the second transformer by permit-
ting grounding of the secondary of
the first output transformer.

Oscilloscope

Through switches S,, S. and S,,
the scope shown in Fig. 6 becomes
multipurpose. The circuit consists
of a 2,000-volt power supply, a po-
tential-dividing system, centering
controls for the scope traces and a
system of calibrating the horizon-
tal and vertical scope traces in
volts as illustrated in Fig. 6. Hori-
zontal and vertical deflections are
varied simultaneously by varying
the second-anode voltage, thus
maintaining a vertical-to-horizon-
tal deflection ratio of 7 to 10. The
voltage is usually set so the hori-
zontal sweep is 7 volts per division.
The vertical calibration is 10 volts
per division,

Oscillator

The Colpitts oscillator shown .u
Fig. 5 is tuned to 10 ke. The sig-
nal is amplified and fed to the lin-
ear attenuator and the peak volt-
meter. The oscillator has proved
stable in both amplitude and fre-
quency. Binding posts on the front
panel are provided for an external
oscillator should measurements at
another frequency be required.

This apparatus has been used in
production of transistors to check
the semiconductor ingots before
cutting, to select the best pieces
after cutting, to check the best
probe adjustment, to form electri-
cally the finished transistor, and to
grade the final product. It has also
been used to pick the best transistor
for a given circuit application, and
to give the information necessary
for a proper choice of other circuit
components. It has been used to
check periodically the characteris-
tics of transistors when in use, and
to carry out experiments on tran-
sistors in statistical quantities.

REFERENCE
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Selective Mixing Amplifier
For Aircraft

Unit combines ten channels of communication and navigation audio information in any

combination, selected separately by pilot and copilot, without mutual interference be-

tween used and unused channels. Fail-safe arrangement insures reliable operation

ARTIME and postwar develop-

ments in the field of com-
munications and navigation are in
daily use along the airways. The
opening of vhf channels for range,
traffic control and ILS has in-
creased the complexity of aircraft
radio  installations. Connecting
headphones to one or two receivers
is not difficult, but handling the
various audio channels of a modern
installation of several receivers and
transmitters is definitely an engi-
neering problem.

The duties of pilot and copilot
are such that it would in fact be de-
sirable for each to have entirely
independent radio systems. Such an
installation would be most uneco-
nomical of space and weight. It is
possible, however, to attain a high
degree of efficiency from a mini-
mum amount of equipment by run-
ning all audio signals through a
multichannel dual-output isolation
amplifier.

The amplifier to be described pro-
vides a means of integrating almost
any composite installation into a
highly efficient and practical sys-
tem. Because all audio signals pass
through this amplifier it has neces-
sarily been made fail-safe. That is,
in the event of partial or complete
failure, it is easily disconnected
from the circuit by the pilot or co-
pilot in such a way that service is
uninterrupted. Isolation of the two
circuits is such that there is no
crosstalk. Sufficient output power
is available to drive small cabin
speakers, thus eliminating the
fatigue of wearing headphones.
Since the amplifier is optional
equipment, it has been designed to
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be added to existing installations.

The F-11 isolation amplifier is
capable of handling ten audio input
circuits. Two of these circuits are
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FIG. 1—Two of the ten basic isolation
circuits are shown. The pilot is con-
nected only to channel 1, while the co-
pilot hears channel 1 and channel 2
simultaneously
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FIG. 2—Fail-safe relays {(normally en-

ergized when equipment is in use) drop

out and bypass amplifier in the event
of component {failure
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FIG. 3—With a single range filter, pilot
and copilot can independently choose
range, voice or both

divided in such a way that the out-
puts of two receivers can be termi-
nated in two range-voice filters.
Pilot and copilot can then inde-
pendently select any combination of
range, voice or both filter outputs
without mutual interference. A
typical assignment of audio circuits
to the various channels is as fol-
lows:

Channel
Number Audio Circuit
1 ADF receiver
Range-Voice-Both
2 L-F range receiver
Range-Voice-Both
ADF receiver
Broadcast receiver
VHF navigation receiver
VHF communication
receiver
Marker beacon receiver
H-F transmitter sidetone
VHF transmitter sidetone
10 Intercom

S WGk W

L 00 =~

The photographs show the com-
plete unit and the under side of the
chassis, base removed. Connections
are made by means of multi-
wire ceramic-insulated connectors
plugged into receptacles mounted
on the front plate.

Basic Circuit

The basic isolation circuit is
shown in Fig. 1. For simplicity only
two of the ten circuits are drawn
in detail. Each input channel pro-
vides a 500-ohm load for the circuit
connected to it. As shown, the pilot
is connected to channel 1, while the
copilot is connected to channels 1
and 2. In the case of the pilot, the
desired signal from channel 1
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Packaged design permits addition of
selective isolation amplifier to existing
aircraft systems

All channel switching is accomplished from the cockpit by means of d-c relays

which are located underneath the amplifier chassis.

Low-impedance audio lines

between amplifier and cockpit are free from crosstalk

passes through the closed switch, a
300,000-ohm isolating resistor and
thence to the grid of his isolation-
amplifier tube. Because the nine
other isolating resistors connected
to this grid are grounded, the de-
sired signal suffers a reduction of
only 20 db.

The signal from channel 2, to
which the copilot is also listening,
reaches the grid of the pilot’s ampli-
fier by the path indicated. It can be
seen that it undergoes the follow-
ing losses: (1) to copilot’s amplifier
grid —20 db, (2) to circuit 1 input
load —56 db, and (3) to pilot’s am-
plifier grid —20 db. The undesired
signal level is therefore 96 db below
the input level or 76 db below the
level of the desired signal at the grid
of the pilot’s amplifier. Actually
common ground currents and cross
coupling reduce this to about 60 db.

All audio switching is done by
relays. The selector relays are lo-
cated in the bottom portion of the
chassis along the sides. The ar-
rangement can be seen in the bot-
tom-view photograph. Relays per-
mit short unshielded leads between
receivers and amplifier. All wiring
between amplifier and cockpit is d-c
and high-level low-impedance audio.
These wires are not subject to cross
coupling or noise pick-up.

Operation

Figure 2 shows a modification of
the basic circuit to provide a means
of bypassing the amplifier in the
event of component failure. The
two relays are connected in the
common lead of the input load re-
sistors. When energized this lead is
grounded and operation is as de-
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scribed above. The relay coils are
connected directly to the primary
power circuit. When this circuit is
broken by fuse failure or manual
switching, the relays open and con-
nect the common lead of the input
load resistors directly to the output
circuit. The loss introduced in each
receiver line by the load resistors
and shunting effect of other receiv-
ers is about 10 db. This loss, al-
though noticeable, is not sufficient
to impair operation of the system
and the receivers can be shared by
pilot and copilot as before installa-
tion of the amplifier.

Figure 3 shows a method of using
a range-voice filter in one channel.
The filter is the receiver load. The
input load resistors are now divided
and brought to separate pins of the
input receptacle. These pins are con-
nected to the arms of pilot and co-
pilot filter switches. The pilot and
copilot can now connect their in-
put circuits to filter output range,
voice or both. No crosstalk will re-
sult if both users are connected to
the same circuit but there will be
a noticeable reduction in output
(3 db}. If this cannot be tolerated,
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FIG. 4—Special circuit mutes incoming
signals during transmission periods

the use of separate filters is recom-
mended.

It is desirable to cut off or mute
all incoming signals during trans-
mission. Isolated muting circuits
are desirable because the speaker
only requires perfect quiet. The use
of selector relays makes possible
receiver muting as desired. Figure
4 shows the muting circuit.

The selector relay circuits are
energized by completing their coil
circuits to ground by means of
individual selector switches. Any
circuit or group of circuits may be
muted by breaking the common
ground lead of the corresponding
selector switches. This is easily
done by the muting relay which is
operated by the microphone key cir-
cuit when the button is pressed to
talk. Muting relays are usually lo-
cated in the control boxes.

Installation

A complete installation permits
independent selection of 1 to 10
audio channels by pilot and copilot,
independent choice of range-voice
filters on two circuits and inde-
pendent muting of receivers, also
choice of speaker or headphone op-
eration. The design of the ampli-
fier unit is such that an input signal
of 300 mw will produce 3 watts
output for loudspeaker operation.

At this time it is felt that the 10-
channel amplifier is adequate for
most needs. Another such unit can
be added as the number of channels
increases. Thus pilot, copilot, radio
operator and flight engineer can
listen to any combination of the 10
facilities without mutual inter-
ference.
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Precision Phasemeter

HASE DIFFERENCE measure-

ments accurate to 0.1 degree
are obtained by the precision phase
meter shown in the photograph.

Phase comparison 1is accom-
plished by a detector bridge con-
sisting of four 5647 diodes ar-
ranged as a ring modulator. Phase
difference is read directly from a
decade voltage divider which con-
trols the amount of quadrature volt-
age added to a reference signal.

The instrument is self-calibrat-
ing and provides sense information
to remove 180-degree ambiguity.
Figure 1 shows a block diagram of
the phasemeter.

Some proposed applications of
the instrument are in testing poly-
phase systems, goniometers, wide-
band phase-shifting networks for
single-sideband transmitters and
feedback amplifiers. It may also be
used in filter, transformer and net-
work design and in measurement of
residual L and C in resistor units.

Basic Method

The method developed by J. R.
Ragazzini and L. A. Zadeh' forms
the basis for design of the precision
phase meter. It can be classified
as a phase comparison method. The
phase meter is seen in the simpli-
fied block diagram of Fig. 2 to con-
sist of two signal channels termi-
nating in a phase detector, which
need only indicate approximate
phase quadrature between its input
signals. Two phase shifters, one

Specifications

Frequency Range—30 to 20,000 cps
Phase I3ange —0-360 degrees
Accuracy —0.1 degree absolute
(0.01 degree for
incremental angles
up to two degrees)
Signal Level —0.5 to 10 volts rms
Input Impedance—10 megohms
shunted by 25 uuf
—decade null system
—105-125 volts rms,
50/60 cps

Display
Power Supply

Size —1935" wide X 1614”
deep X 25" high
Weight —110 pounds includ-
ing walnut cabinet
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Precision phaszmeter gives phase differ-
ence of two sinusoidal voltages directly
in degrees

calibrated and the other uncali-
brated, are inserted in series with
one or the other channel. Either
phase shifter can modify the phase
difference between signals at the
phase-detector input as compared
with those at the phase meter
input.

The phase meter is calibrated by
applying a single test signal to
both input terminals, and setting
the calibrated phase shifter to zero.
The uncalibrated phase shifter is
adjusted so that the phase detector
indicates a condition of balance.

To measure phase difference, the
input terminals of the two channels
are separated and connected to the
two signals whose phase difference
is sought. The phase detector will
then show a condition of unbalance.
The indication of balance is re-
stored by adjustment of the cali-
brated phase shifter.

The operation of the calibrated
phase shifter is shown in Fig. 3A,
B, and C. In Fig. 3B the input
signal E,/0° is shown. Added to
this signal in exact quadrature is a
vector E, tan 6. The resultant E,
is phase-displaced by an angle 6
from the original vector. In Fig.
3A is shown the method of produec-
ing vector E, tan 6. The amplifier
of gain A has capacitive reactance
X bridged from input to output. It
can be shown that for R = X, the

overall gain is unity and the phase
shift is closely equal to 90 degrees.
The error in quadrature is approxi-
mately 1/4 radians. For values of
R unequal to X due to frequency
variations, the accuracy of the
quadrature relationship is essent-
ially maintained with the output
amplitude varying directly with
frequency. The output divider can
then be calibrated in terms of tan 6.

For the condition R = X, all
values of calibrated phase shift up
to 45 degrees may be obtained by
properly adding the two voltages.
An additional 45 degrees can be
obtained by merely switching the
divider to the E,/0° vector before
summation. The vector diagram of
this relationship is shown in Fig.
3C. It can be seen that phase angle
calibration is independent of fre-
quency provided the R = X condi-
tion is maintained throughout the
band. Similar results are obtained
if B and X are interchanged. The
circuit shown is the preferred ar-
rangement since it displays an inte-

grating characteristic to Thar-
monics. It does however tend to
accentuate low-frequency noise

which is controlled by R-C cutoff
filters in the band switching.

The condition of R = X or unity
gain requires adjustment of R for
each frequency of measurement.
The balance voltmeter used for this
purpose is shown in Fig. 4A. The
input and output signals of the 90-
degree amplifier are fed to a pair
of stable feedback amplifiers which
in turn feed a pair of full-wave
averaging rectifiers. The d-c out-
put of these rectifiers is applied to
a microammeter through a pair of
self-protecting cathode followers.
The two inputs are connected to the
same signal source to establish
amplitude equality. The gain of one
amplifier is adjusted to obtain a
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for Audio Frequencies

One-tenth degree accuracy is obtained in phase-difference measurements between two

sinusoidal voltages. Problems in design of a commercial instrument to this accuracy are

discussed.

Self-calibration procedure is outlined

balance reading on the zero-center
microammeter. The inputs are
then connected to the 90-degree
amplifier with the meter serving as
indicator for the balance condition.
The required sensitivity of one
part in 3,000 is obtained with
amplifier gains of approximately
250. A schematic diagram of the
balance voltmeter circuit is shown
in Fig. 5.

Method of Display

The mechanical calibration of a
continuously variable potentiom-
eter is not feasible for a dynamic
range of 360 degrees with 0.1-de-
gree accuracy and a sensitivity of
discernment of 0.01 degree. A com-
bination of 23 precision fixed re-
sistors is used to obtain 2-degree
intervals. These intervals are
chosen by means of two switches,
the first selecting any 10-degree
value from 0 to 80 degrees, the
second selecting any of five addi-
tional two-degree intervals. The
transition around the 45-degree
point is accomplished automatically
as the tens or units dial is rotated.
The interpolation of the remaining
2-degree interval is provided by the
phase comparator.

The phase comparator must have
a sensitivity sufficient to resolve
phase deviations of the order of
0.01 degree. It must be capable of
measuring such ineremental angles
accurately over a range of two de-
grees. The comparator is shown in
block form in Fig. 4B. It is an
application of the classical watt-
meter circuit or ring modulator.
The d-c output current measured
by the zero center microammeter
balances when a 90-degree phase
difference exists between the two
channel voltages. The d-¢ current
is a function of the signal ampli-
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tudes and the cosine of the phase-
difference angle.

For plus or minus one-degree de-
viation from the balance condition,
the d-c¢ current is linear to within
5 x 107° degree, so that linear scale
calibration is adequate for this in-
terval, A deviation of plus or
minus ten degrees departs from
linearity by approximately 0.05 de-
gree. This is applied in obtaining
coarser phase measurements with
greater rapidity by shunting the
meter to obtain a plus or minus ten-
degree scale.

Amplitude inaccuracy is virtually
eliminated by setting the levels on
the phase-detector bridge to pre-
scribed values. Misadjustment of
more than ten percent of both
levels is required before impairing
the 0.1-degree accuracy with the
meter at full scale.

Analysis of the ring modulator
disclosed that at discrete operating
level ratios various orders of odd
harmonics in one channel would be
rendered ineffective in producing
errors. Since the bridge is insensi-
tive to even-order harmonies, levels
were designed for cancelling third-
harmonic effect in channel 2. The
90-degree amplifier is integrating
in character and is therefore used

r — \ = —
CALIBRATED UNCALIBRATED
PHASE [ |  PHASE
| SHIFTER | SHIFTER

| S

PHASE
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[

FIG. 2—Simplified block diagram illus-
trates phase-comparison method of
measurement
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for feeding channel 1. The result
is to preserve meter accuracy in the
presence of harmonics.

Sensing Circuit

The 90-degree amplifier and di-
viders are capable only of cali-
brated phase shift over 90 degrees.
An additional 90-degree shift is ob-
tained by interchanging the posi-
tions of the calibrated phase shifter
and the uncalibrated phase shifter
shown in Fig. 1. The phase compar-
ator is however, ambiguous about
180-degree points. A sensing cir-
cuit consisting of a low-level watt-
meter 90 degrees out of phase is
used to indicate the quadrant.
While a value between zero and 90
degrees is read on the phase meter,
a switeh position indicates polarity
and the sense meter indicates
whether or not 180 degrees must be
added.

Developmental Problems

For 0.1-degree accuracy, it is
necessary to limit individual known
error effects to a maximum of 0.01
degree. The gain of the 90-degree
amplifier contributes an error effect
approximately equal to 1/4 radi-
ans. Therefore high orders of gain
must be achieved in the presence of
a 0.7-feedback ratio at 45 degrees
at operating frequency. The sche-
matic of the 90-degree amplifier is
shown in Fig. 6.

Stray capacitance across R (Fig.
3A) contributes error in the form
R/X..... radians while leakage re-

Rear view of instrument removed from
its cabinet. Three anode-voltage sup-
plies are provided
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sistance across X contributes
X /R caxage radians. This complicates
amplifier design in that a low oper-
ating-impedance level is required
to minimize these errors. An
amplifier with a cathode-follower
output working at an impedance
level of about 1,000 ohms is
employed. The amplifier gain
is 4,000 over the frequency band,
with amplitude-phase character-
istics outside the operating band
controlled to insure stability. High
quality  polvethylene capacitors
with Q’s of the order of 5,000 are
used.

Resistor R must be capable of
stable adjustment to one part in
3,000 to achieve a settability of 0.01
degree at 45 degrees. Three series
controls are used to adjust R: a
coarse-control 31-position attenu-
ator, a medium-control 31-posi-
tion attenuator and a smooth low-
resistance rheostat for fine control.
The coarse control is calibrated in
frequency to permit easy, rapid
adjustment with the balance volt-
meter.

Adding two signals with phase
accuracy better than 0.01 degree
and amplitude accuracy of one part
in 3,000 is accomplished by two
feed-back amplifiers with low-im-
pedance (less than one ohm) cath-
ode-follower outputs that feed a
pair of precision-balanced 5,000-
ohm resistors whose centertap is
fed to the high-impedance input of
the subsequent amplifier stages.
Thus the effects of vacuum-tube
variations and of component aging
are virtually eliminated. Figure 7
shows the circuit of one of the am-
plifiers.

Vacuum diodes are used in the
phase-detector bridge because of
the linearity and consistency of
diode characteristics even with
heavy loading. Since contact po-
tential and diode characteristics
are critically dependent upon
heater potential and vibration, sta-
bility is achieved through use of
subminiature ruggedized diodes
(type 5647) suspended in a sealed
potted container. The heater sup-
ply is current regulated.

The output transformers feeding
the diodes are designed for maxi-
mum primary inductance and mini-
mum variation with level adjust-
ment. Leakage reactances between

AMPLIFIER
GAIN=A

-la)

FIG. 3—Calibrated phase shift is ob-
tained by adding quadrature voltage to
input signal
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FIG. 4—Balance voltmeter (A) indicates

signal amplitude equality. Phase-

detector bridge (B) responds to signals
in quadrature

half secondaries and primary are
maintained small throughout the
range.

The output stage is a push-pull
Class-A amplifier with 30-db feed-
back, driven by direct-coupled
cathode followers +to eliminate
phase-shift variations at low fre-
quences due to small grid conduc-
tion. The output-level meters are
specially designed rectifier types
flat to within 4 db from 30 to 20,000
cps.

Due to the low operating imped-
ance levels used throughout the de-
sign, common coupling at high
frequencies presents little difficulty.
Elimination of coupling at low fre-
quencies through the common
impedance of the power supply re-
quires three separate anode sources.
Their self impedances are kept be-
low one ohm and their transfer im-
pedances below 0.01 ohm with a
combination of L-C filtering and
electronic regulation. A schematic
of the channel-1 output amplifier
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FIG. 5—Circuit of balance voltmeter used to display departure in voltage equality
of one part in 3,000
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FIG. 6—Circuit of 90-degree amplifier with high-pass filter and low-impedance
cathode-follower output

and uncalibrated phase shifter is
shown in Fig. 8.

Test Methods

To determine performance char-
acteristics within the specified tol-
erance, a test method capable of di-
vulging 0.01-degree error is neces-
sary. Such orders of accuracy are
unobtainable in any primary
standard. The use of accurately
calibrated phase shifts created by
resistive-reactive networks and
carefully measured frequencies is
unsuitable. In the most favorable
case of a single 45-degree R-C net-
work, calibration accuracies suit-
able at one frequency only are of
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the order of 1.75 parts per 10,000.
This assumes basic calibration
equipment of such complexity as is
available only at the Bureau of
Standards. The method employed
uses the instrument itself to di-
vulge its own error.

A phase standard of zero degrees
implies connection to the same sig-
nal source. In addition, two vari-
able uncalibrated phase shifters of
the following characteristics are
necessary. Input and output im-
pedances must be sufficiently high
and low respectively that less than
0.01-degree change is effected by
loading one input on another out-
put. The output impedance must

be sufficiently low that less than
0.01-degree change is effected by
loading the output with the input
impedance of the phase meter.

Design of such phase shifters is
readily realizable. Cathode-follower
input and output stages of conven-
tional 12AT7-type miniature tri-
odes provide sufficient isolation. The
test procedure is as follows:

With the input terminals tied to
a common source, the phase meter
is adjusted to its calibrating posi-
tion of zero degrees. It is then
connected to measure the shift of
one phase shifter which is adjusted
to give an exact reading of 130 de-
grees on the phase meter. The first
phase shifter is removed, and the
remaining phase shifter is simi-
larly adjusted. The phase meter is
then connected to measure the
phase shift of the two shifters in
tandem. For zero error in the
original reading of 180 degrees, the
sum should now read 360 or zero
degrees. The deviation from zero
degrees indicated by the phase
meter is double the error at 180

degrees. This permits exact cali-
bration of the true 180-degree
point.

This procedure is then repeated
with each phase shifter adjusted to
90 degrees as read on the phase
meter. The deviation from the
previously calibrated 180-degree
point when connected in tandem is
double the 90-degree error, and the
true 90-degree position is evalu-
ated. In this manner 45 degrees,
224 degrees, etc. may be checked.

By means of the two-degree
steps, it can again be shown that
eleven equal phase shifts as indi-

(o)

(o]

o-
INPUT &
FROM
DIVIDER

':| 12AX7

OUTPUT TO

BALANCED
RESISTORS

1 MEG

FIG. 7—Low-impedance feedback amp-

lifier used in adder circuits
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FIG. 8—Channel-one amplifier includes uncalibrated phase shifter and output amplifier. Transformer feeding bridge is designed for
maximum primary inductance and low leakage reactance

cated on the degree meter add to 22
degrees, and 22 such equal shifts
add to 44 degrees, and 45 such
steps add to 90 degrees. In this
manner the entire region from —90
degrees to -+90 degrees may be
tested. The remaining angles of
the complete 360 degrees can be
checked by a similar process utiliz-
ing the 180-degree symmetry of the
instrument.

Production Technique

For a large number of frequen-
cies in the spectrum this complete
test method is laborious and time
consuming. Exhaustive tests on
the prototype have borne out theo-
retical considerations of unobserv-
able error at 180 degrees, and com-
plete symmetry about 180-degree
spaced values. Two-degree step
tests to 46 degrees in addition to
the cardinal points have proved
sufficient to guarantee an in-
strument accuracy of 0.1 degree

throughout the range, thus en-
abling a more rapid production
technique. This technique tests

the divider accuracy as a basic 45-
degree calibrated phase shifter as
well as the remaining ecircuitry
which remains unaltered over the
entire range.

Evaluation of Tests

The maximum error disclosed in
type testing the prototype is 0.06
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degree. This represents the maxi-
mum accumulation at various
angles and frequencies of the calcu-
lated 0.01-degree errors in differ-
ent circuits. Stability of zero cali-
bration is such that measurements
to full accuracy are possible after
about 15 minutes of warm-up.
Variation of vacuum tubes and
components within the commercial
tolerances shows no effect on per-
formance. Evaluation of perform-
ance in terms of harmonic content
of the signal source is in process

and will soon be available. Prelim-
inary observations indicate no
error contributed by even-order

harmonies and a tolerance of about

View from above shows ganged degree
switches and resistors of precision volt-
age divider

one percent third within stated ac-
curacy. Accuracy and calibration
are not disturbed by insertion of
filters in the input. Zero calibra-
tion may be set even if the filters
are not matched.

Equipment Layout

The top row of instruments on
the front panel is for indications
of balance, channel levels and sense.
Immediately below are the major
degrees dials and meter. Below
these dials, on the left are the
three balance controls (R of Fig.
1), with calibrated controls for
the uncalibrated phase shifter on
the right. The contact potential
balance dials and balance voltmeter
controls are located in two panel re-
cesses. These elements require in-
frequent adjustment and are re-
moved from the operating area.

A photograph shows a rear view
of the instrument removed from its
cabinet. The lower deck is the
power supply. Also shown is a top
view from the rear with the dust
cover removed from the switeh box.
The ganged degree switches and
precision divider resistors can be
seen. The first production model
has been delivered to the Com-
munication and Navigation Lab.,,
Wright-Patterson Air Force Base,
whose cooperation and stimulation
aided the program considerably.
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A Fast Sweep Circuit

Designed for study of extremely short-duration phenomena, the oscilloscope described
has a maximum sweep speed of 100 inches per microsecond, obtained from a simple
Three methods of calibration are employed

thyratron circuit.

.CRT FACE

FIG. 1—Stable delayed sweep is pro-
vided by modified raster scan

By N. L. DAVIS
and R. E. WHITE

Naval Research Laboratory
Washington, D. C

N ATOMIC STUDIES, the scintilla-

tion counter has assumed great
importance. With these counters it
is now possible to detect the inci-
dence of single alpha or beta par-
ticles or single-gamma quanta upon
certain tvpes of crystals. When
particles strike the crystal, minute
fluorescent light flashes are pro-
duced.

The use of a multiplier phototube
makes it possible to convert these
tiny flashes to voltage pulse wave-
forms, a much more convenient
form for recording and studying.
The voltage iwaveforms produced
are, however, of extremely short
duration and the problem of dis-
playing them in sufficient detail to
allow accurate study and counting
presents a considerable problem in
design of high-speed oscilloscopes.
In the field of digital computers
there is an increasing requirement
for high-speed operation. Such op-
eration demands the use of short-
duration pulses. For the observa-
tion of such pulse voltages, a fast-
sweep oscilloscope is required.

For use in the type of problems
mentioned an oscilloscope with the
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following characteristics has been
developed: The frequency response
is uniform to 265 megacyeles. It is
possible to observe either single
traces or recurrent traces to a repe-
tition rate of 5,000 eycles. The unit
has a maximum sweep speed of 100
inches per microsecond (0.01 usec
per inch) with several sweep
ranges reaching a maximum sweep
length of 25 microseconds. A low-
impedance keying pulse is provided
for keying external circuits under
examination. A variable delay be-
tween the external keying pulse
and the oscilloscope is available
which may be varied from 0 to
greater than 3 psec.

Requirements

The first three specifications
place severe requirements on the
cathode-ray tube and its circuitry.
The tube must be capable of pro-
ducing traces of very high brilli-
ance, and the transit time of the
electron beam through the deflec-
tion plates must be sufficiently low
to permit the required frequency
response. The performance of the
cathode-ray tube on both of these
factors is improved by the use of
very high accelerating potentials.

Two DuMont crt types are de-

applications. A few of the perti-
nent characteristics of these two
tube types are compared in the ac-
companying box. For the oscillo-
scope to be described, the 5RP-A
satisfies the required brilliance and
frequency limits and was used be-
cause of its immediate availability.

Sweep Circuitry

With an accelerating potential of
20,000 volts on the 5RP-A tube, a
deflection sensitivity of approxi-
mately 0.005 inch per volt may be
expected. For five inches deflection
approximately 1,000 volts of sweep
voltage is required. If the fastest
sweep (100 inches per psec) is con-
sidered, a voltage slope of 20,000
volts per psec must be developed
for a sweep wave form.

Two general methods of generat-
ing suitable sweep voltages were
investigated: modified raster scan
using vacuum tubes, and sweeps
generated by hydrogen thyratrons.

The modified raster scan pro-
duces the presentation shown in
Fig. 1. To develop this scan, a
two-megacyecle oscillator is keyed
to provide either sine-wave sweeps
or a series of linear sawtooth
sweeps. The cathode-ray tube is
then unblanked during the interval

signed for high-speed oscilloscope under investigation. Coinciding
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FIG. 2—Balanced and unbalanced sweep circuits for hydrogen thyratrons
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with the unblanking pulse, a small
expansion sweep voltage is applied
to the vertical deflection system so
that several consecutive sweeps be-
come distinguishable. This corre-
sponds to a raster tvpe of scan in
that several sweeps may be made
available at a given time.

One advantage of this type of
sweep is that it provides stable de-
laved sweeps with no stable delay-
pulse generation required. The
time jitter of any sweep depends
only upon the variation in the am-
plitude and frequency of the two-
me basic oscillator.

The jitter in the delay of the
unblanking pulse used in this sys-
tem does not result in time jitter
in the trace itself, but is seen as
fluctuations in the end of the inter-
val being examined. This method
works quite satisfactorily for
sweeps longer than 0.5 pusec. Above
this speed, the generation of steep
voltage slopes demands higher cur-
rents than can be conveniently ob-
tained from vacuum tubes.

The rate of rise in volts per sec-
ond of voltage across a capacitor is
equal to the current divided by the
capacitance.

¢ famperes dV [/ volts

¢ farads ) = a7 seconds)

If the sweeps are developed over
the lowest possible capacitance con-
sisting of the output capacitance of
the sweep generator tube in paral-
lel with wiring and cathode-ray
tube capacitances, the current
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which must be handled becomes ob-
jeetionably high to be handled by a
vacuum tube. For example, given a
minimum capacitance of 30 uuf and
a rate of rise of 20,000 volts per
usec, the current becomes 0.6 am-
pere.

In addition, the amount of cross
coupling from one deflection plate
to the next right-angle plate in-
creases as the capacitance from
plate to ground is lowered. This is
due to the capacitance divider
formed by the capacitance to
ground and the plate-to-plate ca-
pacitance of the cathode-ray tube.
If the capacitance from the deflec-
tion plate to ground is deliberately
made as high as 100 puf to mini-
mize cross-coupling effects, the cur-
rent is increased to two amperes.
This magnitude of current leads to
the selection of a gas-filled tube
such as the thyratron as a sweep
generation source.

Several variations of the basic
circuit for the development of

CRT Characteristics

Direct inlerelectrode K1030 5RP-A
capacilances

Deflection plate D; 0.52 1.8
to D,

Deflection plate D; 0.39 1.5
to Dq

Maximum ralings
Anode 2 to final in- 30,000 v 22,000 v

tensifier
Typical deflection 128 140420
factor percent

sweeps through the use of a hydro-
gen thyratron are possible. Figure
2A shows one form such a circuit
may take. The tube may be a
2D21, 2050, 3C45, 4C35 or others.

This circuit operates as follows:
with the thyratron in an unfired
condition, the pulse-forming net-
work 1is charged to voltage FE
through resistance R.. When the
trigger pulse is impressed upon the
grid of the thyratron, the tube con-
ducts and the voltage at the plate
of the gas tube falls very rapidly
to a voltage 20 to 50 volts above
ground depending upon the tube
used.

The charged line then discharges
through the series circuit of Z, and
the thyratron. This produces a neg-
ative square pulse across Z, of

amplitude E/2 and length equal to
twice the delay of the line, provid-
ing an unblanking pulse. The sharp
drop at the plate is integrated by
the RLC circuit to provide a sub-
stantially linear sweep voltage ap-
proximately equal to the supply
voltage.

Associated with  single-ended
sweeps on electrostatic cathode-ray
tubes there is an effect known as
deflection defocusing which ap-
pears as progressive defocusing
from start to end of the sweep. To
correct this situation, two methods
of producing balanced sweeps have
been investigated. One method is
illustrated by the circuit shown in
Fig. 2B. The circuit is similar in
operation to that previously de-
scribed. When the thyratron is
triggered, the cathode of the gas
tube rises rapidly to a voltage V /2.
In this way, C. charges to V/2
through L, and R, to provide a posi-
tive linear sweep approximately
equal to V/2. Capacitor C dis-
charges from V to V/2 to provide
a negative sweep approximately
equal to V/2. A positive square
pulse of amplitude V/2 is developed
across Z, so that an unblanking
pulse may be obtained from the
cirecuit.

Another method of obtaining
balanced sweeps emplovs a trans-
former. In this circuit, Fig. 2C,
the cathode of the gas tube is
grounded, eliminating the necessity
of filament chokes and the pulse
transformer for keying purposes.
Here the unblanking pulse is ob-
tained across Z, and the sharp volt-
age step at the plate is capacitively
coupled to the phase-inverting
transformer. The voltage step is
integrated from the secondary of
the transformer to develop bal-
anced sweeps. The linearity of
these sweeps depends upon the fre-
quency response of the transformer.

With the 5RP-A tube, deflection
defocusing is not very serious and
because of the possible simplifica-
tion of circuitry, the single-ended
sweep circuit shown in Fig. 2D is
now used in this oscilloscope. The
sharp voltage drop at the plate of
the gas tube is integrated by L.R,C,
to provide the sweep output.

The sharp voltage drop is also
coupled by C., a very small capaci-
tor, to one of several tuned circuits
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in the grid circuit of the cathode-

ray tube where a damped train of

oscillations suitable for intensity
markers is generated. The L., R.
and C. components produce a nega-
tive voltage pulse from which an
unblanking pulse of sweep duration
is formed.

Delay

When using an oscilloscope hav-
ing high sweep speeds, the diffi-
‘culty of maintaining the sweep in
coincidence with the signal is con-
siderable. To obtain a good presen-
tation, the jitter should be kept less
than one line width. This naturally
applies to recurrent phenomena
only since jitter from .one sweep to
the next is not recorded if individ-
ual sweeps are being photographed.
Consider the case of the fastest
sweep described, namely, 0.01 usec
per inch.
of 0.05 inch, this demands a jitter
less than 500 ppsec for recurrent
sweeps.

To obtain coincidence of sweep
and signal, means must be provided
to delay the sweep over the interval
being examined. In the past, some
variation of the circuit shown in
Fig. 8 has been used. In this cir-
cuit a pulse is developed and fed
into a delay line. This pulse trav-
eling along the delay line is picked
off at two points. A pulse with one
delay is used to initiate the action
to be observed, and a pulse at a
second delay is used to initiate the
oscilloscope sweep. These delays
are so chosen that the transient to
be observed occurs in the desired
portion of the oscilloscope sweep.

An investigation of the keying
characteristic of thyratrons has
shown that with a d-c¢ heater sup-
ply, a keving pulse supplied from a
low-impedance source can provide

FIG. 5—Trace of a 120-mc keyed oscil-
lator with a sweep of 0.05-usec per inch
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Allowing for a spot size

stable keying of a thyratron on a
comparatively slow voltage slope.
By decreasing the amplitude of this
low-impedance pulse, the delay in
firing the thyratron is increased.

Figure 4 shows a suitable source
of low-impedance keying pulses. In
this circuit two low-impedance
pulses are obtained simultaneously
from the same thyratron, thus as-
suring that no jitter exists between
them. One pulse is used to trigger
the thyratron sweep tube while the
other is used to trigger the thyra-
tron to be observed.

The values of L and C can be
switched to furnish a rough adjust-
ment of the delay in firing. For
fine adjustment the amplitude of
the keying pulse is changed by va-
rying B. By means of suitable ad-
justment, the sweep tube and the
tube under observation can be
keved simultaneously.

With this general type of circuit
negligible jitter delays to 10 usec
have been obtained. To do this the
values of L and C are such as to
produce an approximate half sine-
wave pulse of length equal to 20
psec. By suitable compensation
within the gas-tube circuit as well
as changes in the design of the
thyratron the stable delay interval
may be increased.

Calibration

The high-speed sweeps described
were calibrated by several methods
to find one accurate method suit-
able for both visual and photo-
graphie use.

Perhaps the most accurate
method tried consists of using a
crystal-controlled transmitter as a
timing-wave source. The timing
wave is applied to the vertical de-
flection plates and single-trace
photographs taken. It has the dis-
advantage of not being synchro-
nized with the sweeps and cannot
be used to measure time directly
when viewing recurrent phenomena.

A 120-mc oscillator was keyed
and photographed, Fig. 5. This
circuit is very stable and easily
photographed since a considerable
number of sweeps can be observed
at one time.

A third method consists of ring-
ing an inductance to produce a
train of damped oscillations. This
method is easiest to apply since a

FIG. 6—Alternate keying of 0.005-usec
pulse and 50-mc timing wave

thyratron having high-current ca-
pabilities can be used for generat-
ing the oscillation. With the 3C45
the physical size of the tube ap-
pears to limit the frequency of os-
cillations to about 60 me.

Figure 6 shows a 50-mc timing
wave obtained from a ringing cir-
cuit superimposed on a 0.005 usec
pulse by alternate keying.

The oscilloscope is housed in a
four-foot cabinet with component
parts placed in three levels. The
cert gun and deflection section are
enclosed in a mu-metal shield to
prevent magnetic fields from infiu-
encing the beam. The front of the
tube is maintained at the final in-
tensifier voltage by means of a cop-
per band encircling the tube. To
prevent corona and provide physi-
cal support for the tube, a Lucite
collar is fastened to the front panel
and supports the front of the cath-
ode-ray tube. A sheet of 3-inch
Lucite protects the observer from
the high voltage. The high-voltage
bleeder for obtaining the proper
voltages for the intensifier ele-
ments consists of half-watt 1.8-
megohm resistors wound in a spiral
groove cut into a polystyrene rod
to minimize corona effects. The to-
tal resistance is 100 megohms so
that a 200-microampere meter may
be used with the bleeder to read 20
kilovolts at full scale.

The limits on bandwidth and
sweep speeds encountered in this
oscilloscope are not a function of
the circuitry. The frequency limi-
tation is imposed by the cathode-
ray tube and may be extended by a
factor of four with use of the
K1030 type tube. The available
writing rate then becomes much
greater and the circuitry may be
extended to provide sweeps of much
higher writing rates.
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Calculating
UHF Field Intensities

Curves based upon accepted propagation concepts facilitate theoretical prediction of
television field intensities between 470 and 890 me until more experience is obtained.

Data on nulls and maxima resulting from path differences are included to show their

location in miles from the transmitter

HE RECENT allocations proposals

by the FCC for commercial
television broadcasting in the band
from 470 to 890 mec¢ have centered
attention on propagation problems
at these frequencies. In order to
facilitate the prediction of theoreti-
cal ground-wave field intensities in
this band, the group of charts pre-
sented here has been prepared.

The methods for the calculation
of field intensities employed were
originally proposed by Norton' and
have been conveniently summarized
by Terman.?

Field Near Transmitter

The equation for field intensities
in the immediate vicinity of the
transmitting antenna for the ultra-
high frequencies under considera-
tion is given by Terman® as

2E, P}

. ! 2w ha
Field Intensity, E = —a sin ¥ 1)

where E, is the reference field in-
tensity produced at a distance d of
one mile for an effective radiated
power P of one kilowatt, and %, a
and XA are the heights of the trans-
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By FREDERICK W. SMITH

Radio and Allocations Engineering
National Broadcasting Co.
New York, N. Y.

mitting and receiving antennas and
the wavelength, respectively.

The reference field intensity se-
lected by the FCC as an f-m and tv
standard is that developed in the
equatorial plane of a half-wave an-
tenna under the conditions specified
above, or 137.8 millivolts per meter.
Such an antenna has a power gain
of 1.641 when compared to an iso-
tropic radiator,

Using this value for F, and sub-
stituting 186,200 miles per sec -
for (¢/f) for 2, with & and a in feet
and f in megacycles, Eq. 1 can be
reduced to

275,600
A —

where 8 = 6.92 X 107 haf/d degrees  (2)

It can be seen from Eq. 2 that
for a fixed distance and receiving
antenna height, a single value of
field intensity will result for a given
frequency-transmitting antenna
height fi product. Thus, where Eq.
2 applies, a transmitting antenna
height of 1,000 feet at 450 mc will
produce the same field intensity as
500 feet at 900 me, other factors
being equal.

P} sin @ microvolts per meter

This relationship has been em-
ployed to simplify the construction
of the field-intensity chart, which is
similar in many respects to previ-
ous charts published by the FCC for
field-intensity calculations in the
vhf band. Here, the product fh
serves as the independent variable,
which permits the use of a single
chart for the entire frequency band
under consideration.

Phase Interference

Near the transmitting antenna,
a series of oscillations will occur in
the field intensity as a result of
phase interference due to differing
path lengths traversed by the space
wave and ground-reflected wave
components of the signal. This effect
is indicated by the sine term of
Eq. 2, which will oscillate between
unity and zero in value as O reaches
successive values of 90, 180, 270
degrees, and so on. The nulls and
maxima thus produced will become
much more frequent with decreas-
ing distance. However, the latter
will always be tangent to a curve
along which the field intensity var-
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FIG. 1—Theoretical ground-wave signal range for 470 to 830 mc
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FIG. 2—Distance in miles to maxima and nulls

ies inversely with distance. Such a
curve can therefore serve as a guid-
ing upper limit when the graph is
used to secure a plot of E as a func-
tion of d.

The approximate distances at
which the above mentioned nulls
occur for various fh products can be
estimated from the null lines that
have been drawn for the first five
nulls. These null points may be
more exactly determined from the
smaller graph, Fig. 2, which repre-
sents the distance to the various
maximum and null points as a fune-
tion of fih. The dotted lines adja-
cent to the first null line in Fig. 1
serve to indicate the points at which
the field intensity curves will start
to fall from and return to the in-
verse distance curve on either side
of the first null, giving some idea of
the behavior of the field-intensity
curves in a null region.

As the transmission distance in-
creases, nulls cease to appear, and
field intensities will progressively
diminish, varying as the inverse
square of the distance when O has
decreased to 20 degrees or less.
This is seen in Eq. 2 where sin 0
may be replaced by O itself for the
values of © just mentioned, causing
d to be squared in the denominator.

Equation 2 may be used with ac-
curacy until 6 equals ten degrees,
or until the radio line-of-sight hori-
zon has been reached. Beyond these
limits a different expression must
be employed which provides field in-
tensities in the diffraction region
where the receiving antenna is be-
low the line-of-sight. In order to
obtain the continuous curves that

112

appear in Fig. 1, smooth transition
curves were drawn between the field
strengths caleculated for line-of-
sight conditions and the field
strengths calculated for the diffrac-
tion region.

It should also be noted that values
shown in Fig. 1 for fi products of
10° or more are approximate only.

Diffraction Region Fields

Field intensities in the diffrac-
tion region where the receiving
antenna is below the line-of-sight
are computed by means of an ex-
pression due to Norton and given
by Terman* as:

E =WV, E, 3
where FE,, is the surface wave in-
tensity at the point on the earth’s
surface below the receiving antenna
as calculated from Eq. 10, par. 2
of the same reference®, and F, and
F, are the appropriate height fac-
tors for the transmitting and re-
ceiving antennas as given by Eq. 20,
par. 3 of the source above.

It is apparent from Fig. 1, that
in the diffraction region the fre-
quency-height product relationship
no longer holds, and as a result
separate distance scales have been
provided for 500 and 900 me, with
the addition of curves for 600, 700,
and 800 mc at the 20, 30 and 40-mile
points as an aid to interpolation.

Prediction Vs Measurement

Unfortunately, the theoretical
calculation of field intensities at
these frequencies fails to take into
account various factors such as ter-
rain irregularities, shadowing or
phase differences in signals arriv-

ing at a given point by multipath
propagation. Also neglected are
effects important at larger distances
such as fading, day-to-day varia-
tions due to changes in the refrac-
tive index of the atmosphere, and
tropospheric reflections.

Initial uhf field measurement sur-
veys in the New York®’, and Wash-
ington®® areas have indicated that
actual uhf field intensities observed
are likely to be lower than those
predicted theoretically. However, it
is evident that much more investiga-
tion will be required before local
deviations from the theoretical can
be predicted with any accuracy,

Using the Chart

The field intensities developed at
any distance up to forty miles for
one kilowatt of effective radiated
power may be read directly from
the ordinate of Fig. 1 for any fre-
quency-transmitting antenna height
product along the abscissa. For ex-
ample, an fh product of 100,000 will
produce approximately 54 millivolts
per meter at a distance of four
miles for an erp of one kw for all
frequencies in the band, and at
thirty miles, 253, 212, 170, 141 and
124 microvolts per meter for 500,
600, 700, 800 and 900 mc respec-
tively.

For other values of P, the ordi-
nate scales must be shifted in pro-
portion to P* as is done when using
the charts published by the FCC
for the vhf bands.

Where Eq. 2 is valid, Fig. 1 may
be compared directly with the FCC
curves. Citing the same example, at
a distance of four miles, 54 milli-
volts per meter will also be obtained
from the FCC curves for 82 mc at
1,220 feet, 98 me at 1,020 feet and
195 me at 513 feet.
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Cathode Follower Response

Chart gives permissible cathode-follower pulse drive at video frequencies in terms

of low-frequency sinusoidal input. Video-frequency overloading and distortion in

conventionally loaded circuits originate in output time constant

By RALPH H. BAER

Chief Engineer
Wappler, Inc.
New York, N. Y.

ATHODE FOLLOWERS fre-

quently overload and dis-
tort on video signals when de-
signed on the basis of low-fre-
quency formulas. This behavior
results from the effect of the
time constant associated with

the output impedance of the cath-
ode follower and the load capac-
itance. The usual formula for
the peak signal permissible is

R
14 5 (e +1)
Eg »
€9 = R )
peak I * + 2
Ry

which is readily calculated. In-
spection of Eq. 1 shows that
medium values of p (15-30) are
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desirable for maximum permis-
sible input signal.

When a video signal with
rise time ¢ microseconds is ap-
plied to a cathode follower this
permissible grid swing is reduced
by a factor of

1

T R 4, :
P-—]'{— 1 - E_—T
1+e— : @)
{2 151 L
Ry T

where T is the time constant.
Whenever T approaches the pulse
rise time in order of magnitude,
the reduction in permissible grid
signal can no longer be neglected
and the correction factor of Eq.
2 becomes essential.

The graph is a solution of
Eq. 2; the following procedure
applies when a pulse waveform
of rise time ¢ is to be handled
without distortion where

__ CrRe

= 1 + Jm Rk
(a) Determine the value of
R./R, and t/T. (b) On the

graph, connect R./R, with pu.
(¢) At the intersection of line
A with the line drawn in step
(b), read vertically up or down
to the proper t/T curve. The
solution is then obtained from
the percent scale by reading
horizontally to the left.

As an example, consider a tube
with p = 40, R, = 20,000 and a
load impedance of R. = 1,000
and C, = 250 puf in parallel.
From Eq. l¢,,. ., = 5.6 volts for
E, = 150 volts. Suppose a video
signal with rise time t = 0.42
psec is handled by the cathode
follower. Then T = 0.0834 usec
and t/T = 5. From the graph
the permissible peak signal is
seen to be 72.3 percent of €
at low frequencies, or 4 volts.
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eliminated the difficulty but saved the customer $30,000 in
vibrator costs alone! And the changes were accomplished
with virtually no modification in circuit designs.

That’s service beyond the sale!

And whether your problem is electronic or metallurgical
what Mallory has done for others can be done for you.
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Coaxial Feed System for Antennas
British Developments in Instrumentation......................

Automatic Audio Level Alarm

By N. HAGMANN

Station Engineer
Radio Station WJZ
Lodi, N. J.

ONE of the many things to which a
broadcast station engineer must
pay careful attention is program
level and quality. Because rather
large variations in level are not
easily detected by ear, particularly
if the engineer is occupied with
other allied work, an automatic
alarm system becomes a practical
necessity. Such a device is partic-
ularly valuable when more than one
transmitter carrying the same
program material must be moni-
tored.

The audio alarm used at this sta-
tion is fed through a bridging
transformer from the audio source
to a 6K6 amplifier stage. This tube
feeds into a cascaded diode recti-
fier, a type 6H6, that separates the

diode load circuit from the control
circuit. Load resistor E; in the
cathode of the 6H6 is used to adjust
the level of audio to be rectified.
The plate of the same tube feeds
the cathode of the second 6H6 sec-
tion and acts as a d-c separation cir-
cuit. The plate of the second sec-
tion charges a large capacitor that
bleeds off through resistors R, R.
and R, with R, the controlling ele-
ment. The grid of the 2050 is con-
nected to the junction of R,, R, and
R.. The plate circuit of the 2050
contains the a-c alarm relay. A
type 6E5 tuning-eye tube facilitates
adjustments for proper level and
time delays R, and R, respectively.
In operation, the 2050 gas tube is
made conducting by the rectified
signal on its grid stored by the 20-
microfarad capacitor. This signal
results from the charging effect of
the audio input. The proper refer-
ence level is set by potentiometer

6K6
AUDIO
INPUT
E 8
3
BRIDGING N
TRANS- &
FORMER
S
=
005
Es
réﬁj':‘b 6E5
+150V o 150V
0-C 1 A<C

FIG. 1—Diagram of the audio failure alarm. Potentiometer R,, sets the level at
which the gas tube fires, R,, controls time delay between loss of audio and sound-
ing of alarm, and R, sets level of audio into the device

16

R, that effectively biases the gas
tube. Failure of the audio signal,
after an appropriate time delay set
by R, results in the relay being
de-energized and closing the alarm
circuit through its back contacts.
A disabling switch in the alarm cir-
cuit is useful during symphonic or
similar programs in which wide
dynamic range is encountered.

The unit can be fed from either
audio program lines or the output
of an r-f monitor. In the latter
case, failure of either the program
or the carrier will be detected.

Low Frequency Generator

By W. G. SHEPARD

Physical Research Unit
Boeing Airplane Co.
Seattle, Washington

THE GENERATION of sine waves by
ordinary electronic means becomes
increasingly difficult as the fre-
quency is lowered below 10 cycles.
The phase-shift circuit is gener-
ally used but elaborate care in de-
sign and construction is necessary
to achieve satisfactory perform-
ance. Since a multivibrator is a
more dependable low-frequency
oscillator, operating down to al-
most any slowness, it was decided
to use the output wave of a multi-
vibrator and shape it into essen-
tially a sine wave.

First a large square-wave voltage
was generated by triggering an Ec-
cles-Jordan flip-flop circuit from
the multivibrator, this being easily
done because the triggering signal
can be applied to both grids. By
incomplete integration, essentially
a triangular wave is obtained.
Since this wave contains no even
harmonics and only 1/9 third and
even less higher harmonics,

Y = 8/#2 E(cos * + 1/9 cos 3x
+ 1/25 cos Bx .. .),

a simple filter system will reduce

the harmoniecs to negligible value.

Such a sine-wave generator is
most easily constructed for a single
frequency and is not very well
suited for continuously variable
frequencies over a wide range be-
cause of the increasing attenuation
of the filter as the frequency is
raised. However, it is quite feasible
to construct a unit covering a num-
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similar to the Fresnel lighthouse

PRECISION omni-range equipment, of which the tower shown

by Sperry Gyroscope Co., operates in the 5,000-mc region.
photograph shows the microwave lens which performs a function

it forms increases accuracies to within one-half degree, by virtually
eliminating ground reflections at all angles greater than approxi-
mately % degree above the horizontal.
of about 1,000 feet at the edge of the control zone.
signal is free from ground reflections in the operating region.

has made possible significant in-
The new equipment, introduced
The

lens. The sharp vertical pattern

This represents an altitude
Thus the

ber of fixed frequencies selected by
means of a suitable switching ar-
rangement.

Figure 1 shows the diagram of
such a circuit as constructed for
calibration purposes. Type 6J6
tubes are employved in the multivi-

brator and flip-flop circuits, the
multivibrator receiving its plate
supply from a regulated source for
greater frequency stability. Capaci-
tor C, and R, form the triangular
wave and V, is a cathode follower
inserted to lower the impedance.

__+i00v Q- oy +250V
8l gl reclLateD 8 § 20000 Tirecucaten)
Qs 3 ™ I
o% &} o] &
ET L F s
i T
Rl &=
— B
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FIG.

]—Schematic of sine-wave generator producing frequencies from 0.2 to

100 cycles
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Two filter circuits, C.R, and C.R;,
are so proportioned that the third
harmonic is attenuated in each
about three times as much as the
fundamental, leaving about one or
two percent third and practically no
higher harmonics. For simplicity
only three switch positions are
shown in the diagram, but values
are given in the table for 10 fre-
quencies. These are the values ac-
tually used and differ somewhat
from calculated values. The value
of C, was chosen experimentally to
give approximately the same volt-
age output for each frequency. The
cathode circuit of V, contains a con-
trol allowing for further minor ad-
justments in output voltage. The
output voltage, after being ampli-
fied by the 6AQ5 tube, is about 14
volts at the input to the attenuator.

Since the generator, as con-
structed, is used for calibration
work, some method was necessary
to make sure that the output volt-
age is approximately the same for
each frequency. Since the fre-
quency is too low for the use of a
meter, a small cathode-ray tube is
used as an amplitude indicator. The
vertical and horizontal plates are
tied together to increase the sensi-
tivity of the tube. Since this causes
the spot to move back and forth
diagonally, the tube must be ro-
tated 45 degrees to give a horizon-
tal spot movement.

Blocking-Oscillator
Time Base

By LAWRENCE FLEMING

510 N. West St.
Falls Church, Va.

BLOCKING OSCILLATORS, commonly
used for fixed-frequency time-base
generators, can be used to provide
very satisfactory oscilloscope time
bases.

A blocking oscillator with posi-
tive grid bias is shown schemati-
cally in Fig. 1. It has an upper
frequency limit higher than obtain-
able with gas triodes; its cost is
low, the tube being an ordinary
dual triode and the oscillator coil
small and simple; a single variable
resistor provides fine-frequency ad-
justment; the output waveform is

(Continued on p 150}
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jprgbing the unknown!

F

"For practicing black magic, consort-

ing with the devil, and spreading dan-

gerous thoughts against the laws of man

and nature, you are exiled forever!”

This was the import of the fateful words heard
by Galileo Galilei, facing a court of inquisition in
the 16th century. Scorned and ridiculed, the
great mathematical and astronomical genius went
to his exile an old and broken man; a brilliant,
searching mind no longer permitted to probe the
mysteries of the universe.

nnGu@E

PIONEERS .~

Today, free men of science labor under no
such restriction. Analysis and proof are the tools
employed in this enlightened era to obtain for
them a hearing . . . an opportunity to substanti-
ate their theories.

In the modern laboratories of the Sprague
Electric Company, a research staff of physicists,
engineers, and chemists, second to none in the
electronic parts industry, is constantly striving to
attain the ultimate in electronic components.
Like others of their profession, they are helping
to forge a level of scientific development about
which Galileo, the great researcher, "born before
his time", could only dream.

SPRAGUE ELECTRIC COmPANY

North Adams, Massachusetts

ELECTRIC AND ELECTRONIC DEVELOPMENT

e IN
SUBMINIATURE PROKAR® CAPACITORS are Made by an exclusive Sprague process . ..
designed especially for high-quality, minimum- molded in a mineral-filled, high temperature
size electronic equipment which must operate plastic . . . these tiny but tough capacitors
dependably under the most severe conditions. are ideal for -55°C to +125°C operation.
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THE ELECTRON ART

Edited by JAMES D. FAHNESTOCK

Ionosphere Winds Charted from Meteor Echoes.................
Metallized Paper Capacitors. .. ...
British Cinderadiograph Apparatus
Single-Tube Audio Phasemeter. . ..
NRL Microwave Interferometer. ...
Ultrasonics Used In Seed Treatment

Direct-Reading R-F Wattmeter. .. ..

Ionosphere Winds Charted from Meteor Echoes

IONOSPHERIC WINDS, 56 to 80 miles
above the earth, have been meas-
ured by analyzing the drift of
meteor ion trails.

Wind velocity, which may range
from 30 to 125 mph, is determined
by use of the Doppler effect. Dop-
pler recordings have been made us-
ing a 23.1-mc c-w transmitter, the
beat difference between the trans-
mitted and reflected signals being
used to determine wind velocity. In
addition, a 17.3-mc pulse transmit-
ter has been used for ranging on
the ion trails.

Wind direction i3 determined
through the use of a special meteor
direction finder. Four vertical an-

Meteor direction finder uses four vertical antennas spaced around
a single vertical reflector
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tennas are spaced about a vertical
reflector as shown in the photo-
graph. Each radiates through a
single quadrant. The antenna pat-
tern is swept electronically. Pre-
sentation involves sixteen vertical
A-scan traces on a horizontal trace.

This research, carried on at
Stanford University and financed
by the Office of Naval Research, is
expected to have useful applications
both in the design of long-range
guided missiles and in weather
forecasting.

Irregularities Noted

Although each ion trail lasts only
a second or two, the average motion

of the upper atmosphere air mass
is determined by averaging many
measurements. In addition to this
average motion, evidence of irregu-
larity in the nature of the wind has
been reported.

The meteoric ion trails are usu-
ally observed to drift at speeds of
200 mph, although the air mass as
a whole moves several times more
slowly. It is not yet clear whether
these irregularities are the result
of local turbulences or of separate
layer-like winds blowing in differ-
ent directions at different altitudes.

The measurements show that
during July and August last year,
the winds in the outer atmosphere
were predominately from the south-
south west, with some winds from
the north, and a few weaker winds
blowing west to east.

The bright flashes seen in the
night sky by the naked eye are
caused by particles of matter about
the size of a small pea. Smaller,
more numerous particles produce
weaker flashes not visible to the
human eye and are easily detected
by electronic methods.

Continuous Readings
Radio equipment can detect these
tiny meteors both day and night,
so the ion trail method of wind
measurement is potentially capable
of giving continuous wind readings.
Thus far measurements have
been made only during the early

Doppler beats between transmitted and reflected c.w signals are

recorded on tape to furnish wind-velocity data
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METER

TYPE 160-A
50 kc. to 75 me.

Radio frequency circuit design often requires the accu-
rate measurement of Q, inductance and copacitance
values. For this application the Type 160-A Q-Meter has
become the uncompromising choice of radio and elec-
tronics engineers in this country and abroad.

Each component part and assembly used in the manu-
facture of this instrument is designed with the utmost care
and exactness. Circuit tolerances are held to values
attainable only in custom built instruments.

With the 160-A Q-Meter, as with other Boonton Radio
Corporation instruments, the keynote in design is to
embody accurate direct reading features which save
time and simplify operation,

SPECIFICATIONS
Oscillator Frequency Range: 50 ke. to 75 mc. in 8 ranges.
Oscillator Frequency Accuracy: =1%, 50 ke.—50 me.
=3%, 50 me.—75 mc.

Q Measurement Range: Directly calibrated in Q, 20-250. “Mul-
tiply —Q—By"” Meter calibrated at intervals from x1 to x2, and also
at x2.5, extending Q range to 625.
Q Measurement Accuracy: Approximately 5% for direct reading

t, for freq up to 30 mc. Accuracy less at higher
frequencies.
Capacitance Calibration Range: Main capacitor section 30-450 mmf,
accuracy 1% or 1 mmf whichever is greater. Vernier capacitor
section +3 mmf, zero,~3 mmf, calibrated in 0.1 mmf steps. Ac-
curacy =0.1 mmf.

Catalog “’H’’ containing further information available upon request.
{In Canada, direct inquiries to RCA Victor Co., Ltd., Montreal.)
i MARBERC S G SAes e e s
DESIGNERS AND MANUFACTURERS OF Q METER ol
.REQUENC'( MODULATED SIGNAL GENERATOR . BEAT FREQUENCY
GENERATOR AND OTHER DIRECT READING INSTRUMENTS
NN S e ¢ o i o

Atk i
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EXAMINE THESE

Leredl Keading
Tealivees-

WHICH SIMPLIFY

ACCURATE MEASUREMENTS

l OSCILLATOR FREQUENCY DIAL.

This large 42" open faced dial has
eight overlapping frequency ranges,
each calibrated directly in kilocycles
or megacycles, with scales conven-
iently divided for maximum read-
ability. A vernier dial drive enables
fine settings to be made with ease.
All frequency ranges are accurate to
within = 1% except the 50-75 mega-
cycle range which is accurate to
+=3%. The clearly marked range
change switch located directly be-
neath the frequency dial facilitates
rapid and positive selection of the
desired frequency band.

L-C dial serves twofold purpose
of (1) conveniently and accu-
rately indicating tuning capaci-
tance directly in MMF, and (2)
providing an effective inductance
scale which also becomes direct
reading at certain defined fre-
quencies shown on frequency
reference plate. Incremental ca-
| pacitance dial at right calibrated
from 43 MMF through zero to
=3 MMF, accurate to ==0.1 MMF.

3 Q-VOLTMETER AND MULTIPLIER METER.

BOONTO

BOONTON-N-J-U-S-A:

For the indication of Q values the 160-A
Q-Meter employs a Weston Model 643 Meter
calibrated directly in terms of Q overtherange
from 20-250. The damping of the meter
movement is ideal for the rapid determinae
tion of exactresonance without sluggishness
or overshoot. The lance type pointer enables
Q readings to be obtained to the nearest
unit. Located directly beneath the Q voli-
meter is the “Multiply-Q-By" meter which
provides Q multiplier factors of X1 to X1.5
in 0.1 steps, X2, and X2.5 thereby extending
the useful range of Q indication to 625. This
meter is carefully matched to a particular
thermocouple element for maximum
accuracy,

‘KADIO |
077()2(6&5/(?.
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morning hours when radio condi-
tions are best. Improved equip-
ment, which is just being put into
service, is expected to extend the
measurement schedule around the
clock.

By a further extension of the
technique it is believed, that winds
at selected heights in the 55 to 80-
mile altitude range may be meas-
ured.

The meteor drift method is the
first to offer the possibility of con-
tinuously measuring winds at dif-
ferent altitudes. Other radio wind-
measuring methods have recently
been devised in the United States
and England, but they depend on
the regular ionosphere layers and
so are restricted to specific heights.
Wind measurements made during
high-altitude rocket flights are ex-
pensive and restricted to a few

minutes duration at the most.
Knowledge of the high altitude
winds gives information as to the
composition of the upper atmos-
phere. This information is of value
to high-altitude aircraft designers
in connection with airfoil design;
and it is particularly useful
to weather forecasters because
weather predictions must be based
on the most complete possible
knowledge of the atmosphere.
Field tests carried out simulta-
neously with measurements at Stan-
ford served to confirm the reality
of the wind-drift effect and showed
that the same meteor disturbances
could be detected simultaneously at
two locations as much as 50 miles
apart. Valuable data on the com-
position of a given meteor trail at
different points along its length
was also obtained in these tests.

Metallized Paper Capacitors

By JouN H. FISHER
Vice-President in Charge of Engineering

Astron Corporation,

THE CONCEPTION of a metallized
paper capacitor dates back to ap-
proximately 1900, However, de-
velopments at this early stage of
the art were stymied mainly by the
inability to obtain a uniform and
continuous metal coating on thin
paper. The basic principle was
proven sound by Robert Boseh of
Stuttgart, Germany during World
War II when he developed a prac-
tical evaporation process for coat-
ing paper with a thin uniform film
of zine. The zinc is placed in a
high-vacuum chamber and its tem-
perature is raised to about 350 de-
grees C. The gaseous vapors given
off then condense on the relatively
cool paper surface in the chamber.

3'\.“3 T -

&9 0T 71 caraciman g
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FIG. 1—Variation of electrical charac-
teristics with temperature for metallized
paper capacitors
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East Newark, N. J.

Actual-size reproduction of metallized
paper foil, showing holes left by self-
healing action

Under the right conditions of
vacuum and temperature the result
is a homogeneous metallic coating
50 millimicrons in thickness.

Bosch found zinec most suitable
for his purpose because of its low
vapor pressure of 10° mm Hg at
350 C, which gave him no refractory
difficulties during the process. It
was found, however, that zinc is
somewhat limited for capacitor ap-
plications, chiefly because of its
high power factor which limits it
to d-c applications. It is also dif-
ficult to obtain a strong lead con-
nection to the zinc-coated paper sec-
tion of small capacitors.

A practical method was develop-
ed in England for the vaporization

¢ 0 0 060 6060000001
P00 000000 0000 oo

o8 8.2 0:%3 2 Julla® '
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3
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ASTRON CORP.
EAST NEWARK, N.J. O
) © 0 6 00 0000
PO O OO O OGO OO0 000
® 0600 00 600000 0 ¢ 01

EERENXY K
e s o 0 0. 0IM. XX KX
>be o oo & suwie es o0
® 000 00 FTTWEEL 000 0 0
P00 06006 006060000000
ooooooooo o0 00 ¢

o ¢ BIPG PN
50 0.00.¢ 9 0.0 0 e6 8 06 00
_- A & a & a & A s aas s et et

Top to bottom: Conventional 0.1-4f

molded paper capacitor; corresponding

metallized unit; hermetically sealed
metallized unit

of aluminum on paper, using a
vacuum of 3 to 4 microns and a
temperature of 1,500 C. The thin
uniform coating of aluminum per-
mits use of a single-sheet dielectric
and gives a small, compact and
light-weight capacitor unit with
revolutionary selfhealing charac-
teristics.

Prior to metallizing the paper is
continuously coated on one side
with a thin film of lacquer material
consisting of a 10-percent solution
by weight of cellulose acetate, to
increase the dielectric strength and
insulation resistance of the paper.

Selfhealing Action

Metallized paper capacitors can
be subjected to intermittent over-
voltages and surges without danger
of failure. If surges are of short
duration, the capacitors can safely
stand surges of 2 to 23 times their
operating voltage. .As the tempera-
ture is increased the tendency to
spark increases and the breakdown
point of the capacitor is lowered.
When the capacitor is overstressed,
any incipient weakness in the di-
electric is burned out. Actually the
aluminum coating on the paper is
melted by the spark discharge
caused by the puncture, where-
upon the molten metal is blown
away from the hole by the arc, leav-
ing a metal-free area around the
puncture. The area thus made has
a high surface resistance so that
the overall insulation resistance of
the capacitor is only slightly low-
ered. In most circuits, reduced in-

(Continued on p 214)
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The tape ' goes
'round ' and ’round...

smoothly, swiftly—
at higher winding
mathine speeds

It's Kodapalk Sheet

... choice of leading
electrical manufacturers
for primary wire

insulation

In general: Kodapak Sheet is available in vari-
ous forms including Kodapak I Sheet, cellu-
lose acetate, gauges up to 0.060"; Kodapak I1
Sheet, cellulose acetate butyrate, gauges up
to 0.002”. Of the two, the latter is preferred
for many electrical applications because of its
high dielectric strength, its superior resistance
to moisture and oxidation.

Self-centered . .. Solvent-sealed. Wire wound ;
with Kodapak tape is perfectly centered; thus P i

permits over-all diameters to be held at a mini- :
mum. Also, when overcoating of braid is em-
ployed, lacquer and lacquer solvents tend to

g 6 11
seal tape, forming a continuous waterproof - %, o . .
. 9 % ¥
e ) oo, e o ) For further information,
' w \ including other applications,
L
i

Hard to harm it: Because it has excellent write for free copy of the folder,

strength, stretch, and toughness characteris- L ) ; A
tics, Kodapak Sheet is particularly suitable for Kodapak Sheet for Electrical Uses.

use on winding machines. It serves well at

high speeds without breaking. These same Cellulose Products Division, EASTMAN KODAK COMPANY, Rochester 4, N. Y.
properties allow wire to be flexed or bent Sales Offices: Pocific Coast Distributor:
sharply without harming the insulation. New York, Chicago. Wilson & Geo. Meyer & Co., San Francisco,
District Sales Representatives: Les Angeles, Portland, Seattle. 45
Cleveland, Dallas, Canadian Distributor: o aF
Philadelphia, Paper Sales, Limited, .;
Providence. Toronto, Montreal. "

Kodapak Sheet ... o o dalk

“Kodapak”is a trade-mark

TRADE-MARK



NEW PRODUCTS

Edited by WILLIAM P. O'BRIEN

Radioc and TV Equipment Vie With Nuclear Devices . .

. Im-

proved Lab Gear and Testing Equipment Are Listed . . . Twenty-

Four Literature Items Are Reviewed

Impedance Measuring Device

FEDERAL TELECOMMUNICATION LAB-
ORATORIES, INC., 500 Washington
Ave, Nutley 10, N. J. The 42A
Impedometer is a compact device
for the measurement of impedance
in the frequency range from below
50 mc to above 500 me. Below 500
me its accuracy is -+=5 percent. It
consists of a short length of stand-
ard 18-in. 52-ohm coax line on which
are mounted two directional cou-
plers, a voltage probe and a capaci-
tance plunger. To use the unit a
signal generator is connected to one
end of the line and the load to be
measured is connected to the other
end.

Sound Stretcher
KAy ELEcTtRIC CoO.,

Maple
Pine Brook, N. J., has announced
the Sona-Stretcher, an instrument
that lengthens the time scale of
recorded sounds by a 2-to-1 ratio
but does not alter the frequency

Ave,,
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distribution. It covers a sound
frequency range of about 100 to
5,000 cycles. The instrument con-
sists of three component parts: a
stretching circuit and monitor amp-
lifier; a turntable suitable for
standard disc records, with vari-
able reluctance pickup; and a moni-
tor loudspeaker. It is useful in
general studies in phonetics and
language instruction.

Ultrasonic ¥F-M Receiver

RaDI0 ENGINEERING LABORATORIES,
INC., 36-40 Thirty-Seventh St,
Long Island City 1, N. Y. The
model 720 Remo receiver is particu-
larly designed for f-m broadcast
music in public places, such as
restaurants and shopping centers.
The audio output can either be
muted or boosted by transmission
from the broadcast station of a
superaudible tone. Specifications
are given in Article 10-31.

Lab VTVM

THE HICKOK ELECTRICAL INSTRU-
MENT Co., 10527 Dupont Ave,,

Cleveland 8, Ohio. Model 209-A
volt-ohm-capacitance milliammeter
is especially designed for increased
speed and range for tv engineers
and technicians. It measures re-
sistance as low as 0.1 ohm and
capacitance of 1 pupf. The unit has
a new a-c range of 1,200 v and fea-
tures flat frequency response to
300 me. New literature is available
covering full technical details.

Modulation Monitor

Rapio CorRP. OF AMERICA, Camden,
N. J. Type BW-66E amplitude
modulation monitor provides con-
tinuous direct reading of modula-
tion percentage in a-m transmitters
operating in the 500 to 2,500-kc
range. It will measure percentage
of modulation on either positive or
negative peaks, carrier shift when
modulation is applied, and trans-
mitter a-f response. It will also
provide overmodulation indication
and is useful in program level moni-
toring. The unit operates from a
75-ohm r-f transmission line, and
can accommodate a range of r-f in-
put powers from 0.35 watt to 6
watts. No tuning adjustments are

required.

TV Stabilizing Amplifier
GENERAL ELEcCTRIC Co., Syracuse,
N. Y. Type TV-16-B television sta-

bilizing amplifier provides auto-
matic correction of the syne and
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RA‘(THEON

RAYTHEON Swubminiature Tubes have long been
standard throughout the world. More of them are in
commercial use than all other makes combined. They
7. High perveance (performance combcres E assure greater prodyct s«lability due to size reduction

favorably with that of the larger 6ALS)  —greater convenieyce because the?f fit sta.ndafd
. sockets or can be soldered or welded into the circuit,

TO PROVIDE YOU WITH

2 Low heater current (150 ma.); half as and because over balf a million are available from
* much as the 6AL5 LA : stock; over 300 ,Raytheon Tube Distributors are at

v ) _ your service — greater dependability, backed by un-
3. Moderate cost . surpassed technical resources and a dozen years of

production and application experience with long-life
Subminiature Tubes.

-
— NEW TYPES This chart glves you at o glance the charocteristics of repr Ive Raytheon Subminiature Tubes &
Mutval
Type No. Remarks Maximum  Maximum Filgment Conduet-  Powar TYPICAL OPERATING CONDITIONS
Diamater  Length Or Heater ance  Output Piate Sarsen Grid
HEATER CATHODE TYPES Inches Inches  Volirs Ma. umhot W Volts Ma. Volts Ma. Votts
3 CK626CX Half Wave Rectifier 0.400 1.75 6.3 300 45 Inverie peak 850 volts
CK5702/CK605CX  Characteristics of 6AKS 0.400 1.5 6.3 200 5000 120 Vo] 120 2.5 Rk = 200
CK5703/CK608CX  Tricde, UHF Oscillator, % walts at 500 Mc 0.400 1.5 6.3 200 5000 120 9.0 Rk= 220
CK5704/CK606BX  Diode, equivalent to one-half 6ALS 0.315 1.5 6.3 130 1500c 9.0
CK5744/CKE19CX  Triode, High mu, 0.400 1.5 6.3 200 4000 250 4.0 Rk = 500
CK5784 Characteristics of 6456 0.400 1.5 6.3 200 3200 120 5.2 120 3.5 ~2.0
CK5829 Similar to 6ALS 0.300x0.400 1.5 6.3 150 117ac 5.0 per section
FILAMENT TYPES
1AD4 Shiclded RF Pontods 0.300x0.400 1.5 1.25 100 2000 45.0 2.8 45.0 0.8 Rg=2meg
2€31.32 Shielded RF Pantode for pockat rodio 0.300x0.400  1.56  1.25 50 500 22.5 0.4 22,5 0.3 0
263536 Outpyt Pentade for pocket radio 0.290x0.390  1.56  1.25 30 6 45.0 0.45 450 0.1 -1.25
284142 Diode Pentode for pocket radio 0.290x0.390 1.5  1.25 30 375 22.5 0.35 22,5 0.12 0
2621.22 Triode Heptode for pocket radio 0.300x0.400  1.56 1.25 30 60 22.5 0.20 22.5  0.30
conv. cond
RK&1 Gas Triede, Exp. Rodia Control 0.550 1.81 1.4 50 45.0 1.5 Special Circvit
CKS10AX Double Spoce Charge Tetrode Amplifier 0.285x0.400 1.25 0.625 50 o |:0Q_' 45.0 0.06 o
oth units
CK5124K Low microphonic voltoge amplifier 0.285x0.385  1.25  0.62¢ 20 37t 22.5 0.125 225 0.04 0.625
CK5224X Output Pentode 20 ma, filament 0.285x0.385 1.5 1.25 20 450 1.2 22.5 0.30 22.5  0.08 0
CK524A% Output Pentode 0.285x0.385 1.5 1.25 30 300 2.2 15.0 0.45 15.0  0.125  -1.75
CK525AX Output Pentods 0.285x0.385 1.5 1.25 20 325 2.2 22.5 0.25 22.5  0.06 -1.2
CK526AK Output Pentode 0.285x0.385 1.5 1.25 20 400 3.75 22.5 0.45 22.5  0.12 =1.5
CK527AX Output Pentode 15 ma. filament 0.28520.385 1.5 1.25 5 225 0.75 22.5 0.10 22.5  0.025 0
CK529AX Shielded Output Pentode 0.290x0.390  1.515  1.25 20 350 1.8 15.0 0.32 15.0  0.075  -1.25
CK533AK Output Pentade 0.285x0.385 1.5 1.25 15 400 1.8 22.5 0.36 22.5  0.09 0 .
CK534AX Voltage Amplifier 0.285x0.385  1.25  0.625 15 30t 15.0 0.0047 15.0  0.0014 -0.625 .
CK535AX Output Pentoda 0.285x0.285 1.5 1.25 0 350 1.4 15.0 0.32 15,0 0.075  -1.25
CKS5TAKA Diode Pantods 0.30020.400  1.56  1.25 30 235 22.5 0.17 22.5  0.043 0
CKS53AXA RF Pentode 0.300x0.400  1.56  1.25 50 550 22.5 0.42 22.5  0.13 0
CKS71A% 10 ma. filament Electrometer Tube, 0.285x0.400 1.5 1.25 10 1.6t 10.5 0.20 Triode Conn, -3.0
tg = 2x10-1* omp1. mox.
CK573AX Triode, High-Freq. Osc. 0.300x0.400 1.5 1.25 200 2000 90.0 1.0 -4.0
. CK574AX Shielded Pentode RF Amplifier 0.290x0.390  1.25  0.625 20 160 22.5 0.125  22.5 0.04 -0.625
CK5672 Output Pentade 0.285x0.385 1.5 1.25 50 650 65.0 67.5 3.25 67.5 1. ~6.5
Il CK5676/CKS56AX  Triade, UHF Oscillator 0.300x0.400 1.5 1.25 120 1600 135.0 4.0 -5.0
CK5677 /CKS6BAX  Triode, UHF Oscillator 0.300x0.400 1.5 1.25 80 650 135.0 1.9 6.0
CK5678/CKS69AX  Shlelded RF Pentode 0.300x0.400 1,515 1.25 50 1100 67.5 1.8 67.5  0.48 0
CK5697 /CKS70AX  Electrameter Triode Max. grid current
5x10-1 amps, 0.285x0.400  1.25  0.625 20 1.5¢ 12.0  0.22 -3.0
CK5785 High voltage rectifier 0.300x0.400 1.5 1.25 15 0. Inverse peak 3500 volts
- CK5851 Class €. RF Beam Tetrods 0.400 1.6 1.25 110 1600 125 5.5 125 1.0 7.5
= CK588¢ 7.5 mo. filament efectiomater pentode 0.285x0.385 1.6 1.25 7.5 14 12.0 0.005 4.5 0.005 -2.0
lg=3x10-1% amps. max,
VOLTAGE REGULATORS
CK5783 Voltage reference fube —like 5651 0.400 1.625 Uperating voltage B7. Operating current range 1.5 10 3.5 ma.
CK5787 Veltage regulator 0.400 2.06 Operating voltege 100. Operating current range 5 10 25 ma.

K ® tVottage Gain Ratio.

SPECIAL TUBE SECTION -+ Newton $8, Massachusetts

Bucellence in Electronées SUBMINIATURE TUBES + GERMANIUM DIQDES and TRIODES » RADIATION COUNTER TUBES ¢ RUGGED, LONG LIFE TUBES
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blanking portion of a tv signal. It
features adjustable sync percent-
age, can remove noise and hum
from the video signal will combine
syne and video or separate sync and
video, and automatically clips black
and white spikes. The unit can in-
crease the picture signal by up to
20 db.

Feed-Through Capacitors

CENTRALAB, 900 E. Keefe Ave,
Milwaukee 1, Wisc., now offers tiny
ceramic feed-through capacitors
designed for single-hole mounting
where a capacitance ground to
either chassis or shield is desired.
They are available in 500, 1,000 and
1,500 puf. Voltage rating is 600
volts d-¢ working, 1,000 volts d-c
flash test. Both ends of the termi-
nals are hooked to facilitate solder-
ing.

Miniature Plated
Commutators

THE ELECTRO-TEC CoRP., 53 Bergen
Turnpike, Little Ferry, N. J., has
pioneered the use of precious metal
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electroplating for fabrication of all
size commutators and slipring as-
semblies. The miniature sections il-
lustrated are firmly anchored to
withstand high centrifugal force
at up to 12,000 rpm. Commutator
forms are stamped out of laminated
linen base bakelite sheets with the
laminations running parallel to the
segment faces in order to utilize
the strength of the linen base. By
threading wire connections prior to
plating, the wires and segments are
bonded so as to be impervious to
heat.

o e e e, —

Syne Lock Unit

GENERAL ELECTRIC Co., Syracuse,
N. Y. Type TV-30-A television
syne lock unit allows remote pie-
ture signals to be treated and
handled like local studio produec-
tions. Through its use local com-
mercials, special effects or other
local program material can be
inserted into the remote picture
without disturbance. This is ac-
complished by means of automatic
synchronization of the local sync
generator with the remote sync
signals.

TV Sweep Generator

Kay ELECTRIC Co., Maple Ave,
Pine Brook, N. J,, has announced
the Switcha-Sweep, an all-elec-
tronic tv sweep generator with
fundamental outputs on all channels
as well as output in the i-f range.
A rotary switch selects the desired
channel, which is swept through a

range of 15 me. Sawtooth sweep
eliminates phasing problems. Am-
plitude modulation of the sweep
signal is less than 1 percent per
megacycle. Both switched and con-
tinuously variable output attenua-
tion is provided, with maximum
outputs of about 0.5 volt on the 70-
ohm unbalanced output and 1 volt
on the 300-ohm balanced output.

Voltage-Regulated
Power Supply

KEPCO LABORATORIES, INC., 149-14
41st Ave., Flushing, N. Y. Model
315 features one regulated B sup-
ply, one regulated C supply and one
unregulated filament supply. The
B supply is continuously variable
from 0 to 300 v and delivers from
0 to 150 ma. The C supply is con-
tinuously variable from 0 to 150 v
and delivers 5 ma. Ripple is less
than 5 mv. The a-c output is 6.3 v,
5 amperes, center-tapped, unregu-
lated.

Ore Detector Kit

ALLIED Rapio Corp., 833 W. Jackson
Blvd., Chicago, Ill. The Scout radio-
active ore detector, in addition to
field survey work, may be used for

(continued on p 242)
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THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA

... With the economy of thoriated-tungsten filaments

HESE SIX improved RCA power
tubes are “musts” for designers of
industrial electronic heating equip-
ment where design and operating econ-
omies alike are important considera-
tions.

Ranging in power input from 1.5
to 650 kw, these types successfully uti-
lize thoriated-tungsten filaments which
offer marked savings in filament power
and the cost of associated power
equipment.

The 5671 utilizes an effective light-
weight radiator while the 5762 and
5786 have radiators designed to permit
use of less-expensive blowers than
have been required previously for simj-
lar tubes. The new and revolutionary
RCA-5831 super-power beam triode
with internal water cooling, is tested
at one million watts input, and handles
with high efficiency an input of 650
kilowatts in continuous commercial
service.

Air jackets for the 5671 and 5762,
and water jackets for the 5770 and
5771, are available from RCA.

RCA Application Engineers are
ready to consult with you on the appli-
cation of these improved tubes and ac-
cessories to your specific designs. For
complete technical information cover-
ing the types in which you are inter-
ested, write RCA, Commercial Engi-
neering, Section J42R, Harrison, N. J.

RADIO CORPORATION of AMERICA

ELECTRON TUBES
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NEWS OF THE INDUSTRY

Edited by WILLIAM P. O'BRIEN

AIEE-IRE Electronic Instrumentation Conference

FINAL DATES for the third annual
joint AIEE-IRE Conference on
Electronic Instrumentation in Nu-
cleonics and Medicine have been set
as October 23, 24, and 25, 1950.
Location of this meeting which will
feature technical papers and dis-
cussions on the various problems in
instrumentation for the vital fields
of nuclear and medical science, is
the Park Sheraton Hotel, New York
City.

More than 300 persons attended
the highly successful three-day
gathering last year at which papers
were presented covering the non-
nucleonic phases of electronics in
medicine, nucleonics in medicine,
and nucleonic developments in in-
dustry and government.

Such great interest was evoked
in the papers presented that they
were compiled and published in the
form of a consolidated pamphlet
covering the proceedings of the con-
ference and made available by the

two organizations. This year’s
meeting will be held along the same
lines and a similar type of publica-
tion is contemplated.

Prominent among the features of
the conference is a special evening
meeting during which a number of
prominent authorities will discuss,
“Effects of Atomic Weapons”—a
government publication containing
recently declassified information on
the subject. They will explain var-
ious parts of the book in an effort
to educate the technical man in
the techniques of protection from
atomic weapons so that he in turn
can pass on the information.

Interesting and informative ex-
hibits of instruments and related
products will be displayed by lead-
ing companies in the field. Those
attending the meeting will have an
opportunity to see many of the de-
vices (some in actual operation)
that will be discussed in the tech-
nical papers.

Ford’s Rouge Railroad Gets Radio System

INSTALLATION of a two-way radio-
telephone communication system
for direction of railroad traffic over
the 105 miles of track in Ford Motor
Co.’s Rouge plant will be completed
within a year. The Rouge railroad,

largest such industrial system in
the world, is one of the first private
lines to adopt this method for traf-
fic direction. As of August, the
special equipment had been install-
ed in ten of the company’s 19

diesel-electric locomotives.

Ford officials expect the radio
control system to improve the rail-
road’s overall efficiency, expedite
the movement of freight cars in and
out of the yards, and speed execu-
tion of all switching orders. It is
the result of four years of experi-
mentation with equipment and
methods by the company’s com-
munications, railroad and plant
security sections. A special control
tower has been constructed to serve
as the brain center for the system.

Audio Fair Program

THE THIRD ANNUAL AUDIO FAIR,
sponsored by the Audio Engi-
neering Society will be held from
Oct. 26 to 28, 1950, at the Hotel
Commodore, N. Y. The advance
program of papers for the techni-
cal sessions is as follows:

Thurs. Oct. 26

Symposium on High Fidelity Audio Sys-
tems For the Home, by N. C. Pickering
of Pickering & Co.,, R. H. Synder of Sta-
tion KJBS, San Francisco, and M. S.
Corrington of RCA.

Proposed Standard Method of Calibrat-
IiE?g Cutters & Pickups, by H. E. Roys of

C

A.

RMA Standards Covering Loudspeaker
Systems and Associated Egquipment, by
O. L. Angevine of Stromberg-Carlson Co.

Educational Audio Requirements, by
W. J. Temple.

Application of Square Wave Testing to
Disc Recording (speaker to be announced)
of Naval Research Lab., Washington,

Fri. Oct. 27

New Developments in Radio Tubes and
Their Application to Audio Circuits,
(speaker to be announced).

A Consideration of Intensity-Loudness
Function and Its Bearing Upon the Judg-
ment of Tonal Range and Volume Level,
by 8. E. Stuntz of U. 8. Naval Medical
Research Lab, New London, Conn.

CBS Television Studio Intercommuni-
¢cation Facilities, by R. B. Monroe of
CBS-TV. .

Report of the A E.S. Standards Commit-
tee on Playback Characteristic (speaker
to be announced).

Free Field Audiometry, by R. Allison of

Dispatcher (right) at the mike of Ford railroad’s new radiotelephone communication system relays switching orders to diesel locomo-
tives in the 105-mile track yard. The traific direction unit is located in a 42-foot high control tower (left)
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Never Before Reproduction Like This!

The G-610 brings a totally new meaning to high fidelity

sound reproduction. Not only does this new 3-channel system

§ , reproduce the widest frequency range ever attained by a
i loudspeaker, but it also sets new high standards with its
: A incomparably smooth response characteristic and very low

distortion. The result is clear, clean, life-like quality, with
- thrilling transport to the original such as you have never
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Microtone Co., St. Paul, Minn.

The Measurement of Audio Volume, by
H. A. Chinn of CBS.

A New Low Cost Intermodulation Meas-
urement and Analysis Technique, by C. J.
Lebel, audio consultant.

l.oudspeaker Damping, by A. Preisman
of Capitol Radio Engineering Institute.

Sat. Oct. 28

Multi-Channel Magnetic Tape Record-
ing, by P. Brubaker of Rangertone, Inc.

A Solution to Magnetic Tape Timing
Problems, by D. R. Andrews of RCA.

\ction of A-C Bias in Magnetic Tape
Recording, by W. W. Min-
nesota Mining & Mfg. Co.

Sprocket Hole Magnetic Tape Record-
ing, by A. C. Davis of Cinema Engineer-
ing Co.

Wetzel of

IRE Emporium Seminar

A NUMBER of prominent speakers
were featured at the eleventh an-
nual seminar of the Emporium Sec-
tion of the Institute of Radio Engi-
neers, held August 18 and 19 at
Emporium, Pa.

Included as speakers for the tech-
nical sessions were Norman Picker-
ing of the Pickering Co., Oceanside,
N. Y, who discussed high-quality
audio reproduction; C. Wesley
Carnahan of the Sandia Corpora-
tion, Albuquerque, N. M., who
spoke on the application of elec-
tronics to remote control devices;
R. M. Bowie of Sylvania Electric
Products Inc., Bayside, N. Y., who
reported on color television; and
F. M. Geyer of the Corning Glass
Works, who discussed the electrical
characteristics of glass.

ARINC Expands Pacific

Communieation Services

NEW equipment installed in Hawaii
by the Mackay Radio and Telegraph
Co., subsidiary of the American
Cable and Radio System, will per-
mit coverage of the entire Pacific
area with both radiotelephone and
radiotelegraph service to aircraft
and base stations, thereby ex-
pediting the increased flow of air
traffic to the Far East.

This rapid expansion in available
communication services in this area
has been carried out under the di-
rection of Aeronautical Radio, Inc.,
or ARINC as it is commonly known,
the organization established and
supported by the air industry to
operate radio communication sta-
tions wherever required.

Mackay, under terms of a con-
tract with ARINC, broke ground
for a large extension to its radie
transmitter at Kailua, Hawaii, on
June 21, and before the deadline
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SEPT. 25-27: National Electron-
ics Conference, Edgewater
Beach Hotel, Chicago, Ill.

SEPT. 30-Oc¢T. 8: Third Annual
National Television & Electri-
cal Living Show, Chicago
Coliseum, Chicago, IIl.

Oct. 3-5: AIEE District No. 2
Meecting, Lord Baltimore
Hotel, Baltimore, Md.

Ocr. 16-20: 68th Semiannual
Convention of SMPTE, Lake
Placid Club, Lake Placid,
N. Y.

Oct. 23-25: Third Annual Joint
AIEE-IRE Conference on
Electronic Instrumentation in
Nucleonics and Medicine, Park

MEETINGS

Sheraton Hotel, New York

City.

Ocrt. 23-27: AIEE Fall General
Meeting, Skirvin Hotel, Okla-
homa City, Okla.

OcT. 26-28: Second Audio Fair,
sponsored by the Audio Engi-
neering Society, Hotel New
Yorker, New York City.

Oct. 30-Nov. 1: Radio Fall
Meeting, sponsored jointly by
IRE and RTMA engineering
department, Hotel Syracuse,
Syracuse, N. Y

MAR. 19-22: IRE Annual Con-
vention, Hotel Waldorf As-
toria and Grand Central
Palace, New York City.

date of August 1 had completed the
installation of four multichannel
transmitters and associated anten-

nas. The new equipment was
manufactured by Federal Tele-
phone and Radio Corp., a sub-

sidiary of the International Tele-
phone and Telegraph Corp.

N. Y. Ferries Get Radar

ALL City of New York ferries
operating between Manhattan and
Staten Island will be radar-equipped
by the end of the year. Contracts
for double-ended installations of
X-band General Electric radar
navigators in the eight ferries now
on the run have been received by
the Marine Electric Corp. of Brook-
lyn, N. Y. distributors for G-E
equipment.

Each craft will have two radar
consoles, with a scope in each pilot
house. Skippers of the ferries will
receive training in the use of radar
during their two-week installation
layups.

Disaster Communications

ProPOSED rules for providing
emergency radio communications
have been formulated by the FCC.
They provide for “disasters and
other incidents involving loss of
communications facilities normally
available or demanding the tempo-
rary establishment of communica-
tions facilities beyond those nor-
mally available”.

The Disaster Communications
Service would operate in the fre-
quency band of 1,750-1,800 kilo-

cycles. Any fixed, land or mobile
station could qualify for participa-
tion in such emergency operation,
including amateurs and commercial
radio operators.

It is proposed that application for
authorization to operate in the Dis-
aster Communications Service for a
radio station already licensed in a
different service shall be submitted
directly to the Commission. The
application would detail the indi-
vidual’s eligibility and include a
certified copy of the locally coordi-
nated disaster communication plan.

In this proposal it is mandatory
that a local network be set up under
appropriate leadership with rules
for self-government and operating
procedure that will tend to assure
an orderly and reasonably efficient
service.

Radio Fall Meeting

LATEST technical developments of
radio and television equipment and
components will be discussed at the
annual Radio Fall Meeting spon-
sored by the IRE and RTMA engi-
neering department, to be held at
the Hotel Syracuse, Syracuse, N. Y.,
Oct. 30 to Nov. 1. Following is the
tentative technical program:

Mon, Oct. 30

9:30 A.M.—General Session (Ralph R.
Batcher, presiding)

A Broad Range Oscillator for Television
Testing, by H. A, Finke and J. Ebert of
golytechnic Research and Development

orp.

Wideband Impedance Matching Between
a Resonant Antenna and a Line, by H. A.
Wheeler of Wheeler Laboratories, Inc.

High Frequency Crystal Calibrator De-
sign, by J. B. Minter of Measurements
Corp.

The Determination of Amplifier Sensi-

(Continued on page 282)
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These Leaders look to SYLVANIA

for dependable TV Pictuie Tubes
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e The trade-marks shown here identify the
television leaders now choosing and using
Sylvania TV Picture Tubes in their sets.
The reasons hehind today’s acceptance of
Sylvania tubes include greater clarity, con-
sistent color, dependability, and longer life.
Remember, your dealers as well as set owners
recognize Sylvania as a symbol of distinction
—a name associated with the very finest in
radio and television.

For full deseriptions and ratings of all
Sylvania TV Picture Tubes, write today to
Sylvania Electric Products Inc., Dept. R-2110,

Emporium, Pa.

SYLVANIA ¥ ELECTRIC

RADID YUBES; TELEVISION PICTURE TUBES; ELECTRONIC PRODUCTS, ELECTRONIC TEST EQUIPMENT: FLUGRESCENT TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS; TELEVISION SETS
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NEW BOOKS

The Principles of Television
Reception

By A. W. KEEN. Sir Isaac Pitman
and Sons, Ltd., London, 1949, 319
pages, 30 shillings.

THIS short book, by a well-known
contributor to the British technical
press, is unusual in that it treats
the American and British tele-
vision systems on an equal foot-
ing, and is one of the few sources
of comparative data on receiver de-
sign in the two countries. Com-
plete circuit diagrams of popular
American and British receivers of
the 1947 vintage are included.

The book opens with chapters on
system standards, basic video sig-
nal theory and circuit operation.
The following six chapters are de-
voted to detailed examination of
typical receiver circuit functions.
Chapters on aerial systems and test
equipment are included. The final

chapter gives an introduction to
color television, describing the
wideband field-sequential and simul-
taneous systems. Since the manu-
script was prepared in 1947, no
mention is made of the line-
sequential or dot-sequential sys-
tems.

The treatment is non-mathe-
matical in the text proper, but a

RELEASED THIS MONTH

Better Television Reception; W. Smith
and R. L. Dawley; Editors and
Engineers Lid.; $2.50.

Father of Radio—The Autobiography
of Lee de Forest; Wilcox & Follett
Co.; $5.00.

Response of Physical Systems: John
D. Trimmer; Wiley: $5.00.

The Effects of Atomic Weapons; Mc-
Graw-Hill; $3.00.

TV Installation Techniques; Samuel
L. Marshall; Rider; $3.60.

mathematical appendix is included
for those who wish to consult it.
The book is not intended for design
engineers, except as it reveals de-
tails of receiver practice (many of
which are now unfortunately out-
moded, such is the pace of tv design
in both countries). The book is an
excellent introduction to the sub-
ject, however, and is recommended
to all who wish to compare British
and American methods.—D. G. F.

Ralph 124C 41 +

By HUGo GERNSBACK. Second Edition,
1950, Frederick Fell, Inc., New York,
207 pages, $2.50.

SuADES of Edward Bellamy, Jules
Verne and all the more recent
imaginative writers of science fic-
tion! This book is a revival of one
of the early classics of that peculiar
brand of literature that is at once
the dismay of those who don’t like
it and the bread and life of those
who do. And to anyone in this field
of electronics who has followed

Hugo Gernsback through the years,
(Continued on p 133)

BACKTALK

This Department is Operated as an Open Forum Where Readers

May Discuss Problems of the Electronics Industry or Comment
Upon Articles that ELECTRONICS has Published

Why not here?

DEAR SIRS.

I READ with much interest the
paper by Dr. Brueckmann which
appeared in the May 1950 issue of
ELECTRONICS on an antenna for the
regular broadcast band used on the
broadcast station in Frankfort de-
signed to push out the rapid fading
zone and increase efficiency.

My special interest is due to the
fact that in the late thirties, I spent
some time on the theory of such an
antenna and variations of it and
also on an antenna fed at more than
one point, whereby the current dis-
tribution along the antenna could
be controlled accurately, so as to
provide the desired radiation dis-

132

tribution in the vertical plane. On
the basis of this work I applied for
patents and was in due course
granted patents No. 2,283,617, No.
2,283,618, No. 2,283,619. I had
thought that the clear channel sta-
tions in the United States would
have been interested to have had
their service improved by such an-
tennas, but no interest has been
shown by them. I was therefore
very interested to find that German
broadcast stations have found this
antenna worth while. Dr. Brueck-
mann has just written me that he
believes another German station,
located at Muhlacker, has a similar
antenna under construction.

RaymMoND M. WILMOTTE, INC.

Consulting Engineers
Washington, D. C

ELECTRONICS Quiz

As PROMISED in July Crosstalk,
here is the first installment of our
electronics  puzzle-quiz ~ column.
To start, we will publish one prob-
lem every month and its solution
the following month, along with the
next problem. Readers are en-
couraged to submit brain-teaser
problems for this department. A
payment of $5.00 will be made for
each acceptable entry.

This month’s problem is sub-
mitted by R. W. Johnson, China
Lake, California.

What is the power dissi-
pated by the plate resistor of
a class A audio amplifier when
both a sinusoidal and d-c com-
ponent of plate current are
present?

Answer will appear next month.

Neutralizing Bifilar I-F Stages

DEAR SIRS:

IN THE PAPER “Bifilar I.F Coils”,

appearing in the June 1950 issue of

BLECTRONICS, it is stated that a
(Continued on p 290)

October, 1950 — ELECTRONICS



TECHNICAL BOOKS
Just Published!
HIGH-SPEED

( COMPUTING DEVICES

1, A fundamental book that gives you a
clear picture of the various mathematical
methods and physical
mechanisms, ineluding
electrical circuits, devel-
oped for use in automatic
computation. Acquaints
you with the general char-
acter of computing ma-
chines and outlines arith-
metic techniques used in
their operation. Points out
varied uses for large-scale
machines; explains impor-
tance and nature of the
relationship between a
machine and its operator,
and between machine
capabilities and the re-
quired mathematical tools.
Alds executives, mathema-
ticians, and computers in
deciding which computing
system is most readily ap-
plicable to a given problem.
types of systems,

Describes
physical components,
methods, desk calculators, large-scale sys-

tems, data-conversion equipment, etc. By
the staff of Engineering Research Asso-
ciates, Inc., Edited by W. W. Stifler, Jr.
440 pages, 90 illus. $6.50 J

4 STRUCTURAL PLASTICS )

2. A compilation of selected information
on the nature, properties, and utilization
of structural plastics. Gives chemists,
structural engineers, architects, aircraft
designers, etc. practical know-how and
theory on material fabrication and appli-
cations. Shows how to develop, design,

and apply plastics for efficient structural
use.

Summarizes structural plastic re-
search. Includes charts,
graphs, and easy-to-con-
sult data. By H. C. Engel,
Consultant; €. B. Hem-
ming, U. 8. Plywood Co.,
and H. R. Merriman,
Glenn Martin Co. 301 pgs.
96 illus. $1.50 j

RADIO
ENGINEERING
HANDBOOK
Shatia, tanice, eironte Siaarans,  and

formulas; an invaluable aid in solving
radio engineering problems quickly, easily,
and accurately. Gives designers, engi-
neers, and radio technicians principles,
standards, and procedures to get quick
answers to routine and special assign-
menis in eommunications, broadcasting,
airecraft radio, television, etec. Fully re-
wvised for greater usefulness. New subjects
include cavity magnetrons, radar and
loran, sequential scanning, crystal con-
verters, TV allocation, disk seal tubes,
lobe switching. Edited by Keith Hen-
ney, 4th Ed. 1197 pgs. $10.00

-
Examine one or all 10 days FREE

McGraw-Hill Book Co.
330 W. 42nd St., N.Y.C. 18, N. Y.

Send me book(s) corresponding to numbers encircled
below for 10 days’ examination on approval. In 10
days I will remit for book(s) I keep, plus few cents
for delivery, and return unwanted book(s) postpald.
(We pay for delivery if you remit with this coupon;
same return privilege.)

1 2 3
NAMO! iz aillo e l0les o o diaserans’s o/e Snesovanng wievssrslalirae® g8 @
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BOSILION 5% 2% & TerrTrT A asd 5é T ke i &x P ww) L-10-50

This offer applies to U. S. only
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NEW BOOKS (continued)

who has read his stuff and wonder-

ed just how crazy he might be, this

book is must reading.

For Gernsback, to those young-
| sters who have the misfortune to
| have been born recently (say since
1920) and who therefore know only
modern electronics, was the pub-
lisher of a periodical called Modern
| Electrics back in 1908 and there-
abouts, a paper which still lives
gloriously in the memories of all
old-timers in radio.

In 1911, when Modern Electrics
had a circulation of about 100,000,
the editor and publisher wound
himself up into some sort of elec-
tronic stew and concocted a serial
with the above title. He kept up
[ this atrocious bit of fiction for a
year, and in it he predicted a lot
of things now only recently come
to pass.

In 1925, our Ralph became a
book, famous among the science
fiction writers. Early in 1950
second-hand book stores wanted
$50.00 for a copy of this first edi-
tion and there were few to sell,

With forewords by Lee deForest
| and Fletcher Pratt, this little book
| is fascinating reading and surely
will prove to lots of us that its
author is not as crazy as we
thougnt.—K. H.

Electrical Communication

By ARTHUR LEMUEL ALBERT, Profes-
sor of Communication Emngineering,
Oregon State College. John Wiley &
Sons, Ine., New York. Third Edition,
1950, 593 pages, $6.50.

THIS new edition of Professor
Albert’s useful text follows the gen-
eral scheme of earlier editions—to
provide a concise picture of all
aspects of modern communication
systems as means for transmitting
and receiving intelligence in the
form of codes or voice or music
over radio or wireless circuits.

In the first part of the new edi-
tion the author has grouped certain
basic subject matter useful to any
communication system; that s,
acoustics and electroacoustic de-
vices, lines, filters, cables and wave-
guides. Thereafter he deals with
specific mechanisms.

There are chapters on telegraph

TECHNICAL BOOKS

WHAT the different types of
vacuum tubes can do

in specific installations.

SURVEY OF
MODERN
|ELECTRONICS

By PAUL G. ANDRES

l Hlinois Institute of Technology

modern electronic devices
work in industry today

GIVES TESTED
MATERIAL USED

BY MANY
MANUFACTURERS
Most books on

electronics describe
equipment used or
produced by two or
three companies.
Survey of Modern
Electronics gives you data and circuits used
by nearly every manufacturer in the field.
Based on the author’s 18 years of engineer-
ing experience and 10 years of technological
teaching, this new book employs industry
technique and design to relate fundamental
| knowledge with technical details.

The main emphasis is placed on practical
application. The book examines the basic
principles of electronic tubes and explains
their use in such devices as the automatic
pilot and electronic measuring equipment.
It covers tube applications such as are
found in the proximity fuse, electronic
electrocardiograph, radar, induction and
i dielectric heating . instrumentation,

i communication and control.

|

A generous number of illustrations—
| many supplied by manufacturers — help
make this up-to-date survey accurate and
|complete. To examine this time-saving
book without obligation, mail the coupon
today.

Sept., 1950 522 pages 380 illus. $5.75

i " == mmmm APPROVAL COUPON == mm mm 1
B JOHN WILEY & Sons, Inc,, Dept E-950 I
440 Fourth Ave., New York 16, N. Y. I

Please send me, on 10 days’ approval, a copy of
0 Andres' Survey of Modern Eleotronics. 1f I decide

I;thkeep the book I will remit $5.75 plus Dostage;
erwise I will return the book postpald. I
lName IR AT qu [V & TRETE T o[e] o $[0]8 T eararn ) S[[OTS[SIS I
I AQAreds ..ot e e l
l Clty ....... Cierieeeeerenes Zone. ..... Btate..... s I
I Employed by ........ 00C0B00000cHLy THISENEGENEENN i
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| NEW BOOKS (continued)

systems, telephone exchange service
and systems, telephone toll service
and systems, radio wave propaga-
tion, antennas, radio systems and
a final useful chapter on interfer-
ence and noise.

When one considers that there
are many thousands of radio engi-
neers who have only the remotest
idea of how to hook up a telephone
and who might sometime wish to
do so without calling upon AT&T,
it is clear that a book of this type
is not only useful as a text but as
a reference book. This is indeed
the fact; and this reviewer, a radio
man, enjoyed finding out what hap-
pens when you lift the hook on the
telephone, or how a teletypewriter
works, or what the Varioplex sys-
tem is, or the basic facts concern-
ing the numerous carrier telephone
systems now in use.

Some of the early history of the
communication art is most interest-
ing and since it is not allowed to
occupy much space in this book, it
is distinctly worthwhile.—K. H.
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Photoelectric Cells in
Industry

By R. C. WALKER. Pitman Publishing
Corp., New York, 1948, 510 pages,
$8.50.

THE OBJECT of this British book is
best described by the author’s
words, “. . . to present a repre-
sentative selection of the industrial
uses of light-sensitive cells of the
emission and rectifier types, with a
very superficial explanation of the
theory of operation of these de-
vices, sufficient, it is hoped, to make
the text readable to practical men
whose purpose is to employ elec-
trons rather than theorize about
their internal affairs.” This modest
though somewhat verbose state-
ment (as are most of the sentences
in the book) pretty well tells the
story.

It is difficult to imagine a capable
industrial electronics engineer who
could not benefit from this book.
One scan through its pages, just
looking at illustrations, should
bring to mind some possible idea
for putting photosensitive devices
to work. The final solution may
or may not come from the same
pages, but adequate information is
supplied for design and construc-
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For low-level d-c measurements

Use these new, triple-purpose

INDICATING
AMPLIFIERS

5-STAGE
HIGH - GAIN
|A-C AMPLIFIER

" [

Voltage-balance feedback (above) and current-bal-
ance feedback stabilize gain . . . provide virtual
null balance.

SPECIFICATIONS

-MICRO-
T MICRO-MIC
Mlcsro\l?{fOL AMPERE UNIT

Catalog No 9835 Catalog No. 9836
a X

BUILT-IN 4" METERS

CALE RANGES WITH

:)U:L S50 or —25 to 0 to 1000 or —500 to
o

icro - Micro-
425 Microvolts; scale 1-500 Micro - Mic

mps; scale multipli-
multipliers: 1,2,4.10, zrs:pll 2l 2y

2w 100, 200, 500, 1000,
2000
ACCURACY
Of amplifier: 0.5 to
0.8%* of reading
+20 Micro-Micro-
amps; Of meter; +1% |
STABILITY .
Zero and Gain stabilized aufon}aﬁca!ly. No trim-
mer controls required.
*SOURCE RESISTANCE
Up to 10,000 ohms. l 0.1 megohm or more.
RESPONSE TIME
2 to 3* sec.
OuTPUT ; t
. 10 millivolts a
le inpuf on any range: .
erfp,:f”irs::ei!anf:’e of 500 ohms for null recorder;
1 volt for 20,000-0hm external m”efer.. .
Front panel fits standard 19" relay rack.

Of amplifier: ’_*_’,0.4°/-o
of reading *0.5 Mi-
crovolt; Of meter:
+1%

2 to 3* sec.

istance.
*Accuracy and Response Time depend on Source Resi

Jrl ad EM9-51(1)
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USE AS
o DIRECT-READING MICROVOLTMETER
OR MICRO-MICROAMMETER
e RECORDER PREAMPLIFIER
e NULL DETECTOR

These new instruments are not only D-C Indicating Amplifiers but
are stable, accurate measuring instruments as well. You can use
them in measurements with thermocouples, strain gages,
bolometers . . . bridge and potentiometer circuits . . . ionization,
leakage, and phototube currents . . . almost any measurement of
extremely small direct current or voltage.

Through a combination of a-c amplification and unique balanced
feedback network, zero and gain stability are designed right

into the instrument. Trimmer controls are designed out—elim-
inated.

Actually three instruments in one, these amplifiers can be used
as—

Direct-reading instruments . . . At the turn of a scale-multiplier
knob, you simply select the range in which you want to work.

Recorder preamplifiers . . . with broad flexibility. For instance,
one or two degrees of temperature difference can be spread
across an entire Speedomax recorder scale.

Null detectors . . . more sensitive than most reflecting galvanom-
eters, yet with full scale response time of only 2 to 3 seconds.
Leveling is unnecessary. There's no worry about shock or vibra-
tion. At the turn of a range knob, you have available a wide
choice of sensitivities. External shunts are not required. And
when using non-linear response, not only does the instrument
stay on scale at extreme unbalance; sensitivity increases auto-
matically' as the null point is approached. For details, write to
Leeds & Northrup Co., 4979 Stenton Ave., Phila. 44, Pa.

m EASURING INSTRUMENTS TELEMETERS AUTOMATIC CONTROLS - HEAT.-TREATING FURNACES
&= | EEDS & NORTHRUP CO
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FOR TV RECEIVER TESTING % FOR BROADCAST

Fast and Reliable TV Receiver Testing—makes this
scope particularly useful in head-end position work.
Unsurpassed for stability and fine trace . . . excellent
definition . . . no bounce when shifting bands. Where
the sweep generator does not have a baseline, mea-
surements can be taken on the DC amplifier. Delivers
maximum sensitivity without sacrifice of frequency
response. Low capacity input probe is provided for
trouble shooting.

In Broadcast Stations, It Pin-points Trouble—helps
you stay on the air with maximum performance. Use it
to check hum, noise, distortion, modulation, phase
relationships; measure gain and sweep generator out-
put; isolate defective components; determine frequency
response of audio circuits.

In Laboratories, It's Versatile—Fits many applications
where waveform study is essential. Built-in voltage
calibrator permits calibration of the scope for voltage
measurements. Gives you wide frequency
response without recourse to peaked
amplifier coupling circuits. Straight re-
sistance coupling is used, and the scope
can be employed on frequencies up to
3 mc. Excellent transient response with-
in the frequency range of the instrument.

.
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TV SCOPE ST-2A

SPECIFICATIONS

Frequency Response
Vertical Amplifier
Probe and AC— +0,—20% from 20 cycles to 500 ke (Square
Wave response 60 to 40,000
cycles.)
+0,—50% from 20 cycles to 1 megacycle
with gradual reduction in response
beyond 1 mc.
DC—+0,—20% from 0 to 500 ke atfull gainsetting.

Sweep Range
10 cycles to 100 k¢ In six overlapping ranges.
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Sensitivity
Vertical
1. AC Input——.015 volts RMS per inch
2. DC Input—2.0 volts DC per inch
3. Probe—.20 volts RMS per inch
Horizontal—.4 RMS volts per inch

Calibrating Voltages

Seven AC voltages of power line frequency—.3, 1.5, 3, 15, 30,
150 and 300 volts with£15% accuracy.
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STATIONS *

FOR DEVELOPMENT LABORATORIES

VARIABLE PERMEABILITY SWEEP GENERATOR—ST-4A w*

Completely Electronic. No Moving Parts. Using an ex- 4
ceptionally wide linear sweep, this instrument is ideal for L
television receiver maintenance, TV production and devel- i
opment laboratories, wide band amplifier study, and trans-
mission line impedance measurements. The front panel is
slotted, permitting the equipment to be removed and
mounted in a standard 19-inch relay rack. A new Balanced
Output Adaptor (Type ST-8A), also available, provides
balanced 300 ohm output from the sweep generator.

SPECIFICATIONS

Frequency Range: Continuously variable from 4 to 110 mc and 170 to
220 me. Can be used through 900 mc on harmonic operation.

Sweep Width: Linear from 500 ke to greater than 15 me.

Output Voltage: Greater than 0.1 volts from 4 to 110 me.
Greater than 0.5 volts from 170 to 220 me.

Output: Single-ended or balanced 300 ohm output,

stuinac i
- v

® * »
A e dea ?g

o ®

r-------------------

ILLUSTRATED BULLETINS

Complete information will be furnished on any of the General
Electric test instruments listed here. Check those you are interested
in. .. then fill in and mail the coupon today.

[TV Scope ST-2A
D Sweep Generator ST-4A

D Industrial Tube Analyzer
YTW.3

D Distortion and Noise Analyzer
YDA-1

D Balanced Output Adaptor ST-8A D Square Wave Generator
I:] Regulated Power Supply YPD-2

D Marker Generator ST-5A

r--

MARKER GENERATOR TYPE ST-5A

Functions as a crystal referenced calibrator from 10 mc to
300 mc. When used with the G-E sweep generator, it pro-
vides a multiple of markers spaced 1.5 or 4.5 mc apart . . .
or can be used to supply a marker or markers at any fre-
quency from 10 mc to 900 mc.

SPECIFICATIONS

Picture Carrier Oscillator: 15 position rotary selector switch selects 12
crystal-controlled frequencies plus 3 tuneable ranges covering inter-
mediate frequencies.

Channel Crystal Accuracy: .02%

IF Ranges: 3 Bands—20 to 27 mc; 27 to 37 mc; 37 to 50 me
Accuracy: dial hand calibrated, crystal calibrator+.05%.

Crystal Modulater: Provides audio and intermediate frequency loca-
tions simultaneously with picture carrier.

Crystal Accuracy: 4.5 mes.05%. 1.5 mes . 15%.

General Electric Company, Section 4100
Electronics Park, Syracuse, New York

Please send me further information on products checked
at left.

GENERAL @3 ELECTRIC
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NEW BOOKS (continued)

tion of even the most elaborate in-
stallations.

Many of the techniques discussed
are recognized as having been in
existence for quite some time.
However, their value is not lessen-
ed by their age in this case.

One possible shortcoming of the
book is the lack of down-to-earth
what-tube-do-I-use and what-value-
of-resistor information that is so
important to many engineers and
technicians. Both British and
American light-sensitive devices
are discussed.—J. F.

' Better Television Reception

By WoopRow SMITH AND R. L. Daw-

| LEY. Editors and Engineers Ltd.,

Sante Barbara, Calif., 141 pages
paper-covered, $2.50.

SPECIFIC recommendations  are
given for the best method, the best
antenna and the best accessories
for improving vhf television recep-
tion in fringe and low-signal loca-
tions. Techniques presented apply
to difficult nearby locations behind
hills or in canyons, as well as loca-
tions far beyond line-of-sight paths
from transmitters. Emphasis is on
practical rule-of-thumb data, with
theory included only to give a gen-
eral idea of the considerations in-
volved.

Of particular interest technically
is the second chapter, dealing with
propagation phenomena. Subjects
covered here include bending or
diffraction of tv signals, picking up
of ground reflection after diffrac-
tion, explanation of focusing by

 diffraction to give a strong-signal

region directly behind a large
rounded-top hill, focusing by reflec-
tion where a hill of gradually in-
creasing slope approaches a section
of a parabola, utilizing focused
ground reflections and reflections
from large objects, elimination of
ghosts, use of ghosts, analysis of
conditions leading to fading and
flutter, intelligent use of boosters,
and realignment of video i-f ampli-
fiers in receivers for reception of
very weak signals.

Other chapters, equally detailed,
cover receiving antennas, trans-
mission lines, mast installation and
interference problems. Examples
of practical data are the recom-
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RELIABILITY

Businessmen call it reputation . . . accountants refer to it as goodwill
- . . production men think of it as reliability. Reliability has a dollar-
and-cents value entirely apart from the quality and price of the
capacitors you buy.

That is why so many leading radio equipment manufacturers insist
on C-D capacitors. They know that C-D’s extensive manufacturing
facilities, reliable service, dependable quality are features that can-
not-be measured in dollars and cents. Typical of this C-D reliability
is the:

“Blue Beaver””
Electrolytic

® Special formation process—developed by C-D ® Special insulator around positive lead elimi-
engineers after years of research — insures nates shorts to can.
low leakage; good performance at high tem-

; X ® Extreme care in assembly to eliminate all
peratures; long life at high voltages. ik g

contamination plus the finest raw materials

® Low contact resistance between anode and obtainable insure a unit free from corrosion.
lead wires and negative lead to can, by
unique assembly procedure. Contact resist- 2
‘ance checked on kelvin bridges and main-
tained at lo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>