


THE ULTIMATE IN QUALITY. ..

UTC Linear Standard Audio Transformers represent the closest approach
to the ideal component from the standpoint of uniform frequency re-
sponse, low wave form distortion, high efficiency, thorough shielding
and utmost dependability.

UTC Linear Standard Transformers feature . . .

True Hum Balancing Coil Structure . . . maxi- . Semi-Toroidal Multiple Coil Structure, ..
mum neutralization of stray fields. mininum distributed capacity and leakage re-

Balanced Variable Impedance Line . . . per- actance.
mits highest fidelity on every tap of a universal . . L
unit . . . no line reflections or transverse coupling. @ Precision Winding . . accuracy of winding

Reversible Mountin permits above chassis 1%, perfect balance of inductance and capacity;
1 or sub-chassis wiringg o ’ exact impedance reflection.

A"°_Y Sh?elds .. . maximum shielding from in- @ High Fidelity .. UTC Linear Standard Trans-
ductive pickup. formers are the only audio units with a guaran-
Hiperm-Alloy . . . a stable, higt permeability teed vniform response of *: 1 DB from 20-20,000
nickel-iron core material. cycles,

TYPICAL LS LOW LEVEL TRANSFORMERS

Relative Max,
hum- Unbal-
Primary Secondary =1 db Max. pickup anced DC  List
Type Nq. Application Impedance impedance from Leve! reduction in prim'y Price
LS-10 Low {mpedance mike. 5C. 125, 200, 60,000 ohms in 20-20,000 +15 DB —74 DB 53 MA $25.00
pickup, or multiple line 220, 333, 500/ two sections
to grid ti0u ohms
LS-10X As Above As ahbove 50.000 ohms 20-20.000 +14 DB —92 DB 3 MA 32.00
LS-t2 Low impedance mike, 3 . 120,000 ohms 20-20,000 +15 DE —71 DIB 3 MA 28.00
pickup., or multiple line 250, : 5 overall, in two
to push pull grids 6 sections
LS-12X As above As ahove 80,000 ohins 20-20,000 +14 DB —92 DB 5 MaA 35.00
overall, in two
sections
LS.26 Bridging line to single or 5,000 ohms 60,000 ohms in 15-20.000 +20 DB 74 DB 0 MA 25.00
push pull grids two sections
LS-19 Single plate to push pull 15,000 ohms 95,000 ohms ; 20-20,000  +17 DB —50 DB 0 MA 24.00
grids like 2A3, 6L6, 300, 1.25°1 each side
Split secondary
LS-21 Single plate to push pull 15,000 ohms  135.000 ohms; 20-20,000 +14 DB —74 DB MA 24.00
grids. Split primary and turn ratio
secondary 3:1 overall
LS-22 Push pull plates to push 30.000 ohms 30,000 ohms ; 20-20,000 -+26 DB —50 DB .25 MA 31.00
pull grids. Split primary plate to plate turn ratio
and secondary 1.6:1 overall
LS-30 Mixing, low impedance 50. 125, 200, 56, 123, 200, 250, 20-20,000 +17 DB —74 DB MA 25.00
mike, plckup, or multi- 5 i 333. 500/600 ohns
ple line to multiple line 600 olune
L§-30X As above As ahove As above 20-20,006  +15 DB —92 DR M 32.00
LS-27 Single plate to multiple 15,900 ohms 50, 125, 200, 250, 30-12,000 +20 DB —74 DB 8 ) 24.00
line 333. 500/600 oluns cycles
LS-50 Single plate to multiple 15.800 chms 50, 125, 200, 250, 20-20.000 +17 DB —74 DB 0 ) 24.00
ling 333, 500/600 ohms
LS-5! Push pull low level plates 30,800 chms 30, 200, 250, 20-20,000 +20 DB —74 DB 24.00
to multiple ling plate to plate 333 5007600 ohms
LS-141 Three sets of balanced 500,600 ohms 500/600 ohms 30-12,000 +10 DB —74i DB 0 MA 28.00
windings for hybrid ser-
vice, centertapped

TYPICAL LS OUTPUT TRANSFORMER

Type Primary will match Primnry Secoﬂdary =+ Max.
No. following typical tubes im {rnm Level
LS-52 1'ush pull 245, 250, GV6, 42 or 8,000 ohms 500, 333, 250, 25-20,00L 15 watts
2A5 A prime . 200, 123, .)0 30
20, 15. 10,

'ush pull 2A3's. 6A5G's, 300A's.  5.000 ohms plute 500, 33: 5-20, 20 watts
275A°s, GA3’s, 6L6’s to plate and
3,000 ohms plate
to plate tos
Same as above 5,000 ohms plate . & 25-20,000 20 watts
to plate and 3
3.000 ohms plate
to plate

Pusl, pull parallel 2A3's, 6A5G's. 2,500 ohms plate 500, 333, 250, 25-20,000 40 watts
300A's, 6A3's to plate and 200, 125 50, 30,
1,500 ochms plate 20, 15, 10, 7.5,

” 5 9n
Lo'plate i il , Write for osr Catalog PS-409
Push pull 6L6's self bias 9.000 ohms plate 500, 333, 250, 25-20,000 30 watts R
to plate 200, 125, 50, 30,
20, 15, 10, 7.5,
5.2.5, 1.2

150 VARICK STREET NEW YORK 13, N. Y.
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y., CABLES: “ARLAB"
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AGING TV SETS:wri vvn . oy £ 52 mm B oo s T Tt o s 8@ 0 B e Foonr o ool 8 %A s 5 e e 3007 COVER
Operating each receiver a minimum of 2 hours with unsynchronized raster reveals defective tubes and components
in Du Mont’s new East Paterson plant. Photo by Syd Karson (See p 118)

CAME THE TV REVOLUTION, by Dorman D. Israel. ... .. ....... . 0uiiirinnurininenennen.s e .. 66
A survey of television’s impact on the radic industry and allied arts

NEW AUDIO TRENDS. .. ... . e e e e e . 68
Highlights of Audio Fair, including new tape recorders, stylus shadowgraph and V-groove, 20,000-cycle records

BUILT-IN ANTENNAS FOR TELEVISION RECEIVERS, by Kurt Schlesinger .. . ............. .. ... ... 72
Design and construction data for short dipoles and square loops that require no tuning or orientation

INDUSTRIAL BRAZING BY PULSE TECHNIQUES, by J. L. Reinartz. . . . ... ... ... ..oty 78
Short-duration high-power r-f pulses speed and improve induction heating process in certain applications

AIRWAYS VHF COMMUNICATIONS RECEIVER, by A. H. Wulfsberg. . . ... . ... . ......... T 81
Series and shunt noise limiters and noise balancer are included in circuitry

NEON DIODE RING COUNTER, by J. C. Manley and E. F. Buckley. . .. ........ .. ... ... .. ... ... .. ... 84
Ring circuits employing glow tubes and crystal diodes count up to 30,000 impulses per minute

ACOUSTIC ANEMOMETER-ANEMOSCOPE, by Robert E. Corby. . ... . ..................... .o .. 88
Gives a cathode-ray tube presentation of wind direction and velocity

PHOTOTUBE CONTROLS R-F WELDING, by H. H. Wittenberg. . ... .. ............................... 91

Control is effected by monitoring color of weld and deenergizing r-f heating generator

AN ULTRA-LOW FREQUENCY OSCILLATOR, by Jay Edlin Stone. . ... ...... ... .. ... ...coueuiiiueauonnn 94
Provides fairly sinusoidal waveform output over frequency range of from 0.1 to 0.02 cycle per second

DOT SYSTEMS OF COLOR TELEVISION, Part 11, by Wilson Boothroyd. . .. .. ........................... 96
Multiplexing systems of dot sequential color that may be compatible with black and white are described *

RECENT DEVELOPMENTS IN TRAVELING-WAVE TUBES, by L. M. Field. ... ... ....................... 100
Survey of advancements in improving characteristics and extending operating ranges of t-w tubes

DESIGN OF ABSORPTION TRAPS, by Jack Avins. ... ... ... ... e e e e , 105
Universal charts greatly reduce computation time

VARIABLE PULSE-LENGTH GENERATOR, by J. C. May. . ... ... ... ... . . .. i 109
Pulse length varies linearly from 0.5 to 24 microseconds

Q-METER IMPEDANCE CHARTS, by Robert Miedke. . ... ........ ... ... ... . . . . . . . .. .. 112
Nomographs speed utilization of measured data by giving series and parallel values of R and X directly
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For Peak Performance...
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EL-MENCO CAPACITORS

You can always depend on these tiny but
tried and trusted El-Menco capacitors to give
peak performance for long periods of time under
the most exacting conditions. Rigid test during
and after manufacture insures uniformity and
assures quality.

Performance proved, these fixed mica dielec-
tric capacitors are specified by nationally-known

manufacturers.
CM 15
Actual Size 9/32” x 15" x 3/16"".
Ron, Teleyisioh Radio. aid Uk When you need peak performance
ectronic Applications. . .
2 — 420 mmt. cap. at 500v DCw. in capacitors, get the best — get

2 — 525 mmf. cap. at 300v DCw.

Temp. Co-efficient =50 parts per El'MenCO.

million per degree C for most
capacity values.

¢-dot color coded. THE ELECTRO MOTIVE MFG. CO., Inc.

WILLIMANTIC CONNECTICUT

e Wtrite on your
firm letterhead for
E I I E u Catalog and Samples
MOLDED MICA MICA TRIMMER

CAPACITORS

FOREIGN RADIO AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WITH OUR EXPORT DEPT. AT WILLIMANTIC, CONN. FOR INFORMATION.
ARCO ELECTRONICS, INC. 135 Liberty St., New York, N.Y.—Sofe Agent for Jobbers and Distributors in U.S. and Canada
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A STANDARD OF ZERO LOSS ANGLE

HIS three-terminal double-screened capacitor is Medded with guard rings which ensure that the dielectric

of the plate-to-plate capacitance is composed en of air. This, together with the special surface treatment
of the plates, reduces the plate-to-plate power loss to @ quantity which can be disregarded even when measuring
the smallest power factors.

CAPACITANCE: Type D-14-A: 1300 F calibrated.
Type D-14-B: 100puF to 1000upF direct rcading.
LOSS ANGLE: Approx. | micro-radian in a dry
atmosphere ; 7 micro-radians at 759% relative humidity,
for the frequency range 50¢/s to 10,000c/s and any
setting of the capacitor.

DRIVE: Worm reduction gear, 50: 1 ratio.

SCALE: 35000 divisions. Subdivision to 1 part in
20,000 by interpolation.

BACKLASH : Not exceeding | part in 20,000.
DIMENSIONS : 1277 x 10" x 1357 (32-7 x 25-4 x 34-6cm.).

PRICE: Type D-14-A: $365. Type D-14-B: $390.
Including packing and freight.

Write for further particulars

ORDER BY CABLE — PAY BY YOUR OWN DOLLAR CHECK

MUIRHEAD & Co. Ltp.

PRECISION ELECTRICAL INSTRUMENT MAKERS MUIRHEAD
BECI(ENHAM ¢ I<ENT s ENG LAND ELECTRICAL INSTRUMENTS
Telegrams and Cables: MUIRHEADS LIMERS-END M.U.5
ELECTRONICS — January, 1950 3
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THE FLEXIBLE, EXTRUDED
PLASTIC TUBING THAT

RESISTS HIGH

X

ApPPR

Flevie s
eXItB PHYSICAL & ELECTRICAL PROPERTIES

a—tensile strength, minimum average ... 2500 pPSt
b—ultimate elongation, minimum average = 300%

c—dielectric strength, minimum 800 v/mil
d—filammability .

e—heat resistance — after 100 hours at 300° F. the tubing is not
brittle and when flexed does not crack.

non-inflammable

f—heat endurance — recommended for continuous operating tem-
peratures up to 105 C., and when baked at 125° C. for 2,000
hours does not become brittle.

G—low temperature flexibility —-30° C.
He—heat shrinkage _ ASTM Standards
#20 — F17 incl. — less than 8%

#16 — F# 6 incl. — less than 5%
# 5 and larger — less than 3%

!—oil resistance — highly resistant o effects of transformer and
fubricating oils, does not stifen when continuously exposed
to them.

Colory — black, white, red, green, yellow and blue are standard
colors.

Dimensions and Tolerances — gtandard sizes to fit B & S wires
#20 to F#0 inclusive, as speicfied by ASTM Spec. D922-47T.

Wall Thickness — jn accordance with ASTM Spec, D922-47T, as
follows: - e RPN

#20 — #10 incd. — 016" += 003"

# 9 — # 0incl. — 020" =+ .003”

Standard Lengths — standard 36" lengths or continuous lengths in
coils. Sizes #20 — #10 incl, will be supplied on paperboard

. spools when so ordered. .

Qualify — yniform in quality and condition, smooth on both inside
and outside, free of defects such as pin-holes, blisters, foreign
inclusions and other imperfections.

Test Me"‘°d5—properties enumerated in above specifications shall
be determined according to Tentative Methods of Testing Non-
rigid Polyvinyl Tubing, American Society for Testing Materials,
Designation D876-46T.

“\7 |

e r—

v

TEMPERATURES

YES, FLEXITE is the electrical insulation tubing
that sets new standards for resistance to extreme
high temperatures. Compounded of a plasticized
copolymer of vinyl chloride and vinyl acetate
and manufactured with a true wall thickness,
smooth inside and outside, FLEXITE PLASTIC TUB-
INGS offer the greatest resistance to high and

low temperatures, are extremely fiexible and have
great tensile strength.

FLEXITE compares more than favorably with tub-
ings of similar nature. Check the specifications of
FLEXITE, compare them with the requirements for
your products and against other insulations for
identical use. . . .

YES. You will find that FLEXITE sets a new high
standard for protection against high tempera-
tures, high dielectric, stretching, tearing,
abrasion, exposure to acids, oils and alkalies,
flammability, etc., etc., etc., — . . . samples and
additional information will be sent upon request.

And for a Plastic Tubing‘vfo Withstand Normal
High Temperatures Mitchell-Rand Offers . . .
Flexite-Norm . . . write for specifications.

Whatever your

electrical insulation problem
' I-Rand has the an

And for a Plastic Tubing to Withstand Normal High Temperatures

Mitchell-Rand Offers . . . Flexite-Norm. . . write for specifications.

A PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH « INSULATING PAPERS
AND TWINES + CABLE FILLING AND POTHEAD COMPOUNDS -+ FRICTION TAPE AND SPLICE + TRANSFORMER COM-
POUNDS -« FIBERGLAS SATURATED SLEEVING - ASBESTOS SLEEVING AND TAPE « VARNISHED CAMBRIC CLOTH AND

TAPE » MICA PLATE, TAPE, PAPER, CLOTH, TUBING + FIBERGLAS BRAIDED SLEEVING « COTTON TAPES, WEBBINGS AND
SLEEVINGS + IMPREGNATED VARNISH TUBING - INSULATED VARNISHES OF ALL TYPES - EXTRUDED PLASTIC TUBING

January, 1950 — ELECTRONICS
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TYPE
116U

For back-of-panel maunting, incor-
poration in existing equipment.

2
A ganged assembly for open-
: delta, three phase or series,
single phase connection,

pOWERSTAT

TYPES 116 and 216

FCR LOADS UP

TYPE
MT116

AT

A motor-driven unit for push-
button remote-control operation.

spE R
Lt = L1

ELECTRONICS — Jaauary, 1950

THE NEW

101 KVA

REDESIGNED
FOR IMPROVED PERFORMANCE

POWERSTAT variable transformers Types 116 and 216 have been
redesigned. It wasn’t a mere “face-lifting” operation, although a
streamlined appearance has resulted. It has incorporated many of your
worthwhile suggestions and the latest technical knowledge of variable
transformer design and manufacture. All improvements have been
made within the old standard mounting dimensions to conform to your
existing panel layouts, assuring easy replacement if desired.

JUST A FEW OF THE IMPROVEMENTS

New fusing arrangement employed on cord-plug models. Twist-lock
holder on side of terminal box gives easy access and simple replacement *
New diecast aluminum terminal box on cord-plug models adds strength
and longer service. On all models, the new, extra heavy and rugged
terminal board of phenolic plastic prevents breakage. Solder-screw
terminals arranged for better spacing for quicker, easier and more posi-
tive connections. Barriers between terminals reduce short-circuit ha-
zards o Heavy-duty "ON-OFF” switch on cord-plug models is in a more
convenient position to eliminate interference with input cord and out-
put receptacle o Coil and core design provides excellent regulation,
high efficiency and conservative rating for both 50 and 60 cycle duty e

Polarity identification provided on cord-plug models for requirements
involving ground loads. =

Ratings of Types 116 and 216 remain the same. Type 116 operates
from a 115V., 50/60 cycle, 1 phase source to deliver 0-135V., 7.5 amps.
Type 216 has an output of 0-270V., 3.0 amps from 230V, 50/60 cycle,
1 phase. As in the past, the current rating is the current available over
the entire range of output voltage. There’s no nced to refer to a graph
to determine the allowable current at a specified value of output voltage.

Write today for complete details on these completely redesigned
POWERSTAT Types 116 and 216.

4010 MEADOW STREET, BRISTOL, CONNECTICUT

rie SUPERIOR ELECTRIC ¢

BRISTOL, CONNECTICUT

POWERSTAT VARIABLE TRANSFORMERS e VOLTBOX A-C POWER SUPPLIES o STABILINE VOLTAGE REGULATORS



TOROIDAL COILS and FILTERS

We offer the benefits of our wide technical
experience gained by years of intense research
in a highly developed field.

V There is practically no application for high @
audio coils and audio filters for which we have
not supplied our toroids and toroidal coil filters.
Included among the many components of this
type that we manufacture, are our standard
series of teroidal coils TC-0 to TC-6 inclusive.
Although all of our toroids possess a high degree
of stability vs. voltage and temperature, coils
are also available which are specially compen-
sated for extreme .conditions of temperature
variations.

)/ The scope of our filter desit(jn and production
encompasses a wide range of types and extends
to include crystal filters and audio delay net-
works. Notwithstanding the quality of our prod-
ucts, we have been able to maintain a low price

level due to our exclusive specialization in this
field.

V We invite inquiries on your special applications
for toroidal coils and filters regardless of quan-
tity'involved.

ALL INQUIRIES WILL BE
PROMPTLY HANDLED

TN ol
’Ill!!l!l YONKERS 2, NEW YORK

CABLE ADDRESS “BURNELL"

January, 1950 — ELECTRONICS




“There is hardly cnylﬂing in this world
that some man cannot make a little | -
wo-se and sell a little cheaper and the

people who cons der onfy price ore this " - —

men’s lawful prey.” —Ruskin : . B
: JA KL

TECHNICAL ERSIN

ADVANTAGES: o
ERSIN FIUX

® Ersin Flux is exclusive to dulticore and s ' 'Y 4 r
will not be Found in any other solder. ; I 'R 3 4
It is a high grade, waten white rosin, f ] g " / / .
homogeneou-ly activated. | / .

® Ersin Flux has g vigorous Auxing action
and possesses the non-corresive and pro- X 3
tective features of the osginal rosin. 1 5 y N i

® Soldered joints made wih Ersin Flux
do not corrade even ofter prolonged ex- 4
posure to any degree of humidity. It J N LU
has been tested under < imatic condi- .
tions ranging from the Arctic to the
Tropics.

@ Ersin Flux reduces the surface tension
of molten solder, causing it to wet
metals rofdly, increasing speed of
operation with resultast production
economies. ~

DR 4 o ORRO

¥ J.&YI
.

® Free from dbjectionable sdor. Non-toxic B -; : . b

in use. k\\\\ 3 T
® Leaves nohiing but pure rosin on the o T o - '

work after soldering, ond may be usad R E |

wherever dlain rosin is specified. Com- . i

plies with all pertinent Federal Speci- SN

fications, }

MULTICORE SOLCER & A — g

® Three sepcrote cores of flux eliminate ) : T . . -
possibifity of no flux in a portion of e i OLY :
the wire, which may eccur in single . \ -
cored solder. Guarantead continuity of L \’&&“ b
the flux s ream preven® “'dry’* joirts, s ‘\“\\‘, NoN
i. e. thom having hign electricol re- “
sistance. ¢ g ant

@ Although Bhere ore three cores of flux 0 1) B J
in Multicere, the tota percentoge of D # ) VI ) L ¥ .
flux to so«der is less than mony single .
cored soleers. A b g

©® Very rapd melting results from the
multiple core construction which pro-
vides thisner walls of solder than are ore Solder meets all re ore solae on-fo A0ALLL UL 4
found in same gauge single cored solder. ‘

Q 0 a 0 D atio 00 0 D obeled 3 ad

@ Multicore s unique properties make per- 00 b ery pound woU b q

fect joinks possible om difficult metals . . : b Gk U onte precise 1abeling

and afloys, even if axidlized. ) ; Ahlis LA N0 even le N qove

’ v

@ Ability te tin ropidly produces perfect - el e ) o) e andards allo en Yo : : I

joints wi h less solder. Greater coverage bl UL Q g od 1

per pound. plder eve gae gve g OnG 2 :

9 aro serfo dang 0 a a d J 0 our pid
0 J 1 D DIU

“Address U. S. A. and Canadian inquiries to

Write for Helpful BOOkl-Ef M u l T I c o R E s A l E s c o R P L
“SOLDERS AND SOLDERING”
% = 164 Duane Street * New York 13, N. Y.

Inquiries regarding other territories to

MULTICORE SOLDERS LTD .
Mellier House, Albemarle Street ¢ London, W. 1, England




Pin point accuracy is

o 2,

And IRC provides it. Witness leading

manufacturers who specify IRC resistors
for advanced electronic circuits. In
instrumentation and industrial

applications, IRC resistors excel in

every important characteristic.

IN CRITICAL INSTRUMENTATION, IRC Pre-
cision Wire Wounds offer a fine balance of
accurocy and dependability. Tolerances of
1% are standard, but 2%, %% and 1/10%
are available. iRC Precisions also afford maxi-
mum terr perature eoefficient of .002% per ® C.
at no extra cost. And in addition, their design
and construction assure stability—even where
recurring surges are encountered. Labels are
acetate. May we send you complete technical
data? Just check the coupon.

wWwWw-americanradiohistorv.com



|
SEALED PRECISION Voltmeter Multipliers find
many critical applications such as are encountered

in marine service because of absolute dependa-

bility under the most severe humidity conditions.

Type MF's ore compact, rugged, stable, fully |

e e e | N e et 1 B s s e e e s s e e moisture proof and easy to install. They consist of §— -

individual wire wound precision resistors, mounted, '
interconnected and encased in glazed ceramic

tubes—and these may be either inductive or

non-inductive, for use on AC as wel! as DC. Send

coupon for technical data bulletin,

MATCHED PAIR Resistors afford a low-cost solution to
many close tolerance requirements. They are widely
vsed as dependdble meter multipliers. Two insulated
ACCURACY AND ECONOMY in close tolerance IRC resistors are matched in series or parallel to as
close as-19% initial accuracy. Both JAN-R-11 approved
Advanced BT resistors and low-range BW insulated
wire wounds are available in Matched Pairs. Use the
coupon to send for Bulletin B-3,

applications. make IRC Deposited Carbon
PRECISTORS ideal for television and simifar cir-
cuits. They are outstanding in teir ability to
provide dependable performance in circuits where
the characteristics of carbon composition resistors
are unsuitable and wire-wound precisions too
expensive. Manufactured in two sizes, 200 ohms
to 20 megohms in 1%, 2% and 5% tolerance.
Coupon brings full details.

For fast, local service on standard IRC resistors,
simply phone your IRC Distributor. IRC’s @
Tndustrial Service Plan keeps him well supplied
with the most popular types and ranges—
enables him to give you prompt, round-the-
corner delivery. We’ll be glad to send you his
name and address.

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

lease send me complete information on the items checked below

WHenawern the Cmuitswf AM-

Precision Wire Wounds Deposited Carbon Precisters
Power Resistcrs » Voltmeter Multipliers Wire Wound Controls Voltmeter Multipliers
«lrsulated Comaosition Resistors® Low Matched Pair Resistors Name of Local IRC Distributor
Wattage Wire Wounds * Controls NAME
affheastals ~ YallanetDivitesat, g AMES s e -
Precisians * Deposited Carben MU yeys . opywys. - .. . .1 - -2~ . - - TFF - -CEPE -2 -H- - T . - LT TXX "

K Precistors * H® and High Voltage
INTERNATIONAL Resistors * Insuicted Chokes COMERY
RESISTANCE COMPANY . AUDRESS .

401 N. Broad Streat, Philadelphia 8, Pa.

in Canada: Internationa Resistance Co., Ltd., Toronto, Licensee

J. F. ARNDT & CO.. ADV. AGENCY



you can 8 SURE.. ¢ 115

V%stinghouse

10

When the power load builds up and up, it’s
Westinghouse Instruments that give the tip-off!
Another generator is called inio action—steady
voltage flows over the netwotk . ..

This is a familiar routine at the new B. C.
Cobb Station, owned by Consumers Power
Company. This modern steam electric generat-
ing plant, located on the shores of Lake Muske-
gon, Michigan, has a rated capacity of 180,000
kw, or 240,000 horsepower. Westinghouse In-
struments have been standardized on here—
keep a vigilant watch over power that is gen-
erated at 14,400 volts, then transformed to
22,000, 44,000 and 140,000 volts.

Serving as the “eyes” for this massive power
system calls for instrument reliability to the nth
degree. We believe Westinghouse Instruments

Instruments “'Check-Rein’’ 240,000 Horsepower!

meet this challenge. You can be sure of the com-
plete line of Westinghouse Instruments—from
calling the turn on a microamp. to keeping
a “check-rein” on all the concentrated horse-
power America’s genius can devise.
Westinghouse Instrument Specialists are
available in the field for consultation. Call your
nearest Westinghouse office, or write
Westinghouse Electric Corporation, P. O. Box
868, Pittsburgh 30, Pennsylvania. J-40379

INSTRUMENTS

January, 1950 — ELECTRONICS
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ADVENTURES IN ELECTRONIC DESIGN
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are the prima donnas ) of the
-~
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electronic art. Stability 0 , tracking. mjiﬁgnd a host of
J”-\

similar problems beset the hard-pressed d651gn engineers tf@g\/w . A year ago

/ él%%

949
&@ final adjustments of circuit balance =‘/fi/was a tedious problem. The need

simple, easily installed trimmer capacitor was urgent.

'

ent RAL

% dug down into their bag of experlence .o
}ﬁwand came up with the answer Lﬁ 4 Another Centralab ﬂ%‘
= P /

- Result — the mdustry has welcomed

Y A N ﬂ’
Tk \ this sxmple answer to a serious problem / .ﬁ;t,and a sizable
2 /

?W : , E ’“\ \
percentage Cof TV tuners. ¥ incorporate this new trimmer
R ierer S e B i A
- h_/?

PR
R

in their design. Investigate for yourself the considerable variety of

available capacity ranges. It is the answer to your problem where a small, simple,

g

inexpensive trimmer is needed to balance out / ’ ‘.\X) the inherent
A /7///4/

stray%go 5 ﬁ\pacmes in all high frequency circuits :/3 7\/;' Hg-

Cen@ab — DEVELOPMENTS THAT CAN HELP YOURp

Division of GLOBE-UNION INC. « Milwaukee



Centralab re

Saves valuable production time, (3) Body is sturdy L5
steatite. (4) Silver stator electrode—fired on. (5) Single
wire #22 lead. (6) Simple adjustment—6/32 screw
adjustment. (7) Positive ground to chassis through adjust

l Because it is: (1) Small, simple, casily installed. (2)

Part No. XA1482

Our most popular size:
Length: 12"
Capacities: (two)

% 0.5 to 3.0 mmf.

A\ 1.0 to 4.0 mmf.

Part No. XA1515

rts

ment screw and Tinnerman locknut. (8) Low power factor

less than 2% at 1 MC. (9) Good retrace characteristics.
(10) Varicty of capacity ranges. (11) Low capacity to ground
if desired.  Ask for more detailed information from your

nearest CRL representative or write us Jirect

Part No. XA1516
Length: 1%4”
Capacifies: (two)
1.0 to 7.5 mmf.
1.5 ta 10.0 mmf.

Length: 353”
Capacity:
1.0 to 6.0 mmf.




Electronic Industry

H:-Vo-Kaps are filter and hy-pass ca- c Centralab’s TC (Temperature Compensating) Tubular F1i-Kaps, left, are the most stable
pacitors combining high voltage, (10 capacitors available. With TC Hi-Kups. there's practically no variation due to aging or
and 20 KV) small size and variety of changes in temperature or humidity. For applications where temperature compensation
terminal connections for TV needs. - is unimportant, use Tubular BC H7-Kaps, right.

For by-pass or coupling applications, Couplate consists of plate and grid This is the new CRL Vertical Inte-
check Centralab’s original line of ce- resistors, plate by-pass and coupling grator Network used in TV scts. Var-
ramic disc Hi-Kaps. Disc Hi-Kaps capacitors. Minimum soldered connec- iations of this Centralab Nerwork are
are smaller than a dime! tions speed production. available on special order.

Model ‘1" Radiohm control, rated CRI’s new high quality Model 2 Ra- Great step forward in switching is
1/10 watt plain and switch types. diohm Controls specifically designed CRL's New Rotary, Coil, Spring and
No larger than a dime. Designed for for TV, radio, other electronic equip- Cam Index Switch. Tt gives you
miniature uses, ment. Lower noise level, longer life. smoother action, longer life.




IMPORTANT BULLETINS FOR YOUR TECHNICAL LIBRARY!

— - o
$Pi0BUCT PRIVIEW @ ©
i 5 i
0L ol5E #rHaRS
HIFESTUCT Frivitw
=~ ROTARY SWITCH
PRODICT PUEVIEW © Rl
Tl o & A

LEVER SWIYCH

GUCT PREVIEW ©

PENTOGE LOUPLATE ! s
BUCY FFrvEw

MALLESY
AL

OPROOUCY ?ntVle lPEc
i cmnua "HLVO.RAps

Choose From This List!

Centralab Printed Electronic Circuits 42-18 — TC CaAracCItors temperature compensating Capaci-
973 — AMPEC three-tube P, E. C. amplificr. tC()rs. hichol .
4 . . AP I 5 oy e COD: g
42-6 COUPLATE P. E.C interstage coupling plate. G G T e (e e DTS,
- B trlly 975 — FT Hi-Kars — feed-thru capacitors.
42-22 — VERTICAL INTEGRATOR — for TV application. R
42-24 — CERAMIC PLATE COMPONFENTS for use in low ) ) Ceniralob Switches ) - i
power miniature electronic equipment, 953 — SLIDE SWITCH applies to AM and FM switching cic

42-27 — MopeL 2 COUPLATE for small or portable sct OIS ) . .
applications 970 — LEVER SWITCH shows indexing combinations.

- o 5 L 995 —— ROTARY SWITCH schematic application diagrams.
999 }E)[I::JODE CoupLATE — specialized P. E. C. coupling 722 — S\x’_ltTfH CATALOG facts on C%PL'S complete line aof
. B . switches.
42-9 — FILPEC Printed Electronic Circuit filter. Centralab Controls
Centralab Capacitors 42-7 — MopeL 17 Rabions —world's smallest commercially
42-3 — BC Tusurar Hi-Kars capacitors for use where prodiCikceliioBs
temperature compensation is unimportant, Centralab Ceramics
42-4 — BC Disc Hi-Kaps— miniature ceramic BC capacitors. 967 — CEraMIC CAPACITOR DIELFCTRIC MATERIALS.
42-10 — H1-Vo-Kaps — high voltage capacitors for TV appli. 720 — Crramic Cararos — CRL steatite, ceramic products.
cation. General
695 — CERAMIC TRINMMERS CRL trimmer catalog. 26 — GENERAL CATALOG Combines Centralab’s lice of
981 Hi-Vo-Kaps capacitors for TV application. For products for jobber, ham, experimenter, serviceman or
jobbhers. industrial uscr.

LOO’( to CENTRALAB in 1950! Fiwst in component rescarch that means lower costs for the clectronic
industry. If you're planning new equipment, let Centralab’s sales and enginecring service work with you. Lo
completc information on all CRL products, get in touch with your Centralab Representative. Or write direct.

B TEAR OUT COUPON
!es——l would like to have the CRL bulletins, checked below, for my technical library!
973 [ 4224 429 [ 4270 [ 4218 [1953 [ 427 l <«———— for the Bulleting you want ——

’] 42-6 [ 42.27 | 423 [J 695 [] 814 [ 970 [ 967

4222 [ 999 [ 424 [J981r [J975 [1995 [ 720 .
722 [ 26
bR

Name
Division of GLOBE-UNION INC. - Milwaukee

CENTRALAB T5E
Division of Globe-Union !nc.
900 East Keefe Avenue, Milwaukee, Wisconsin

Address

City State. .




ALLEN B. DU MONT LABORATORIES. INC.

— - p 3
Ziz ot

\ The new Du Mont Types 12RP4 and
7 1SDP4 (replacing respectively Types
“5IP4 and 15AP4) feature the exclusive Tu
M=t bent-gun. This ion-trap design elimi-
nates ion-spot blemishes while maintairing
an undistorted spot for maximum pictodal
resolution. Meanwhile, lead-free glass re:
duces tube weight considerably. Five-pin
dundecal base permits using the new hulf-
so-ket for a significant saving, although <kd-
ype full-socket also accommodates these
aew tubes without modification.

Detinitely "Your best buy!”” For initial-
equipment or replacement purposes — for
superlative performance and longest service
— insist on Du Mont Teletrons!

© ALLEN B. DU MONT LABORATORIES, INC.

T MONS

ELECTROMICS — January, 1950

DOUBLE MAGNET

8bove: Du Mont bent-gun principle, utilizing single ion-
irap magnet. Space saved by elimirating double beam-
sending magnet results in shorter neck length. Focussed-
spot distortion eliminated by use of electrode parts de-
signed to form symmetrical electrestatic fields in G space.
Lower-cost magnet

3elow: Conventional straight-cun design. lon and electron
bYeam is iwisted by slanting electrestatic field between
second grid and anode, requiring TWO bending magnetic
fields. More costly beam-bender. Longer neck. Focussed-
spot distortion.

' Write for latest literature.

*TRADE MARK

15



The de Havilland Comet on its recent flight to and from Castel Benito,
Libya, relied upon * Standard Radio ” V.H.F. equipment type STR 12A which
was the only radio telephone equipment carried. Flying a total distance of

2,980 miles in 6 hours 38 minutes, The Comet covered the round trip at an average
speed of 450 m.p.h. ~

The exacting requirements of this pioneering Jet Airliner demand the finest
equipment obtainable. This extract from a press report (26.10.49) confirms the choice
of de Havilland. *Radio reception was wonderful 7 miles up. I (Group Capt. John Cunningham)
could talk to London Airport over the radio telephone when flying over the outskirts of Paris ”.

The de Havilland Comet, in continuing to gather honours for British Aviation,
also provides further testimony to the quality of

Srandard Radio

Announcement of Standard Telephones and Cables Limited (Radio Division), New Southgate, London, N.!1, England
(An LT, & T. Assoclate)

16 January, 1950 — ELECTRONICS
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hecame a habit

THE ANNUAL ELECTRONICS BUYERS' GUIDE, NOW IN ITS 10TH
YEAR, HAS EARNED INDUSTRY-WIDE ACCEPTANCE AS THE
ONLY COMPLETE AND ACCURATE SOURCE OF DATA FOR
SPECIFYING AND BUYING. THE GUIDE IS IN CONSTANT USE
THROUGHOUT THE YEAR BY DESIGN ENGINEERS; CONTROL
ENGINEERS; MAINTENANCE, PRODUCTION AND METHODS
MEN; AND P.A’S. THESE MEN HAVE LEARNED, THROUGH
EXPERIENCE, TO JUST NATURALLY REACH FOR THE GUIDE
WHEN THEY NEED TECHNICAL OR BUYING INFORMATION.

AMORAW. 1y, PUBLICATION . 0 wi nd ST, o -
el /7 ST 4 ST« NEW YOR, 18, N, Y.
33 EST 42, £ ORK
. .

Use of the "Guide” has become, through the years. an instinctive habit with
those who have need of technical data or where-to-buy-it information on elec-
tronic components, equipment or allied products. And need of that information
is by no means confined to electronic manufacturing. There are countless others
whose interests may be in electronic applications in candy making, weaving
or cosmetics, for example, as well as in the more technical fields of industrial
processing. Electronics plays an important rcle in practically every industry.
and the men in those industries whose function is to apply electronics to their
manufacturing, processing or control problems rely on the GUIDE for the tech-
nical and buying information they need.

This industry-wide use of the GUIDE presents to every manufacturer whose
products are used in electronic manufacturing or in industry generally, an
unusual opportunity. There can be no more effective, nor more economical
method of bringing the characteristics or operational qualities of those products
to customers or prospects for them, than in the GUIDE — the publication which
is constantly referred to by those very men. Manufacturers can have no greater
assurance of an interested., buying readership of their advertisements than
that which the ELECTRONICS Buyers’ Guide actually gives them.

Manufacturers can add a large safety factor in their sales planning by putting
this “habit-use’ of the GUIDE to work for them. Advertising in the GUIDE cannot
be considered in the class of a door opener for a manufacturer’s salesman. It
is, in fact, a most potent salesman in its own right due to the peculiar purchasing
habits in the science-industry of electronics. Surveys have proven that products
are bought by specifications in the designing stage, on the drafting board . ..
where the GUIDE is at the design engineer’s elbow . . . where a salesman can't
be. And in the industrial use of electronic controls — well, a salesman would
have quite a job finding the right plants and the right men in those plants. The
GUIDE goes straight to those men — quickly and with the background of
acceptance and recognition. Be sure your advertising plans for 1950 include
the use of ELECTRONICS Buyers’ Guide.

Annual

BUYERS' ||
GUIDE
ISSUE

A
PRICE « Two 0OuLARS

riAn

/

THE 13th ISSUE OF
electronics

ke Clonwal
BUYERS’ GUIDE

THE ONLY COMPLETE
REFERENCE BOOK

IN THIS INDUSTRY

Used in every industry by de-
| signers, specifiers and buyers
| of electronic components,
equipment and allied products.

| Cor 39000

MAILED AS...A BONUS
’ TO EVERY PAID SUBSCRIBER

FOR COMPLETE DETAILS

on the use, acceptance and sell-
ing effectiveness of the
ELECTRONICS BUYERS’ GUIDE
watch for the complete story
} which will be mailed to you

shortly. You will find factual evi-
dence in it on why you should
include the GUIDE in your 1950
advertising plans.

The Manwfacturens’ “On-The-Spot” Salesman throughout the year

|




CONDENSED DATA ON THE 1950-1351 ELECTRONICS BUYERS' GUIDE

71D

CIRCULATION: The ELECTRONICS Buyers' Guide will have the same large
and selective circulation as the regular issues of ELECTRONICS. According to the
June 1949 ABC Statement ELECTRONICS Total Net Paid Circulation was 30,050.
In addition there's a pass-on readership of approximately 120,000, No other
publication in the electronic field begins to approach this full coverage of the
men who buy and influence the purchase of electronic components, equipment,
and allied products,

PENETRATION INTO INDUSTRY: The large, selective circulation
of the Buyers’ Guide means industry penetration that can’t be equalled in the
field . . . penetration on a wide industry front giving complete horizontal cov-
erage, as well as deep penetration to the men who influence and buy in
every major company. Ask an ELECTRONICS representative to show you “Ex-
amples of ELECTRONICS' PENETRATION THROUGHOUT INDUSTRY" for complete
proof that you'll reach the men you want to influence in the Buyers' Guide.

PRODUCTS ADVERTISED: Products advertised include a full line of
communication equipment, industrial electronic equipment, components, meas-
uring equipment, and allied products . . . the same products for which we list
product sources in our comprehensive Index. Electronic engineers design-in
many products which are not, strictly speaking, “electronic” but which are,
nevertheless, essential parts of complete circuits. These engineers use the
Buyers' Guide for sources and specifications of all products entering into the
design of electronic circuits.

RATES: Advertisers will be entitled to the rate eamed in 12 regular issues
of ELECTRONICS or to the rate they earn in the Buyers' Guide, whichever is
most advantageous. Space used in the Buyers' Guide will not help earn a rate
in the regular issues of ELECTRONICS. But the rate earned in the reqular issues
will determine the rate for the Buyers’ Guide issue.

MECHANICAL REQUIREMENTS

Width Depth Width Depth
1 page 7 10 L P
?/3 page 4-16 10
/3 page 4-%16 4.7/g 2-%4 10
'/ page 4-% 2-% 2-316 4-/g

Page is 3 columns, each column 23/} ¢ inches wide.

Composition—no charge.

Halftone screens—all halftones should be 100-110 line screen. They should
be etched to the depth of .003 of an inch in the highlights, .002 of an
inch in the middle tones, and .0015 of an inch in the shadows. Typographical
rights reserved.

COLOR AND BLEED: McGraw-Hill standard colors: yellow, orange,
red, blue, and green, $100 per page for any one color. Special matched
color $120 per page for any one color. Rates for metallic inks and more than
one extra color quoted on request.

Bleed pages: per page, extra $75.00. Plate size 834 inches by 111
inches, which allows 1/ inch additional at top, bottom, and outer edge for
trim. Keep essential elements 3 inch within plate size. Trim size 81/; inches
by 11V, inches.

INSERTS (Letter Press): Regular space rates apply on complete in-
serts which are ready for binding when received. Before making plates or
ordering printing please check with your local ELECTRONICS representative as
to number of pages, quantity required, trim size. Maximum acceptable weight
100 Ib. coated 25 inches by 38 inches basis, or equivalent. See closing dates
below.

INSERTS (Offset): inserts prepared by our Copy Service Department
can be produced by photo offset at a saving in production costs to the adver-
tiser. If the advertiser desires reprints of his advertisement, the offset method
will have the additional advantage of permitting us to supply him with pre-
prints rather than reprints. See closing dates below.

REPRINTS: Regular run of book stock will be used unless special stock is

supplied by the advertiser. For information on the cost of reprints consult your
local ELECTRONICS representative.

COPY SERVICE: Copy and layout service by specialists in the catalog
type of presentation best adapted to this type of issue is available at a mod-
erate cost to all advertisers and advertising agencies. Complete details includ-
ing all product data, availability of photegraphs, cuts, choice of color, if color
is being used, etc. should be in our nearest district office not later than
March 10th. It is to the distinct advantage of each advertiser to get all
the information in the hands of our copy department as soon as possible in

order that careful and individual attention can be given to the presentation
of his advertisements.

CLOSING DATES
Copy to prepare: All details must be in our New York Office not later than
March 15th. Layout and copy sent to the advertiser for his OK and alse final
proofs.

Copy to set. . . April Ist. If no proof required. . . April 10th
Compiete plates . . . ....... ... ... .. .. ... . . .... May 1st

Inserts . . ... .. May 25th

ADVERTISERS’ NAMES BOLDFACED IN DIRECTORY SECTION: Advertisers in the Buyers’ Guide will have their names bold-
faced in the product listing section and reference will also be made to the page number(s) on which their advertisements
appear. This permits the engineer seeking product information the two vitally important elements of the Guide — namely, 1.
Where he can buy it, and 2. Technical data, when he turns to the page to which he is referred. And that is all he needs in
order to specify or buy. The non-advertiser doesn’'t get this opportunity to sell his products.

FOR FURTHER DETAILS WRITE OR PHONE YOUR NEAREST McGRAW-HILL REPRESENTATIVE

NEW YORK NEW ENGLAND
Donaid H. Miller — Harry R. Denmead DETROIT CHICAGO DALLAS William S. Hodgkinson
330 W. 42nd St., Longacre 4-3000 Philip Ruprecht Charles D. Wardner Joseph H. Allen 1427 Statler Bldg., Boston 16, Hubbard 2-4911
SOUTH 2980 Penobscot Bldg., Rondalph 1793 520 North Michigan Ave., Whitehall 4-7900 First Nat'l Bank Bidg., Prospect 7-5064 PHILADELPHIA
Ralph C. Moultsby L0S ANGELES CLEVELAND SAN FRANCISCO

1311 Rhodes-Haverty Bldg.

Carl W. Dysinger
Atlanta 3, Ga., Walnut 5778

621 Hope St., Michigan 3691

Jomes L. Phiilips
1510 Honna Bldg., Superior 7000

Warren W. Shew
Architects Bldg. 17th and Sansom Sts.
Rittenhouse 6-0670

Thomas H. Carmody
68 Post St., Douglos 2-4600

ST. LOUIS Gearge Sears, Continental Bldg., Lucas 4867

electronics

ABC -

A McGRAW-HILL PUBLICATION * 330 WEST 42nd STREET, NEW YORK 18, N.Y. - ABP



Sorensen’s NEW l.l"E

OF ELECTRONIC VOLTAGE REGULATORS
Gives you

MORE, because there’s

* Greater Accuracy

T /
/T |
i o ELECTRONIC VOLTAGE ReGyLATORs
0

e less Distortion

* Range from no load to full load

* Temperature Compensation

Sorensen Engineers and Sorensen Production has
lESS, because ¢ o been laboring for many months to bring you
greater value at less cost. And they’ve done it!

The Standard line of Sorensen Electronic Regulators, both AC and DC, has always been
famous for outstanding features, low cost. Now, many additional features, previously
available only in special models at extra cost, have been incorporated as regular
features of the NEW SORENSEN STANDARD LINE — at no extra cost Some Improved
Models cost less than the former standard models. Write for the

NEW SORENSEN CATALOG

and compare these new units with any other similar units you've
ever seen or heard about.

_EO’ enseén and company, Inc.

3175 Fairfield Ave., Stamford, Connecticut

ELECTRONICS — January, 1950 17



INSTRUMENTS THAY SYAY ACCURATE

7 ﬁ

MODEL 303

the

VACUUM
TUBE
VOLT-OHMMETER

. .. A Worthy Companion
of the 260 -

SPECIFICATIONS

DC Voltage . o
Ranges—1.2, 12, 60, 300, 1200 (30,000 with
Accessory High Voltage Probe)
Input Resistance—10 megobms_for all ranges
DC Probe—1with one megohm isolating resistor
Polarity reversing switch

! s

Ohms i
Ruanges—1000 (10 obhms center) |

100,000 (1000 ohms center) <8

fomegoh;,n (I((I,I%%Oo%lz)ms, center) ) ke

megohms 0 ohms center 5 TS

1000 megohms (10 megohms center) £ Sma”er Ond chdler for GreOfer Porbel’lfy
AC Voltage 4 . . .
Ranges—1.2, 12, 60, 300, 1200 ©7 A worthy companion of the world-famous Model 260 is this brand
L ;dztylsf(e)og)u;;,hm?bm approx. 200 mmf shurted i new flddi(i(?n to the Si.mpson line—the Model 393! '
fz’ Voltage 26 : Skilled Simpson engineers spent months of painstaking research

anges—1.2, 12, 60 i X[ D G D RN

B Response—Flat to 100,000 cycles | in the laboratory to produce the Model 303, which is one of the

most versatile instruments ever made for TV servicing. This rug-

Decibels
gedly constructed instrument offers the maximum in portability

Ranges——20 1o 4-3, —10 to +23, +4 10 +77,

Zero po,,'.tff{;’dfﬁ\',_ ]‘f?%?g’(?o :,I";,6,3, : because it is approximately 60% sn‘}nllcr than other vacuum tube
Galvanometer volt-ohmmeters. However, no sacrifice has been made in read-
Zevo center for EM discriminator alignment aud difiteae . < 1 1." , g 8 D m
P D e e ability. The 303 has a large 415" meter, despite its handy com
R, F. Voltage . pactncess.
= (Signal tracing with Accessory High Frequen:y One of the many features of the 303 is its low current consump-

Crystal Probe)
Range=20 volts maximum
Frequency—Flat 20 KC 10 100 M.C.
105-125 V. 60 cycles

tion. The AC voltage range is wider than on any other similar
instrument—from 1.2 volts minimum to 1,200 maximum. Like all

2

1

Iif

E% Size Yy x77x3Ve” (bakelite case). Weight: 4 1bs. 3 other instruments bearing the Simpson name, the Model 303 is

= Shipping Wt.: 6Y2 Ibs, _ an instrument of highest quality at an amazingly low price.

%A De;;len["’s r;lqutVPri(c)eh Mode! 303,dincluding DC7 i

= robe, —Obms prove and Ground Lea

E 858.75; Accessor, Hl'ngrequency P;;bc, $7§ ; SIMPSON .E L.E.C TR I. c c o M PANY
Hccessory Hish Voltage Probe, $14.85 5200-5218 West Kinzie Street, Chicago 44, Illinois

Also available with roll top case, Model 303RT—$¢4.75 In Canada: Bach-Simpson, ttd., Lendon, Ontario

18 January, 1950 — ELECTRONICS



> BENDIX:SCINTILLA

ELECTRICAL CONNECTORS

SHELL CONTACTS SCINFLEX%* ONE-

High stremgth alumi- High current capacity PIECE INSERT

num alloy . . . High ... lLow voitage drop High dielectric strength
resistance fo corrosion . . . No additional . . . High insulation
... with surface finish. solder required. " resistance.

s
=
<11 /k\/\r

@Y ... PRESSURE TIGHT SOCKET
PLUS ALL THESE OTHER FEATURES CONTACT ARRANGEMENTS!

W Moisture-proof 2 .
. . Outstanding design and fine workmanship,
% Radio Quiet . : .
o . combined with materials that meet the re-
Single-piece Inserts : .
- quirements, assure the splendid performance
W' Vibration-proof . o L . i :
B Light Weight of Bendix-Scintilla “pressurized” electrical
: . . connectors. These units include both pin and
' High Insulation Resistance Kk f I si f
. cet a emen 7 5 ]
0O EOSY Assembly and Dlsussembly SOC t rrangeme ts 10r « s1zes Oof contacts
Fewer Parts than any other Connector * SCINFLEX diclectric material is a
' No additional solder required new development that assures unequalled

insert performance. It is available only in
Bendix-Scintilla Electrical Connectors.

Write our Saies Department for detailed information.

” BENDIX

ELECTRONICS — January, 1950 19
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Recomm

\"
4"“\\
for COMPONENTS
Pruckard-Belt - /

FADA Bendixk Rodfo €ROSEEY

Mcﬂncvox /“‘OM -
Admoal Fmerson mdriea
Frnsworth Jele-lone

o 1]

ﬂlf/l //67 7072 C///I&'(Z(L/IZ
ceuznu@m:mc Westinghouse

eanie isevisien

7 STROMBERG -CARLSON
= - RADIC

——ee

«..and most other radio and TV producers

specify and use Hi-Q Components.
Packard- Bell of Los Angeles,
Cal., is numsered among the
more than 200 users of Hi-@
Comn_ponents.

/
/
]
|
|
i
i
4

1

Most leading radio and TV builders...and
scores of other electronic manufacturers too
...are consistent users of Hi-Q Components. \
The fact that they order again...and again "«
...and again is the best recommendation we
know for Hi-Q service, dependability and
performance.

Hi-Q engineers are ready to work with you

in the development and production of cera-

3 0 . . . Can '9te i
mic capacitors, trimmers, wire-wound resis- Depgy, - gwmry of 7O specifay 'O'I;° Ainisheqy
. . DA cony; Y is . fance,
tors and choke coils to meet your specific i ocf"-’" / S Many gy @Maing
[o) w0n Chyy;
ur N; "9 cor; LTS / ’ entipg

needs. Your phone call, wire or letter will

receive a considered and prompt response.

JOBBERS—Address Room 1332, 101 Park Ave., New York, N. Y.

Z&M Eeacmce

rnAnxunmL: N e

Plants: Franklinville, N.Y.— Jessup, Pa.— Myrtle Beach, S. C.
Sales Offices: New Yerk. Philadelphia, Detroit, Chicage, Los Angeles

20 January, 1950 — ELECTRONICS
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Floating Rotor
Prevents
Motor Lag

or Slippage

Specially designed light-weight rotor
virtually floats in a rotating magnetic
field. Rotor shaft rotates on a film of oil

.. no metal to metal contact with its
bearing. These features, together with
capillary oiling system, account for the
fact that All Telechron Timing BMotors Are
Instantly, Constantly Synchronous.

That is why so many designers con-
cerned with split-second timing or control
of light-weight moving parts specify
Telechron motors.

If you have such a problem, why not
turn it over to a Telechron Application
Engineer? Drawing on the experience that
makesallelectric timing possible (virtually
all frequency-controlling master clocks
in power stations are made by Telechron),
he can probably show you how a standard
Telechron motor ean do your job, too.
Consult him early in your planning for
big savings in time and money. Use
handy coupon below for complete data.
TELECHRON INC. A General Electric
Affiliate.

" aLL TELECHRON

S —
cmmmmmm oo o= USTANTLY oo

Gear and Pinion Assembly

Rotor Shaft

Assembly Patented Capillary

Qiling System

Terminal
Shaft
Assembly

Sealed Gear

Shading Coils Case Assembly

Telechron Type B Synchronous Motor. For medium duty purposes such as switches, recording-controlling
mechanisms and other control equipment. Other models with lower or higher torque for light or heavy
duty applications.

[N

——
p—
— ]
B —
—
——
—
—

Practically all time-stamps and recorders
employ Telechron Type B motors to operate
their timing mechanisms. Obviously a motor that
is instantly, constantly synchronous is needed for
such applications.

Typical of Telechron Type H3 light duty motor
applications is this 60-minute timer, the purpose
of which is to operate a switch or signal a* the
end of a pre-selected period.

L TIMING

40 Union Street
Ashland, Massachusetts
Please send me information on sizes and types of Telechron NAME .

Synchronous Motors. My possible application is:
Instruments {1  Communications Equipment [] COMPANY o e
Timers O Other (please fill in)
Electric Appliances 0 e, AD DRSS o e
COSt Recorders D ............................................
Advertising, Display Items ] mm - CITY . s ZONE ...
O R, ©
Air Conditioning & Heating e - W I ‘ STIVATIE p-cmm e B e SssimrP ee  aVi

Controls [ Please send new Catalog ""E
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Miniature T Ieﬁhbne_'Type Relay

NEW LK RELAY

MOUNTING: End mounting for back

of panel or under-chassis wiring. Inter-
changeable with standard “Strowger”’
type mounting.

COIL POWER: rrom 40 milliwats

to 7 watts D.C,

CONTACTS: standard 2 amperes,
special up to 5 amperes. 2 amperes up
to 6 P.D.T. 5 ampere contacts (low volt-

DIMENSIONS:
154" HIGH, 27/3;" LONG,
134, WIDE
These are the dimensions

for the 6 pole relay.

Will meet Army and Narvy

aircraft specifications

age) up to 4 P.D.T. Special 20 ampere as a "0’”P0”"”’ unit.

power contacts $.P.5.T., normally open,
paralleled.

—
; Can be furnished
hermetically
sealed with
solder terminals.
PLUG-IN MOUNTING-
SPECIAL.

L= 'r'(’

SK RELAY

MOUNTING: Front of panel mount«
ing and wiring.
COIL POWER: From 100 milliwatts
to 4.5 watts D.C.
CONTACTS: Same as “LK",
DIMENSIONS: 11/, HIGH, 19"
LONG, 3!/, WIDE,
These are the dimensions
for the 4 pole relay.
Will meet Army and Navy
aircraft specifications
as a tomponent unit,
CAN ALSO BE FURNISHED
HERMETICALLY SEALED

WITH SOLDER TERMINALS.
PLUG-IN —SPECIAL.

SK, HERMETICALLY SEALED

AL-132

ALLIED CONTROL C_O. INIC. 2 easT eND AVE., NEW YORK 21, N. Y.

&
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ANOTHER HYTRON

FIRST
/

SNEW HYTRON

RECTANGULAR
all-glass 16RP4

Meet Hylron's space and money saver. The new Hytron 16RP..
Revolutionary 16-inch rectangular picture tube Takes approximately
same cabinel space as 12L.P4. Automalically sels the pace for more
compact and economical TV set design. Youw'll be sceing it . . . buying
it .. . soon.

The new 16RP4 is latest in a long series of 1Ivtron firsts. Including:
The GT tube. Over 30 GT types. The subminiature. Many new minia-
tures. Special low-cost TV deflection-circuil tubes: 1X2, 6BOBGT,
6U1GT, 25BQ6GT. Check the 16RP4’s many Zeatures. Watch for it.
Buy the best by the leader. Buy Hytron!

RADIO TUBES

MAIN OFFICE: SA.EM, MASSACHUSETTS

ELECTRONICS — January, 1950

YOoUuU

'LL BE BUYING SOON

With Hytron 16RP4, you
see the picture just as
transmitted.

With old-style round tube,
you lase the corners.

Features of HYTRON 16RP4
1

Rectangular shape permits smaller, less costly
cabinets,

Also just as short as 12LP4.

Weight is approximately two-thirds that of 16+
inch, all-gloss round tube.

Easy to mount. Can't roll or twist,

No high-voltage isolation of tube required.

Neutral gray face . . . increases contrast ratio,

N O 0 b

Large viewing screen. You get the entire trans.
mitted picture; no lost corners. Gives picture (with
standard 3 by 4 ospect ratio) 1014 inches by
1314 inches.

Write for Bulletin E-147 giving complete data..

23
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THIS SYMBOL ON THE
DIAL FACE OF YOUR
METER MEANS

RUGGEDIZED




RUGGEDIZED Meters . . . a whole new family of panel instruments
created to perform perfectly under extreme conditions of physical
shoek or vibration, mechanical stress or strain . . . instruments
impervious to extreme weather conditions in all climates . . .
instruments that open whole new horizons of application.

Marion Ruggedized Meters are completely new and better instru-
ments. Developed by Marion for the U. S. Army Signal Corps,
Fort Monmouth, N. J. (under contract No. W36-039 SC 33668)

they are now released for commercial application.

Ruggedized Meters meet the dimensional requirements of JAN-I-6
and are completely interchangeable with existing standard JAN 215”
and 315" types. They offer electrical and mechanical performance far
in excess of existing JAN requirements.

7 Marion Ruggedized Meters set new standards in Performance and
'? Application for Science and Industry.

Same of 2%,
MEET THIS METER THAT Q
oy | e
HAS MET STRENUOUS TESTS O o foreneg fa@%é"%

R, o,
& Yesign eque ouny
FOR Performance reduce,” 9 basie 7Y shoey 5 SUCcesss,
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Rey"-'ed Y sh o reduc M’Pe oc higp
e
w v magnjy
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O o ibroy; ee, er'a, Sistan, teriq, 5 Shock faity,,
/717,' e
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“_,,..A........— Send for your copy of our booklet RUGGED/I redy gl W9°Ibe A Nde,
r = f {4/
on the new Ruggedized E‘ﬂ'.‘f:? MEreps 0, Weigh,, on 4, ony
Marion Instruments today. CaL pp, sz/

MARION ELECTRICAL INSTRUMENT COMPANY

M ANCHTESTER,6 NEW HAMPS HI

MANUFACTURERS OF
HERMETICALLY SEALED METERS SINCE 1844
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Above, Model CS, smallest condenser, air space .009".
Below, Model B, largest, air space .013”. Rotor
shafts, shown in top illustration, are Revere Free-
Cutting  Brass, plates aluminum. Made by The
American Steel Package Co., Defiance, Obzo, an im-
portant supplier to the electronics industry.

HERE are several examples of the fact that Revere Free-
Cutting Brass is really good. These rotor shafts for
variable condensers are cut on automatic machines at 3600
r.p.m. Circular tools are used to cut the concentric slots
which are .050” deep. Only one cut has to he taken. Approx-
imately 425 pieces are produced per hour on a 6-second
cycle. The American Steel Package Company, Defiance,
Ohio, produces a number of different condenser models,
with air spacing ranging from .009” up t0.042”. The slots in
the shaft of Revere Free-Cutting Brass are all of the same
width, regardless of air spacing, namely .014” plus or minus
.0002". It takes good machines, good tools, good men, and
good mctal to work that closely. A report from a Revere
Technical Advisor who had collaborated with the company
states: “"Customer is outstanding in his praise of Revere
Rod.” ... If you have a problem in the machining of brass,
why not give Revere an opportunity to work with you? The
Revere Technical Advisory Service is at your command.

REVERE

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

Mills: Baltimore, Md.; Chicago, 1{l.; Detroit, Mich.; Los Angeles
and Riverside, Calif.; New Bedford, Mass.; Rome, N. Y.
Sales Offices in Principal Cities, Distributors Everyuwhere.

January, 1950 — ELECTRONICS



ANOTHER -hp- SERVICE

Person-to-Person Help With
Your Measuring Problems

Almost anvwhere in America, -hp— field
representatives can give you personal help
with vour measuring problems. They have
complete data on —hp— instruments, their
performance, scervicing and adaprability.
Call the nearest —hp— field representative
whenever, wherever you need help with a
measuring problem.

BOSTON 16, MASSACHUSETTS
Burlingame Associates
270 Commonwealth Ave.
KEnmore 6-8100

CHICAGO 40, ILLINOIS
Alfred Crossley & Associates
4501 Ravenswood Ave.
UPtown 8-1141

CLEVELAND 12, OHIO
M. P. Odell
1748 Northfield Avenue
Potomac 6960

DALLAS 5, TEXAS
Earl W. Lipscomb
4433 Stantord Street
Logan 6-5097

DENVER 10, COLORADO
Ronald G. Bowen
1896 So. Humboldt Strect
Spruce 9368

FORT MYERS, FLORIDA
Arthur Lynch and Associates
P. O. Box 466
Fort Myers 1269M

HIGH POINT, NORTH CAROLINA
Bivins & Caldwell
Room 807, Security Bank Building
Phone 3672

LOS ANGELES 46, CALIFORNIA
Norman B. Neely Enterprises
7422 Melrose Avenue
Whitney 1147

NEW YORK 13, NEW YORK
Burlingame Associates
103 Lafavette St
Dlgby 9-1210

SAN FRANCISCO 3, CALIFORNIA
Norman B. Neely Enterprises

954 Howard Street
DOuglas 2-2609

TORONTO 1, CANADA

Atlas Radio Corporation, Led.
560 King Street West
Waverley 4761

WASHINGTON 9, D. C.
Burlingame Associates
2017 S. Street N. W,
Decatur 8000

ELECTRONICS — January, 1950

—hp— MODEL 200C

From 1/, ¢ps to 10 mg, there’s an —bp— resistance tuned oscillator en-
gincered to your exact need. Ten precision oscillators in all, including a
portable unit that operates from batteries. Each has the familiar —hp—
advantages of high stability, constant output, wide frequency range, low
distortion and no zero set during operation. --hp— precision oscillators
arc used by radio stations, manufacturers, research laboratories and sci-
entists throughout the world.

SPECIFICATIONS OF —hp— OSCILLATORS

INSTRUMENT | FREQ. RANGE ourtpPuT DISTORTION FREQ. RESPONSE PRICE
~hp-200A | 35cprto35ke | 1wan/225v | Lessthan 1% 1 dbto 15]ke $120.00
Thp— 2008 | 20cps to 20 he | Twunmv T Less than 1% : ;_IH»Jls ke 12000
—hp- 200C 20 ¢ps 1o 200 ke | 100 mw/10v Le‘,‘o“gg"“‘ % 1 db to 150 ke 150.00
—hp- 200D 7 ¢ps 10 70 ke 100 mw/10v ]Lg‘(;’s""l"7l)°/:c Bl d':c'r"‘;‘:’g""”' 175.00
—hp—200H | 60cpstod00ke | 10 mw/lv Less than 3% = ‘L‘Z%béfc“" 350.00
—hp= 2001 6 cps 1o 6 ke 100 mw/10v L;‘;v':ﬁ’a 'cp/s “ 1 db, 6106000 cps |  225.00
—hp- 2018 20 ¢ps 1o 20 ke 3 w/42.5v tfté:"";‘u:/;u{) =1 d':q’:;‘:’g““' 250.00
—hp— 2028 Ve cps 1050 ke | 100 mw/10v e e ’CZ‘;_ scl,ggé lf,’,w 350.00
—hp- 202D Zepsto7Oke | 100mw/iOy | ]Lg‘;g’s"!‘:w";o_"’f( | ol 275.00

(B;?";;zoo::) 2 cps to 20 ke 2.5 mvi/5v Less than 1% ! d?u':é:ughou' 175.00
—hp- 650A 10 ¢ps 1o 10 mc 15 mw/3v I()Lg‘:p's"":"]‘o‘?k( = dl:c'r:;:ughw 475.00

For complete details on any —hp— HEWLETT-PACKARD CO.

instrument, write direct to factory 1855A Page Mill Road, Palo Alto, California
or contact the ~hp— technical rep- Export Agents: Frazar & Hansen, Ltd.
resentative nearest you. 301 Clay Street * San Francisco, Calif., U. S. A.

F O R S PEED A ND A CCURACY

@ Ialmrafan/ instruments
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HF-15 |

(15000 I.UHTT)

CU haromitts

L e == ——E
BRANCH OFFICES
GATES RADIO COMPANY, - - Wamer Bldg
Washington, D. C. Tel. Metropalitan 0522

CANADA.CANADIAN MARCON COMPANY
Montreal, Que. Tel. Marguette 7081

EXPORT.-ROCKE INTERNATIONAL, 13 Ea. 40th St.
New York City Tel. Murray Hill 9-0200

L s e —
28

a new Transmitter

that will key at 400 W, P, M. a full 15000 watts, —designed for 4-22
megacyele operation and built for around the c¢lock even day a week
operation.

The Guies HIF 15 transmitter is only 8 (cet wide, 7 feet high and
5 feet deep —is all self-contained and frequency change can be
made in scconds. Operation jis from 3 phase 220 volts or other
primary voltages where required.

Soon off the press — a new catalogue on Gates copnmunicalions
transmitters and over a score of models in all power ranges to
choose from. May we place your name on our mailing list?

GATES RADIO COMPANY

Quincy, Illinois - - - U.S.A.

January, 1950 — ELECTRONICS
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WORLD'S
LARGEST
ORGANIZAYION

FOR ADVANCED
INSTRUMENTATION
AND CONTROL

ELECTRONICS — January, 1950

Simple, dependable on-off switching is a must with many prod-
ucts . . . and generally, the shortest distance hetween the problem
and the solution is a Honeywell Mercury Switch.

Honeywell Mercury Switches are tiny and compact . . . are adapt-
able to unusual mountings. They operate at low angles . . . have no
moving parts . . . are sealed against dust, gas and corrosion. Fouled
contact points cannot oceur.

The complete line is at vour command . . . offering greater latitude
in product design, with improved performance and trouble-free
operation. Write for a copy of new Catalog 1313 for down-to-earth
information . . . or call in your local Honevwell engineer for a de-
tailed discussion of a particular application.

MINNEAPOLIS-HONEYWELL REGULATOR CO.
BROWN INSTRUMENTS DIVISION
4428 Wayne Ave., Philadelphia 44, Pa.
Offices in 73 principa! cities of the United States, Canada and throughout the world

e POSITIVE ACTION |

FOR < : LOW ANGULARITY . SPECIFY HONEYWELL

LONGER LIFE .
I Jk’?{'{&b{y Seeclchies

e WIDE SELECTION

eMlewceee 'y Seeilehres L oW ]

INSTRUMENTS

oneywell |

FOR POSITIVE ACTION

29




temp/e;ature-co pensated
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t varidtions of /barometri¢ pres~
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Erie “‘GP’’ Ceramicons™

UANTITY production of "GP Ceramic Condensers is
achieved by limiting them to definite capacity values
—with a consequent saving in cost without affecting
quality. For by-passing and coupling applications
which are not frequency determining, "GP Cerami-
cons are unexcelled in performance.

General Purpose Ceramicons are sturdy, compact.
They are easy to install in small spaces and their use

“r‘fﬁ"t GIY) Coriniten & increases production on the assembly line. This feature
glsiere raagde names O . . . . .
Erie Resistor Corporation. is proving especially valuable in assembling TV sets.

Erie "GP" Ceramicons are made in insulated and
non-insulated styles in popular capacity values up to
o 10,000 MMF. Write for detailed information and samples.

Electronics Diucscon

ELECTRONICS — January, 1950 3
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SPECIFICATIONS

RADIO

34 SIZES FROM
.034” TO .625”

MAGNETO

43 SIZES FROM
.022 TO 2” INSIDE DIA.

BOTH GRADES AVAILABLE IN BUNDLES CONTAINING 427 STRANDS
OR IN CONTINUOUS COILS ON SPOOLS.

STANDARD COLORS OF BOTH GRADES ARE BLACK AND YELLOW,
OTHER COLORS SUPPLIED ON SPECIAL ORDER.

SATURATED
SLEEVING

EXCLUSIVELY PROCESSED FOR

.
|
|

&

-
L]

'
&,
= v
v,

For extra dependability
AT NO EXTRA COST!

% GursS’

L GREATER FLEXIBILITY
TURBO Varnished Tubing is an excellent insulation for general
applications. Supplied in two grades—Radio Grade for voltage
to 4000 and Magneto Grade for voltages to 7000 — it features
high tensile strength, good flexibility, non-peeling and non-crack-
ing qualities, low moisture absorption, oil and acid resistance

|
|
| ABSOLUTE CONCENTRICITY i
|
|
I
|
. . . |
plus moderate cost. TURBO Varnished Tubing is a braided |
i
|
|
|
|
|
|

SLOW BURNING COMPOSITION

|
|
l
r
!
|
~ HIGHER TENSILE STRENGTH :
|
1
|
[
|

i LOW MOISTURE ABSORPTION

An all-purpose insulation wherein
the diefectric strength factor does
not involve the requirements of the
higher ranges: Flexible, high tensile
strength, low moisture absorption,
acrd and oil resistant; slow-burning.
In cotton, rayon and glass base;
C),C2,C3 grades.

WILLIAM BRAND e e = o pe 5
& COMPANY

276 FOURTH AVE., NEW YORK 10, N.Y. * 1313 W. RANDOLPH ST., CHICAGO, ILL.

cotton sleeve thoroughly impregnated with a fine insulating
varnish. Perfect concentricity facilitates wiring and a wide range
of sizes meet all application needs. For further details, mechan-
ical and electrical, write today on letterhead.

APPLICATION DESIGNED TURBO TUBING FOR EVERY WIRING NEED

32

; [ ] SATUl'lT!D‘ SLEEVING @ EXTRUDED SLEEVING

‘An all-purpose sleeve . Exceillent for tow tem-

i insulotion for low ond perature service, resisls

medium  high vollages. © _ eémbrittlement under.

Flexible, strong, low ab- sub-zero temperciure.

 sorption, ocid and oil High dielactric strength,

resistont, slow ‘burning. low moisture obsorption.
% 7 =

& g = E 3

@ GLASS TUBING

For use where high tem.
peroture is encountered
this insulation also com-
bines maximum dielec.

Stric strength with mini-

mum butk,

=

wWwWw americanradiohistorv.com

-@ REL 16-A TUBING

A super-flexible dielec-

tric capable of with-

stonding operating tem.

perctures of 105° Cen-
tigrade continuously and
kigher intermittently,
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a NEW domain for 7ZELEVISTON

and new UHF-TV
Test Equipment

by

-
g H

Type 584 UHF Frequency Meter Type 901 UHF SWeeﬁ Frequency

rd
-

e FOUR-POSITION PHASE SELECTOR FOR
OSCILLOSCOPE CENTERING

{
[ |
I . 'I
: 4702890 "ACYSES. Oscillator +70-s90 mc/sec. |
|
[ * DIRECT READING FREQUENCY DIAL, « DIRECT READING FREQUENCY DIAL, |
. CONTINUOUSLY VARIABLE o ACTEUEY VaRIABIE |
| i |
| *HIGH=Q) CAYHY « ADJUSTABLE SWEEP WIDTH, CALI- |
| o PRECISE CALIBRATION BRATED O to 30 MC/SEC. |
: « RESOLUTION BETTER THAN 0.1 MC/SEC.  ADJUSTABLE OUTPUT, 100 1L VOLTS TO |
J 2 VOLTS |
I |
i |
\ j
/

e e o v o T > —— T — T — — — e —— — — ——

The expansion of television program transmission
into the realm of distributed circuits has made
it possible for PRD to apply its microwave
“know-how” to the development of test equipment
for the important new UHF-TV band.

First of a whole series soon to be offered, the
instruments illustrated embody features essential
to the rapid and accurate determination of
receiver characteristics in the laboratory or on the
production line.

See these instruments at our booth at the 1950
IRE Show. Our catalog of Microwave Test Equipment
may also be had upon request; for full information
write to Dept. E-6.

202 TILLARY STREET, BROOKLYN 1, NEW YORK

ELECTRONICS — January, 1950 33
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COAXIAL CABLE

glass braid ~——

moisture-seal wrap of
“Teflon” tape sealed with
silicone ————»

copper braid shield — _

silvered copper
braid shield —>

“Teflon” tape insulation
sealed with -~
silicone —>\_

HIGH-VOLTAGE

CABLE

" <«—— glass braid

Q——“Teflon" tape
insulation sealed
with silicone

<«— conductor

. HIGH-TEMPERATURE
HOOK-UP WIRE

<— glass braid

«—"Teflon" tape
insulation sealed
d with silicone

«<«— conductor

“TEFLON'” TAPE INSULATION
SERVES FROM -80° TO 500°F.

No other available
material has the com-
bination of low elec-
trical losses and heat-
resistance of
Du Pont “Teflon”
tetrafluroethylene
resin.

*““Teflon” tape is seeing wider and
wider use in such applications as insu-
lation for wire and cable, ground insu-
lation for motors and generators, con-
ductor and layer insulation in trans-
formers and coils. Its power factor is
less than 0.0005 and its dielectric con-
stant only 2.0 over the entire spectrum
measured to date, 60. cycles to 30,000
megacycles. Its dielectric strength is
excellent and is unaffected by tempera-
ture changes up to at least 400°F. The
tape gives service up to 500°F.“Teflon”

34

tape has excellent mechanical strength
and pliability . . . at temperatures as
low as —80°F. In wrapped construc-
tion it fits even more tightly as the
temperature is raised. It has zero water-
absorption, and is unaffected by out-
door weathering.

“Teflon” is supplied by Du Pont in
the standard shapes of rods, tubes,
sheets, beading, and tape, and in mold-
ing powder, both shredded and granu-
lar. WRITE NOW for more data on
the properties and electrical uses of
“Teflon”!

E. I. du Pont de Nemours & Co.
(Inc.),  Plastics Department, Main
Sales Offices: 350 Fifth Avenue, New
York 1, New York; 7 Sog}th Dearborn
Street, Chicago 3, Illinois; 840 East
60th Street, Los Angeles 1, California.

*TRADEMARK REG. U, . PAT. OFF.

www americanradiohistorv com

(Wire and cables shown above made with “Teflon” Tape by
Boston Insulated Wire & Cable Co., Boston, Mass.}

Tune in to Du Pont “CAVALCADE OF AMERICA,”
Tuesday nights— NBC coast to coast.

REG.u s pAT.OFM

Yast/ics

BETTER THINGS FOR BETTER LIVING
«+« THROUGH CHEMISTRY

January, 1950 — ELECTRONICS



A NEW
2-WATT TYPE

...to meet JAN and other exacting specifications

Only 11" long by %" in diameter. Range
from 10 to 100,000 ohms in tolerances
of +5, 10 or 20%. Fully insulated and
highly moisture resistant.

FIXED RESISTORS

Stackpole fixed resistors of molded carbon composition are now avail-
able in a complete range of }/5-, 1- and 2-watt sizes to match modern
design and production requirements. Deliveries are good—quality and
prices are right—and Stackpole engineers welcome the opportunity
to cooperate in matching your specifications to the letter. Samples to
quantity users on request.

ELECTRONIC COMPONENTS DIVISION

STACKPOLE CARBON COMPANY -+ ST. MARYS, PA.

FIXED AND VARIABLE RESISTORS e« IRON CORES « SINTERED ALNICO II

PERMANENT MAGNETS « INEXPENSIVE LINE AND SLIDE SWITCHES « CONTACTS +« BRUSHES
FOR ALL ROTATING ELECTRICAL EQUIPMENT . . . and dozens of carbon and graphite specialties

ELECTRONICS — January, 1950 35



(Model 901) PORTABLE TEST INSTRU-
MENTS available in DC, Model 901—
and AC, Model 904, single and multiple
ranges of wide coverage. Excellent
scale readability and shielding. Accu-
racy within 2 of 1%.

SENSITIVE RELAYS a line of sensitive
relays including the Model 705 which
provides positive control at levels as
low as 2 microampere. Non-chatter-
ing magnetic contacts handle up to
10 watts at 120 volts.

(Model 622) ULTRA-SENSITIVE INSTRU-
MENTS portable DC and AC Thermo
instruments for precision measurement
of potentials and minute currents in-~
volving electronics, thermo-couples or
laboratory research,

WWW‘/ "

INSTRUMENTS

TO SPEED AND SIMPLIFY

(Model 798) MULT|-PURPOSE TUBE-
CHECKER offering provision for testing
Receiving Tubes — Voltage Regulator
Tubes—Light Duty Thyratron Tubes such
as 2A4-6D4—-884—-885—2051. Scale is
calibrated “Good-Bad’’ as well as in
mutual conductance range.

ELECTRONIC PRODUCTION
AND MAlNTENANCE

re but a few of the many specialized

H to

llustrated @ . all designed

linsirumems available from WEslTO': : lectronic
; e

) -up electrical an
simplify and Fpised 3 testing, and maintenance. For PANEL and SWITCHBOARD INSTRU-
s installations, prOdUchon € " five, of write MENTS a complete line of instruments

esen att N

details, see your local repr
Weston Electrical Instrumen
618 Frelinghuysen Avenvue,

||| -

TE « CHICAGO
NTA BOSTON o BUFFALO * EC:QR;?TRO'T « HOUSTON
ALBANY ° AnAclsvsl‘”D o DALLAS ¢ DECI:I(V. ! o5 ANGELES
CINCINNATI L NOXVILLE  LITTLE ROEW ORLEANS » NEW YORK
JACKSONVILLE » KiC i« NEWARK ¢ N URGH » ROCHESTER
MERIDEN o MINNE « PHOENIX = PITTSB JULSA
« PHILADELPHIA LOUIS + SYRACUSE ¢

in all types, sizes and ranges required
for switchboard and panel needs . . .
including DC, AC power frequencies
and radio frequency, rectifier types
and D.B. meters.

t Corporation,
Newark 5, New Jersey:

(Model 697) VOLT-OHM MILLIAM-
METER one of a line of pocket-size
meters, Model 697 combines a selec-

ORLANDO SEATTLE » ST. TE DEVICES, LTD tion of AC and DC voltage, DC current

OWERLI ’ '
SAchilAAh:)i{S%OOéTHERN ELECTRIC €O., LTD., P and resistance ranges. ldeal for main-
iN '

tenance testing and many inspection
requirements.

S '

{(Model 785) INDUSTRIAL CIRCUIT
TESTER a versatile, portable tester for
laboratory or maintenance needs,
where an ultra-sensitive instrument is
required, Provides 27 AC and DC volt-
age, AC and DC current, and resistance
ranges. (DC sensitivity 20,000 ohms
per volit.)

36

(Model 779, Type 1) SUPER-SENSITIVE
ANALYZER small, light, compact, 26
range Volt-Ohm-Milliammeter with 5
DC voltage ranges, sensitivity of 1000
or 20,000 ohms per volt. AC tempera-
ture compensated. Self-contained
power supply. ideal for many produc-
tion and test requirements.

(Model 769) ELECTRONIC ANALYZER

incorporating a conventional Volt-
Ohm-Milliammeter with self-contained
power source—a high-impedance elec-
tronic Volt-Ohmmeter using 115 volt,
60 cycle power—a stable, probe-type,
Vacuum Tube Voltmeter, for use to 300
megacycles.
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Ideal tube for electronic equipment that

W HEQE
FOR A COMPACT,

PROVED WIDELY IN

2 'y K TIC film and sheet are “taking over” where
X protection from moisture or chemicals is
vital. Shop-windows festure plastic raiawear.
Acid-proof work garments shield from noxious
liquids. Packagesare plastic-sealed against damp-
ness. Moreover, plastic wallets, handbags, nov-
elties of all types are pouring off production lines.

Millions of yards of plastic material are being
sealed and stitched, with electronic heating doing
the whole job. Certainly, here’s a steady, grow-
ing market for h-f-heating equipment . . . and just
as surely, you want your share of this important
business.

Build your circuit around General Electric’s
great GL-592 power tube! Its special suitability
for the work, its reliability and “toughness”’, are
industry-demonstrated. The tube carries sub-
stantial plate ratings. For still more power, a pair
or two pairs may be used without undue increase
in cost of the equipment. Frequency range is
high. The tube is exceprionally efficient, with
conversion efficiencies above 70 percent the rule
in well-designed circuits. Cooling offers no prob-
lem, merely calling for an 8-inch household-type
fan or a small and inexpensive pressure blower.

70 POWER YOUR NEW H

NEED

's THE ANSWER TO YOUR |

il ECONOMICAL V-H-F TUBE
EATER.

INDUSTRY!

o

s e

%

GL-592 POWER TRIODE
Study these SUPERIOR G-E design features!

@ A one-piece graphite anode, with no welds, accents
the tube's mechanical strength. Zirconium coating
provides excellent heat-radiating properties and
helps maintain high vacuum.

@ Large-diameter anode lead is sturdy, also makes for
low inductance.

® The GL-592 has a combined seal-and-anode-ter-
minal of unit construction. No cemented cop or screw
connections are used. Good for the life of the tube!

@ Filament leads are solidly braced for greater internal
strength.

© large-diameter G-E cup seals of matching metal and
glass feature all terminals.

@ External leads and seals are silver-plated for better
conductivity.

RATINGS
Class C Power Amplifier and Oscillator

Ample tube stocks are available, along with %$ Filament voltage 10 v
sockets, grid connectors, and finned anode con- : %}é e Current o Ll
S it di li—th ‘U b R ’f?@ . Max ratings: cCs ICAS
necfors. pecity an ln5[~a —there € no 1.nter- i d-c plate voitage 3,500 v 3,500 v
vening delay! You owe it to yourself as designer b d-c grid voltage —500 v —500 v
or builder of h-f-heating equipment to study the ﬂi v d-c plate current 250 ma 350 ma
economical GL-592’s application in your circuit. . [ zl';'gr;:pf“:"e"' ggom: 11 880"':
G-E tube engineers will be glad to assist. Phone 1y plate dissipation 200 w '300 w
your nearby G-E electronics office, or wire or - Type of cooling forced-air
write Electronics Department, General Electric ‘ Frequency at max ratings 150 me
Company, Schenectady 5, New York.
‘ 180-128
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OUTPUT: 1000 Amp.,
9¥Y. Fan Cooled.
24"'x24"'x46""

OWER PACKS using Seletron Selenium
PRectiﬁers range in output all the way up

to 75 KW — They aren’t made just in
the “dainty” sizes also available for radio and
television. The rugged, high powered Seletron
Rectifiers are ideal for diversified industrial
applications because of their flexibility and
high efficiency over a wide range of load.

Pictured are a few applications for industry
as developed by Seletron users. Clockwise from
top right: Power Packs for electroplating and
similar processes; for general industrial use;
and elevator operation.

How about your rectification problems?
Seletron engineers will be glad to discuss them
with you. Write Dept. ES-25
OUTPJT: 25 KW,
230/. Fan
Conled,
24''x4¢ "'x48""

OUTPUT: 45 KW,
220¥. Convection
Cooled.

32" x4/2'x2Yy

Let us send you our
bulletin. 1t includes in-
teresting technical data
regarding the use of
selenium rectifiers.

OUTPUT: 75 KW,
230V. Fan
Cooled.
6'4"'x5'10'"'x4'7""

SELETRON DIVISION

@ RADIO RECEPTOR COMPANY, INC. @

Since 1922 in Radio and Electronics

Main Office & Factory: 84 North Sth St.,, Brooklyn 11, N. Y. o Sales Department: 251 West I9th St,, New York 11, N. Y.
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Only the
BEST

pass these
tests

The spectrograph provides one of the most efficient means for precise metallurgical control. Samples
taken from a heat in the Driver-Harris melting furnaces are analyzed so rapidly by means of this
apparatus, that a complete analysis can be obtained before the next heat is ready for pouring.
Thus any necessary adjustments can be made immediately—an outstanding advantage in controlling
the constituent elements of alloys being produced to extremely close specifications. The operator
is here seen adjusting the size of the analytical gap in the arc-spark stand of the Driver-Harris
grating spectrograph at the start of an exposure.

Thc quality of any manufactured item depends upon a number of factors,
but on none so much as “inspection”. And here, at Driver-Harris, we give top
priority to inspection.

Through every stage of manufacture, precise metallurgical checks and
controls are systematically applied to D-H Alloys to insure quality and uniformity
that are unsurpassed—recognized the world over.

We have had 50 years’ experience in continuous alloy research and
manufacture. Every piece of D-H wire, ribbon or strip, and every casting
embedies advantages such as only half a century of accumulated know-how can
provide.

Whatever your requirements for electrical resistance and heat-resisting
alloys, send us your specifications. We shall be glad to make recommendations,
and supply you with the alloy best suited to your needs.

This operator is viewing the projection of a series

The research metallograph, the ultimate in A view in the Driver-Harris chemical laboratory
of spectrograms, and is about to measure the metallurgical microscopes, is applied to both —fully equipped for all standard types of
intensity of specific spectral lines to determine the research and quality control at Driver-Harris. volumetric, gravimetric and colorimetric
quantity of certain chemical elements in the. analyses.
samples being analyzed.

/F T e o Makers of over 80 alloys for the electronic, electrical and

heat-treating fields—including world-famous Nichrome®

Driver-Harris Com[mmy

HARRISON, NEW JERSEY

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

T~ WwWw.americanradiohistorv.com BT A Dam I} € Pas AR
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APPLICATIONS:

PROJECTILE VELOCITY MEASUREMENTS
CAMERA SHUTTER TIMING
FREQUENCY MEASUREMENTS

PRECISION TACHOMETER
RELAY CONTACT TIMING
GEOPHYSICAL MEASUREMENTS
GAS TUBE MEASUREMENTS

BINARY
COUNTERS 1.6 MEGACYCLE
DECADE "
COUNTERS 2 CRYSTAL

is OSCILLATOR

START PULSE
STOP PULSE
i6
_____/
REGISTERS UP REGISTERS UP TO
TO 1 SEC, IN 10 JL SECS. IN

100000 STEPS 16 STEPS OF
OF 10 JL SECS. 0.625 M SEC.

- e e = - —— - —

FEATURES:

® High Resolution and Accuracy—1/1,600,000
second.

® Direct Indication of intervals up to one second
— recycling of counter can be observed or
recorded for longer intervals.

® Retains Indication of measurement until reset.

® Easy to actuate — pulses from common or
separate sources can be used.

® Dependable and stable — no adjustments
required.

® Accepted standard in practically all govern-
ment proving grounds.

PRINCIPLE OF OPERATION:

A quartz crystal, continuously oscillating at 1.6 mc
is used as a time base. During the time interval to
be measured the cycles are gated into four binary
counting stages having a capacity of 16 counts.
The neon indicator lights of these stages are
numbered 1/16, 2/16, 4/16, and 8/16 (sixteenths
of 10 microseconds or 0.625 microsecond). Fol-
lowing the binary stages are five decade counting
units having a capacity of 100,000 counts. Each
count entering the decades from the binary stages
represents 10 microseconds. Therefore, the time
interval between 10 microseconds and 1 second is
registered in the decades and the remainder is
registered in the binary stages. For instance a
time interval of .5374825 second would be indicated
as follows: .53748 on the decade indicators plus
4/16 (of 10 microseconds) on the binary indicators.

HIGH SPEED ELECTRONIC COUNTERS, COMPUTERS AND PRECISION IN-
TERVAL TIMERS FOR ALL APPLICATIONS ~ADDRESS INQUIRIES TO DEPT. 6-L

POTTER INSTRUMENT COMPANY -

{t NC O R P OR A T E D

136-56 ROOSEVELT AVENUE

: e \ o
FLUSHING < NEW YORK Comer
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they may
look alike
—hut that’s
about all!

CAPACITORS

may look like -others, too...

hllt. = « there's quite a difference in
performance, as most engineers know. That's
why the overwhelming majority of engineers
specify Cornell-Dubitier. There's one way you,
too, can be sure of capacitors that won't

let you down. That's to specify C-D s. Into the
making of each unit goes engineering experience
resulting from 40 vears of concentration

on casacitors. So why take chancas? Our
engineering-service department will gladly

answer your inquiy. Catalogs on request.

Cornzll Dubilier Electric

Corporction, South Plaia-

field, hew Jersey, Deft.

L10$. Dther plants in I”””Il'””l/”[l
::: v?/:d"c°e'g"e'8,"::‘:'s': CONSISENTLY DEPENDASLE
Providence, R. 1., Indion- X CAPACITORS

apolis, -nd., and subsiai- X VIBRATORS

ary, The Rodiort Corp., A ANTENNAS
Clevelond, Ohio. X CONVERTERS

ELECTRONICS — January, 1950
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[-—-} ROGERS HELPS CUSTOMER JMPROVE MICROPHONE [NSULATION

REDUCTION IN MATERIAL COSTS
Ty EFFECTED BY DESIGN CHANGE

|

42

SRR

307

ORIGINAL INSULATION

e —

One part instead of two . . . reduced assembly time .. .
a savings of approximately 30% in raw materials cost
. . . improved insulation . . . are the benefits derived by
University Loudspeakers, Inc, White Plains, N. Y. as a
result of using a Rogers material and Rogers fabricating

services.

The two-piece insulation previously devised for the carbon
button assembly in the revolutionary University Powrmike
microphone required an excessive amount of assembly time.
In addition, because it was fairly tricky to handle, there
was a possibility of poor insulation due to improper as-
sembly, a condition that would lead to high rejections in
production and a possibility of breakdown in the field.

Rogers fabricated the new one-piece component of
DUROID. This new Rogers material offers many new
advantages to users of fibrous materials either for insulating

FABRICATING DIVISION, DEPT. E

ROGERS CORPORATION

GOODYEAR, CONNECTICUT

SPECIALTY FIBRE PRODUCTS

ELECTRICAL INSULATING BOARDS AND PAPERS
DURQIDS e SHOE PRODUCTS

MOLDING AND LAMINATING PLASTICS
Boards e Blanks e Pre-shaped Preforms
High Strength Molding Compounds
Laminated Phenolics

or structural purposes. It is similar to vulcanized fibre,
but is non-brittle and is capable of being formed, drawn

and shaped.

Never take your fibrous insulating components for granted
— their costs, either. Rogers specialized fabricating services
on fibrous and laminated parts are saving money for many
manufacturers. It will pay you to see Rogers first on any
such components,

Write for catalog on

Rogers Fabricating

Services, ——————01/p

COMPLETE FABRICATING SERVICES
ON FIBROUS MATERIALS AND
LAMINATED PHENOLICS

FOR BN~ CoRW T M e R T

A
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Here’'s Why

1t Pays You

to Read

the Advertising

The advertising is a rich source of valuable information. In this
magazine it offers you ideas and products that may well apply

advantageously to your business.

Every issue is a catalog of goods, materials, and services — quickly

available to you — just for the reading.

Leaders in business and industry turn to the advertising.because

they’'ve discovered it helps them run their businesses more profitably.

When you read all the ads in this magazine, the chances are good
that you’ll get a lead that will materially help you do a better job.
For example, you may find a specific piece of equipment that will be
a profitable time-saver. Or a tool that will increase worker efficiency.

That’s why it pays to read the advertising. It’s good business.

4

H E A D Q U A R TE R S F O R B8 U s I N E S § I N F O R M A

S = X7
McGraw-HiIiLL

publications
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TWO VITAL Hotpoint PARTS
+TNSUROK

IMPELLER FOR AUTOMATIC
DISHWASHEFR — Richardson ability and experience were im-
portant factors in producing this intricate molded part for Hotpoint
Automatic Dishwashers. Precision molding was important to produce
a perfectly balanced impeller for high-speed rotation during the wash-
ing, rinsing and drying cycles. This Richardson-molded impeller

has a smooth finish, requires a minimum of finishing and fabri-
cating operations and is impervious to water and
soaps or detergents.

OVEN THERMOSTAT BASE

( Richardson knowledge, facilities and skill produced this intricate Bakelite
thermostat base for oven controls on the Hotpoint Range. The metal
insert is accurately positioned. The electrical and mechanical properties
of this Richardson-molded part undergo precision tests following assembly.

Send specifications or blueprints . . . learn, without
obligation, how Richardson facilities and services might
go to work for you.

LETTIIS /. RICHARDSON COMPANY

GENERAL OQOFFfICES: LOCKLAND. OH!IO FOUNDED IN 1858

éy RICHARDSON
Fependokle names ig plostics Sales Headquarters: MELROSE PARK, ILLINOIS

CLEVELAND - DETROIT - [INDIANAPOLIS - MILWAUKEE - NEW BRUNSWICK, (N. J.) + NEW YORX - PHILADELPHIA ROCHESTER . ST Louls
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The Eimac 4-125A beam power -etrode is the standott
power amplifier tube in modern electronic equipment.
Sin:ze its commercial introduction in the ezrly pcst-war
period, the scope of the Eimac 4-125A’s application in
the electron art seems to be limited only by imagimationm.
In thousands of installations, many million accumulated
hours of life have proved this tube’s complete dependa-
bility and efficiency of performance.

Incorporated in the design of the 4-125A are many
features contributing to its outstanding capatilities.
Mcst notable among these are:

Its pyrovac plate which enables the tube to withstand high
momentary overloads.

Its processed nom-emitting grids which impart the operational
stability universally associated with this tube.

Its internal input-to-output-circuit shizlding which allows con-
siderable simplification of associated <ircuitry.

Its well engineersd mechanical stractures that make the tube
physically rugged and maintain precise element alignment.

Detailed data and application notes on the Eimac
4-125A tetrode are, upon request, immediately avail-
able. Assistance in unusual application problems involv-
ing the use of the 4-125A is offered as a service of
the Eimac Field Engineering Department.

EITEL-McCULLOUGH, INC.
San Bruno, California
Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California

ELECTRONICS — January, 1950
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EIMAC 4-125A POWER TETRODE
Elecircal Characteristics
Filament: Thoriated tungsten

Voltagz - - - 5.0 volt

Currens - - - 65 amp
Grid-Screen Amplification Factor
(Average) - 62

Direct Interelectrode Capacitances (Average)
Grid-Plate {Without shielding

base grounded) - - - - - 005 uuf
Input - - - - - - - = - 10.8 puf
Qutput T 2 VT §
Transconductance
(i, = 50 ma. E, = 2500 v,
E = 400 v 2450 umhos

kaximum Ratings
(Class-C FM or Telegraphy, key-down

conditions, | tube)

Plate voltage, d-c - - 3000 volts
Plate current, dc- - - - - - - 225 ma.

Screen voltage, d-¢ - - - - - - 400 volts
Grid voltage, d-¢ - - - - - - 500 volts
Plate dissipation - - - -~ - - - 125 watts
Screen dissipation - - - - - - 20 watts
Grid dissipatian - - - - - - - 5 watts

Follow the Leaders o

uB

The Power for R-F

45
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gation jnformation 1R

omni-range system.

51R-2 receiver.
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SELENIUM RECTIFIERS
COPPER OXIDE RECTIFIERS

SELF-GENERATING PHOTOCELLS
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SPECIFICATION DATA

SELENIUM SES8L

BRADLEY LABORATORIES, INC.

i in v roduct
powet conversion in Your p 5

Reverse current at 150 volts DC 15
microamperes maximum at plus 72°
C. to minus 50 C.

Forward current at 42 volts DC from
700 microamperes minimum to 2 mil-
liamperes maximum at plus 72° C. to

minus 50 C.

. The unit shall be capable of operat-

ing continvously within limits ot 95%
relative humidity.

82 MEADOW STREET
NEW HAVEN 10, CONN.
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final inspection

gives you assurance that
AlISiMag Custom Made Technical Ceramics

are within the specifications you set

= ALSIMAG |

Quality control plus careful fincd inspe:tion have earned AlS Ma¢ a reputation for except onalquality.

Cuality control at every step of productior pe-mizs zn upusually high percent-
age of AlSiMag produciion to be OKehed promptly at final inspection.

Final inspecticn is guidzd by your specifizaticns. It varies from sirple visual
inspection to elaborae individual physical or ele-tracal tests. Practically every
known inspecting device is available ircluding flach-c »er electrical gang testers,
dye checks for density znd invisible checking; camera, pin, plug, d:al znc go
or no go gauges; A~ma electric sort.ng maciinss, optical projecters for di-
mensional accaracy of profile. Where urusual and especially rigorous final
inspections are required, the facilities of the Research Division are avzilable.

AMERICAN LAVA CORPORATION

48TH YEZAR OF CERAMIC LEADERSCHIP
CHATTANOODGA 5, TENNESSEE

OFFICES:; METROPOLITAN AREA: 671 Bread St., Mework, N. J., Mitchell 2.8159 CH
PHILADELPHIA, 1649 Morth Broad St., Stevensonm 4-2823 - LGS ANGELE
NEW ENGLAND, 38-B Breattle St., Cambridge, Moss., Kirklond 7.4498 -+ ST, LOV

-

LN

Reg. U. 5. Pt OfF,

. 9 South Clinton St., Central 4-1721
2 Souwth Hill St,, Mutval 9076
123 Woshington Ave., Garfield 4759
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A LINE-
VOLTAGE

STABILIZER

SO SMALL...

. .. It mounts on a radio chassis

These 15-, 25-, and 50-va G-E.

voltage-stabilizer units are only a
lictle over 2 inches high and about 9 inches
long. They’ll mount easily on a medium-sized
radio or electronic instrument chassis and
will give you an even, non-fluctuating 115
volts for your equipment whether your line
voltage is 95 or 130. A special transformer
circuit provides a stabilized output voltage

~within 19 of 115 volts for fixed, unity-power-
factor loads.

Continuous operation under conditions of
short or open circuits will not damage the
stabilizer in any way. Since there are no mov-
ing parts, there is little maintenance to worry
about. For complete information on voltage-
stabilizer units of all sizes from 15-va to
5000-va, write for Bulletin GEA-3634.

AN EASY WAY TO

PRODUCE SQUARE WAVES

- 5%
=y 59,

/ ]
A ! \ l 100%
5% (5% voltoge
/ 100 % )5
/

wove length voltage
S 1

Specially designed G-E Type-E networks
will produce impulses which have defi-
nite, known energy contents and dura-
tions, and thus are ideal for converting
a-c or d-c charging voltages into approxi-
mately rectangular square waves, These
networks consist of capacitor and coil sec-
tions adjusted to close tolerances and her-
metically sealed in single metal containers.

G.E. helped meet wartime radar de-
mands with thousands of these units and
now offers them for commercial use. They
are available in a wide range of designs,

impedances, ratings, and sizes for pulse
lengths of 0.1 to 40 microseconds. See
Bulletin GEA-4996.

48

www. americanradiohistorv com

January, 1950 — ELECTRONICS



- . “

- TIMELY HIGHlIGHT&,.,,
ON G-E COMPONENTS

i

HEAVY-DUTY RELAY

 THAT MOUNT 3 WAYS

This versatile, general-purpose, hecavy-
duty, a-c relay unit is available in three
mounting arrangements: front connected,
back connected, or plug-in connected. All
three mounting types are available in
open or enclosed models and are furnished
in spst, dpst, or dpdt circuits. Heavy, long-
lasting silver contacts carry 10 amps con-
tinuous. Normally-open forms make or
break 45 amps; normally-closed forms
make or break 20 amps. Relay coils come
in 12-, 24-, 115-, or 230-volt, 6¢-cycle a-c
sizes. D-c units are available in similar
models. For full details see GEC-257.

ACCURATE

BUT RUGGED

The new, modern-
looking, easy-to-read
214 inch G-E instru-
mentlineisimproved
inside as well as out-
side. A single, self-
contained mecha-
nism supported on
an extremely strong
Alnico magnet as-
sures permanent alignment even under
the most adverse operating conditions.
This high-gauss Alnico magnet permits
the use of a large air gap with a conse-
quent smoother, non-sticking action. The
greater torque-to-weight ratio means bet-
ter damping and allows the use of heavier
vibration-resisting pivots. Accuracy is 5%
of full scale on rectifier types, 2% on all
others. For complete details, send for
Bulletin GEC-368.

ELECTRONICS — January, 1950

SNAP- SWITEH JNSIALLAJ

TIME CUT T0 SECONDS

You’ll have a firm clectrical connection
without the use of solder a few seconds
after you begin to install this small but
rugged Switchette. Only 112 inches long
and weighing only 9 grams, this 230-vac,
10-amp unit has solderless knife-contact
terminals made of pure, tinned copper.
G-E Switchettes are available in a va-
riety of forms and circuits, all of which
have double-break contact structures.
They’re particularly well suited for elec-
tronic applications because of their low
RF noise output (short contact-bounce}).

For vour convenience there are screw-
terminal and soldering-lug types as well
as this special quick-connect unit. Send
for Bulletin GEA-4888.

General Electric Company, Section (667-3

Please send me the following bulletins:

[J GEA-3634 Voltage stabilizers
[] GEA-4888 Switchettes
[] GEA-4996 Capacitor networks

NAME —

-
1
1
1
|
1
I
|
i
1

COMPANY

Apparatus Department, Schenectady, N. Y.

ADDRESS.

crYy____

www_americanradiohistorv. com

A SMALL PACKAGE OF
WELL-REGULATED HIGH VOLTAGE

You get both high voltage and good regu-
lation with small ligheweight G-E preci-
sion rectifiers. This may interest you if
you nced compact, well-regulated, high
d-c voltage sources for cathode-ray tubes,
television camera tubes, radar indicator
scopes, clectron microscopes, Geiger-
Mueller counters, or similar jobs.

These supplies are hermetically sealed
and oil-filled. Typical units have outputs
of 7 kv at 0.1 ma.—have only 3.5% devia-
tion for every 0.1 ma load and output rip-
ple of less than 19%. Size—only 6” x 6”7 x
77 Weight—8 lbs. For further data, write:
General Electric Company, Section 667-3,
Schenectady 5, N. Y., giving complete in-
formation on the proposed application
with specifications required.

e —— ===

[] GEC-257 Heavy-duty relays
[[] GEC-368 Instruments

STATE




Sizes and types of the Selenium Rectifier
have multiplied to meet more and more
requirements in almost unlimited fields of
application. Federal introduced the Sele-
nium Rectifier in the U. S. and continues
to lead in developing and manufacturing
this versatile circuit element.

Federal has cooperated with a host of
engineers and designers in the develop-
ment of a complete line of Selenium Rec-
tifiers, ranging from tiny Miniatures to
huge Stacks. There is a Federal Selenium
Rectifier which will meet practically any
power conversion need.

Wherever used, Federal Selenium Rec-
tifiers bring important advantages of de-
pendable power handling . .. instant start-
ing . . . silent, efficient operation .. . long
service life.

These typical applications may suggest
a new use in your own product. A Federal
Selenium Rectifier could be the solution
to your own power conversion problem.
Bring any question to Federal-America’s
oldest and largest manufacturer of Sele-
nium Rectifiers. Direct your inquiries to
Department E-313,

JUST OFF THE PRESS!

Federal’'s new Minia-

ture Selenium Rectifier

Handbook...48 pages

of valuable design
data. Available for
25 cents {coin only)
from—

Federal o

{1 (7474 SELENIUM RECTIFIERS

DO HUNDREDS OF POWER CONVERSION JOBS

more efficiently and economically than ever before!

3
""" | 1In television...radio E
I;E" ...amplifiersand ...
ool intercommunication
o
o systems.
In Power Supplies for In-
In fans . . . sewing machines dustrial and Laboratory
.. . electric shavers . . . elec- Use . .. Cathodic Protec-

tion . . . Electroplating.

tronic organs. .. motion pic-
ture projectors . .
electric cells.

. photo-

(>M

In machine tool con-

trols . . . magnetic In High Power Communication
chucks . . . relay Eon& .. . Broadcast Transmitters . .
trol systems . . . dial

switching systems.

\ Television Transmitters.

In Battery Chargers for
Industrial Trucks. .. au-
tomobiles . . . telephone

exchanges . . . and in Battery Eliminators.

e
And In Many Specialized Electrical and
Electronic Applications.

o . L4
o Lelephone and Radio (orporation
- e and Kadio (orporali -
= ° &
[ Q
f:a,’ e‘f/ SELENIUM and INTELIN DIVISION, 900 Passaic Ave., East Newark, New Jersey T i
one & I T & T's world-wide research and engi-

In Canada: Federal Electric M facturing Company, Lid., Montreal, P. Q. neering organization.

Export Distributors: International Standard Electric Corp., 67 Broad 5t., N.Y.

an IT&T Associate
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...with this low cost THREE-SPEED PHONOMOTOR!

It's GI's Model TS...the one motor designed and
engineered to meet a// requirements for true
record reproduction ar 33%, 45 and 78 R.P.M.
Already time-proved in actual service, this latest
addition to the famous GI phonomotor line
today is being used in a wide range of portables,
table models and console radio-phonographs.

Outstanding features: standard narrow-flange

ELECTRONICS — January, 1950

MODEL T5—45-78-33% R.P.M, Genceral Industries’
newest rim-drive phonomotor, designed to accom-
modate a// types of records now on the market.

turntable for ecasy, compact installation . . .
simple, yet positive speed shift mechanism
with external control lever . . . dependable,
quiet Smooth Power motor for long, trouble-
free service.

For full details—blueprints, performance spe-

cifications and quotations—write, wire or
phone today.

The GENERAL INDUSTRIES Co.

DEPARTMENT B. ¢ ELYRIA, OHIO
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Transmitting

Quality counts in capacitors used in trans-
mitting applications. Sangamo Mica
Capacitors are built to rigid specifications,
of the best materials obtainable and with
the most precise production methods. They
are correctly engineered to assure high
current-carrying ability, to hold losses to a
minimum, and to provide maximum safety.

Type G Capacitors are designed for use in
medium and high power, high voltage and
high current circuits. They are ceramic

7ke SANGAMO 72cée

"

R S i

b
et

R

encased and are frequently connected in
gangs to handle heavy loads.

Type F Capacitors are used in similar
applications to type GG’s and are potted in
bakelite cases.

Type A and Type H Mica Capacitors are
molded in a thermo-setting plastic and are
designed for use in low voltage, low power
and low current circuits.

These, and many other types of Sangamo
Mica Capacitors, are fully described in
Catalog No. 831. Write for your copy.

CAPACITORS

Sancamo ELECTRIC comPANY

SPRINGFIELD, ILLINOIS
IN CANADA: SANGAMO COMPANY LIMITED, LEASIDE, ONTARIO

tcas for every purpose

Correctly Designed « Precision Built « Carefully Tested. ..
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RED BANK DIVISION OF
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RED pa
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MADE (i

Bendix dynamotors are built to supply the
exact power requirements of your equip-
ment —to work from any input voltage and
to deliver the necessary power at any out-
pur voltage. Dual or triple output voltages
are available for high and low-level por-
tions of the circuit, or for biasing. For crit-
ical circuits, regulated outputs will simplify
your design problems, especially since a
regulated filament supply can be obtained
as a bonus when regulating the high voltage

THE RIGHT DYNAMOTOR FOR EVERY PURPOSE

SPECIALIZED

. Promptly and at Moderate Cost!

output. Bendix will build your dynamotors
to the usual military specifications or to
meet even more rigid requirements, such
as operation at higher temperature, or
altitudes in experimental equipment.

Samples or production units of special dyna-
motors are priced competitively. A definite
proposal will be made upon receipt of the details
of your problem. For immediate information
call our Engineering Staff — Red Bank 6-3600,
Red Bank, New Jersey.

® Sizes—2%"” to 514" diameter ©® Oufput Voltage—6 to
® Power Range—10 to IS OORTOIIE :
500 watts ® Single and multiple output RE] ANK
® Input Voltage—6 to aini input DIVESION
115 volts ® Plain and regulated types

RED BANK, NEW JERSEY

ELECTRONICS — January, 195C
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Only 7 Milliamperes in Coil —Controls 5-Ampere Contact

Here’s the sensational ADLAKE 5000-type relay,
now available after 314 years of intensive re-
search and development!

Because of its amazingly high load-input ratio,
the No. 5000 relay operates at 115 volts 60
cycles on only 0.007 ampere—a fraction of the
current consumed by any other type of mercury

relay! With this low amperage operating the
coil, the contacts will handle 5 amperes at the
same voltage! And tests indicate the No. 5000
relay’s life to be over 30 million operations!

For full information on this truly remarkable
relay, write us at 1107 N. Michigan, Elkhart,
Indiana. No obligation, of course.
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Every Adlake Mercury Relay
hrings you these advantages:

® Hermetically sealed —dust, dirt, @ Ssilent and chatterless.
moisture, oxidation and temperature ® Requires no maintenance.
changes can’tinterfere with operation. ® Absolutely safe.

@iz ——we (AT & WeSHRKE comeanr—r

Established 1857 o+ ELKHART, INDIANA - New York ¢ Chicago
MANUFACTURERS OF HERMETICALLY SEALED MERCURY RELAYS FOR TIMING, LOAD AND CONTROL CIRCUITS

ELECTRONICS — January, 1950 55
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Right: Desk panel cabinet rack

Below: Electronic control cabinet

L8 e
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KARP METAL PRODUCTS CO., INC.,

215 63rd Street, Brooklyn 20, New York

Yes! Please send more information and PROOF of how your sheet
metal workmanship can help us cut our production costs.

Title
Company
Address

City

P

1

1

|

I Name
|

|

I S¢ate
]

----------------J
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Not on Your Doorstep-

when you call in KARP

efforts on your part.

more information.

Evcr) manufacturer faces these two big problems
this year. But Karp can help to keep them off your doorstep.

If your product requires metal cabinets, housings, chassis or
enclosures, we can build them in a manner that will effect
time and money savings on your assembly line. Karp crafts-
manship is so accurate and thorough in detail that all units
will be completely uniform. All your components will fit
quickly and easily into place without forcing—withour extra

The resultant savings of your time and cffort can help cut
your costs and permit more competitive pricing, without
cheapening your product in quality and value.

Let us prove that Karp's superior craftsmanship also means
true economy. Pin the coupon below to your letterhead for

WHAT KARP CUSTOM CRAFTSMANSHIP OFFERS

® Practical help with design prob-
lems, to improve product and cut
cost.

® Our large accumulation of tools
and dies often can save you special
die costs and time.

® The specialized skill of several
hundred of the finest metal crafts-
men; expert forming, drowing,
bending . . . welding with all latest
techniques.

® Finest quality painting and

finishing of all types in dustproof
chambers equipped with waoter
washed spray booth. Baking ovens
with timing controls.

® Everything in sheet metal, from a
simple chassis or panel to the most
eloborate electronic apporatus
housings. Any metal, any gauge,
any size, any quantity—from o
single lot to large run quantities,

@ Efficient production and on-time
deliveries.

! KARP METAL PRODUCTS CO.

215 643rd Street, Brooklyn 20, N. Y.

%Min %fla//&tman e Seel Nlelal
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Here is a cylindrical d-c paper-dielec-
tric capacitor that remains positively
sealed, regardless of the position
in which the unit is mounted. The
G-E Case Style 40 utilizes a deep-
drawn aluminum case with double-
rolled base seams, avoiding solder-
seams. The silicone bushing elimi-
nates gaskets, maintains the hermetic
seal by compression alone. And
beneath the case, these units embody
the excellent materials and construc-
tion, give the outstanding perform-
ance characteristic of General Electric
capacitors.

The Case Style 40 capacitor for

direct panel mounting with solder-lug
terminals, is built in these ratings:
600 volts—1, 2 and 4 mu f
1000 volts—1 and 2 mu f
1500 volts—.25, .5and 1 mu f
This is but one case style of a com-
plete line of d-c capacitors made by
General Electric to JAN-C-25 Specifi-
cations and suitable for both com-
mercial and armed services applica-
tions. G-E paper-dielectric capacitors
are available in characteristics E
(Mineral Oil) or F (Pyranol®) and in
case styles 40, 53, 54, 55, 61, 63, 65,
67, 69 and 70. Apparatus Department,
General Electric, Schenectady 5, N. Y.

Please address inquiries to Transformer & Allied Product Div., General Electric Co., Pittsfield, Mass.

GENERAL @3 ELECTRIC

58
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This is how the silicone bushing per-
manently compression-seals the new
G-E Case Style 40 capacitor. Note
that the conventional gasket is com-
pletely eliminated. This CP-40 can be
freely handled with no worries about
rupturing its seal.

407-165

January, 1950 — ELECTRONICS



The HAYDU Electron Gun

For C.R.T. Tubes

Since commencing quantity production of
gun mounts for all-size television picture
tubes, Haydu Brothers has marketed well
over one quarter million units!

This is definite proof that these mounts are
precision-built, carefully tested electronic

components, fully worthy of the Haydu
name.

To assure long life and dependable
service for your picture tubes, specify
Haydu gun mounts.

THERE ARE NONE BETTER!

HAYDU BROTHERS

. PLAINFIELD NEW JERSEY
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Pyromid Type 85TM Capacitors .
are now in volume production
for leading TV-receiver
manufacturers throughout the |

U.S.A. and Canada.

PYRAMID
CAPACITORS

{
\

PYRAMID ELECTRIC COMPANY

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

['  TELEGRAMS: WUX Paterson, N, J.
" CABLE ADDRESS: Pyramidusa
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BUSINESS BRIEFS

By W. W. MacDONALD

Working Quietly tarough indus-
try committees, the aircraft people
decermined some time ago that
tube failures accounted for more
than 50 percent of the electronic
equipment {ailures in their field,
and brought this disturbing fact
to the attention of tube mukers.
Suggesting designs having special
long-life characteristics rather
than mere selection of high-test
tubes from regular mass-produc-
tion runs (see p 60, Dec.). they
have already stirred up something
of a furor in tube manufacturing
circles.

Realizing that the production of
tubes designed expressly for their
highly demanding service is eco-
nomically difficult, aireraft people
realistically suggestied that the job
initially be confined to just 10
types. Two types have already
been produced and shipped in
quantity and statisties concerning
their performance are currently
being compiled.

American railroads ave officially
interested in the project and it
seems likely that it will eventually
influence the design of other mo-
bile equipment, if not all indus-
trial tube applications.

Milestone in the history of tele-
vision way the sales slump experi-
enced last summer and the sharp
pickup in the fall. Manufacturers,
distributors and dealers who had
long since learned to accept this
seasonal variation in radio busi-
ness were caught napping.

It is unlikely that the experience
will be repeated by industry lead-
ers in 1950. 1In distribution at
least, it is now apparent that tele-
vision will follow the radio pat-
tern.

First Andio Fair (p 128) staged
by the Audio Engineering Society
in New York was highlv success-
ful on all counts, and we wouldn’t
be surprised to see the idea spread
to other cities. Andio is like pho-
toeranhv in that it is an art. sei-
ence. business and often a hohbyv.
Show attendance is, therefore, not

very difficult to attract.

One of the major attractions
was the fact that practically all
equipment exhibited was working,
and could be listened to without
interference from other equip-
ment. Selling was, literally, aimed
at the customer’s ear. We noted,
nevertheless, and think this is the
first printed mention of a trend,
that where response curves were
shown thev usually went up to
20,000 cyvcles. Until recently,
draftsmen seemed to run out of ink
somewhere between 10 and 15,000.

This reminds us of a misprint in
a field report that came across our
desk the other day, in which
“amplifier” was spelled “ampli-
liar.” Our thought was then, as it
is now, that many a truth is spoken
in jest.

Another New York Meeting to
which we wended our way was the
Second Annual Conference on
Electronic Instrumentation in Nu-
cleonics and Medicine, and in each
ciategory we picked up an impres-
sion worth relaying.

Decetors with Ph.D.s were care-
ful when discussing electronic
medical equipment not to express
clinical opinions, preferring to
paraphrase or repeat the findings
of doctors who were M.D.’s. And
the danger of working around
projects of the Atomic Energy
Commission was further debunked
by statements such as one to the
effect that radiation exposure is
limited to about that experienced
when wearing a so-called radium-
dial wristwateh.

Out In East Pittsburgh, the
Westinghouse engineering depart-
ment conducted a two-dav Mid-
Century Review and Forecast
Forum for the press. Due to the
imminence of a deadline we can
give vou onlv a few highlights of
this extremely informative session
and some local color picked np
around the research laboratories.
'f vou rave access to Chuck Seayp-
lott's Westinghouse FEngineer for
January the full story will be
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Here’s Finger Tip
Information on
Glass-to-Steel
Hermetic Terminals

® The trend toward hermetic sealing in all phases of electrical
manufacturing is gaining impetus. Fusite has pioneered in the field
of giass-to-steel hermetic terminals for use in fusion sealing—the
only truly hermetic process.

® We have prepared a brochure crammed full of illustrations,
specifications, diagrams, and facts about the Fusite wide line of
single and multiple electrode terminals,

® We assure you that regardless of your present level of knowl-
edge concerning glass-to-steel terminals, yos do not have a com-
plete or accurate picture of the production possibilities of fusion
sealing until you know the Fusite story.

Write today for your copy of this literature, to Dept.-E.

o T‘RM'NALS e TERMINALS ILLUSTRATED: 104SW, Left, 1055W, Right.

. PROTECT PROOUCT sl Miniature— Straight Wire —Single —Glass-to-Steel Hermetic Terminals.
¥  PERFORMANCE e
v.

e 4 N : ' - : sree
' fppet :
= THE FUSITE CORPORATION
CARTHAGE'A:T, HANNAFORD, NORWOOD, CINCINNATI 12, OHIO
S 2 . e W L %
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snock ~vigrarion NEWS
COLLINS -

new vhf radio equipment
USES AIR-DAMPED

'BARRYMOUNTS

" A | FOR ASSURED CONTROL
- 2
: { OF
SHOCK AND VIBRATION
A full line of navigation and communications equipment — developed by Collins
for aircraft use in the vhf and uhf bands — makes available to the aviation

industry complete integrated radio facilities that meet all requirements for
navigation and communications over Federal airways.

This new Collins equipment obtains vital protection against
shock and vibration with air-damped BARRYMOUNTS.

In the Collins application, the unit BARRYMOUNTS support mounting bases,
of Collins design, in single- and dual-unit styles, with provision for plug-in

connection of navigation and glideslope receivers, accessories, and transmitter.

Unit air-damped BARRYMOUNTS can also be furnished for
direct installation to airborne instruments and in combination
with Barry-built standard and special mounting bases.

Whatever your shock or vibration problem, Barry experience and consulting
engineering facilities offer a sure solution. Write for free catalog listing stock
BARRYMOUNTS: for special information, call our nearest office or write to

BARRY core

Main Office 177 Sidney St. @

Philadelphio
St. Louis

THE

Cambridge 39 Massachusetts

New York Cleveland

Chicago

Rochester Washington Dayton

Los Angeles Toronto

Minneapolis
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BUSINESS BRIEFS {(continued)

found there, in an issue that
should resemble a telephone book.

The highlights:

If you think engineers in general
and Circle-W engineers in particu-
lar have made progress in the first
half of the 20th Century watch
them really move in the next half.

Pure research, as distinguished
from product research, must be
supported by industry. (About 40
percent of the substantial Westing-
house expenditure for research in
1950 will be in that category.)

The keynote of future electrical
and electronic equipment design
will be more power in less bulk.

The local color:

“Materials research pays divi-
dends because if nothing ever fails
you are probably overdesigned.”

Air-conditioning in certain rooms
is essential to protect delicate labor-
atory instruments. It is also fav-
ored by ditto laboratory personnel.

Gwilym is Welsh for William,

Up In Syracuse at the fall meet-
ing of the IRE and RMA Engineer-
ing Departments, the impression
appeared general that hotel facili-
ties were quite superior to those
heretofore provided at Rochester.
Some 500 engineers registered for
the meeting, about 200 less than
last year, but some of the attend-
ance loss may be attributed to the
fact that there were no exhibits.
On the other hand, the absence of
exhibits noticeably swelled attend-
ance at the technical sessions.

Syracuse gets the meeting again
in 1950. Toronto is being consid-
ered for 1951.

Labor And Materials Costs have
both increased for manufacturers
of component parts. From where
we sit it seems that current
pressure from distributors who
want increased catalog subsidies,
greater freight allowances and/or
larger cash discounts must prove
futile.

Strangely Familiar is a phrase
passed along by Warren Shew of
our Philadelphia office to the effect
that high-quality loudspeakers are
hard to sell because many listeners
“don’t know their bass from their
alto.”
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Citizens Radio has capturad the
imagination of many people, but
this interest has yet to be trans-
lated into business. Writes one of
our readers: “It appears to me that
the Citizens’ Band as now author-
1zed, promulgated and restricted by
FCC rules is not likely to be widely
used by ‘citizens’ in general, or by
cttizens of moderate means in par-
ticular.”

We are inclined to agree. Some
changes in the rules appear to be
needed.

Speaking Of FCC, we knew that
things were getting pretty hot in
their Washington office (what with
the color-television hearings and
all) but had no idea thers was
danger of spontaneous combustion
until the newspapers reported that
a fire had broken out and
destroyed some of the records.

Navy Contracts in excess of
$50,000 recently awarded to firms
in our field include:

Philco Corp. (field services)...$1150,000

Western Electric (field serv1ces) 600,000
Collins Radio (spare parts) . 187,&60
Altec Service (field eerwces) 100,000

RCA Service Co. (field serv1ce) 50,000

Navy is not spending as much
money as some have hoped, but
this still ain’t hay.

IBM’s New Machine developed
to speed up tabulation of data to
be gathered in the U. S. 1950
census contains:

13,500 plug connectors
283 relays
144 tubes
75 circuit breakers
50 miles of wire

Electronic business machines in-
dividually use a large number of
component parts and much mate-
rial. The overall market is not yet
large but it does appear to kave a
substantial long-range potential.

One Of Our Favorite Authors,
who works in a laboratory where
potentials up to 200,000 volis are
not uncommon, recently stopped
off at our offices enroute to deliver
a technical paper. He showed us
an interesting piece of equipment
and, in the process, collected a
severe jolt from a capacitor
charged some six hours earlier to
about 2,500 volts.

Please be careful, boys. We'd
hate to have to write all these
high-powered technical articles
ourselves.
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SIGMA

SERIES 4

SERIES 5

SERIES 41

SERIES 6

SERIES 7

SPDT GENERAL PURPOSE SENSITIVE D. C. RELAY. Inex-
pensive Balaneed armature for vibraion resistance on aircraft at 50
milliwat! adjustment. Nensitive enouzh for V-T operated relay cir-
cuits; can be set to operate down to 10 milliwatts. Precision ad]ust-
ments for pull-on and drop-out. 2 amrp. nominal contact rating. Coil
resistance up to 14,000 ohms.

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

SPDT SENSITIVE RELAY AC-DC—KEYING. Unusual char-
acteristics at low cost. Same D. C. sensitivity as Series + but less
flexibility of adjustment. Available with long life and hounce-frce
contaets, it is suited to high speed caunting and keying. Mechanical
life exceeds 109 operations. Good for dlate circuits needing moderate
precision and vibration immunity. Contact ratings up to 5 amps.
Coil resistunce to 14,000 ohms. A. C sensitivity exceeds 0.1 V.A. at
60 cps. Serviceable on frequencies from 16-—400 cps. Protects delicate
thermostat or instrument contacts.

MULTICIRCUIT POLARIZED SENSITIVE RELAY. Single or
double (differentiul) windings. Resis-ance up to 25000 ohms total.
Contacts up to 4PDT, 5 amp. nominel ruting. Bulanced annature for
strong vibration resistance. FORM X—Three Position or Null Seek-
ing. For automatic positioning or 2-Way process control. Sensitivity
(dep(‘ndmg ot contact complexity) from 10 to 100 milliwatts. FORM
Y—DBiased (Spring Return). Use as i ordinary sensitive relay if a
complex contact combination 1s neeced. Combines function of pilot
relay and contactor. Sensitivity sam- as Form X. Responds only to
one polarity. FORM Z— Latching rpermanent magnetic). Replaces
mechanical latch electrical reset relaxs, where longer life and greater
vibration resistance is required. Sensitavity from 100 to 250 milliwatts.

SPDT SENSITIVE HIGH SPEED POLARIZED RELAY. Single
or multiple windings up to 14,000 oh ns (single). Balanced armature.
Nominal contact rating 2 amps. For repeating lelegraphic signals at
speeds up to 250 WP M. Sinall 1a size  nd weight. Hermetically sealed.
Mechanieal life exceeds 10° opem(ims. FORMS X, Y and Z (sce
Type 6 above) available in Series 7. @ensitivities from less than 1 to
10 milliwatts depending on form and requirements. Forin X is useful
as the detecting element in positionirz bridge circuits.

VARIETY OF ENCLOSUREZ

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

WRITE FOR FULLY DESCRIPTIVE CATALOG

SIGM A Instruments Inc.

6Z Ceylon Street, Boston, Mass
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Mallory Engineering

Saves Customer
$6.500 Weelkly*

When you specify Mallory Capacitors Manufacturers buving Mallory Capacitors are receiving a

oo TElewiEioi Teceivels or GINER value far beyond their specifications.

equipment where heat is a problem, They benefit by an engineering service that is always

you can be sure they will stand the available 10 them—a service that recently simplified a

test. Mallory FP Capacitors are circuit for one television manufacturer, eliminating four

designed 1o give long, trouble-free capacitors, saving $6,500 weekly in materials and assembly

R . o N __ g 1 \ .
performance at 85° L. “a‘.‘“‘l”y time. That’s service beyond the sale!
thev give even longer service al = : ™ )
In addition. they benefit by the dependability and superior

performance of a product that has been consistently ahead
of the industry.

normal temperatures. In addition,
Mallorv FP Capacitors are famous
for their long shell life. Write for

. . : > (oot . . N
your copy ol the FP Capacitor When you have capacitors to specity, remember Mallory.
Engineering Data Folder. Remember the benefits of Mallorv dependability, perform-

ance, and engineering service . . . they’re all yours at no

*Name on request premiun in /)rl('(»’ .’

I'P is the type designation of the Mallory developed electrolytic capacitor having the char-
acteristic design pictured and famous throughout the industry for dependable performance.

SERVING INDUSTRY WITH

P.R.MALLORY & CO. Inc. EaREEISE: FOmIEEis
Controls Resistors
Rectifiers Vibrators
Special Power
Switches Supplies

Resistance Welding Materials

P. R. MALLORY & CO., Inc.,.INDIANAPOI.IS 6, INDIANA
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CROSS

» SALARIES ... Around this time of year (and any
other time), everyone is interested in how his salary
is trending. One of the interesting issues is how
one’s salary compares with the average. Browsing
among the available data from the Bureau of Labor
Statistics we found that, in 1946, the starting salary
for new engineering graduates was about $240
monthly, and it was pretty much the same, plus or
minus $10 or so, in five major categories of engineering.
In the same year, engineers with ten years experience
were earning about $370 on the average, the civil
engineers being low at $340 and the mechanicals
high at $400. After a decade of trying, the electri-
cals (including electronics and communications) had
hit about $360.

Age and experience count, particularly if you are
a chemical engineer or in mining or metallurgy.
Engineers who had been or the job for 35 years were
earning in 1946 about $640 a month in the chemical
field, about $600 in mining and metallurgy. The
mechanicals and electricals, after pitching the ball
for a third of a century plus, were rewarded at about
$525, and the 35-year civil engineers, after as much
travail and many more days working in the rain,
were struggling along at $425. The same data
(“Employment Outlook for Engineers”, issued June,
1949) show that electrical engineers who keep work-
ing 37 years are due for a rude shock. At that level
of experience, the average earnings reach a peak of
$550 and three years later coast down to $500.

That was in 1946. The Department of Commerce
indicates that the average earnings of all industrial
employees in that year were $197 monthly, had risen
to $232 in 1948. To add further to the confusion, in
1948 telephone and telegraph workers averaged $232,
radio and television broadcasting employees $330,
and electric-gas utilities ditto $266.

Those are the average figures; peg your own where
they fit. And when talking to your supervisor about
this, do not mention the name of this magazine.

»T-W . .. Editors, like readers, have difficulty in
keeping up with the periodical literature on partic-
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TALK

ular subjects. The case in point this month is travel-
ing-wave tubes. When we asked Lester Field of
Stanford University, some months ago, to prepare a
review of progress in the t-w art, we knew we'd get
a good paper. But when it arrived, we were shocked
at the state of our ignorance. We should have known
about these things, but didn’t. So we recommend,
highly, Dr. Field’s story (p 100, this issue). Did
you know that t-w tubes have produced 1,200 watts
of c-w power, have operated at frequencies from 200
to 25,000 me, have noise figures as low as 11.5 db?
Turn the page, brother; things have happened while
we were away.

»LOUIE, DROP THAT AMPLIFIER . . . A large
and prominent sporting goods store in New York
has recently advertised a “personal amplifier”, a
cylindrical gizmo with a mike at one end and ear
piece at the other, “‘electronically operated on tiny
batteries, easily replaceable’”. The ad goes on to
say that this is the acoustic equivalent of binoculars,
“amplifies the distant music of hounds, conversation
out of ear-shot, theater dialogue from the back row.”
A right sensitive amplifier, we gather, through which
one can clearly hear the gentle dropping of the eaves.

» LUNAR . . . We continue to be amazed at the
exploits of the radio-astronomers. Winfield Salis-
bury reported last month to the URSI that he and
two colleagues had measured the temperature of the
surface of the moon, during a total lunar eclipse.
The measuring device was not a thermopile but, of
all things, a superheterodyne. It seems the thermal
radiation was measured on a wavelength of 1.8 cm,
the radiating layer being some 5 to 10 cm below the
visible surface of the moon. Result: the temperature
wags found to be constant before, during and after the
eclipse, at about —33 degrees centrigrade. Explana-
tion: the layer of dust on the moon’s surface has very
high thermal insulation, particularly so because it
is situated in a high vacuum. The first lunar explor-
ers will do well to remember this, and be very careful
about scuffing their feet.
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CAME THE

—TV REVOLUTION—

By DORMAN D. ISRAEL

Egecutive Vice-President )
Emerson Radio and Phonograph Corporation
New York, N. Y.

CCORDING to the dictionary,
A“revolution” can mean ‘‘any
radical change.” So defined, it is
clear that the impact of television
on the radio industry is indeed
revolutionary. If thereis any doubt
about it, consider the production
figures® for the past three years.
Since 1947, a-m receiver average
production has declined from about
315,000 sets per week to about 118,-
000 per week, while average tv pro-
duction has increased from 3,400
per week to 40,000 per week. Strik-
ing as these figures are, they mask
even greater changes in the use of
component parts, and in dollar
values. The revolution is not con-
fined to the set manufacturers and
their suppliers. A host of other in-
dustries are affected, from gin mills
to glass blowers, from vaudeville to
the stock market.

Production Trends

The accompanying chart, com-
piled from production figures of the
RMA, shows the month-by-month
trend in the manufacture of tv, a-m
and f-m sets. These RMA figures
are based on weekly production and
are “complete, except for the usual
omissions”; that is, they should be
increased, by about 20 percent to
account for production of non-RMA
companies. But they are propor-
tionately accurate and indicate un-
mistakable trends: Radio is settling
to a lower, but substantial, level,
while television continues to climb
in spite of the deterrent effects of
the tv “freeze.”

Start with the vear 1947. The
average production for the vear was
3,400 weekly for tv, 315,000 for a-m,

* All statisties are rhased on RMA pub-
lished figures and thus are short ot the
industry total by about 20 percent.
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and 22,600 for f-m. Allowing for
the cost of an average tv set as 10
times that of an average a-m set
and that of an f-m set as 3 times the
a-m figure (these are typical fig-
ures), the dollar volume for a-m in
1947 was 76 percent of the total,
f-m 16 percent and tv 8 percent.

In 1948 tv really got going; pro-
duction rose from 6,000 to 30,000 tv
sets weekly. The average dollar
value in that year, figured on the
same basis, put tv far ahead of f-m
and almost on a par with a-m. The
tv dollar volume climbed from 8 to
36 percent, while a-m dropped from
76 to 46 percent, and f-m rose
slightly from 16 percent to 19 per-
cent.

Through October, in 1949, the
dollar volume of tv receivers has far
outstripped its predecessors. Tv
thus far this yvear has accounted for
71 percent of dollar volume, a-m has
settled to 21 percent and f-m to 8
percent. Came the revolution, in-
deed!

Shift in Demand for Components

The foregoing figures on produc-
tion and dollar volume of finished
goods represent transactions be-
tween the equipment manufacturers
and the public. Of equal interest to
engineers are the more obscure but
nonetheless drastic shifts in the use
of component parts. The writer has
conducted a “blood count” of repre-
sentative a-m and tv receivers to
evaluate the parts usage in each.
The results are shown in Table I.
These are startling figures. Small
resistors are nearly 8 times as num-
erous in tv sets as in a-m sets; large
resistors 12 times; small fixed
capacitors 6.5 times; large ones, 7
times.

Electrolytic capacitors, taken as

individual sections, are present in
the ratio of 5to 1. But this is only
a part of the story. Typical radio
sections are 16-30 uf, 150-350 volts.
A 100-pf 450-volt electrolytic, com-
mon in tv sets, uses much more
aluminum foil. Based on foil con-
sumption, the tv demand is about
20 times that for a-m. The corollary
of this foil growth is the sub-
stantial number of kilowatts re-
quired to electroform the foil.

And so it goes. A whole new art
has grown up around the design and
manufacture of horizontal scanning
output transformers and deflection
vokes in tv sets. Variable resistor
controls usage is up about 6 times
for tv. And the tube suppliers are
in a class by themselves. The aver-
age a-m set today has slightly over
5 tubes. Tv sets use somewhat
above 20 tubes, one of which is a
20-watt transmitting type tube.

The aggregate needs based on
these ratios are equally startling.
In 1947, a-m production required 4.5
million small resistors every week,
while tv needed only 0.36 million.
In 1948, the figures were 3.6 million
for a-m, 1.7 million for tv. In 1949
the a-m demand has slid to 1.5 mil-

Table I—Count of Components in
A-M and TV Receivers

Number Number
per A-M  per TV
Component set set
Resistors under 3 11 105
watts
Resistors over 3 0.25 3
walts
Capacitors under 3.25 21
0.001
Capacitors over 8.25 59
0.001 (not elec-
trolvtic)
Electrolviic capaci-  2.75 14
tors
Power Transformer Negligible 0.875
Choke and output 1+
trans,
Hich voltage trans- 0 1
former
Inductors used un- 24 12
der 500 ke
Inductors used over 2.5 9
500 ke
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Few recognize the full force of television’s impact on the radio industry and allied arts.
This survey, based on a paper presented before the Syracuse Fall Meeting of the IRE and
RMA, was compiled by one of the keenest observers in the field

lion weekly, while tv takes no fewer
than 4 million small fixed resistors
each week.

Harassed friends in the resistor
business will claim these figures are
conservative, as indeed they are by
at least the 20 or more percent non-
RMA consumption we have “in-
cluded out.” The important fact is
that, in three years, tv has taken
over the resistor business.

Not all the traditional suppliers

of radio-set components have fared
so well. Those on the wrong side of
the ratio sign include the makers of
fancy dials, who have “converted”
to picture-tube masks; the variable
capacitor people, who are wrestling
with head-end tuners, many of
which do not even use variable
capacitors. And lo! the poor loud-
speaker manufacturer. Loudspeaker
plants find it necessary to convert
to ion traps, focus assemblies and

Table II—Weekly Production of Receivers
(RMA figures. in thousands)

1947 19.18 1949
Start Finish Peak Aver. Start Finish Peak Aver. Start Oct. Peak Aver.
TV 1.1 5.9 8.2 3.4 7.5 322 322 167 30.3 76.1 76.1 40
A-M 302 297 385 315 293 175 301 225 140 147 147 116
F-M 10.3 38.4 384 226 34 40.1 425 30,6 369 20.8 369 15.6
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other “debased” items employing
permanent magnets.

Many newcomers, formerly on
the fringe of the radio business,
have cashed in on the tv trail. Take
the glass business. A million 10BP4
and 10FP4 picture tubes, each con-
taining several pounds of face plate
and other glass, plus 7, 12 and 15-
inch sizes, add up to a lot of fabri-
cated glass.

Or take the makers of tv antenna
kits. No one has found a way to
count or locate all the members of
this group. This is probably all to
the good, for the tv antenna de-
signer has frequently been identi-
fied as the “chimney architect” most
likely to meet with mayhem from a
thousand residential neighborhoods.

There is no doubt that tv has had
a far reaching effect on many differ-
ent classes of personnel, not the least
of which are the technicians. The
earliest convert among the technic-
ians was, of course, the bartender.
Not far behind him is many a senior
engineer who started designing
superhets a quarter century ago.
Such men say with feeling that tv
is a young man’s game. True
enough the young tv engineer is
familiar with rise-times and noise-
figures, foot-lamberts and cathode-
coupled multivibrators. But he may
be short on knowledge of, and re-
spect for, the teachings of radio
history. In consequence he may
waste time reinventing devices long
since tried and abandoned.

The way of all concerned in tele-
vision engineering will be smoothed
if the trends affecting tv design and
production today are analyzed as
repetitions of similar incidents in
the radio business 15 to 25 vears
ago. The cost-cutting project pres-
ently rampant on the tv designer’s
bench is closely patterned on a simi-
lar effort that struck radio in the
early thirties. The lessons learned
then should be applied with profit
and benefit to tv today.
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New look of tv transcription industry, as well as motion pictures. is the lip-synchronous tape recorder for making the master sound
track. A Rangerione unit is here being us=d during production of an educational film by Eddie Albert Productions in New York City.
Resulting master sound tape can easily be edited and spliced

NEW AUDIO TRENDS

Electronic speed control systems for magnetic tape recorders provide lip-synchronous

playback accuracy for movie films and tv transcriptions. Other Audio Fair highlights

include fluid for making magnetized tracks visible, portable shadowgraph for detecting

wear in phono needles. and 78-rpm V-groove recordings going up to 20,000 cps

ECENT refinements in magnetie

tape recording and playback
equipment now make available a
source of recorded sound that by
actual listening test is indistin-
guishable from the original. As a
result, tape recordings made off the
air from topnotch f-m programs are
replacing records and transcrip-
tions in demonstrations of high-
fidelity audio equipment.

Even the motion picture industry
is turning to tape for the master
recording of the sound accompani-
ment to a film. The significant
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trend in audio engineering today is
thus to greater utilization of magz-
netic tape. This was clearly evident
at sessions and exhibits at the
Audio Engineering Society’s first
convention and Audio Fair, held re-
cently in New York City. Further
details of the Fair itself are given
in the News of the Industry depart-
ment in this issue.

Though the battle of disc speeds
appeared to be either overlooked or
forgotten, an occasional turntable
could be seen in the exhibit rooms,
and several outstanding new pick-

ups were shown. For these who
were unable to attend, this report
will provide a few of the highlights
and answer the question, “What's
new in audio?”

Lip-Synchronous Recording

Three different methods of insur-
ing playback of magnetic tape in
precise synchronism with movie film
were exhibited. Each requires the
placing of something on the tape, in
addition to the sound tracks, that
will control the speed of playback to
compensate for deviations in power
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New look in tv studios is absence of mike boom and
Pipes providing directional characteristics are over

tional microphones.

line frequency and changes in tape
length with temperatnre and
humidity.

Sprocket holes provide synchro-
nization mechanically in the Mag-
nagram 16-mm magnetic film re-
corder. Here the magnetic oxide
coating is placed on standard 16-mm
film stock.

In the Fairchild Pix-Sync tape
recorder, a 14.5-ke¢ carrier modu-
lated with the 60-cycle line fre-
quency is recorded simultaneously
with the audio program, at a level
sufficiently low to insure negligible
effect on the normal dynamic range
of the recorder.

In playback the 14.5-kc sync sig-
nal is amplified along with the pro-
gram material in the first two
stages of the standard playback
amplifier. Just ahead of the play-
back-amplifier volume control is a
14.5-ke bridged-T rejection filter
which removes the control carrier
from the program channel. The
control signal is taken off just ahead
of this network. It goes to the de-
modulator chassis where it is ampli-
fied in a band-pass amplifier and de-
modulated. The band-pass is cen-
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tered on 14.5 ke and is little over
1 ke wide at the 3-db point. It is
down about 45 db at 10 ke.

After demodulation, the recov-
ered 60-cycle signal is amplified
through a push-pull power amplifier
which feeds a small induction
follow-up motor. The motor is
coupled to the tape capstan flywheel
through a special puck drive and its
torque, either aiding or opposing
that of the synchronous main cap-
stan drive motor, changes the speed
of the Synchroll drive to the
capstan. The capstan rotational
speed thus increases or decreases
from the line synchronous speed to
automatically compensate for any
tape stretch or shrinkage which
would cause a difference between
the recorded 60-cycle signal and the
line frequency at the moment of
playback.

In the Rangertone lip-svnchro-
nous tape recording system the 60-
cycle power frequency is recorded
directly on the tape perpendicular
to the normal sound track, using a
separate recording head. Being at
right angles to the standard record-
ing, the sync signal does not cause

its shadow-producing headaches, through use of new RCA fixed-position direc-
8 teet long, but tolded back and forth between the two

ribbon microphones too keeo over-all length down. Operator switches smoothly between mikes to tollow action

interference during playback of the
sound yet is readily removed with a
separate 90-degree playback head.

The sync playback signal is fed
to an amplifier and then to an elec-
tromechanical frequency discrim-
inator which also receives the 60-
cycle line frequency as a reference
signal for playback. Any frequency
difference between the two results
in an error-correcting signal that
is used to change the frequency of
an osecillator that normally operates
at 60 cps. This oscillator acts
through a thyratron power ampli-
fier to furnish power to the syn-
chronous motor that drives the tape
during playback.

Seeing Magnetic Tracks

A solution of very small particles
of iron, marketed as Visi-Mag,
shows clearly the tracks recorded on
tape by single or dual-track record-
ers. The recorded paper or plastic
tape is merely dipped into the solu-
tion for a few seconds, and allowed
to dry in air for about a minute.
Chief uses are for determining mis-
alignment of record-playback and
erase heads, for determining if a
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machine is making proper head-to-
tape contact and for arousing
interest and curiosity by showing
the patterns caused by various
speech and music sounds. A special
solution of extra-fine power is avail-
able for miecroscopic inspection of
short wavelengths.

Folded Line Microphone

In television, the necessity of
keeping the microphone out of the
picture means that it has to be
located farther from the subject
than in regular broadcasting. The
need to keep microphone shadows
out of the picture aggravates the
difficulty of obtaining a satisfactory
sound pickup. One promising solu-
tion of this problem is a new RCA
microphone with a more highly di-
rective pattern and greater sensi-
tivity than exist at the present
time.

The new pickup, described by
H. F. Olson at one of the techniecal
sessions, makes it possible to use
pickup distances up to 12 feet with
speech in conventional studios. Fre-
quency range is 50 to 15,000 cps.
Directional efficiency (energy re-
sponse to random sounds) is one-
tenth.

The new directional microphone
employs two similar ribbon-type
units spaced 12 inches apart, in
conjunction with a damped pipe 100
inches long that forms a part of the
compound acoustical termination at
the back of the ribbon and also
serves as the frame. The pipe is
folded back and forth to keep the
over-all length of the mike down to

approximately a foot, as compared
to the 10-foot length of a prede-
cessor line microphone. Response
of the new unit is attenuated 20 to
40 db at 90 degrees and in the rear
hemisphere. Sensitivity in the di-
rection of maximum response is
about 6 db higher than for conven-
tional high-quality microphones.
Total angle of reception for one-half
energy response is about 60 de-
grees,

To eliminate the microphone
boom problem in television studios,
several of the new microphones are
mounted overhead in fixed posi-
tions, each aimed to cover one por-
tion of the field of action. As the
action changes on the set, an opera-
tor at a monitoring console switches
to the appropriate microphone.
Slider-type volume controls are
used instead of rotating knobs, to
increase the speed of operation in
making smooth transition from one
microphone to the next.

TV Film Trends

Film features, shorts and com-
mercial spots make up a good por-
tion of today’s scheduled television
programs. Much of this is old stock,
of widely varying quality because
of old recording techniques, non-
standardization of equalization and
because much of the film is 35 mm
to 16 mm reduction. The tendency
is toward 16-mm film because of its
greater economy and ease of stor-
age and handling. To get the most
out of this film, according to S. R.
Patremio of DuMont, a continu-
ously variable equalizer is definitely

New multiple variable-area sound track
for 16-mm {ilm, announced by ]. A.

Maurer, Inc., minimizes distortion due
to improper adjustment of scanning
light beam in projector. Sum of distor-
tions for six narrow tracks is less than
for one standard-width bilateral track

needed for improving quality and
reducing noise.

New and improved methods of
16-mm recording are giving greatly
improved sound tracks. These in-
clude improved noise reduction and
compression methods and the better
frequency response obtained with
new low-impedance phototubes that
are not responsive to infrared.
Low-frequency noise is reduced by
using an r-f oscillator to supply
voltage to the exciter lamp and by
improving the mechanical vibra-
tion-suppressing mounting for the
lamp.
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Fairchild tape recorder, showing how

14.5-kc carrier modulated with power

line frequency is recorded simulta-

neously with sound for controlling play-
back speed
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Rangertone lip-synchronous tape recorder, showing 90-deqgree orientation of special

sync record and sync playback heads used to place 60-cycle power line frequency

directly on tape at right angles to program magnetization. On playback, this sync

signal controls a variable-frequency thyratron oscillator-amplifier system that feeds
the tape drive motor
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New magnetic fluid makes residual
magnetic field visible when recorded
tape is dunked as shown. Resultmg pat-
tern appears after about one minute of
drying in air, as on two-track recorded
tape sample on table. Powder can be
wiped off without damaging tape

Teletranscriptions as made off
the screen by DuMont for reuse
later employ 16-mm film with a
variable-area sound track. Incom-
ing sound is separately recorded
optically on film, using fixed equaliz-
ation to achieve the proper record-
ing characteristics and compensate
for loss of high frequencies in de-
veloping and processing of ihe film.
The developed sound negative is
used to make the sound positive
that is combined with the picture
for the final sound-film print. To
synchronize picture and sound,
three light pulses are exposed to the
picture simultaneously with feed of
three sound buzzes to the sound re-
corder. The resulting cue marks
permit  proper synchroaization
when making the final print.

Separate recording of sound is
necessary because of differing and
continually changing requirements
for optimum developing of exposed
film and exposed optical sound
tracks. Because of the time ele-
ment, however, newsreels for tele-
vision are generally made with both
sound and picture exposed on the
same film. As a result, it is not un-
common to have picture and sound
alternately go bad on television
newsreels because of the com-
promises required in developing the
negative,

Some makers of tv transcriptions
are using lip-synchronous magnetic
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New Trac shadowgraph uses 4-foot op-
tical path to magnify stylus point 500
times, using light source (A), condenser
lens (B), holder for cartridge with stylus
(C), enlarging lens (D). mirror (E) and
additional lenses and mirrors under-
reath the ground glass screen

tape recording to obtain a master
sound track for protection in case
the variable-area optical track on
film goes bad. The equipment pays
for itzelf in a few months through
savings in the cost of film formerly
used for a protective master. Tape
masters are erased for re-use as
soon as a satisfactory final sound-
on-film print is obtained.

Stylus Shadowgraph

A light-weight console shadow-
graph designed specifically for
viewing a stylus point magnified
500 times was exhibited by Trac as
a quick means of showing station
engineers, studio engineers and
record enthusiasts what is happen-
ing to a stylus point. With the Trac
Shadowgraph it is possible to deter-
mine precisely when a stylus needs
replacement or resurfacing to pre-
vent damage to a record library.
Likewise, when trouble hits the sys-
tem it is possible immediately to
confirm or rule out the stylus as a
source of difficulty. The shaded
viewing screen has on it a perfect
reproducing stylus ecurve as a
standard of comparison.

The shadowgraph is supplied
with a holder for one type of cart-
ridge, but other holders can be ob-
tained if needed. The entire cart-
ridge with its needle is placed in the
holder for inspection. Three knob
adjustments move the stylus in

perfeet-curve.

three planes for focusing and for
positioning of the shadow under the
Two cross-seetional
profiles are then quickly obtaired,

the holder being rotatable through

90 degrees. The whole trick is done
with front-surface mirrors and en-
larging lenses, plus a condenser lens
between the projection lamp and the
stylus.

New VY-Groove Records

A demonstration of 78-rpm rec-
ords playing back frequencies up to
20,000 cycles, with the tinkle of tri-
angles ringing loud and clear, at-
tracted continual ecrowds to the ex-
hibit room occupied jointly by
Frank L. Capps & Co. and Cook
Laboratories. The new records can
be played back with either a 1.0-mil
or 2.5-mil radius stylus.

The V-groove recording stylus
has two or more polished facets
along the cutting edge, each micro-
scopically small (0.1 mil). Because
these facets are so small and do not
interfere with each other, they
allow the cutting stylus to trace
high-frequency patterns while still
polishing the groove walls. Resuit-
ing grooves are polished well
enough to permit going up to 20,-
000 cps without excessive noise
modulation and without objection-
able distortion of the high-pitched
tones.

All steps in the production and
playing of 20,000-cycle records re-
quire special equipment. The first
requirement is the new miniature
condenser microphone, which re-
sponds well up to 20,000 cps and
requires only a small amount of
correction. Feedback recording is
an indispensable link in achieving
full dynamic range without exces-
sive distortion. A special cutter
and stylus together minimize the
size and weight of the cutting por-
tion so there is almost no resistance
to distortion-free movement of the
stylus as it engraves the musical
pattern in the record groove.

For playback, high-quality ampli-
fiers going up to 20,000 cps have
long been available, but comparable
loudspeakers are harder to find. A
new loudspeaker capable of hand-
ling 30 to 20,000 cps faithfully is
needed in order to reproduce these
experimental records satisfactorily
over their full wide range.—J.M.
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Built-in 20-ir.ch dipole with fixed tuning stub and equalizer. Folding flaps
at ends increase antenna capacitance and improve low-band pickup about
20 percent. Stapling of metal-foil vanes to fiber-board gives low produc- is

tion cost clong with required rigidity

Built-in horizontal loop antenna for all twelve television
channels, with equalizer network (lower right). Pickup
essentially omnidirectional,

making orientation of
cabinet unnecessary

BUILT-IN ANTENNAS for

Triple square-loop installation in televi-
sion console. One loop is a few inches
above floor, another is under chassis
just above loudspeaker, and the third is
fastened under too of cabinet. All three
loops are connected in paralle]

This article is based on a paper pre-
sented at the 1949 National Electranics
Conference. The Conference paper will
appear in the N.E.C. Proceedings.
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By KURT SCHLESINGER

Motorola Inc.
Chicago, 111.

HE GREAT NUMBER of video an-

tennas on our roof tops brings
back to mind the state of the radio
about twenty years ago. Since then,
outdoor antennas for radio broad-
cast  have largely disappeared.
The development of radio reception
went through the stage of indoor
antennas mounted on top of the re-
celvers, to its final form of the built-
in radio loop.

Will television repeat this de-
velopment? Conditions are not as
favorable, since television is a form
of broad-band communication, re-
quiring about 20 times more sig-
nal voltage to overcome the in-
creased receiver noise.

The overall transmission effi-
ciency of a television system is thus
about 30 db down as compared to a
similar audio broadeasting system.
To compensate for this loss, tele-

vision transmitters should have
about 400 times more power than
their audio counterparts. Instead,
they have less power! As a result,
incidental signal attenuation has
more serious effects in television
than in audio broadcasting. More-
over, multipath and ghosts, which
sometimes accompany indoor recep-
tion, do harm to a picture presenta-
tion, but have not been an obstacle
in audio reception.

In spite of these difficulties, the
development of indoor and built-in
antennas is well under way, since
it is possible to cover about } of the
total radius of a station with such
antennas.

Separate Indoor Antennas

Indoor antennas have been avail-
able for some time in the form of a
simple dipole with adjustable
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FIG. 1—Measured values of signal attenuation at various locations in three-story brick-steel building are plotted here for three different

frequencies. Curves drawn throuch extreme limits and through average of values on
function of height. Tabulated values of signal strength in microvolts, at right, are compu

each
ted from curves: shaded values represent signal

floor show attenuation to be exponential

strengtts considered too low for effective reception with indoor half-wave dipole

Television Recelvers

Analysis of indoor antenna problem and details of dipoles and loops now being used.

Square single-turn loop with simple broad-band equalizer mounts easily inside cabinets

and requires neither tuning nor orientation. Design equations are given

length, which may be placed on top
of the receiver and oriented for
maximum reception. While these
antennas may give satisfactory per-
formance, their need for adjust-
ment and orientation, their physi-
cal size and their null positions are
objectionable.

Built-in Loops

It was soon found desirable to
have a built-in antenna, installed
inside the cabinet and invisible to
the user. A horizontal loop antenna
small enough to be built into table
model as well as console sets has
been developed and will be described
in this paper. This antenna requires
no tuning and no orientation in
space. Instead, it is bi-resonant,
and is designed to respond with a
bandwidth of about 30 me “o televi-
sion signals within the low and high-

ELECTRONICS — January, 1950

frequency bands. Furthermore,
this antenna is omnidirectional in
the horizontal plane, and is inoper-
ative for signals arriving from ver-
tical directions. The latter property
helps to reduce pickup by the an-
tenna of noise generated in the re-
ceiver, thus facilitating its opera-
tion in weak fields.

In table models, one unit of this
loop is installed in the ceiling of
the cabinet. In consoles a double-
deck arrangement is used, with one
loop under the top of the cabinet
and one at the base at least 6 inches
above the floor. Another arrange-
ment employing three decks has also
been used successfully, with the
third loop in a plane at least 6
inches below the receiver chassis.

Before going into details of the
design and operation of built-in
antennas, it is well to point out the

serious limitations under which
these antennas must operate. It
will be shown that attenuation of
radio waves inside a building is the
dominant factor. It may cause
more loss than can be reclaimed by
improvements in antenna design.’

Attenuation in Buildings

To get numerical data, signal
strength was measured on various
floors of a three-story factory build-
ing of brick-steel construction. The
results, plotted in Fig. 1, show that
attenuation is an exponential func-
tion of height, and that it increases
rapidly from the window side in-
ward into the building. The loss in
db seems to be directly proportional
to the distance from the roof. No
marked difference in attenuation
was found between high or low
channels. Attenuation up to 50 db

73



T SHORT DIPOLE
e E VamT

b =BANDWIDTH IN MC
L *INDUCTANCE OF

N STUB
¢ m ( C ) pe 2
A

HALF -WAVE
DIPOLE

w3V

(D)

P e

EFF!CIENCY

€ SHORT DIPOLE _

=T
€HALF WAVE v

m
EXAMPLE:

1 220" Cy= I0uuF L= 0.5uH

£+ 57MC A=210" b=B.6MC n-l

CENTERBANDn=064
Mi
t = 70MC A=174" b=30 C{END OF BAND =045

2nbl

27BLR
A e Vi
4/L2C2=I/w°=1/L'CI
1+b/f,
V=2l

CONDITION FOR FLATNESS: e esi€ /e,

R

|- o

| !
0.7 & T ‘
~ e, e e
SINGLE 2 1 8
DOUBLE | TURED :
TUNED" M 4
f0
EXAMPLE :

B =30MC;b=2IMC; f,=TOMC
Z2 =210 OHMS R=300 OHMS
l.2=0‘48,uH C2=l0.8,u/4F

e /ez=0.84 Ly/L,=025

FIG. 2—Comparison of short tuned di-
pole and half-wave dipole

may occur at the ground floor inside
a building of this type.

On the basis of the measured at-
tenuation data, computed signal
voltages are tabulated in Fig. 1 for
distances of 5, 10 and 20 miles on
various levels within a building of
this type. Shaded values represent
unusable signals. This is under
the assumption that the receiver
uses a half-wave dipole as indoor
antenna and has a noise figure of 10
db. With such a receiver, signals
of 200 microvolts will give a good
picture with 10-percent noise; 80
microvolts constitutes just about
the minimum usable signal.

Successful indoor reception re-
quires increasing elevation with in-
creasing range. Even at small dis-
tances, however, reception may be
rendered impossible by heavy at-
tenuation within the building.
Furthermore, in many cases recep-
tion becomes useless because of
multipath and ghost. Thus, no
guarantee can be attached to indoor
reception. Vagaries of propagation
rather than small differences in
antenna efficiency are the decisive
factor,

Short Dipoles

A characteristic feature of all
built-in antennas is their small size.
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FIG. 3—Equalizer circuit used with short
tuned dipole to broaden band

Confined within cabinets of about
two-foot size, the built-in antenna
has the proper size of a halfwave
dipole for reception on the high
television band, but is about three-
to-one undersized on the low tele-
vision band. The resulting loss of
efficiency can be largely reclaimed
by the use of a tuning network with
high selectivity. A dipole at the
low frequency, connected to a tun-
ing stub of variable length, with the
300-ohm load resistance tapped to
some point along the stub, is shown
in Fig. 2A. The equivalent lumped
circuit appears in Fig. 2B, and Fig.
2C has the load resistance connected
across the dipole after step-up
transformation. The power output
equation can be used once a given
bandwidth b is selected by means of
the tap.

The output voltage equations
indicate that the effective length
of a dipole is increased, by tun-

ing, beyond its physical length.
The stretching factor “/R/2xbL

amounts to 2.4:1 for a broadband
dipole (b = 30 me) and increases
to almost 4:1 if the bandwidth is
reduced to one channel width
(b = 6 me). In the latter case, a
2-foot dipole acts like one with an
8-foot span.

The short dipole can now be com-

pared to a half-wave dipole as in
Fig. 2D to arrive at an efficiency
ratio. The example shows that in
order to match the half-wave dipole,
the tuning network has to have a
selectivity of about 6 me at channel
2. Somewhat higher bandwidth can
be tolerated at the higher channels
of the low band,

In general, a short dipole is
strictly a one-channel proposition
and has to be adjusted from one
station to the next. If it is intended
to use a broad-band circuit, the ef-
ficiency of the short dipole drops to
about 2/3 of the half-wave. How-
ever, this holds only for the center
frequency of the band. At the ex-
tremes, the output drops below 50
percent of the standard of compari-
son. Channel 2 will be down more
than channel 6, since the amplitude
response of this circuit is not sym-
metrical around center frequency.

Equalizer

The broad-band network of Fig.
3, henceforth called the equalizer,
helps to transform triangular re-
sponse into rectangular response.
A short dipole is connected to a stub

1,0C0-~,

c l
[: WAVELENGTH AT 216 MC -~ *-%
F

4 COPPER STRIP

77 TWO QuaRrTER=
77 wave sTues
7 2x1i” TWIN LINE

FIG. 4—Broad-band bi-resonant loop
used as built-in television antenna

of constant length which is cut to
resonate the antenna capacitance at
mid-band or 70 me. The load is not
connected to this tuning stub di-
rectly, but rather through the
equalizer circuit denoted as C, L..
The lumped circuit equivalent of
the equalizer is the familiar double-
tuned circuit with one-sided damp-
ing by the load. The mutual in-
ductance L, can be adjusted by the
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tap along the matching stub L..

The equations given in Fig. 3 are
for the case of optimum flatness.
They yield the shunt impedance of
the egqualizer which is the ratio of
L,/C. Since the product L, C, is
fixed by the tuning condition, the
constants of the equalizer are
uniguely determined.

The numerical example in Fig. 3
compares the response to that of a
single-tuned antenna. The result
indicates that the eyualizer causes
only a small loss of signal output,
as demonstrated in the appendix.
Pick-up outside the band is very
much reduced, while the response
within the pass band is much more
uniform than for a single-tuned
antenna. An equalizer of this type
has been used successfully in built-
in dipoles and loops and makes the
tuning automatic.

Loop Antennas

In practical field tests with broad-
band dipoles, the need for orienta-
tion was found objectionabke. While
perfectly feasible with separate
antenna units mounted on top of a
receiver, it was felt that a built-in
antenna should not have dirvectional
characteristics.

Among omnidirectional antennas
for horizontal polarization, the
horizontal loop is a form of antenna
that vields a circular pattern in the
horizontal plane if the perimeter
of the loop is smaller than the wave-
length. When approaching this
limit, the loop comes into resonance
by standing waves along its sides.
By use of a particular feed sys-
tem, it has been possible to add
another resonant mode in the low-
frequency band.

Square Loop

A complete broad-band omnidi-
rectional loop system is shown in
Fig. 4. It is a square whose perim-
eter equals the wavelength on
channel 13. Opposite corners B and
E of the square are connected by a
copper strip to exclude undesired
modes of operation, and the two re-
maining corners are fed through a
transmission line transposed at the
center. The electrical length of
each center connector is very closely
90 degrees at channel 13. At the
center of the loop is a 6-ppf tuning
capacitor in series with an induct-
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ance which makes the capacitance
look about six times larger than it
actually is, as we approach the up-
permost channels. The signal out-
put is taken from a corner of the
loop through an equalizer network
like that previously described.

This loop is capable of two differ-
ent types of operation. At the high
band, legs ABC and DEF oscillate
as two end-fed half-wave dipoles
connected by quarter-wave lines and
series aiding across the load, with
zero voltage at the center capacitor
in the loop. At the low band, the
center capacitor carries maximum
voltage, the voltage at corners A
and D is stepped down from this
maximum, and corners B and C are
again at zero voltage. The current
distribution is uniform all the way
from point G through the outside
rim back to H. Thus, we have actu-
ally two halfloops in parallel across
the output terminals and the load is
tapped down across the total induct-
ance of these subsections. This
loop antenna is bi-resonant, and the
peaks of response can be made to
occur within each of the two tele-
vision bands.

Low-Band Operation

The pickup efficiency of a tele-
vision loop as compared to a dipole
is analvzed in Fig. 5 for low-band
operation. The schematic shows the
essential circuit elements at the low
frequencies. Here V is the total
voltage induced in a continuous
square of the same size. By evolu-
tion we arrive at a simple equiva-
lent civeuit with transformed load
7 across the circuit capacitance,
from which the equations for signal
power and voltage output can be
immediately written.

Spectral response of short dipole over
television channels 2 through 6 without
equalizer (single peak) and with equal-
izer (double peak). Curves are superim-
posed by electronic switch, and repre-
sent voltages across centers of dipoles

The phase angle of delay by the
passing wave is, fortunately, much
larger at television frequencies than
in loops for audio broadcasting. It
is on the average 30 degrees for
the low band and over 90 degrees
for the high band. As a result, the
one-turn video-loop is not nearly as
inefficient as its counterpart in a
radio receiver would be.

The final equation for the output
from the loop shows that relative
pickup efficiency is 40 percent com-
pared to a half-wave dipole, and 66
percent as compared to a short di-
pole of length a. Measurements
have largely confirmed these esti-
mates.

High-Band Operation

On the high band, the video loop
antenna becomes remarkably effec-
tive? Here a loop with quarter-
wave legs approaches the perform-
ance of a half-wave dipole and has
a radiation resistance of the order
of 30 ohms or more.

Figure 6 shows the high-band
response of a loop antenna and illus-
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FIG. 5—Low-band operation of built-in television loop antenna
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trates the effect of the small series
inductance L, This inductance
serves to reduce the impedance
across the center point and may be
used to shift the peak of the re-
sponse to any desired frequency
within the high band. We have
placed the peak efficiency between
channels 9 and 10. The bandwidth
of the system is four channels wide
and can readily be increased with
equalizers. However, this was not
found necessary in practice in view
of the high efficiency of the loop at
those frequencies. For comparison,
the average low-band performance
is also indicated and is about % of
the peak of the high-band perform-
ance.

The directional pattern of the
loop is shown in Fig. 7 for channels
7,10 and 13. It deviates somewhat
from circularity, but not so much
as to lose the signal at any time.
The direction of maximum pickup
changes from one diagonal to the
other diagonal as we pass through
the band. On the low channels, the
pattern is more nearly circular be-
cause the dimensions of the antenna
are much smaller than the wave-
length. These data, taken in free
space, do not exclude the possibility
that zero signal may occur inside
buildings due to standing waves
or other effects of wave propaga-
tion. Nulls may also be caused by
antenna effect of the lead-in wires
if these are too long or unbalanced
electrically. However, in actual
field experience the loop antenna
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was found to be remarkably free
from dead angles and null positions.

Loop Antenna Arrays

In order to boost the efficiency of
these small antennas, it has been
found practical to connect two or
more of them together to feed a
common load. The simplest way to
combine loop elements is as shown
in Fig, 8.

Two loop elements are arranged
in the ceiling and bottom of a re-
ceiver cabinet at a distance d apart
which is smaller than a half-wave-
length on all channels. The con-
nection is made at the shortest pos-
sible length by 300-ohm twin-lead
which is tapped at the center. At
this point, output is taken through
an equalizer network having one
additional inductance L, directly
across the loop connector. This in-
ductance reduces the effective coup-
ling coefficient of the double loop to
the value found for a single loop, so
that the desired bandwidth is not
exceeded and a resultant loss of
sensitivity is avoided.

A well-designed double-deck loop
of this kind should give a power
gain of 2:1 or a signal boost of 41
percent. Voltage gain averages 1.4
for the low and high channels, with
occasional peaks up to 1.6 and more.
These excess gains are due to stand-
ing waves along the connection to
the receiver. With built-in anten-
nas, such gains may often be used
to advantage, since the short length
of the line excludes troubles from

FIG. 7—High-band directivity patterns of horizontal loop for
three different channels

reflections of long delay.

Figure 8 also snows how the gain
from a double-deck loop depends on
the separation of the elements. Full
power gain is realized for a spacing
of one-half diameter or at least 10
inches apart. This makes it possi-
ble to apply such double-deck loops
in small, low table models. It was
also found that the loops can be
installed quite close to a metal
chassis and do not lose much of
their efficiency if the spacing is at
least 7 inches from the nearest con-
tinuous metal plate. This feature,
as well as the relative freedom from
detuning and body effects, makes
the application of a double-deck
loop quite practical.

The performance of the built-in
antennas described in this paper
has been tested and compared to a
standard half-wave dipole in Fig. 9.
On the low band the short dipole
leads the loop by a factor of 8/2, as
was anticipated. The efficiency of
both built-in antennas falls some-
what short of the value of 60 and 40
percent expected by theory. The di-
pole loses more by installation close
to a metal chassis than the loop.

On the high band, all of these
antennas perform quite well. The
single loop matches the short dipole,
and the double-deck loop meets the
half-wave dipole and even seems to
outperform it at some of the higher
channels.

Short dipoles and loop antennas
as used commercially in recent tele-
vision receivers seem to be success-
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FIG. 8—Performance of double-deck loop array designed
for installation above and below chassis

ful in providing satisfactery recep-
tion within the limits defined by
wave propagation and outlined in
this paper. The safe average range
is about 10 to 12 miles in connection
with radiated transmitter powers
of about 10 kw. Much higher dis-
tances have been covered occasion-
ally. It is hoped that this work on
built-in antennas may cortribute to
the further growth of the television
audience by relieving the difficulties
facing an ever increasing number
of outdoor installations. Since these
built-in antennas are inexpensive
and automatic in operation, they
may be included, for optional use,
in receivers of almost any price
class. This enables the set owner to
do without outdoor antennas in a
large percentage of instances.
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antennas nearly equal

APPENDIX
Analysis of Equalizer

Optimum design of the tuned
coupling network between antenna
and load requires data about volt-
age transmission through a double-
tuned system, not readily found in
literature. Referring to Fig. 3,
assume both primary (antenna)
and secondary (equalizer) circuit
tuned to the same frequency:

ClLl = C2L2 1/0)02 (1)

The admittance across L, looking
into the secondary circuit is

1/Zr = (R/Z) (1 +) (2)

This looks like a resistance ZJS/R
shunted by a capacitor of equal

reactance. The voltage across L,
then is at resonance
ozl 1
Ck——eoR a7 (1_]-) (3)

and the output voltage E, across K
at mid-band frequency is

Zs
= 00 = _
¢ V2 wo Ly

We now compute the output
voltage E, at the higher side-band
frequency w.. The peak at w, occurs
because of series resonance in the
arm C, (L, —L,):

w?Ci (Li— L) = 1 5)

The generator voltage e, now ap-

pears directly across L.. The equal-

izer transforms this voltage into
the peak value E.

Eqy (4

_ B 1
By =ay "3 (6)

€o

FIG. 9—Compardtive performance of all antennas discussed, showing built-in

to hali-wave dipole in high band

We now express the coupling in-
ductance by bandwidth between
peaks, using

b= % (wz = wo) )
and combining Eq. 7, 5and 1
b
L, = le (8)

This yields for the mid-band trans-
mission

Ey, Zy (1 4 b/fa)

& 2xbLy

(42)

Equating 4a and 6 for flatness then
furnishes the desired design in-
formation for the equalizer imped-
ance
_ 4/27b LiR
- V4 b/f
This equation, which is shown in
Fig. 3, agrees with experience
within 10 percent.

A single tuned antenna, without
equalizer, but with the same band-
width, would give the output

Zs ()]

R
E, = eoJ-zwal (10)
This may be compared to the volt-
age from the equalizer, as shown in
Eq. 4a, by dividing Eq. 4a by Eq.

10 and using Eq. 9:
‘]'1'+ b/fo
2 (11)

With a bandwidth of 30 me
around a center frequency of 70
me, this factor is 0.84, hence there
is only a 16-percent loss of signal
through use of an equalizer.

(_iﬂxble-tuned output _ Eo _
single-tuned output  E.
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INDUSTRIAL BRAZING

Complete pulse-brazing equipment. Work coil primary is visible in upper.left-hand
corner of the photograph

By J. L. REINARTZ

Eitel-McCullough, Ine.
San Bruno, California

N THE MANUFACTURE of ultra-

high-frequency vacuum tubes,
there arise numerous problems,
some of which present intriguing
challenges to the design and produc-
tion engineer. The specific job of
brazing joints vacuum-tight, when
the parts to be joined assume the
size and delicacy of a watch and the
brazing must be done after the
watch is assembled, presents such a
problem.

This sort of job was confronted
in the assembly of the Eimac
4X150A uhf tube. Ordinary meth-
ods of heating the joint between
the anode assembly and the grid-

cathode assembly to brazing
temperature caused damage to
other metal-to-glass seals within

the tube or the grid and cathode
structures by heat conduction, and,
if the braze were performed in air,
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resulted in extensive damage from
oxidation.

It was found that pulsing tech-
niques used in radar transmitters
during the war could be applied
successfully to the brazing process
to provide a system of short-time
induction heating by which the
parts could be joined. Enormous
peak power values are obtainable
when the pulses are short. Another
advantage is a considerable con-
densation of the size of the equip-
ment, which allows a 15-kilowatt
radar-pulse type electronic brazer
to be housed in a cabinet 24 by 30
and 50 inches high.

The problem described may be
met elsewhere in industry, and per-
haps may be solved in a similar
manner through the application of
pulse brazing by induction heating.
Electronic pulse brazing differs
from normal high-frequency induec-
tion heating only in the application
of a greater peak power to the work
for a short time duration, thereby

Copper-gold brazing alloy being placed
around base of tube prior to brazing
operation

Looking down into special flux-concen-
tration coil during brazing cycle

reducing thermal conduction of
heat to other parts of the work.

General Considerations

Induction heating is caused by
induced currents of great magni-
tude that flow around closed paths
in the work. When a material is
placed in a varying electro-mag-
netic field within a coil through
which alternating current is flow-
ing, eddy currents are generated
and the heating of the work is the
result of the IR losses in the work.
The induced current travels a path
of lowest impedance; therefore the
current density is greater near the
surface than at any other point and
decreases exponentially toward the
center of the work.

If other factors are held constant,
the heat generated by induction will
depend upon the resistivity of the
work. Materials of low resistivity
are more difficult to heat than those
of high resistivity. Many applica-
tions of induction heating are possi-
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by PULSE TECHNIQUES

Extremely high values of peak r-f power are applied in short-duration pulses to reduce

heating by thermal conduction of parts adjacent to or near joint being brazed. System

developed for tube manufacture has interesting possibilities for other applications

ble and practicable, such as solder-
ing, melting ferrous and nen-fer-
rous metals, annealing or hardening
a controllable area, heating for
forging, and many other applica-
tions where it is not practicable to
apply heat by a flame as in such
cases when the length of time of
such a flame application results in
the conduction of heat to parts from
which heat must be excluded or
where oxidation must be prevented
or the work must be treated in a
special atmosphere.

The equipment developed for the
tube-brazing job supplies approxi-
mately 15 kilowatts of power at 400
kilocycles for 0.3 second. In this
fraction of a second sufficient heat
is developed by induced current
flowing through the metal parts in
the desired region to heat them to
temperatures high enough to melt
the brazing alloy by conducted and
radiated heat. The alloy melts and
flows smoothly over the metal sur-
faces being joined; also, it is drawn
by capillary attraction into the
space Dbetween the close-fitting
sleeves which are brazed together.

This pulse brazing is performed
in a2 hydrogen atmosphere, which
not only helps to cool the work after
brazing, but keeps the metal sur-
faces clean, reduces any oxide as
the work heats and therefore per-
mits the alloy to wet the matal sur-
faces and flow cleanly so that no
vestige of unbrazed surface is left,
thus rendering the brazed joint
vacuum-tight. The temperatures
attained easily melt the gold-copper
allov which requires more than 990
C (1,300 F) for optimum brazing
results. All this takes place in the
region of the braze, and the import-
ant feature is that the nearby glass
seal is not injured, though the glass
is approximately % inch from the
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high-temperature area. The short
periods of time required lend them-
selves readily to factory assembly-
line conditions.

The Flux Concentrator

The electrical priciples involved
in the flux-concentrator coil are de-
rived from the fact that at the fre-
quencies used in induction heating,
practically only surface currents
exist. We could place a solid copper
bar within a multi-turn primary
coil and find that the current con-
centration is in the outer section,
while the magnetic flux concentra-
tion is in the space between the
multi-turn primary coil and the cop-
per bar. If we now drill a hole
lengthwise through the copper bar
we would find no appreciable change
from the first condition of current
and magnetic flux concentration and
little if any magnetic flux would be
found in the space of the hole in the
copper bar. The copper bar now
is, in effect, a thick copper cylinder
effectively acting to prevent any
flux transfer.

If, however, we cut a slit length-
wise through this thick copper
cylinder, the situation is radically
changed; and we will find a great
concentration of magnetic flux
within the inner space. There will
also be a concentrated current flow
in the inner cylinder wall as the
result of the slit which changes the

copper cylinder from a closed single-
turn to an open single-turn, also
allowing the currents which previ-
ously circulated only near the outer
circumference of the copper cylin-
der to circulate in the inner circle
by virtue of the lengthwise slit. It
is this current and magnetic flux
concentration that we make use of
in the pulse brazing of the sleeves
in the 4X150A. Any excess metal
may be milled away, leaving the
inner doughnut and the outer
cylinder wall.

This whole assembly, called the
flux-concentrator, is inserted within
the multi-turn primary coil allow-
ing a bell jar (which also serves as
an insulator) to be placed closed
end up Dbetween the multi-turn
primary coil and the single-turn
flux-concentrator coil, and a hydro-
gen atmosphere to be maintained
in the bell jar.

The energy available from the
multi-turn primary coil is trans-
ferred to the flux-concentrator coil
and from there to the work placed
within the flux-concentrator coil, by
induction. The whole may be con-
sidered as a step-down trans-
former; and if the primary coil con-

Table I — Specific Heat of Mate-
rials for Calculating Pulse Power

Required
Aluminum. . .......... . 0.214
Brass.......cooovveennin 0.092
Copper. - ... 0.0921
Goldiwcrmminhanst: Fwwm o 0.0312
ITOTIE « 4 1) £ o SHERmAE R 3 0.107
Yead................. . 0.0306
Nickel........ccooovvvn. 0.105
Silver.................. 0.056
CIRITINN g A Atont B s 2 OO BNELE) R 8 0.0541
ZANGC),y 105 @ 6 § SSsums 8 gag 396 5 0.093
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FIG. 1—Setting of time-delay relays RE, and RE,

RE; closes, bias is removed from KY21A

determines length of pulse. When
thyrairons, and power is applied to the

450TL’s

sists of ten turns and has 100
amperes of current flowing through
it, then 1,000 amperes will flow
through the one-turn flux-concen-
trator coil and the work within it,
providing the magnetic coupling in
this radio-frequency transformer is
perfect.

The necessity for maintaining
space between the coils and the
work to prevent short-circuiting
reduces the magnetic coupling and
consequently the power transfer
efficiency, so that it would be well
to use a 50-percent power transfer
figure for each of the several cur-
rent transformation points. The
flux-concentrator coil allows all the
required induced energy to be con-
centrated in small or large fune-
tional areas, as determined by the
positioning of the work and the
extent to which it is inserted into
the inner circle of the doughnut.

Calculation of Power

The amount of power necessary
to raise a given material to some
higher temperature in a definite
time is:

H=8W(aT)
where H = total heat delivered in
Btu, 8 = specific heat of the mate-
rial (see Table 1), W = weight of
the material in pounds, and AT =
temperature change in degrees
Fahrenheit.

The rate of heating in Btu per
minute is given by H/t = SWAT/t
where ¢ is the heating time in min-
utes. The power required for a

80

given amount of material to be

heated in a specific time is
17.6 SWAT

P = ; watts

Therefore, if we take a ring sec-
tion of the braze on the 4X150A of
Te-inch depth and compute weight
in pounds, and apply the formula
given above to ascertain the power
requifement if the material in-
volved must be raised 2,500 F, then
P = (176 x 0.12 x 0.0026
x 2,500) /(0.005) which is 2.52 kw
required at the Kovar ring. Assum-
ing 50-percent efficiency transfer
through air, 5.04 kw is required at
the flux-concentrator, 10.08 kw at
the primary of the r-f cireuit, and,
assuming 70-percent tube efficiency,
the input to the tubes must be 14.4
kw.

The duration of the pulse is con-
trolled by the setting of the time-
delay relays RE, and RE, shown in
the circuit diagram; these can be
adjusted from 3 minutes down to
2/10 second or less, and can ener-
gize RE, for that period of time.
In turn, RE, fires the KY21A thy-
ratrons which allow plate power to
flow to the two 450TIL’s only for
the pre-set time mentioned above.

Calculation of Components

The electrical values of the capac-
itance and the inductance required
in such a radio-frequency circuit
can be computed quite readily. We
know that the frequency should be
about 0.4 mec. In a self-oscillating
circuit the volt-ampere to watt ratio

(or @) in the oscillatory circuit
should be 10 to 1, therefore the
capacitance would be

300 X @ X I,

X E,
where C is in upf, I, is the plate cur-
rent in ma, f the frequency in me,
E, the plate voltage applied to
tubes, and @ the volt-ampere to
watt ratio.

Then L in phenrys may be found
by

C =

25,330
L="r¢

For a 15-kw input flash brazer using
a plate voltage of 5,000 volts we re-
quire a 3,000-milliampere plate cur-
rent. Therefore, in this case, C is
4,500 wuf (10,000-volt rating) and
L is 35 yhenrys. This value of in-
ductance can be obtained with 25
turns in a coil 7 inches in diameter
and 14 inches long spaced about 2
turns per inch using g-inch o.d.
copper tubing.

The schematic circuit is shown
in Fig. 1.

Choice of Tubes

The choice of tubes is dictated by
the pulse rating of the tube when
the on-to-off ratio is small. In the
pulse brazing of small parts as in
this case where 15 kilowatts input
is sufficient, and where the time on
is 0.3 second and time off is 30
seconds or more, two 450TL tubes
are a good choice. These two tubes
are good for the 5,000 volts plate
voltage and the 3-ampere plate cur-
rent required in the 1/100 duty
cycle service mentioned above, nor
does this place any strain on these
tubes beyond that which they are
normally capable of handling. The
amount of power supplied to the
work for any given period of time
is controllable by the tapped trans-
former T, and can be varied over
a wide range, not exceeding, how-
éver, a maximum plate input to the
tubes of 11 kw for a pulse of 2-
second duration or 45 kw for a
pulse of 3-second duration, repeated
once every 5 seconds, Where more
power input than the maximum
given above is needed, four such
tubes may be connected in parallel
or larger tubes may be used as re-
quired, due consideration being
given to the associated transform-
ers and other equipment.
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VHF Communications Receilver

Double superheterodyne has 100-db image rejection and 80-db attenuation of spurious
responses. 1t employs series and shunt noise limiters, a noise-balancing circuit that
improves series limiter about 8 db under conditions of CAA specified noise test and

carrier-operated squelch relay that can be set slightly above ambient noise

SE OF FREQUENCIES from 108 to
136 megacycles for air-to- 2ND I-F AMPLIFIER

ground communi.cations and aero- t_(w Yo mwxm% ST e | — )
nautical navigation has expanded HB-I36MCIM 6 s lBamc P MIXER e Lo =
rapidly since the end of the war, eits 846 2R

The advantages which have won T TO5ME LOW LEVEL
vhf wide acceptance in the aviation FREQ MULTIPLIER I 3 y: oureuTy
field include the increased number osc | | awe | PeETNOSE St | |3ovEet | avoio || SO0 /
of channels available, freedom from e i dans [lasnror | [OSEM ™ aonzar | | T | |esnror
atmospheric noise whiek in turn :_[‘\\ } { {
permits the use of simple yet " 6,23125- L souELon conTRoL e
effective receiver carrier-operated TellaReRli DETECTOR — AMPLIFIER t—
squeleh circuits, relatively low AR =" amrLIFIERS Sl ]
transmitter power output require- CLhl
ments, and the use of small airborne

antennas of low aerodynamic drag
and relatively constant impedance
over the frequency range,

To implement the changeover
from medium high frequencies to
vhf for such functions as Federal
Airways enroute communications
and airport traffic control in accord-
ance with the recommendations of
the Radio Technical Commission for
Aeronautics (RTCA), the Civil
Aeronautics Administration has re-
cently procured a large number of
single-channel vhf  fixed-tuned
ground station receivers (CAA
Type RUQ) specially designed and
manufactured to its specifications.

The equipment specifications re-
flect the wide experience of CAA
engineers in this field; in addition
to the usual requirements regard-
ing sensitivity, selectivity, fre-
quency stability and rejection of
spurious responses, high standards
of performance with respect to
cross-modulation, desensitization
due to strong off-frequency signals

FIG. 1—Arrangement of stages and frequencies in the vht fixed-tuned receiver

. ) A Two vhi fixed-frequency receivers (gray-panel units) in operation at lIowa City,
and rejection of the effects of pulse- lowa, CAA slation
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FIG. 2—Detector and noise limiter circuits
type interference were specified. crystal and intermediate frequen-
Besides the actual performance cies and provision of adequate selec-

specifications, a number of require-
ments covering the physical config-
uration of the equipment, simplicity
of tuning and alignment procedures
and quality of components and con-
struction were specified.

Circuits

A block diagram of the receiver
is shown in Fig. 1. The double-
conversion superheterodyne circuit
was selected in preference to the
single-conversion type. The high
first intermediate frequency per-
mits a high degree of image rejec-
tion (approximately 100 db) to be
obtained with a single-stage r-f
amplifier.

Use of a relatively low second in-
termediate frequency permits ob-
taining the required selectivity
through use of a two-stage ampli-
fier employing only three double-
tuned transformers and also con-
tributes appreciably to the overall
frequency stability of the receiver.
It has been found that even with
very careful compensation of the
last i-f circuits, the temperature
drift of this section can contribute
as much to the overall frequency
drift of a high-stability vhf receiver
as do variations in cryvstal oscillator
frequency. The use of a low final
intermediate frequency is therefore
advantageous.

Although double-conversion sys-
tems are usually regarded as being
more susceptible to spurious re-
sponse troubles than single-con-
version cireuits, careful selection of
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tivity in the r-f, i-f and frequency-
multiplier circuits has resulted in
obtaining better than 80 decibels

attenuation of all spurious re-
sponses including image and i-f
responses.

The r-f amplifier stage consists
of a single pentode operating in
conjunction with three capacitor-
tuned circuits employing miniature
air-dielectric variable capacitors.
Removable grooved pins are in-
serted in holes in each capacitor
shaft to provide dial pointers and
rotation stops.

To achieve a high degree of selec-
tivity in the input circuit for reduc-
tion of eross-modulation and desen-
sitization effects, this circuit is op-
erated with relatively loose coupling
both to the single-turn antenna
coupling link and to the grid of the
r-f amplifier tube. The high oper-
ating Q of the input tuned circuit
makes it possible to operate several
receivers from a common antenna,
the input coupling links of the re-
ceivers being operated in series
using connecting cables approxi-
mately one-half wavelength long.
Tests made with several multiple-
receiver svstems typical of control
tower installations indicated verv
little loss of sensitivity with up to
five receivers being operated with
frequency separation as low as 200
kilocycles.

The first frequency conversion
takes place in a pentode mixer oper-
ating with grid injection. To ob-
tain optimum conversion gain and

FROM LAST I-F REMOTE
TRANSFORMER GAINCONTROL  TEST
Lspue i SR
. FULL
T 4 5406 123 AVC TO
—-- _|220000} 1I-FAmP
[
il
[} \
43PARTIAL
L;LLS_ SAVC TO
ol o T30 | o2s] [REAmP
$ 1838 (2]% hevord
s | & @ REMOTE | _ 2paRTIAL
~ " g LOCAL | © SAVC TO
~ | o 3 S 1IST A-F
S LAMP
2,200 = : &
. s L21op00| V! |oes
ARF T : R-E | A3
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82,000 }—— GRID OF SQUELCH
RELAY TUBE
-75v

FIG. 3—AVC detector and amplifier

noise figure, this tube is operated
at relatively low plate and screen
voltages, approximately 50 and 30
volts respectively. The injection
signal is obtained from a ecrystal
oscillator-frequency multiplier sys-
ten consisting of an oscillator-quad-
rupler and a second quadrupler,

The crystal unit is a hermetically
sealed fundamental mode unit of
the CR-18/U style operating with-
out temperature control. Crystal
oscillator frequency is held to 0.005
percent over the range —10 C to
+60 C. Two capacitor-tuned cir-
cuits are emploved at output fre-
quency to provide a high degree of
rejection to signals of undesired
crystal harmonic frequencies.

The output of the first mixer cir-
cuit is coupled to a single-stage first
i-f amplifier employing a pentode
and two double-tuned transformers
operating at 18.3 megacycles. The
second frequency conversion takes
place in an oscillator-second mixer
circuit which uses a double triode.
The crystal oscillator circuit oper-
ates at 7.55 megacycles; the second
harmonic of this frequency is mixed
with the 18.3-megacycle signal to
produce the 3.2-mc second inter-
mediate signal which is amplified in
a two-stage amplifier. Three double-
tuned transformers operating at
slightly less than critical coupling
provide the desired selectivity char-
acteristics. A conventional diode
detector circuit is used.

To achieve a high degree of re-
jection of impulse-type noise with
regard to its effects on receiver de-
sensitization and squelch operation
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Layout of stages of the double-superheterodyne receiver

as well as audio output, the special
noise limiter circuit shown in Fig. 2
was developed.

Noise Limiter

In addition to the conventional
series diode automatic noise limiter,
a shunt diode limiter is employed
to reduce the effects of noise im-
pulses on the ave and squelch cir-
cuits. This diode is biased to about
—15 volts and presents a low-im-
pedance path to ground to any
noise impulses exceeding 100 per-
cent upward modulation. This pre-
vents the application to the ave
detector of strong impulses which
normally desensitize the receiver
by generating undesired avc volt-
age. Since the ave circuit also
controls the squelch circuit, unde-
sired opening of the squelch in the
presence of noise is also materially
reduced.

The audio noise remaining in the
output of the series diode limiter is
reduced further by coupling a noise
signal of opposite polarity in series
with the output circuit of the
limiter. This noise signal is de-
veloped in an infinite-impedance
tyvpe detector which is biased so
that signals of normal modulation
are not detected.

The noise output of the receiver
is approximately 20 decibels below
normal output at 30-percent modu-
lation when tested according to the
CAA specified method. The method
calls for the application of 10-micro-
second r-f pulses at 1,000 pulses per
second with amplitude up to 1.0
volt superimposed on a 100-micro-
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volt unmodulated carrier. The use
of the noise-balancing circuit re-
sults in an improvement of about 8
decibels over the performance of
the series diode limiter alone under
conditions of this test.

Automatic Gain Control

The ave detector-amplifier circuit
shown in Fig. 3 develops a delayed
and amplified gain control voltage.
In this circuit one diode section
operates as a detector circuit, the
d-c output of which is applied to the
¢rid of the triode section which
operates as a cathode-loaded voltage
amplifier. The output voltage is
coupled to the ave time constant
circuit through the second diode
section.

With no carrier applied to the
receiver, about 50 volts positive ap-
pears on the cathode; this voltage
is not applied to the ave line because
of the unidirectional characteristic
of the output diode. When a signal
developing approximately 8 volts
audio detector bias is applied, the
conduction of the triode circuit is
cut off sufficiently to produce a neg-
ative cathode voltage which appears
on the ave line and increases with
increasing signal level. The 1,000-
ohm cathode resistor provides d-c
degeneration which improves the
stability of the circuit and renders
it less sensitive to variations in
tube characteristics.

An amplified d-c control voltage
for cperation of the carrier-oper-
ated squelch relay tube is also sup-
plied by this ecircuit. Since this
voltage is not affected by the ave

virtually
the

time constant circuit,
instantaneous operation of
squelch relay is obtained.

Because of the amplification of
the control signal, the squelch cir-
cuit completely opens or closes with
less than 20-percent change in input
signal. This permits the squelch-
opening threshold of the receiver,
as determined by the setting of the
y-f gain control, to be set only
slightly higher than the ambient
electrical noise level of the receiver
location. In addition to the con-
tacts required for audio silencing,
the relay is provided with contacts
for operation of a panel lamp and
external apparatus.

A-F Stages

The audio amplifier circuits are
conventional resistance-capacitance
and transformer-coupled circuits.
A low pass pi-section filter attenu-
ates all frequencies above the
normal communications range.

Two audio output amplifiers are
provided; one has low-level output
for operation with 600-ohm tele-
phone lines, and the other provides
up to one watt for operation of
loudspeaker circuits.

The main output amplifier is pro-
vided with 12-decibel inverse volt-
age feedback to improve output
regulation. Operation of up to five
speakers is possible with negligible
change in level when one or more
speakers are switched in or out of
service. All power input, audio
output and control leads are filtered
to eliminate possible interference
due to any externally applied r-f
signals.

Approximately 2,000 tvpe RUQ
receivers are now being placed in
service in control towers and air-
ways communications stations oper-
ated by the Civil Aeronautics Ad-
ministration. A typical control
tower installation includes receivers
operating at 121.5 mec for emer-
gency, 121.9 mc for airport utility,
122.5 mec for private aircraft con-
trol, and at one frequency in the
range 118.1 to 121.3 me for air car-
rier traffic control. Airwayvs com-
munications stations will normally
be equipped for reception on 121.5
me, 122.1 mc and 126.7, for emer-
gency, private aircraft enroute and
air carrier enroute communications,
respectively,
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Complete three-decade counter
prising circuit of Fig. 4

com-

EVELOPMENT of the circuit to

be described was prompted by
the need for a simple and inex-
pensive counting device to replace
the usual type of revolution counter
which is subject to severe wear,
particularly when it is frequently
and rapidly reset to zero.

The high counting speed avail-
able in the relatively expensive flip-
flop or ring counter using high-
vacuum tubes is not required, and
this feature makes possible the use
of 0.04-watt or 0.25-watt neon glow-
discharge tubes as the basic ele-
ments of the counter since de-ion-
ization times of the order of several
hundred microseconds can be toler-
ated. The counter uses glow-dis-
charge diodes in conjunction with
germanium crystal diodes, and em-
ploys capacitance coupling between
stages. 1t thus offers a consider-
able advantage over an earlier cir-
cuit using glow-discharge tubes and
employing transformer coupling be-
tween stages’.

The circuit is capable of counting
up to 30,000 impulses per minute.
This rate is considerably in excess
of that of any existing mechanieal
revolution counter or electromag-
netic impulse register. Among the
advantages of this circuit are es-
sential simplicity, low cost, and
small power consumption. The
glow-discharge tubes serve not only
as the basic elements of the counter,
but inherently provide a visible in-
dication of the count.
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By JOHN C. MANLEY

Consulting Engineer
Barrington
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The circuit is basically a ring
circuit, and while decades or rings-
of-10 are discussed here, any even
number of stages may be included
in a ring. Any number of decades
may be connected in tandem to
make a counter which is capable of
recording a total of 9, 99, 999, and
8o on, counts. Any such composite
counter can be instantaneously re-
set to zero, presetting circuits can
be added to set the counter to any
required number before actual
counting begins, and simple prede-
termining circuits can be added to
detect the accumulation of any
given number of counts within the
range of the counter.

Principles of Operation

The basic circuit of an addition
counter appears in Fig. 1. Each
stage consists of a glow-discharge
diode T, a crystal diode X, and a
resistor R in series.

Suppose that each of the glow
tubes ignites at a voltage v, and
operates at a lower voltage v,. Sup-
pose further that tube T, in Fig. 1
is conducting at time ¢, in Fig. 2.
Current flows from the source of
supply voltage through R,, through
X, in the forward direction, through
T, and R, to the ground bus. The
values of R,, R, and supply voltage
are so chosen that the potential of
point b, is maintained less than the

and

ELERY F. BUCKLEY

Instructor
Massachusetts Institute of Technology
Cambridge, Massachusetts

striking voltage of the glow tubes
8o that there is no tendency for any
other tube to strike. Capacitor C,
is charged as shown in Fig. 1 to
the voltage appearing across R..
Since S, is normally open, C, is
charged as shown to the difference
between the potential of the positive
bus b, and the potential of the point
p in the voltage divider R, and R,.

If switch 8, is closed the potential
of p becomes zero instantaneously
and the potential of the bus b, is de-
pressed by an amount equal to the
original potential of point p. This
drop in the bus voltage is shown at
time ¢, in Fig. 2, curve b,. The bus
voltage is made to drop below the
operating voltage of T, with the

to t) tz TRIGGERING

4t
‘ ~ w INTERVAL 2

YT

FIG. 2—Waveform of voltages at let-
tered points in Fig, 1
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FIG. 1—Basic circuit of addition counter
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Ring Counter

Relatively slow speeds up to 30,000 impulses per minute can be counted in ring cir-
cuits using neon tubes and germanium diodes. The counter can be reset instantaneously,
presetting and predetermining circuits can be added and the counting action can be

reversed to permit subtraction
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more positive with respect to
ground, the potential of the lower
electrode of 7. assumes a negative As soon as T, strikes, current causes a transient drop in this volt-
potential with respect to ground, flows through R,, B, T\ and through age. Capacitor C. charges positive
and hence a greater voltage appears X, in the forward direction. This + polarity at d in Fig. 1 and
across T, than across any other prevents further increase in the C, discharges relatively rapidly
tube. voltage of the bus b, and actually through a resistance essentially
equal to B,. Thus the counter has
R recorded one pulse, since T, is now
conducting rather than T.. Figure
2 shows the voltage wave forms at
significant points in the circuit.
After switeh S, is opened, the po-
tential of point p returns to its
normal value.

FIG. 4—Circuit of three-decade counter arranged for addition and subtraction

o
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Succeeding Cycles

If switeh S, is closed again after
the normal potential has been re-
stored at point p, the bus voltage is
FIG. 3—Basic subtraction circuit again depressed, as at time ¢ in

I
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Fig. 2, and causes T, to be extin-
guished. Capacitor C, then dis-
charges through X, in the inverse
direction and through R,. Hence as
C. charges again the positive po-
tential of point d with respect to
ground exceeds that of bus b,, and
the potential across T, exceeds that
across any other tube. Hence T,
strikes as shown at time ¢, and the
counter has recorded two counts.

Each subsequent operation of the
switch S, advances the count one
stage until tube T.,., becomes con-
ducting. The next operation of the
switch causes the ignition of T,
again through the -capacitor C,
which closes the ring-of-2n. Value
n may be any integer greater than
unity, and if » = 5 the counter
forms a decade or ring-of-ten.

The operation of the circuit de-
pends essentially on two inherent
characteristics of the circuit ele-
ments. The first of these is the dif-
ference between the striking and
operating voltages of the glow tubes
which insures that whenever any
one of the tubes is conducting the
potential across all of the others is
maintained lower than the striking
potential. Thus no more than one
tube is conducting at one time and
the count is unambiguous.

The second inherent feature of
importance is the significant differ-
ence between the forward and back-
ward resistance of the crystal di-
odes which allows each coupling
capacitor to charge quickly when-
ever its corresponding tube is con-
ducting, but which allows that ca-

pacitor to discharge only very
slowly after its tube is extin-
guished.

Subtraction
An attractive feature is the es-

sentially simple rearrangement of
the coupling capacitors which will

cause the circuit to subtract rather
than add. Figure 3 shows the
coupling capacitors rearranged and
connected between the upper elec-
trodes of T, and T, between the
lower electrodes of T, and T, and
so forth. Suppose that 7, is orig-
inally conducting. Then when
switch S, is operated T, is ex-
tinguished, the lower electrode of T,
becomes negative with respect to
ground and T, strikes. Hence the
count proceeds from right to left in
the diagram and the circuit sub-
tracts.

Figure 4 shows a complete circuit
diagram of a three-decade counter
in which a switch is used in each
stage of each decade to alter the
connection of the coupling capaci-
tors. This switch may be either a
gang of wafer switches with leads
connecting it to the electrodes of
the tubes, or preferably a long slid-
ing switch which parallels each row
of tubes to reduce the length of the
connecting leads. In order that the
circuit hold its count during transi-
tions between addition and subtrac-
tion it is imperative that the fixed
connection of each coupling capaci-
tor be made at the resistor of one
of the stages. This precaution in-
sures that neither of the tubes ad-
Jjacent to the one which is conduct-
ing before the switch is operated
will be ignited by the operation of
the switch.

Trigger Circuits

In addition to the trigger circuit
shown in Fig. 1 and 3, the cir-
cuits of Fig. 5 may be used. That
of Fig. 5A requires fewer compo-
nents but must have a double-pole
switch. This switch is normally
closed on the upper contact and the
charge on the capacitor C, is then
zero. If the switeh is suddenly
closed on the lower contact, the

Ry b,

MWW

= (A)

FIG. 5—Alternative trigger circuits
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potential of the bus b, is depressed
to zero and thereafter increases ex-
ponentially as C, charges through
R,. The voltage waveform at b, is
therefore essentially the same as
shown in Fig. 2 except for the
magnitude of the original depres-
sion., The triggering switch S, in
either this circuit or the one de-
scribed previously may be actuated
by a rotating shaft or by the motion
of any mechanical member whose
movements are to be counted.

For operation of the counter at
speeds higher than those obtainable
with moving contacts, such as in
recording impulses from a photo-
electric cell, the triggering circuit
of Fig. 1 can be adapted to the use
of a glow tube as shown in Fig. 5B.
Switch S, is replaced by a glow tube
T.. The potential across this tube
is maintained normally a few volts
less than its striking potential
through the resistor R, connected
to an appropriate tap on the voltage
divider K, and R,. Either positive
voltage pulses injected at « or nega-
tive voltage pulses injected at b
will cause tube T, to strike. The
potential of b, is thus depressed an
amount equal to the difference be-
tween the original voltage at point
p and the operating voltage of T,
and thereafter increases expo-
nentially as shown in Fig. 2 during
a triggering interval.

The succeeding depression of the
potential of b, which results upon
the striking of the primed tube in
the associated ring, such as is
shown at ¢, or ¢, in Fig. 2 (b)), is
sufficient to extinguish 7', so that it
is ready to respond to the next trig-
gering impulse as soon as the
normal potential at point p is re-
stored. The crystal diodes X,, and
X, are employed respectively to
increase and to provide the imped-
ance across which the triggering
voltage is developed. Two glow
tubes may be used in series if de-
sired to increase the initial depres-
sion of the bus voltage.

For counting speeds greater than
about 150 cps glow tube T, should
be replaced by a thyratron such as
a 2D21, which may be ignited by
any convenient positive signal on its
control grid, and which will be ex-
tinguished in the same manner as
the glow tube. The time constant
R,C., may have to be adjusted in
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each of the possible trigger circuits
to accommodate the particular value
of the initial depression of the bus
voltage. This initial depression is
much less in the circuit of Fig. 5B
than in that of Fig. 5A, and a
longer time constant may be neces-
sary to allow deionization of the
conducting tube in the associated
ring.

Complete Counter

The three-decade counter of Fig.
4 can be preset to any required
number before input signals are ap-
plied, and can produce an output
signal after the counter has reached
any given number up to 999.

All the add-subtract switches
within the three decades and the
two interdecade switches S,, and S..
are ganged. These switches are
shown in the add position. Note
that glow-tube triggering circuits
of the type shown in Fig. 5B are
used to interconnect the decades.
For example, when the counter is
adding, positive signals are taken
from the cathode of the 0 tube of
the units decade to trigger tube T,
which in turn advances the count in
the tens decade by one digit.

When the counter is subtracting,
positive signals are taken from the
cathode of the 9 tube of the units
decade to trigger the tens decade.
Similar considerations apply to the
circuit interconnecting the tens and
hundreds decades.

Since positive voltage pulses are
used for interdecade triggering, the
time constant of the interdecade
coupling circuit connected to each
0 tube must be made sufficiently
short that the falling edge of the
waveform of Fig. 2B is effectively
differentiated. In this way the ris-
ing edge, which follows later in
time, can be used to supply the posi-
tive pulse required to ignite the
triggering tube.

When interdecade triggering
pulses are taken from the cathode
of a 9 lamp, the rising edge of the
waveform which results when the
lamp ignites must be used as the
triggering signal. However, after
the 9 tube is extinguished at the fol-
lowing count, the wavefcrm of Fig.
2A is generated, and in this case
the falling edge, such as that shown
at time ¢, must not be differenti-
ated, else the rising edge. such as at
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time ¢, will again ignite the trigger-
ing tube. Hence the interdecade
coupling capacitor associated with
each 9 tube is connected in series
with a crystal diode so poled as to
increase the time constant of the
coupling circuit on negative-going
input pulses.

Switch-triggering circuits involv-
ing the switches S., S., and S,
are provided so that each decade
may be preset manually to any de-
sired number before input pulses
are applied. The resistance-capaci-
tance networks associated with
these switches apply negative volt-
ages to the cathodes of the trigger-
ing tubes when the switches are
closed. Each 0.001-;.f capacitor is
charged to 45 volts while the associ-
ated switch is open, and when the
switch is closed, the cathode of the
corresponding triggering tube be-
comes negative with respect to
ground and the tube ignites from
the capacitor discharge.

The time constant of the dis-
charge of each of these capacitors is
made sufficiently small that the dis-
charge is essentially complete be-
fore the associated triggering tube
is extinguished. This prevents the
tube from firing a second time.

Predetermining

A very simple predetermining
circuit is shown in Fig. 4. As noted
previously the purpose of this cir-
cuit is to activate some external cir-
cuit or produce a signal when the
counter reaches any desired number
within its range. Such a signal
might be required in a packaging
process, for example, to halt the
process after the accumulation of a
given number of units. Three 0.25-
watt neon glow tubes T,, T,, and
T,. are arranged as shown, each in
series with the operating coil of a
sensitive relay.

Suppose that the circuit is to de-
tect the number 123. The switches
S,., S,, and S,. would be set to con-
nect the anodes of the three pre-
determining tubes through their
coupling capacitors to the cathodes
of the tubes 1, 2 and 3 of the hun-
dreds, tens and units decades re-
spectively. The coupling capacitors
are sufficiently small that wave-
forms of the type shown in Fig. 2B
are differentiated and hence posi-
tive pulses are always available to

Relative size of a single decade

trigger the predetermining tubes.

The anodes of the predetermining
tubes are connected to a source of
voltage which is a few volts below
their striking voltage, but only the
relay in series with tube T, is per-
manently connected to ground. Tube
T,. cannot be ignited until the re-
lay in series with T',, operates, and
T,; cannot be ignited until the relay
in series with T',, operates. Hence
at the instant the counter records
the number 100, T, is triggered by
the positive pulse from the cathode
of the 1 tube in the hundreds dec-
ade. Relay P, then closes and primes
tube T,..

After 20 more pulses T,, is ig-
nited by the positive pulse from the
cathode of tube 2 in the tens decade
and relay P, operates. Similarly
after three more pulses, relay P, op-
erates and generates the required
predetermining signal.

Special provision must be made
in order to obtain a predetermining
pulse after &« number such as 100,
or more specifically, after any num-
ber containing the digit 0.

The authors wish to acknowledge
their indebtedness to the James L.
Entwistle Co., Pawtucket, R. I, for
cooperation and facilities.
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Acoustic

Anemometer-Anemoscope

Instantaneous visual presentation of wind direction and velocity on a cathode-ray tube

screen. Sixty-cycle pulses from an acoustic transmitter are received at four transducers

equally spaced from the transmitter at cardinal points. Doppler effect of wind velocity

actuates a discriminator and indicator

LECTRONIC instrumentation in-
E volving acoustic effects has in
vaded many fields in the measure-
ment of physical phenomena. Cur-
rently, investigation is being con-
ducted to extend this invasion into
the measurement of wind velocity
and determination of wind diree-
tion.

The acoustic anemometer-anemo-
scope to be described is based on a
Doppler phenomenon effectively re-
lating wind velocity with the dif-
ference between upwind and down-
wind acoustic velocity. The com-
ponents of the instrument, shown
in Fig. 1, include a pulse generator
which drives a sound head creating
acoustic pulses, four electromechan-
ical-transducer listening stations

By ROBERT E. CORBY

Associate Professor
Department of Physies
University of Arizona
Tucson, Arizona

points of the compass around the
sound head, an amplifier, a discrim-
inator to sort the information com-
ing from the listening stations and
an indicator for presenting the in-
formation in convenient form.

Operating Principle

The sound head is placed in a
convenient location exposed to the
free flow of the wind, and the lis-
tening stations are arranged as
shown at a known distance s from
the head. The orientation of the lis-
tening stations with compass direc-
tions is necessary for determining
the direction of the wind.

The sound head, driven by a 60-
cycle pulse generator, emits acous-
tic pulses with nearly vertical wave

the speed of sound in all directions
and arrive at all the listening sta-
tions at the same instant under
quiescent conditions, that is, when
there is no wind.

Consider a wind as shown in Fig.
2A with the velocity vectors in-
volved in a pulse reaching the lis-
tening stations for the east-west
component, V,. Because of the
greater acoustic velocity downwind,
there will be a time differential be-
tween the arrivals of the acoustic
pulses at the listening stations.
_ 23V,

2%V,
2s = )

L}
ag= v -V v?

when v is speed of sound, V is
wind speed and ¢ is time. The ap-
proximate expression is in only

that are oriented at the cardinal fronts. The pulses propagate at slight error amounting to less than
SOUND HEAD | o N
\ SOUND
LY S r .~ HEAD o
# 0 O<«"0 N
o T r
LISTENING . A 2 S _F w E
]
PULSE i AMP- [—DISCRIM- [ Ve NN
r | INDICATOR (A) 20
GENERATOR LIFIER (—] INATOR [} (8) 25
FIG. 1-—Block diagram of the acoustic wind direction and FIG. 2—Vector relationships for a wind from a southwesterly

velocity indicator
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direction (A) and crt presentation (B)
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The sound generator is comnected to the center-pillar transducer or sound head. Simultaneous transmission to four direc-
tions is picked up by the four surroumding receiver transducers. Wind retards or accelerates the normal velocity of sound

0.5 percent at a wind velocity of
50 miles per hour.

It is evident that a given pulse
will arrive at the east station be-
fore reaching the west station and
that the time differential is propor-
tional to the speed of the wind as
indicated in Eq. 1. By approxima-
tion, assuming that s equals 5 feet,
it can be found that At is in the
order of 15 microseconds per mile
per hour.

Winds coming in from other than
cardinal-point directions are di-
vided into east-west and north-
south components automatically by
virtue of the placement of the lis-
tening stations. These components,
as determined by the discriminator,
are recombined in quadrature b:-
the indicating unit to yield the
wind velocity, as shown in Fig. 2B.

The Apparatus

The electronic apparatus, in gen-
eral, is conventional. The discrim-
inator, however, performs an inter-
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Laboratory setup of the electronic elements cf the wind instrumeni comprises power
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FIG. 3—Circuit of discriminator and indicator for one component of a cross wind

esting function and will be dis-
cussed considering the north-south
component only.

The purpose of the discriminator
is twofold: To determine whether
the pulse from the north or the
south listening station is received
first (which must be known in de-
termining wind direction), and to
produce a square-wave pulse with
its width proportional to the time
differential noted above in deter-
mining wind velocity.

The discriminator shown in Fig.
3 is identical for each of the com-
ponents and consists of an Eccles-
Jordan trigger circuit, using a
6SN7, and a 6L6 output tube for
each listening station. The 6SC7’s
shown are used as keying tubes to
improve the stability of the trig-
ger-circuit operation, The trigger
circuits are set by a negative pulse
at F, so that tubes B and C are con-
ducting and A and D are cut off.
In this situation points 7 and 6 are
at a higher potential than 2 and 5.
Because of the voltage-dividing net-
work, points 8 and 4 are at an inter-
mediate potential. Points 2 and 4
are of particular interest since they
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control the type 6L6 output tubes
which are biased only slightly below
cutoff.

Under quiescent conditions the
pulses from the north and south
listening stations arrive simultane-
ously at N and S; both trigger cir-
cuits flip at the same time and the
voltages at 8 and 4 remain at the
same value. However, if a wind is
blowing from the south, a pulse
will arrive at N a few microseconds
before a corresponding pulse
reaches S. This causes a negative
pulse to appear at 3 and a positive
pulse to appear at 4. Consequently,
tube G puts out a pulse with its
width proportional to wind velocity.
If the wind blows from the north
the situation reverses and tube F
puts out the pulse. In this manner
the circuits disecriminate between
a north and south wind and pro-
duce pulses with widths propor-
tional to the wind velocity.

Circuit Details

The heart of the indicating unit
is an electrostatic cathode-ray tube
with deflection plates oriented ver-
tically and horizontally. The wind

velocity scale in miles per hour con-
sists of concentric circles with zero
at the center. The east-west com-
ponent is applied to the horizontal
plates and the north-south com-
ponent is applied to the vertical
plates so that the cardinal points
of the compass are in their conven-
tional locations.

The output of the 6L6 tubes con-
sists of a 60-cycle series of square-
wave pulses with widths depending
on wind velocity. By filtering this
output with an r-c filter, a d-c volt-
age appears across the load resistor
that is proportional to the width of
the pulses and therefore also pro-
portional to wind velocity. It is
this d-c voltage that is applied to
the crt.

When there is no wind, a spot
appears at the center of the concen-
tric circles. When there is a wind,
say from the northeast, the spot
moves out the proper distance from
the center in the first quadrant (as
shown in Fig. 2) and indicates the
direction and the speed of the wind.
In order to have the indicator draw
a vector the 884 thyratron tubes are
fired by a 60-cycle pulse so that the
plates of the crt are essentially
shorted 60 times each second and
the spot is returned to the center.
This action causes the spot to trace
the desired vector. Since the wind
velocity is sampled 60 times per
second (determined by the repeti-
tion rate of the pulse generator),
the indicator is capable of following
rapid changes of the wind. The
deflection sensitivity of the indi-
cator can be varied as desired be-
cause oscilloscope deflections of
one-eighth to one-half inch per mile
per hour are easily obtained.

The acoustic anemometer de-
scribed is capable of reliable contin-
uous operation and presents the
information in a form easily
assimilated. It can be sent over
transmission lines to the indicating
unit in any desired location.
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Phototube Controls
R-F WELDING

By HUBERT H. WITTENBERG

Tube Department
Radio Corporation of America
Lancaster, Pennsylvan:a

N MANUFACTURE of picture tubes,
I a vacuum-tight weld is required
in the exhaust tubulation assembly
to join the copper tubing to the
sealing sleeve. This exhaust tubu-
lation is part of the kinescope gun
assembly.

The sealing sleeve is nickel-chro-
mium-iron alloy and it fits over the
end of the copper tubing. A nickel
retainer ring fits inside the end of
the tubing. The three parts and an
assembled unit are shown in the
small photograph.

The parts to be welded are
pressed together to form the tubu-
lation assembly and placed in a
radio-frequency welding unit in
such a manner that the top is just
below the single-turn output coil of
the generator. After the radio-fre-
quency generator is energized, the
upper edge of the sealing sleeve be-
gins to show color in less than one
second. The temperature of the
sealing sleeve rises faster than that
of the copper tubing because it is
closer to the welding coil, shields
the tubing from the welding coil
and has greater resistance along the
path of the radio-frequency cur-
rents.

Because of radiation the copper
tubing heats in step with temper-
ature of the glass-sealing alloy, but
lags behind it. The copper, Faving a
lower melting point (1,083 Z) than
the alloy (approximately 1,470 C),
fuses first and flows to fill all the
space between the retainer ring and
the sealing sleeve.

The flow of copper produces a
seal between the copper tubing and
the sealing sleeve. If the radio-fre-
quency energy is cut off at this
point the copper freezes and a weld
is formed. Because of uncontrollable
variance in the size of parts and in
the position of the work with re-
spect to the r-f work coil, the time
required to bring the work up to the
welding point will vary. Hence a
fixed time cannot be used.

Fortunately, a change in temper-
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Three pieces at left are
welded together to form
the exhaust tubulation as-
sembly of akinescope tube

Automatic welding is done in an atmosphere of hydrogen
under the hood to prevent oxidation. Phototube in housing
at left is illuminated by radiation from the heated tubulation
assembly

Precise automatic control of welding of small parts is pro-

vided by a phototube that monitors the weld temperature

and shuts off the generator a half second after copper flows.

Used in making kinescopes, the technique is applicable

to other manufacturing processes

ature of the alloy which occurs sim-
ultaneously with the copper fusion
can be used as an index for control
of the radio-frequency generator.
The flowing copper makes good
thermal contact with the glass-seal-
ing alloy sleeve and cools the latter
suddenly. This temperature drop is
easilv observable by the eye. When
a phototube is set up to observe the
weld from the top, a curve of photo-
current versus time is obtained as
shown in Fig. 1. The current rises
to a peak at 5 seconds and then
drops 50 or 60 percent.

WWW._americanradiohistorv.com

To determine the relationship be-
tween phototube current and tem-
perature, one must consider the
spectral sensitivity of the photo-
tube and the spectral character of
the radiation. The dotted line in
Fig. 2 gives the spectral sensitivity
of the S-1 phototube surface used.
This surface has a maximum sensi-
tivity at 8,000 Angstroms, which is
bevond the luminous range in the
infrared region. Because incandes-
cent bodies in the temperature
range under consideration (below
1,500 C) radiate predominantly in
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the infrared region, this photosur-
face is most effective. The peak of
radiation from the weld lies far in
the infrared but a good portion of
the radiation extends into the sensi-
tive region of the phototube.
Figure 2 also gives the radiation
from an incandescent body at sev-
eral temperatures. To compute the
phototube current, the radiation
curves must be multiplied by the
phototube spectral sensitivity. The
resultant current curves are also
shown in Fig. 2 as the solid lines.
The phototube current measured is
proportional to the area under the
calculated photocurrent curves.

As determined by an optical py-
rometer, the temperature of the
sealing sleeve at the first peak of
Fig. 1 is about 1,200 C. Visual com-
parison of the areas under the 1,227
C and 1,127 C curves of Fig. 2
shows that the phototube current
should drop about 50 percent for
the drop of about 100 C when the
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FIG. 1—Curve shows drop in photo-

tube current due to cooling effect of

molten copper after six seconds of weld-
ing time

melted copper flows to the sealing
sleeve. If the r-f energy is not
shut off, the temperature continues
to rise to the melting point of the
sealing sleeve (1,470 C). At this
temperature the sealing-sleeve alloy
flows out of range of the welding
coil and the phototube current
drops off.

Control Circuit

Figure 3 is a block diagram of
the arrangement devised to utilize
the drop in temperature to control
the r-f welding generator. The op-
erator loads several of the exhaust
tubulation assemblies in a jig. By
means of a press, the three parts
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are assembled together. The jig is
then transferred to the
unit. A hood is lowered over the
work and hydrogen passed through
to prevent oxidation. After the ini-
tiating switch is thrown the oper-
ation is automatic.

The generator induces about five
kilowatts of power into the assem-
bly. Radiation from the assembly
is reflected by the prism and fo-
cussed by the lens into the photo-
tube. The drop in photocurrent,
passing through the amplifier as a
voltage, is reversed and appears as
a rising wavefront at the differen-
tiator. Upon differentiation the
wave becomes a positive pulse. This
trips a thyratron which in turn
starts an electronic delay stage.

The delay stage produces a delay
of about one-half a second. This
arbitrarily-set delay period ensures
that the copper has melted around
the entire circumference of the
weld. At the end of the delay period
a relay shuts off the radio-frequency
generator. The initiating switeh, in

welding__ RL. is

addition to starting the generator,
also triggers a safety relay. This
safety relay is set for a delay of
about 12 seconds, which is greater
than the time required for the long-
est weld. The relay shuts off power
in case of a faulty weld or a failure
of the electronic circuit.

A complete schematic diagram of
the control circuit is given in Fig.
4. The initiating switeh S, is a foot
switch by means of which relay coil
energized. Capacitor C,
serves to quench the resultant
transient so that it does not affect
the thyratrons in another part of
the circuit. Holding relay coil RL.

is energized by the momentary cur-

rent through the contacts of RL,;
RL, is held by its own contacts.
Contacts of RL. also start the tim-
ing of safety relay TD, which, in
turn, energizes RL, thus starting
the radio-frequency generator.
Holding relay RL, permits the oper-
ator to remove her foot from the
initiating switch during the weld.

Optical System

A double-element lens one inch in
diameter, with a 4.8-inch focal
length, is placed three inches from
the phototube. The use of a prism
permits a top view of the work so
that the area of initial fusion is
observed regardless of its location
on the periphery. A housing and
cylindrical tube are used to reduce
the stray light. Normal room light-
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FIG. 2—Graphical determination of phototube current due to incandescent body at
several temperatures. The dotted curve shows the spectral sensitivity of phototube
having S.1 response

January, 1950 — ELECTRONICS



ing produces a current of only 0.02
microampere.

The 918 phototube is used be-
cause of its infrared sensitive S-1
surface. The fixed bias on the 6J7,
operated at cut off, is about —6.0
volts. At the first peak of 1.7 volts,
the anode voltage of the 6J7 drops
to about 150 volts. The drop in sig-
nal of 1.0 volt at the time of the cop-
per fusion causes the anode volt-
age to rise to about 220 volts. A
change of 70 volts is realized. The
waveform of the signal obtained at
the anode of the 6J7 is an amplified
negative of the phototube current
wave shown in Fig. 1.

The temperature drop of the weld
is rapid (0.1 second) and the output
of the differentiator circuit C.R; is
a positive pulse of 44 volts magni-
tude, more than enough to fire T..
When T, fires, the anode current en-
ergizes relay RL, and one set of con-
tacts interrupts the anode current.
If the grid is still sufficiently posi-
tive the 2050 will reignite and then
again be interrupted in the fashion
of a relaxation oscillator.

Potentiometer R, controls the
sensitivity of the tube. When T,
fires, the grid current during con-
duction lowers the terminal grid
voltage to a value less than the bias.
Capacitor C; holds this less negative
value over into the period when the
contacts of RL, reapply anode volt-
age. Thus, after the bias is de-
creased to the value at which the
circuit starts to oscillate, a large in-
crease in bias at the potentiometer
is necessary to stop the oscillation.

Specifically, with R, shorted out,
the 2050 starts to oscillate at a bias
of —3 volts and stops oscillating at
—22 vo'ts. The addition of R,, how-
ever, reduces this lower limit to
—10 volts, which is satisfactory. Re-
sistor R, isolates the differentiator
from the grid current of the thyra-
tron.

Capacitor C, stabilizes the opera-
tion of T, by bypassing any tran-
sient pickup. The neon tube T, in-
dicates when this 2050 fires.

Relay RL. has a second set of nor-
mally-closed contacts in series with
the coil of RL,. Because the latter
is a holding relay, one operation of
RL, causes RL. to deenergize and
remain deenergized. Relay RL,,
‘therefore, may be energized by the
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initiating switch S, and deenergized
by a drop in intensity of radiation
on the phototube.

It has been found desirable to
allow the generator to remain on
for a short period after the temper-
ature drop occurs. This additional
time allows the copper to flow
around the entire periphery, mak-
ing a tight seal. A delay of 0.6 sec-
ond has been determined to be op-
timum for the purpose. This delay
is produced by a commercial thyra-
tron time-delay relay (G.E. CR7504-
B102G2) consisting of thyratron
T, and associated circuit. At the
end of the delay period, the current
through T, energizes relay RL,,
which in turn shuts off the gener-
ator through RL..

If a defective tubulation assem-
bly fails to exhibit a temperature
drop, or if a fault develops in any
of the circuits, the r-f generator
would remain on. As a result, either
the work coil would overheat, or
molten globules from the work
would drop down and ignite the hy-
drogen. To prevent such an occur-
rence, a safety time-delay relay TD,
is included. This relay is electro-
mechanical and has a range of 60
seconds. It is normally set at 12
seconds, which covers the longest
weld. It is started at the beginning
of each weld by the initiating
switeh S, and relay RL,. If it should
time out, its contacts deenergize
RL,, thus turning off the r-f gen-
erator.
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HE NEED for a sine wave oscil-

lator with frequency range be-
low one cycle per second is often
felt in electronic research labora-
tories. Such an oscillator would be
useful, for example, in the measure-
ment of recurrent natural phenom-
ena such as the study of ocean wave
motion, or in medical research for
the measurement of heartbeat and
breathing frequencies.

A low-frequency electrical oscil-
lation, closely approximating a sine
wave, can be obtained by utilizing
the thermal lag of a thermistor in
resonance with an electrical capaci-
tance. The coupling link that al-
lows a thermal variation to resonate
with an electrical one is the relation
between the temperature and re-
sistance of a thermistor:

R = RyeK0/T=1/Ty
where R is the resistance of the
thermistor at absolute temperature
T, R, is the resistance of the therm-
istor at absolute temperature 7.,
and K is a constant.

Examination of this relationship
shows that the resistance of a
thermistor decreases as its temper-
ature rises. When the increase in
temperature is caused by an in-
crease In current through the
thermistor, instability mayv result.
This occurs because the increasing
current lowers the resistance which,
in turn, causes the current to in-
crease still further. To insure a
stable condition, the current must
be the controlled variable.

The static curve for a thermistor,
as shown by the heavy line in Fig.
1, is a plot of voltage drop versus
direct current. The current is held
constant at each point plotted until
the thermistor reaches thermal
equilibrium. If the thermistor is
not allowed to settle to thermal
equilibrium as each point is plotted,
but has its current continuously
varied, the static curve varies in
position depending upon whether
the current is being increased or
decreased. An increasing current
would produce voltage values above
those of the static points, while if
current were decreasing, the volt-
age points would fall below the
static curve.

This effect is similar to hysteresis
lag in magnetism, and appears be-
cause the temperature of the therm-
istor, and therefore the voltage
drop, lags behind changes in the
I'R loss. The effect is only appar-
ent when the currents are large
enough to heat the thermistor
appreciably.

The amount of hysteresis is pro-
portional to the rate of current
variation. The faster the current
changes, the more the variation in
temperature of the thermistor lags
behind changes in I’R losses. The
voltage points then plot further
above and below the static curve.

Sinusoidal Input

If a sinusoidal current is im-
pressed on the thermistor, the volt-

An ULTRA-LOW

age variation is sinusoidal only if
the amplitude is small enough so
that the static curve is straight
over the region. For example, in
Fig. 1, the straightest part of the
static curve is in the region of nega-
tive slope. A direct current of 2 ma
will place operation in about the
center of this region. An alternat-
ing current may be impressed with
peaks as large as a milliampere on
either side of the bias point, and the
voltage wave will be sinusoidal.

If the frequency of the sinusoidal
current is low, the hysteresis effect
is negligible. The operating curve
then closely follows the static curve
for both increasing and decreasing
currents.

By increasing the frequency
slightly, the operating curve can be
made slightly oval. Hysteresis is
no longer negligible, because the
temperature of the thermistor
never gets a chance to catch up with
the heat dissipated. If the static
curve were perfectly straight, the
oval would resemble an ellipse with
major axis along the static curve,
as shown by F., in Fig. 1.

In the case of a still higher fre-
quency, the thermistor temperature
is not able to vary with individual
cyclic changes, It then assumes an
average value; the resistance be-
comes constant and equal to the
slope of a line on the static curve
which passes through the origin
and through the static curve at 2
ma. This is represented by the
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FIG. 1—Static voltage-current curve for thermistor and operat-
ing lines for sinusoidal currents of various frequencies with
peak values extending between 1 and 3 ma
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FIG. 2—Operating frequency can’be altered by changing the
amount of positive feedback or the value of capacitance in
parallel with the thermistor
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FREQUENCY OSCILLATOR

The thermal lag of a current-carrying thermistor enables it to be used as an inductance

in the resonant circnit of a subsonic oscillator. Approximately sinusoidal waveform is

obtainable, over a frequency range of from 0.1 to 0.02 cycle per second

dashed line of Fig. 1 labelec F,. The
operating line approximates this
line between 1 and 3 ma.

If the value of frequency F', is
lowered sufficiently, the operating
line becomes slightly oval in shape,
because the thermistor is now able
to vary its temperature with each
individual oscillation. The oval is
shown as F, in Fig. 1; it approxi-
mates an ellipse with the dashed
line as major axis.

As the frequency is lowered be-
low F',, the oval becomes wider, and
the slope of its major axis becomes
less. This major axis approaches
the slope of the static curve as the
frequency approaches F..

At a frequency somewhere be-
tween F, and F.,, the slops of the
major axis becomes horizontal. At
this frequency, F,, the operating
line approximates a circle.

Inductance Analogy

The similarity between a therm-
istor and an inductance may now be
noted. 1If the operating eurve at
frequency F, were a perfect circle,
it would look exactly like the in-
stantaneous voltage-current varia-
tion of a pure inductance with a
pulsating direct-current impressed.
At frequency F¢ only, then, the
thermistor may be shown 2s a pure
inductance. At frequencies be-
tween F'; and F'¢, the thermistor can
be regarded as a negative resist-
ance and an inductance in parallel.
As the frequency approaches Fi,
the negative resistance increases to
infinity and then reappears as a pos-
itive resistance above frequency Fi.
The value of the positive resistance
approaches the slope of the dashed
line in Fig. 1 as the frequency
approaches F..

At a frequency slightly kelow F,
the equivalent circuit of the therm-
istor is an inductance and a nega-
tive resistance in parallel. If a
capacitance is added in parazllel, in a
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FIG. 3—The oscillator's close adher-

ence to sinusoidal output may be seen

by comparing its output to a pure sine
wave

value that will resonate with the
equivalent inductance, the circuit
will be free to oscillate by itself at
the frequency where the equivalent
negative resistance exactly equals
any positive external resistance.
This external resistance is usually
the internal resistance of the direct-
current biasing source, and any suc-
ceeding stages of amplification.
When the negative resistance can-
cels the external circuit losses, any
disturbance will cause the resonant
circuit to oscillate.

Oscillator Circuit

The oscillator shown in Fig. 2 is
a refinement of the circuit just ex-
plained. It operates in the fre-
quency band of 0.02 to 0.1 cps. A
Western Electrie 1-B thermistor, in
parallel with about 400 microfarads
capacitance appears in the grid cir-
cuit of a conventional direct-current
amplifier. The thermistor is biased
with a direct-current of 2 ma which
places operation on the static volt-
age-current curve over a portion
where the slope is negative. Alter-
nating cutrrent variations do not
exceed 1 ma on either side of the
quiescent point.

The equivalent inductance of the
1-B thermistor used is 4,100 henries

on JAeroncutics

at a frequency of 0.102 cps. This
inductance resonates with a capaci-
tance of 594 microfarads. With an
external resistance of 9,000 ohms,
the resonant frequency is about 0.01
cps.

The a-c¢ peak-to-peak voltage that
can be generated across the reso-
nating eircuit is slightly less than
10 volts. Best operation occurs when
the bias current is just slightly in
the region of negative slope. With
this condition, amplitude of oscilla-
tion is smallest, and the least num-
ber of nonlinearities distort the sine
wave output. Care must be taken
not to load the cireuit by succeeding
stages, as both frequency and wave-
shape will be atfected.

For comparative purposes, Fig. 3
shows the output voltage of the
oscillator plotted on the same axis
as a pure sine wave of the same
amplitude and frequency. Also
shown is the locus of the difference
of the two curves.

Tt is possible to vary the oscil-
lator frequency over a range of
about 30 percent of the center fre-
quency by changing the value of the
tuning capacitance. This method
is cumbersome, and partly unsatis-
factoryv, since changes in capaci-
tance affect the output amplitude.

Increasing the amount of positive
feedback to the oscillating combina-
tion from the output of the ampli-
fier has the effect of increasing the
frequency, but again affects the
output amplitude. The increase in
frequency occurs because less of the
energy must be supplied by the
negative resistance of the therm-
istor. The thermistor then seeks
out an operating point at which its
equivalent parallel negative resist-
ance is higher, which occurs at a
higher frequency.
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Dot Systems of COLOR

Sampling and multiplexing techniques permit transmission of color television pictures in

the presently assigned channei bandwidth. Several systems of dot sequential color that

may be compaiible with black and white are described

EXPERIMENTS with the previ-
ously  described interlace
monochrome television system show
that the resolution of patterns cor-
responding to modulating frequen-
cies as high as 7.5 me may be ob-
tained (as compared to noninter-
laced and conventional resolution of
4 mc) without deterioration of the
resulting picture,

The same techniques of field se-
quential interlacing described for
monochrome television can be util-
ized in field sequential color trans-
missions so that a maximum utili-
zation of assigned channel band-
width can be made. With a three-
color system, a new set of field and
line frequencies are probably de-
sirable to maintain a good flicker
threshold.

Values such as the following
might be appropriate: sixty fields
per color per second or 180 fields
total per second; 202} lines per
field with alternate fields vertically
interlaced for a 405-line picture;
36,450 horizontal lines per second
and a gate frequency of 8.05 me.

These numbers will reveal a pic-
ture having 441 dots per horizontal
line when both line and field inter-
lace.  The horizontal resolution
would be about 80 percent of the
vertical resolution with a 4 to 3
picture aspect ratio. This is about
twice the horizontal resolution
which could be achieved using the
same field and line rates, but with-
out horizontal interlacing.

This system would be entirely free
of color crosstalk resulting from
any possible defects of the trans-
mission system. However, the re-
vised  synchronizing  standards
would require a conversion of ex-
isting monochrome receivers if
these receivers were to be used to
receive transmission from a color
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signal transmitter of the system.

A second type of color system is
also important. In the system just
described, field sequential dot inter-
lacing was used to increase the res-
olution but a color shift was made
only at the field rate. By omitting
this field color shift and using mul-
tiplex techniques, it is possible to
have a system having dot inter-
lacing for resolution and dot se-
quential color. Examples of such
systems follow.

Basic System

Figure 6 is a possible color tele-
vision transmitter block diagram.
The color camera could be of the
simultaneous three-color type hav-
ing three video outputs, each cor-
responding to the color pattern of
the viewed scene, and preferably in-
cluding mixed svnchronizing and
blanking signals such that all three
video signals are conventional com-
posite video waveforms. This cam-
era may operate on a conventional
60-field, 30-frame basis.

Fach of the video channels is
sampled in sequence (Fig. 6A) by a
narrow sampler driven by a carrier
generator at a rate of approxi-
mately 2.68 mc per second into a
a pulse train of 8.04 x 10" pulses
per second (2.68 mc is the 170th
harmonic of the horizontal line fre-
quency of 15,750 Ips). The composite
pulse train is amplitude modulated
but the amplitudes of adjacent
pulses are unrelated since they were
derived from three independent in-
put signals. However, the ampli-
tude of every third interleaved pulse
has been derived from the same in-
put signal. Thus a horizontal line
of the picture will be sampled into
170 dots of each color per scan.
This pulse train is next filtered to a
bandwidth of 4 me by a low-pass

filter of good transient response and
is now prepared for transmission by
a conventional television transmit-
ter and for reception by a conven-
tional receiver arrangement.

To reconstruct the original input
pulse train so that the original mod-
ulations may be derived, the re-
ceiver includes means to resample
the transmission system output as
it appears at the receiver video de-
tector. For this purpose the re-
ceiver must generate a gating car-
rier which can be frequency and
phase controlled by additional syn-
chronizing information supplied
from the transmitter.

Figure 7 is a block diagram of a
possible receiver arrangement. A
conventional monochrome television
receiver system may be used for the
detection of the transmitted signal
and the detected video signal may
be applied directly to a gate. The
gate is similar to the transmitter
sampler (Fig. 6A) and is driven by
a carrier such that the detected sig-
nal is gated in sequence to three
amplifier chains each with their pic-
ture tubes, or to a single three-color
line tube. From the picture tubes,
each of which may correspond in
color to requirements established by
the color camera, the color images
may be optically superimposed.

The receiver gate thus essentially
reproduces the original composite
pulse train and simultaneously may
separate the pulses to their respec-
tive color channels. Into each chan-
nel, therefore, a 2.68-mc pulse train
is supplied, with the amplitude of
the pulses being translated by very
wide-band circnits into dots of vari-
ous colors and luminosities on the
picture tube or tubes.

The modulating signals from the
camera for the pulses of any of the
color channels have not thus far
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TELEVISION
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been limited to any specific band-
width. In a noninterlaced system,
the modulation would be limited to
1.3 me but interlaced sampling may
be used to permit input moculating
frequencies up to 2.5 me. That is,
the samples taken from the three
color camera signals are sampled in
sequence in multiplex fashion con-
tinuously throughout the two ver-
tically interlaced fields of the pie-
ture scanning, then during the next
two fields the samples of each signal
are interlaced with the last set of
samples.

A typical dot scanning structure
resulting from this might be as
shown in Fig. 8, wherein the green,
red and blue channel sampling lo-
cations on a raster are indicated by
the letters G, R, and B. Thus each
color channel is sampled in inter-
laced fashion and input modulation
frequencies up to the frequency of
the sampling carrier (or more prac-
tically, up to 2.5 me) can be faith-
fully reconstructed on the respec-
tive picture tubes.

The dot structure of Fig. 8 is in-
teresting from a further viewpoint.
It is an outstanding feature of a
dot sequential color system that a
colored line phosphor tube makes
possible single - tube direct - view
color reception. That is, since the
dot signals for each color fall in
vertical alignment when the fields
are superposed, a three-color display
could be obtained by using either a
tube with colored phosphor stripes
or with colored filter stripes so that
the respective channel signal pulses
register with the appropriate color
strip loeations.

Circuit Arrangement

One circuit means to obtain the
aforementioned interlace may be as
follows: the carrier generator at
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2.68 mc may be modulated at a 15-
cycle rate in such fashion that it
undergoes a phase reversal during
every second vertical blanking in-
terval. This phase reversal is used
to interleave the picture sampling
points frame by frame. Thus 170
dots per color per line may be
passed in one scan and interlaced to
form 340 dots per color per line in
the campletely scanned picture. This
resolution will therefore be that of
the admitted modulation or 2.5 me
per color.

It appears to be more desirable to
modify the sampling frequency so
that it is not an integral multiple of
the horizontal line rate but so that
a one-half sampling interval shift is
obtained on alternate lines. For in-
stance, a sampling frequency of
2.685 me, which is 170.5 times the
hoizontal line rate, might be used
for sampling each input signal. If
this is done with a picture having
an odd number of horizontal lines
in two fields (such as a conventional

525-line picture) it will be found
that dot interlacing will be entirely
automatic and will require four
fields for an interlace cycle. Hence
no carrier phase-reversing appa-
ratus will be required. This is the
pattern shown in Fig. 8.

To maintain good system charac-
teristics it is necessary to supply
the receiver with a gating carrier
synchronizing signal from the
transmitter. One means for accom-
plishing this synchronizing is as
follows: During the time of the
horizontal blanking interval, the
signal at the transmitter filter in-
put resulting from sampling the
three modulations will be without
appreciable 2.67-mc carrier fre-
quency information due to the iden-
tity of the three camera signal
waveforms. Hence during this inter-
val a burst of 2.68 mc gating car-
rier of a phase corresponding to the
transmitter sampler phase may be
added to the transmitted signal. At
the receiver an oscillator nominally
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operating at the gate carrier fre-
quency may be synchronized line by
line by gating to it this carrier
burst. During vertical retrace, this
gating carrier may also be applied.
In this way the receiver gate may
readily be controlled from the
transmitter.

Systems with High Sampling Frequencies™

The basic system is an illustra-
tive example of a straightforward
method of color interlacing using
multiplex techniques. Through its
use a three-color, 340-dot per color
per line signal is transmitted with-
out any inter-color cross-modulation
through a 4-mc modulation band-
width at half the conventional
frame speed. This is, in fact, the
limit predicted by Hartley’s law and
cannot be exceeded without some
compromise. However, to obtain a
finer dot structure, the sampling
rate might be increased although it
is recognized that some form of in-
tersample (inter-color) crosstalk
would result.

It is seldom that the practice of
engineering permits a clear defini-
tion of an optimum system and rela-
tive weights must usually be at-
tached to conflicting requirements.
In this case the conflict is between
resolution, and color crosstalk in a
color receiver; both the color re-
ceiver and a monochrome receiver
operating on a signal from a color
transmitter benefit from increased
resolution, while only the color re-
ceiver suffers picture deterioration
from color crosstalk.

This compromise probably should
be resolved on the basis of further
theoretical investigation and field
tests of large subjective scope in
which the carrier rate and modula-
tion bandwidths are raised to in-
crease the gystem apparent defini-
tion until color crosstalk becomes
objectionable. For example, the car-
rier rate might be raised as high as
3.5 mc per color with per-channel
modulation frequencies being raised
to 3.3 mec. Operating in this fashion
(or at any other sampling rate be-
tween 2.68 mc and 4.0 mc) with a

*A system bhaving some resemblance to
systems described in this paper has heen
announced by the Radio Corporation of
America. Similarities and dissimilarities
between the RCA system and those de-
scribed here are not known to the author
and the two developments have been in-
dependent.
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FIG. 8—Interlaced scanning pattern

4-me passband, the filtered pulse
train derived from the low pass
filter would be characterized by hav-
ing interdot crosstalk for per-chan-
nel modulating frequencies greater
than twice the difference between
the filter cutoff frequency and the
channel sampling frequency. For
modulating frequencies below this
difference frequency, interdot cross-
talk would be negligible. Hence, a
transient change in the amplitude
of any one color sighal would affect
the other signals.

For example, assume that three
unmodulated video channels are se-
quentially sampled at a rate of F
cycles and that the resulting pulse
train is then filtered by a filter F
cycles in bandwidth. Then the terms
of a Fourier series of the pulses re-
sulting from sampling each channel
are given by

% (1 + 2 cos 2;‘) (12)
B 2wt | 2r
g[l—k?cos(q;-—i—?)] (13)

C 2rt 4
§|:1 +2cos( T +§)] (14)

If these series are summed it will
be observed that no two add any
value where the third is a maxi-
mum. This is a unique steady-state
condition wherein interchannel sig-
nal errors do not exist. Now sup-
pose the second channel is modu-
lated. Then its signal becomes

B 2rt 2w
?[14-2005(7, —i——3—>:|
|:1 + m cos (wat + d>):|

where o, is the modulating fre-
quency. Then expanding and filter-
ing to a bandwidth F = 1/T we get

B 2 2
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Now at time T = 0, corresponding
to the maximum of channel A, we
get

g[l—l—i—mcosdwi—mcos

2
Z+0)] )
or
Bmcos(zﬁ-%— (18)
——=
This maximizes at ¢ = =/3 to a
value of Bm/3. Where m =1, B/A

=1/3.

This indicates a maximum inter-
channel crosstalk of 33 percent, and
a further calculation assuming a
random phase (or a random fre-
quency) variation indicates that the
crosstalk would be within 80 per-
cent of maximum over 40 percent of
the time. However the choice of a
channel sampling frequency could
be tempered to a satisfactory de-
gree by the use of an intermediate
value.

For sampling frequencies less
than F cycles, Eq. 15 is valid but
new terms will appear in Eq. 16 as a
function of modulating frequency.
Thus the degree of crosstalk ex-
hibited is a function of the sam-
pling and modulating frequencies
and can be calculated for any ex-
ample. The subjective nature of
color may be such that color cross-
talk, if not too pronounced, may be
immaterial or even beneficial to
resolution. However, other systems
such as those which follow must
also be considered.

System with Increased Resolution of One
Color

All of the foregoing has been
based on equal resolution (sampling
intervals) for all three colors. This
is not a necessity and perhaps is
actually not desirable. For example,
while maintaining the 8.04-mec com-
bined sampling rate let the color
sampling sequence be green, red,
green, blue, with a sampling rate of
4.02 mc for the green and 2.01 me
for red and blue. In this case the
modulating frequencies should prob-
ably be limited to 3.8 me for green
and 1.9 mc for red and blue. The
system functioning would be the
same as before except for the color
sampling sequence as noted. Sam-
pling might be done with a dual
commutator (Fig. 6B), the carrier
rate being 4.02 me, and alternate
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red and blue switching being ob-
tained by a secondary mechanism
operated at one-half carrier fre-
quency.

However, the principal result of
this scanning sequence is an ar-
rangement entirely within the Hart-
ley limit (thus avoiding intercolor
crosstalk) wherein high resolution
can be obtained on a single color
channel (as for example, green) and
on monochrome reception. A typical
dot scanning structure resulting
from this scanning might be as fol-
lows:

Line 1 GRGBGRGB first and second
Line 2 GBGRGBGR fields

Line 1 BGRGBGRG third and fourth
Line 2 RGBGRGBG fields

The color alignment between the
first and second fields and the third
and fourth fields may be accom-
plished automatically by the proper
selection of carrier frequency rela-
tive to line frequency, while the
color shift from second and third
fields and fourth and first fields may
be accomplished by gate carrier
phase reversal during every other
vertical blanking interval.

Other sampling mechanisms are
possible but the one indicated in-
cludes the advantages of simplicity
while retaining the 180-degree
phase shift of the carrier between
scanning frames for interlacing.

Compatibility

Since there is an existing mono-
chrome television broadcasting serv-
ice it is probably required that any
standards for color transmission be
such as to secure a maximum uti-
lization of existing monochrome
transmitters and receivers. There-
fore the above-described coior sys-
tem characteristics must be consid-
ered from this viewpoint.

Since the bandwidth of the modu-
lation signal may be limited to 4 mc
before transmission there is no
question as to the detection of the
transmitter signal at a conventional
receiver. Questions appear to center
around the utilization of the vari-
ous possible signals by a conven-
tional monochrome receiver. For
the basic color system as described,
the monochrome receiver detector
output signal would be a waveform
resulting from the filtering of the
sample pulse train.

This signal is the resultant of
the linear addition (superpcsition)
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of the signals due to the sampling
and filtering of the three camera
signals. It may be found by taking
the three channel signals and multi-
plying each by the sampling terms
(Eq. 1) and then filtering by means
of a filter of bandwidth equal to
half the composite rate. However,
since the bandwidth of the modula-
tion in each channel and the per-
channel sampling rate is approxi-
mately 2/3 of the bandwidth of the
transmission system it is not con-
venient to collect the terms of this
expression for the signal after fil-
tering.

A satisfactory physical insight
into monochrome reception prob-
ably can best be obtained here by
examining a typical video waveform
within a color transmitter. This sig-
nal is shown in a representative
case by Fig. 9. At A there is shown
a sketch of the three modulation
waveforms which might be derived
from the color camera. At B and C
there are shown the pulse ampli-
tudes as the three waveforms are
sampled in succession, the sample
times of C being interposed with
those of B as required for sample
interlacing. The letters indicate the
color channel being sampled.

The indicated envelope of the
pulses is the resultant video wave-
form which would be obtained from
the receiver detector and would be
used to modulate the cathode-ray
tube of a monochrome receiver. The
envelopes of B and C would be
superimposed on successive scans.
Inspection shows that while the
waveforms do include the original
modulation there is also in one por-
tion a strong carrier-frequency sig-
nal (at 2.68 mc for the previous
basic color svstem example).

SWHITE GREEN
} BLACK
—~Jaue D
i (4)
MTTAA N \ N
\
A

r [ VMMV &.jg—_-
|

BRGBRGBRGARG BRGBRGBRGBRGBRGB RG

| TN AA

GBRGBRGBRGBRGBRGBRGBRGBRGBRGER

FIG. 9—Color transmilter—monochrome
receiver waveforms

Sketch D shows the sum of the
two envelopes B and C and is the
envelope of the resultant waveform
which would be viewed on the pic-
ture tube if suitable integration be
provided. This signal is observed
to include original modulations with
the 2.68-mc carrier being doubled
to a 5.36-mc carrier which would
not ordinarily be resolved by the
viewer.

A further comparison of wave-
forms A and D illustrates another
property of a color transmitter—
monochrome receiver combination.
On black and white portions of a
picture or in any region where mod-
ulation of the three color channels
is approximately the same, the
monochrome resolution and contrast
range is adequate but in regions of
essentially single-color modulation
the monochrome contrast is im-
paired. Further, it is apparent that
the loss of contrast in the mono-
chrome channel can be made small
if the relative gains of the three
color channels are adjusted at the
transmitter (and in the color re-
ceiver) so as to emphasize a par-
ticular modulating signal such as
the green channel signal.

The ability of a monochrome re-
ceiver to obtain a satisfactory pic-
ture depends upon the color con-
tent of the subject and certain con-
ditions within the color transmitter
apparatus. Exhaustive field tests
would be required to reach an op-
timum. At this time it is clear that
monochrome receivers will function
gatisfactorily but that some optimi-
zation of system parameters for
compatibility is desirable.

REFERENCES

(1) R. V. I. Hartlev. Relations of Car-
rier and Sidehands in Radio Transmission,
Proc. IRF. 1923.

(2) M. Nvauist, Certain Factors Affect-
ing Telewraph Speed, Bell System Tech
Jour, 1927.

(3) H. XNyquist, Topics in Telegraph
Transmission Theory, AIEE Transactions,
Feb. 1928.

(4) R. V. L. Hartley, Transmission of
Intormation, Bell System Tech Jour, 1927.

(5) P. Mertz and F. Gray, A Theory of
i?g;ming, Bell System Tech Jour, July,

(6) M. Levy, Impulse Response of Elec-
trical Networks, Jour Inst Elec Eng, 90,
Dec. 1943.

(7) P. M. G. Toulon,
Scanning, L’Onde Electrique, Oct.,
Also U. S. Patent 2,479,880.

(8) W.P. Boothroyd and E. M. Creamer,
Jr., A Time Division Multiplexing System,
AIEE Trans, 68, 1949.

(9) W, P.Boothroyd and E. M. Creamer,
Jr., Transmission of Information, Techni-
cal Paper, IRE Winter Convention, March,
1949. (Available as Philco Research Di-
vision Report #140.)

Knight's Move
1948.

99



FIG. 1—Low noise traveling-wave tube for operation in the 3.000-mc range

Recent Developments

Since their appearance several years ago, traveling-wave tubes have been the subject of

much discussion and research. As a result, their characteristics have been improved and

their operating ranges extended considerably. Several of the more important advance-

ments are presented here in survey form

PPRECIABLE PROGRESS in the de-
A\'elopment of various types of
traveling-wave tubes has been made
in the interval since the first tubes
of this type were announced.”** kx-
tension of the amplification pass
band, use of the traveling-wave
principle from as low as 200 to
above 25,000 megacyvcles, decrease
in the noise power output of the
tubes from 1,000 to 14 times the
theoretical minimum, and increase
in the available power output from
1 to 60 watts at 3,000 megacycles
and up to 1,200 watts at lower fre-
quencies are among the develop-
ments. In addition, new forms of
traveling-wave tubes have been in-
vented including the remarkable
electron wave tube which uses no
metallic wave carrying circuit, the
transverse current traveling-wave
tube, traveling-wave klystrons and
reflex tubes, and traveling-wave
magnetron amplifiers.

It will be remembered that the
traveling-wave tube makes use of
a new principle of amplification in
which the signal to be amplified is

Research described in this article as
having been carried out at Stanford Uni-
versity was made possible hy the support
of the Office of Naval Research and the
Army Signal Corps.
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sent along a circuit at low velocity
for an appreciable number of wave-
lengths (foreshortened wavelengths
because of the low velocity). At the
same time an electron stream is
sent near the circuit in the same
direction and at nearly the same
velocity as the signal. The signal
field and the electron stream inter-
act in such a manner that energy is
fed from the electron stream to the
signal in consequence of which the
signal rises exponentially in ampli-
tude or linearly in decibels above
input level as it travels. A descrip-
tion of this interaction has been
given in several of the references
at the end of this article. »***°
The continuous interaction of
signal wave and electron stream
over a long distance, an extended
interaction which may take place
over tens to hundreds of cycles as
compared with the fraction of a
cycle used in tubes with grids or in
cavity resonator beam tubes, results
in sufficient amplification that low-
impedance circuits can still give
high gain. Consequently, such a
circuit as the wrapped up transmis-
sion line or helix can be used to
¢give amplification over bandwidths
of thousands of megacycles where
only tens of megacycles were

achievable in non-traveling-wave
devices because of their need for
high-impedance resonant elements.

The following is a representative
selection of the more important ad-
vancements being made in the trav-
eling-wave tube art in recent years.
An all inclusive survey is, of course,
out of the question, since much of
the work being done is classified
and cannot be discussed.

Low Noise Figure Tubes

The possibilities of traveling-
wave tubes as low-noise devices
have been of interest since Kompf-
ner first discussed low noise per-
formance on his tubes.! Indeed, his
article discusses the device prin-
cipally as a low noise amplifier Al-
though the noise figures quoted
for those first tubes were very low,
the tubes were described as having
self-oscillation, low power output
and a relatively narrow amplifica-
tion pass band. The Bell Labora-
tories tubes announced at about the
same time gave relatively wide
bandwidth amplification (800 me),
were free of oscillation, and oper-
ated up to about one watt output
power, but may be calculated as
having had the order of 30-db noise
figure, which represents a noise out-
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FIG. 2—The disc-on-rod type traveling-wave tube furnishes two watts output at 10,000 mc

in Traveling-Wave Tubes

By L. M. FIELD

Associate Professor
Stanford University
Stanford, California

put 1,000 times the lowest possible
theoretical noise power output.

Stanford University, Sylvania
Research Laboratories, Bell Tele-
phone Laboratories and many other
organizations have been corcerned
with understanding the causes of
noise in t-w tubes and precducing
lower noise tubes. Very wide
band, stable, low noise tubes with
as low as 11.5-db noise figure
at 3,000 mc have resulted from this
effort to date, and a few db further
improvement may be forthcoming.
This value of 11.5-db noise figure
for a radio-frequency amplifier at
3,000 me may be compared with
such typical values as 14 to 16-db
noise figure obtained by using very
close spaced triodes and 20 to 30-db
noise figure for most electron beam
devices such as early traveling-wave
tubes and klystron amplifiers. 1t is
extremely likely that the kiystron
can be improved to the same order
of noise figure as the t-w tube for
possible use as a narrow band
amplifier.

At present, narrow band systems
at 3,000 me or higher generally
make use of a crystal mixer and do
their amplifying at i-f frequencies
with a resulting noise figure of 8
to 15 db. The low noise traveling-
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FIG. 3—Cross-section of an early form of the disc-on-rod type traveling-wave tube
built at Stanford University

wave amplifier now appears to be
almost competitive with the crystal
mixer on a noise figure basis and
has some advantages, notably very
great bandwidth, no permanent
damage from r-f overloads and
minor mechanical shocks, and pos-
sible reduction in ecomplexity in
some systems by removing the need
for i-f amplification entirely.
Possible applications for this low
noise t-w tube arise in such devices
as radar receivers, search receivers
and microwave relay link receivers.

Gun Noise

Unfortunately, no extensive theo-
retical treatment of the reduction
by space charge of the shot noise
content of an electron beam from a
gun at mierowave frequencies was
available at the beginning of this
work on noise reduction in the t-w
tube.

The diode and multigrid tube had
been the subjects of extensive
analysis®™® but an electron gun
whose electron beam output might
have velocity and current noise con-
tent, both of importance in noise
calculation, has only recently been

analyzed in sufficient detail to ac-
count for observed variations at low
noise figures in operating tubes.
J. R. Pierce of the Bell Telephone
Laboratories recently proposed a
theory of noise in such guns, includ-
ing the effects of transit angle, and
velocity and current noise content
in streams, which has accounted for
many observed effects. C. F. Quate
in a doctoral dissertation at Stan-
ford University has modified this
analysis somewhat to obtain one
possible explanation of the observed
minimum in noise figure as beam
current is varied.

It appears likely from this work
that our present guns produce
beams which contain a small but
significant temperature limited con-
tent.

Typical Tube

A typical low-noise tube for the
3,000-me region is shown in Fig. 1.
This tube has been measured at 11.5
db minimum noise figure and uses
a type of construction now quite
common at the Stanford University
laboratory. The helix is wound of
tungsten wire, copper coated for
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FI1G. 4—A 3.000-mc t-w tube capable of
preducing 60 watis output

low r-f loss, and is directly sup-
ported by the quartz tube envelope.
The envelope is shrunk to precise
size on a centerless-ground tung-
sten seal rod of the proper diam-
eter. At each end of the quartz
structure grading glasses are used
to uranium glass presses through
which tungsten leads are sealed for
applying operating potentials.

The electron gun for producing a
low-noise beam uses a Pierce gun®
with the special feature that the
beam edge is defined by a negative
electrode surrounding the cathode.
This causes the space charge poten-
tial minimum in front of the cath-
ode to deepen rather than disappear
at the edges and hence cuts off the
emission at the edges in an attempt
to minimize the temperature limited
beam content.

Tube operating parameters are as
follows:

Beam voltage ..... . 675 volts
Beam current ............ 200 pa
Interception current ...... 1 pa
Gain .................... 20 db
Bandwidth .............. 600 mc

Noise figure

As shown in Fig. 1, coaxial-cable-
to-helix matching devices have been
developed which take the place of
the waveguide-to-helix matches of
earlier tubes.? Because these
matches permit magnetic field
structures of small diameter to
cover the tube ends, they are now
used extensively.

Other low-noise problems now
being worked on at several research
laboratories include direct study of
the noise content of beams produced
by electron guns, noise reducing
schemes involving initial resonant
cavities or helices, and transverse
field or beam deflection devices.

The maximum power output
available from the tubes described
in 1947 was the order of one watt
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FIG. 5—Skewed helix permits adjust-
ment of eleciron speed

at 3,000 me. Although this is suffi-
cient power to be useful in the out-
put stage of a microwave relay link
transmitter, higher output power
would be welcome in such an appli-
cation, and would be essential if
the tube were to receive wide use as
a radar jammer, high-level signal-
generator output tube, or at lower
frequencies, a very wide band tele-
vision output amplifier or phase
modulator.

The earliest work on high power
t-w tube development coneerned
itself with attempting to find wave
carrying circuits of higher power
dissipation and possibly with appre-
ciably higher gain or higher effi-
ciency than the simple helix. One of
the types of circuits used for this
purpose is that used in the disc-on-
rod tube shown in Fig. 2 and 3.
These figures show an early form of
the tube built at Stanford Univer-
sity which produced about two watts
at 10,000 mc using a hollow cylin-
drical electron beam. A more ad-
vanced form of disc tube has been
reported by the Federal Telecom-
munication Laboratories to give
100 watts at 4,700 me.

Other forms of circuits have also
been described™™ and compared
with a helix in a very general way
by J. R. Pierce.® The helix is
shown to give relatively high gain
as compared with lumped element
circuits unless the lumped element
circuits are adjusted for narrow
bandwidths. Circuits other than
the helix have also been considered
for higher frequency applications
as will be described later.

Several high power t-w tube de-
velopments have made use of the
helix form of circuit. One of these,
a tube reported from the General
Electric Research Laboratories, has
produced 1,200 watts output power

FIG. 6—A complete tube using the
skewed helix shown in Fig, 5

at about 500 me with 100-me band-
width.

Another development, for the
3,000 me region and covering 2,000
to 4,000 me, uses a helix and pro-
duces over 60 watts output power.
This tube, recently produced at
Stanford and shown in Fig. 4,
makes use of a remarkable gun de-
signed at the Sperry Gyroscope Co.
which in this application sends an
electron beam of 200 milliamperes
at 3,000 volts down a tube or helix
0.110 inch in inner diameter and
thirteen inches long with a loss of
only one milliampere. This is ten to
twenty times the beam density used
in the 1947 tubes. Space charge
repulsion is overcome by a magnetic
field applied aceording to the prin-
ciples described by A. L. Samuel
and by C. C. Wang in papers deliv-
ered before the March 1949 IRE
Convention at New York City, and
previously derived mathematically
by L. Brillouin.

Other devices for the production
of high power at microwave fre-
quencies are being developed which
are related to the traveling-wave
tube to a greater or lesser extent.

T-W Magnetrons

A very close relative is the travel-
ing-wave magnetron amplifier. One
version of this is reported by
Warnecke and his associates at
C.S.F. in France as having rela-
tively high output power and effi-
ciency.” Several hundred watts out-
put at 40-percent efficiency at 25 cm
are to be expected according to the
publication., This device is similar
in general configuration to the
multicavity magnetron. However,
it is an amplifier, uses a flattened
helix in place of the resonant cavi-
ties, and separates the input from
the output by a metallic partition so
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that electrons never travel more
than once around the circumfer-
ence. Multiple cathodes placed at
various points on the circumference
of the single small cathode region
are reported as being used.

Another form of traveling-wave
magnetron is being worked on in
this country at the Raytheon re-
search laboratory and outputs of 20
watts at 125 mc were realized in a
first low-frequency model.

T-W Klystrons

The klystron and reflex tube are
being modified somewhat to include
a traveling-wave feature by replac-
ing their resonant cavities with
nonresonant waveguides. Such
tubes are reported as being worked
on at Oxford and at the Microwave
Laboratory at Stanford. Although
these tubes do not have the con-
tinuous interaction between elec-
trons and waves traveling in the
same direction common to all the
other tubes discussed in this article,
they do have traveling waves in the
waveguides rather than the stand-
ing waves associated with resonant
waveguides or cavities.

They differ from other ferms of
traveling-wave tubes most radically
in that electron stream and signal
interact only in a short gap and
then the electrons coast thrcugh an
r-f field free region where they
undergo klystron type or reflex
bunching rather than the waveform
of bunching of other t-w tubes. It
is at least evident that the term
traveling-wave tube is not suffi-
ciently descriptive to distinguish
between these two widely different
types of interactions.

The klystron type traveling-wave
devices are of necessity very high
power tubes (order of megawatts)
since the low waveguide impedance
coupled with klystron type bunch-
ing requires very high beam cur-
rents to achieve sufficient amplifica-
tion to be useful but when operated
at high beam voltage gives reason-
able efficiency. The reflex type

device being worked on at Stanford
is useful at appreciably lower power
levels. It has a severe feedback or
oscillation problem since it has
equal gain in each direction unless
electron paths are warped appre-
ciably.

The traveling-wave klystron is
somewhat similar in principle to the
distributed amplifier'>* which has
used ordinary pentodes coupled to
loaded transmission lines to give
gain below the video range and up
to 100 mc as a pass band. The com-
parison is sufficiently close that the
terms distributed klystron, and dis-
tributed reflex tube might possibly
be applied to these devices.

Transverse Current T-W Tube

At least one form of tube is now
known in which the electron beam ig
sent aeross a tube transverse to the
principal direction of wave or signal
travel as in the traveling-wave kly-
stron or reflex tubes just described,
but which produces a component of
wave velocity in the electron travel
direction. This permits electron
speed to be adjusted to equal wave
speed and hence give continuous
interaction over the entire electron
path. The device makes use of a
skewed, race-track shaped helix as
shown in Fig. 5, and the interaction
gives fields which rise essentially
exponentially across both the width
and length of the helix. A finished
tube, produced at Stanford and
shown in Fig. 6, has been tested and
found to give relatively high gain
for a small device. The helix shown,
approximately one and one-half
inches wide and three and one-half
inches long, is only 3 foreshortened
wavelengths wide and 9 foreshort-
ened wavelengths long at 190 mega-
cycles for the beam velocity cor-
responding to 50 volts. Yet under
these conditions the tube has
demonstrated over 20 db of ampli-
fication and operates well from
about 150 to 400 mc with 60 ma in
the beam corresponding to only 3
watts beam power.

The very high current for such &
low voltage is one of the advantages
of this form of construction. Most
t-w tubes and other tubes using
electron beams suffer from too high
beam impedance; in other words,
they can get only relatively low cur-
rents at high voltages. Another ad-
vantage of the transverse current
construction is the very low beam
density and consequent easing of
cathode and space charge repulsion
problems. In addition, the tube can
be extended indefinitely normal to
the direction of electron flow with-
out adding to electron beam produc-
tion or focusing problems since all
new electron paths which are added
are of the same form and length as
previous paths.

The theory of operation of this
device indicates that the gain in db
will not rise as the one-third power
of the current as it does for the
usual one dimensionally extended
t-w tube.’ Rather for low currents
it will first increase as the square
of the current, and increase then
with progressively diminishing ex-
ponent, until for high currents, the
gain asymptotically approaches a
value independent of current.
Measurements on the tube just
described appear to verify the
theory both in the form and the
absolute magnitude of the gain—
current curve.

It may be hoped that further de-
velopment of the transverse current
amplifier may make it an important
contender for medium or high
power levels at relatively high effi-
ciencies because of the high beam
current at low voltage available in
this tube.

Bandwidth and Frequency of Operation

Appreciable strides in increasing
the bandwidth or amplification pass-
band have been made since the
earliest t-w tubes, and even greater
strides have been made in changing
the frequency of operation of these
tubes. Much improvement in band-
width has resulted from the use of

FIG. 7—Much improvement in bandwidth has resulted from the use of tapered matching sections
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from helix to a coaxial line
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FIG. 8—Photograph showing feedback circuit of a traveling-wave tube oscillator
which gives continuous tuning from 15,000 to 24,000 mc

tapered matching sections from
helix to a coaxial line as shown in
Fig. 7. Such matching sections
were developed at RCA Laborator-
ies and Stanford. The tube shown
is a Stanford type for relatively low
frequency amplification and has
operated well over slightly greater
than a 3 to 1 range in frequency.
The tube has given the order of 40
to 50 db gain from 300 to 1,000
megacycles and at near saturation
power levels has operated at 500
megacycles with 26-percent effi-
ciency (r-f output power to d-c beam
power). With reduced collector
potential, 50-percent efficiency has
been measured.

The same type of match was used
in the tube described previously as
giving 60 watts output in the 2,000
to 4,000 megacycle range. The low-
est frequency t-w tube known to the
author is the transverse current
tube which has amplified at 150
megacycles. The tube of Fig. 7 is
a more common variety and goes
down to 300 megacycles as previ-
ously mentioned. Of course, dis-
tributed amplifiers using pentodes
cover from a few megacycles to 150
or 300 me.

In the direction of higher fre-
quencies, early model 4,000-me helix
tubes have been scaled to 10,000 mc
and 25,000 mc. Fair gain levels at
10,000 me¢ and just greater than
unity gain at 25,000 mc appear to
be the best results to date. Tubes
with foreshortened dimensions have
been built for 12,000 me. With 10
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milliamperes at 2,000 volts, tubes
of this type have produced at least
one milliwatt of power at 24,000
megacycles, second-harmonic out-
put. Such tubes have been used in
feedback circuits giving continuous
tuning of the oscillation frequency
from 15,000 me to 24,000 me. Such
an oscillator is shown in Fig. 8.
Up to fifth-harmonic output has
been observed in other tubes. Tubes
using a repetitive or loaded trans-
mission line consisting of a slotted
metal block are reported by Bell
Telephone Laboratories to have
given gain at about 25,000 me. Also,
a helix type tube has given gain at
6.256 mm at the Bell Laboratories.

There is some hope that the type
of gun and beam used in the 2,000
to 4,000 me tube may be scaled down
in size and open up a whole new
field of possibilities for t-w tubes
at above 30,000 megacyecles.

The Electron-Wave Tube

This article is not intended to in-
clude a complete description of elec-
tron-wave tube developments, but
no summary of progress on t-w
tubes could avoid some discussion
of this important new develop-
ment." The electron-wave tube,
which uses an additional electron
beam to replace the metallic wave
carrying circuit of the t-w tube, will
probably surpass the t-w tube in
some applications. At the moment
it appears to be a much lower r-f
power device and may ve capable of
only comparable noise performance.

It appears to be capable of very
high gain per unit length as com-
pared with most t-w tubes, aithough
recently, high-gain-per-unit-length
t-w tubes have been made, for ex-
ample the tube of Fig. 7.

The most promising field for the
electron-wave tube seems to be its
possible use for millimeter wave
oscillators and amplifiers, for the
range 30,000 to perhaps 100,000 me.

Theoretical Studies and Conclusion

Finally, there should be men-
tioned the large amount of theoret-
ical study on various t-w tube prob-
lems now engaging the attention of
many workers here and abroad.
Such problems as the noise in
beams, the noise figure of various
forms of t-w tubes, and methods of
holding beams together against
space charge repulsion have been
mentioned. Other problems being
studied, among many, are the
effects on tube gain of space charge,
helix attenuation, and helix or
structure gaps; nonlinearity and
saturation at high power levels;
effects of finite beam size on noise;
gain and noise in transverse fileld
and transverse current tubes;
higher order modes on helices; and
electron-wave-tube gain for various
beam velocity distributions and
spatial separations.
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Design of

ABSORPTION TRAPS

Universal response curves show the ratio of the response of a tuned circuit to which a

trap is coupled to the response without the trap for typical values of attenuation and trap-

circuit frequency separation. Nomograph permits rapid determination of coupling factor

HE PROBLEM of obtaining at-

tenuation at eritical frequen-
cies arises frequently in the design
of amplifiers employing taned cir-
cuits. One widely used method of
obtaining this attenuation is by
means of absorption traps.

The type of absorption trap anal-
vzed in this paper consists of a cir-
cuit tuned to the rejection fre-
quency and coupled to a tuned
circuit which is fed by a constant-
current source such as a pentode
tube. An analytical expression is
derived to show the attenuation in-
troduced by the trap and its effect
on the variation in amplification
with frequenecy. This information
is presented by universal curves
which show the ratio between the
response obtained with a trap to the
response obtained without the trap,
as a function of the following para-
meters: (1) the rejection at the
trap frequency, (2) the generalized
frequency separation between the
trap and the circuit to which it is
coupled, and (3) the ratio between
the Q of the trap and the Q of the
circuit to which it is coupled.

Application

A typiecal application is found in
the design of video intermediate-
frequency amplifiers of television
receivers which employ staggered
tuned circuits as coupling elements.
In these receivers rejection at the
accompanying sound carrier fre-
quency and at the picture and sound
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carrier frequencies of the adjacent
channels is frequently obtained by
means of absorption traps which
are inductively coupled to the stag-
gered tuned cireuits. The universal
response curves presented show the
effect of the absorption traps on the
response over the pass band as well
as the magnitude of the after re-
sponse which impairs the skirt
selectivity.

Response Curves

Although universal response
curves have long been used for the
simple resonant circuit and for
synchronous double-tuned circuits,
analogous curves heretofore have
not been available for absorption
traps. The universal response
curves presented here enable the
same simplification in the design of
absorption trap circuits as results
from the use of universal response
curves for single and double-tuned
circuits. Since as many as three
absorption traps are frequently
used in the video intermediate-fre-
quency amplifier of a television re-

4
B ft..

() TRAP
1 —I | -l:_L

FIG. 1—Circuit diagram and equivalent
circuit of a typical amplifier employing
an absorption trap

ceiver, the saving in design time is
significant.

It is of interest that the universal
response curves indicate that opti-
mum performance is obtained when
an absorption trap is coupled to a
circuit which is relatively close in
frequency. A misconception that
the circuits should be widely sepa-
rated has led to the design of some
amplifiers having relatively high
distortion of the pass band and high
after responses for a given rejec-
tion.

Determination of Response Ratio

A typical circuit employing an ab-
sorption trap is shown in Fig. 1.
The amplifier plate load consists of
the tuned ecireuit L,C, which is in-
ductively coupled to the trap circuit
L,C,. In addition to the simple in-
ductive coupling shown in Fig. 1, it
is possible to use other forms of
coupling such as high-side capaci-
tive coupling. As with synchronous
double-tuned circuits, results are
equivalent in the narrow-band case.

The effect of the trap on the over-
all response is conveniently ex-
pressed by determining the ratio of
the response with the trap to the
response without the trap. This
ratio is particularly convenient in
applying the results to the design
of stagger-tuned amplifiers. It per-
mits the conventional procedure to
be followed in the design of the
staggered circuits and the effect of
the traps can then be added to de-
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DESIGN OF ABSORPTION TRAPS (continued)
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termine the overall response.

Definition of Terms

The following terms are defined:

f» = resonant frequency of the
primary

f, = resonant frequency of the
trap

8 = (f — f.,)/f, = fractional de-
tuning with respect to trap

3 = (f, ~— f.)/f., = fractional
detuning of primary with respect
to the trap

p = 2Q,0 = generalized frac-
tional detuning

P, = 2Q@,5 = generalized frac-
tional detuning of primary with re-
spect to trap

a = 42°f*M*/R,R, = (coupling/
critical coupling)?

7 = Q,/Q, = trap Q/primary Q

E = desired attenuation at the
trap frequency

If 28 « 1, it can be shown that
the impedance reflected by the trap
is a/ (1 4+ n*p*) — jonp/(1 + n'p®)

It can further be shown that the
effect of the trap can be represented
as a function of three parameters
by the following expression:

Response with trap
Response without trap

[ 1+ (p —m)?
{1+ea/(0+np) }2+{p—p —

]‘}
o np/(1 + nip?) 2 0

The three parameters are p,, n, and
R as previously defined.

The coupling factor a« is related
to the attenuation introduced by
the trap at its resonant frequency
by the equation (1 + a)? = R?
(1 + p* — p’ Asis to be expected
the value of the coupling factor
depends not only on the desired at-
tenuation but on the generalized
tuning separation p..

The analytical solution (Eq. 1)
may be expressed in a more useful
form by plotting the response ratio
for suitable values of the three
parameters.

Representative Charts

The families of curves shown in
Charts 1 to 16 are the result of plot-
ting Eq. 1 as a function of p for
representative values of the param-
eters: frequency separation p,, at-
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FIG. 2—Nomograph for determination
of coupling factor between absorption
trap and tuned circuit

tenuation at the trap frequency R,
and Q ratio n.

Four values of p, are chosen;
these are 0, 0.5, 1.0, and 2.0. The
curves for p, = 0 show the response
for the limiting case as the fre-
quency separation approaches zero.
The curves for p, = 0.5 correspond
to the trap being tuned to the fre-
quency at which the response of the
primary by itself is 90 percent of
its maximum response. Similarly,
». = 1.0 corresponds to the 70.7 —
percent point and p, = 2.0 corres-
ponds to the 44.7 — percent point.
These values cover the range nor-
mally encountered in the applica-
tion of absorption traps.

Curves are drawn for four values
of the attenuation R. These are
R = 8, 14, 20, and 26 db, corre-
sponding to an attenuation of from
2.5 to 20 times in voltage ratio.

For each value of p, and R, curves
are drawn for three values of n:
7 =10;n = 20; and n = 40. These
values of the ratio between the sec-
ondary and primary Q correspond
to the values encountered in the de-
sign of stagger-tuned amplifiers at
television intermediate frequencies.

A decibel scale is used in plotting
the response ratio to permit the ef-
fect of several traps to be deter-
mined by addition of the individual
response ratios. The overall re-
sponse is then determined by the
addition of the total response ratio
curve to the response obtained in
the absence of the absorption traps.
Care must be taken to combine the

curves with respect to an absolute
frequency scale.

The response curves are all
plotted on the basis that the trap or
secondary frequency is lower than
the frequency of the circuit to
which it is coupled. If the opposite
is true, the curves still apply pro-
vided the positive direction of the p
frequency scale is reversed. The de-
sired response is then the mirror
image of the response shown in the
charts.

Nomograph for Coupling Determination

The coupling factor

wM?

= RE

is related to the attenuation intro-
duced by the trap at its resonant
frequency by the equation

1+ a)*=R(1+ph) — o (2)

As is to be expected, the value of
the coupling factor depends not only
on the desired attenuation but also
on the generalized tuning sepa-
ration p,.

A nomograph constructed from
this equation to enable the rapid
determination of a, when p, and R
are known, is shown in Fig. 2,

To determine experimentally the
coupling corresponding to a given
value of q, the trap is initially tuned
to the same frequency as the pri-
mary. The coupling is then adjusted
until the response R’ drops to
1/(1 + a) of the original response.

Conclusions

The universal response curves
presented in Charts 1 to 16 signifi-
cantly reduce the labor required to
solve problems involving absorption
traps. An examination of these
curves reveals that so far as the
circuit design permits, it is desira-
ble to have the frequency separa-
tion as small as possible; and a high
trap Q is desirable.

It is clear that neither the L/C
ratio of the primary nor the L/C
ratio of the trap have any effect on
the response of the circuit, provided
the proper coupling is used. In gen-
eral the value of trap inductance is
determined so as to obtain the max-
imum Q consistent with a con-
venient physical coil size.
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FIG. 1—Basic cathode-coupled clipper circuit with regeneration
provided by C, and R;;

Variable

FIG. 2—Applied-voltage wave showing mechanism of pulse

generation

Pulse-Length Generator

Regeneration added to a cathode-coupled clipper provides linearly variable pulses

ranging from 0.5 to 24 microseconds in width and peak-to-peak voltage values between

HE SEVERAL AVAILABLE TYPES
T of wvariable-pulse-length gen-
erators use two basic circuits for
obtaining a variable output. The
first differentiates a square wave
and clips the resulting pulse. By
varying the time constant of the
differentiating circuit, the length of
the clipped pulse is controlled. The
other circuit is a one-shat multi-
vibrator in one of its forms. Here
the time required for the circuit to
return to equilibrium, after receiv-
ing an input pulse, determines the
pulse length.

In some applications, such as
pulse-width modulation, it would be
convenient to vary the pulse width
linearly over a wide range as a func-
tion of some voltage or current.
The phantastron® gives a linear var-
iation controllable by a voltage but
provides an extremely limited width
variation. The cathode-coupled
multivibrator’ can be designed to
give large variations in pulse width.
But it is difficult to make tkis varia-
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4.5 and 6.5 volts

By J. C. MAY

Dunhaem Laboratory of
RBlectrical Engineering
Yale University
New Haven, Conn.

tion linearly proportional to the con-
trol voltage, especially as the fre-
quency of operation is increased.
The generator circuit to be pre-
sented here was developed to im-
prove the linearity between pulse
widtar and control voltage while
permitting the widths to be contin-
uously varied throughout the repe-
tition period. The circuit operates
by adjusting the level at which a
sawtooth voltage is clipped.

Basic Circuit

The basic circuit of the genera-
tor, shown in Fig. 1, is the cathode-
coupled clipper developed by Gold-
muntz and Krauss® with regenera-
tion provided by C, and R,, to im-

prove the rise time of the output
pulse. Regeneration also decreases
the required input level necessary
for satisfactory clipping.

With the input voltage at zero,
and a low value of bias, E¢¢, on the
grid of V,, V, conducts and V, is
cut off. As the bias is made less
negative 17, starts to conduct. Its
current causes a rise of cathode
potential, which subsequently causes
V. to be cut off. Regeneration aids
this switching process. Tube V,
will remain cut off until the grid
bias on V, is decreased to a point
below cut-off. While it is not
physically possible to provide sufli-
cient regeneration to cause V, to cut
off exactly as V, starts to conduct,
the change required in grid 1-to-
ground voltage, e, necessary to
change V, from “on” to “off” can
be made in the order of a volt.
For this reason, the switching level
is indicated as a single line in Fig. 2.

Now suppose that the applied
voltage, e, is a sawtooth voltage
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plus the d-c bias E¢e. If the peak
value of e is never sufficient to cause
V. to conduct, no change occurs in
the plate circuit of V,. In Fig. 2,
¢ causes V. to start conducting at
point z, to continue conducting for
a time, T, and then to cut off at
point ¥. A positive pulse of dura-
tion T' will appear at the plate of
V.. By further increasing e, T can
be made to increase linearly with
E¢c. if the sawtooth voltage is
linear. When the time, T, is equal
to the period of the sawtooth, the
output pulse will drop to zero be-
cause V. will be cut off for the full
period.

Applied Voltage Requirements

The minimum sawtooth voltage
required is about 10 volts peak-to-
peak and may be obtained from any
convenient source such as the time-
base voltage from an oscilloscope.
However, for experimental pur-
poses, a simple blocking-oscillator
saw-tooth generator* was built and
is shown, together with the varia-
ble-length pulse generator in Fig. 3.
The waveformr of the sawtooth
generator, as taken from the dis-
play on a Tektronix Model 511
oscilloscope, is not ideal but its
linearity is sufficient for its in-
tended purpose. A triangular wave-
form would also be suitable but it is
usually more difficult to obtain.

The minimum pulse width attain-
able with the circuit constants of
Fig. 3 is 0.5 microsecond. This is
limited primarily by the sharpness
and jitter of the sawtooth voltage.
The maximum pulse width with a
40-kilocycle repetition rate is 24
microseconds. Voltage E.. is initi-
ally adjusted to a value that will
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FIG. 4--Pulse width as a function of grid bias for various circuit constants

permit Eg,. to control the pulse
over the full width range. The
pulse height varies from 4.5 volts
peak-to-peak at maximum pulse
width to 6.5 volts at minimum pulse
width. The wvariation in height
could be further decreased by a
decrease in regeneration at the ex-
pense of increased rise time of the
output pulse.’

Pulse width as a function of E.¢
is shown in Fig. 4. Curve A rise
time is good but the width varies
in a nonlinear manner since grid
current flows in V, for a portion
of the cycle. To prevent grid cur-
rent from flowing, a larger cathode
resistor is used and, to offset the
decrease in output, a larger load
resistor is used in the plate circuit
of V.. Linear output of large ampli-
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INEARITY REGULATED
T
UTAH
0A-18
BLOCKING
0SC TRANS o JHEE
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FIG. 3—Blocking-oscillator sawtooth generator feeding the variable-length pulse
generator

10

tude and poor rise time of curve B
is thus achieved. The compromise
solution gives the results of curve
C which has sufficiently good lin-
earity, reasonable output, and rise
time satisfactory for most purposes.
The sensitivity of the pulse gener-
ator (sensitivity being defined as
the ratio of change in pulse width
to the change in control voltage
E.») will vary inversely with the
magnitude of the sawtooth voltage.
By reference to Fig. 2 it will be seen
that E¢~ has to change by a small
amount, roughly equal to the peak-
to-peak value of the sawtooth volt-
age, to get 100-percent change in
width when the amplitude of the
sawtooth is small. As the sawtooth
amplitude is increased the change
in F¢, must also be increased to
provide 100-percent change in pulse
width.

As shown in Fig. 2 the trailing
edge of the pulse remains fixed and
the leading edge is moved out as
FE¢e increases in magnitude. If it
should be desirable to reverse this
operation the polarity of the saw-
tooth voltage should be reversed.
The leading edge will then remain
fixed and the trailing edge of the
pulse will move.

Measurement of Pulse Width

The point-by-point accuracy of
the pulse-width measurement is
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FIG. 5—Pulse amplifier with gair of 5, giving maximum output of 25 volts peak-to-peak

limited by the procedure used in
this investigation. A Browning
Sweep Calibrator Model GL-22 with
0.5-microsecond markers was used
as the width indication. Markers of
0.1-microsecond width are available
with this instrument but they had
insufficient amplitude for this par-
ticular work. With reasonable care,
the 0.5-microsecond markers give
reliable, repeatable data.

A d-c amplifier may conveniently
be provided to supply E¢c so that a
relatively small change in veltage is
necessary to change the pulse width.
Grid supply voltages Ec¢c:. and Ece
were supplied from suitably by-
passed voltage dividers connected
to the regulated plate supply in this
experimental model.

The unit described here was de-
signed to operate only in the vicin-
ity of 40 Kkilocycles. Lower-fre-
quency operation is easily achieved
by merely decreasing the frequency
of the sawtooth voltage and increas-
ing the size of the coupling capaci-
tors. Linearity could be further im-
proved by giving the design of the
sawtooth generator more attention.
Conventional series and shunt peak-
ing methods may be employed if im-
provement of the rise time or an in-
creased repetition rate of the pulses
is desirable. Without any changes
the unit has been operated at 100
kilocycles.
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A simple pulse amplifier is shown
in Fig. 5. This has been used where
larger pulse output has been desir-
able. It introduces no perceptible
pulse distortion when the external
shunt load capacitance is 20 micro-
microfarads.

Synchronization of this pulse
generator with some voltage is
easily accomplished by synchroniz-
ing the sawtooth generator with the
desired voltage. In this particular
unit a three-winding blocking-oscil-
lator transformer was used, the
third winding being used for the
insertion of the synchronizing volt-
age’ The input impedance is fairly
high but it will be necessary to use
an isolating amplifier if it is desir-
able to prevent the blocking-oscilla-
tor firing pulse from being superim-
posed on the synchronizing voltage.

Applications

The variable-pulse-length gener-
ator shown here was developed pri-
marily for use in a multiplier cir-
cuit which will produce an output
voltage whose instantaneous ampli-
tude is a product of two instantane-
ous input voltages. The circuit may
be used for pulse-width modulation
where the modulating voltage is
superimposed on F.;® it also can
produce variable pulse delay where
the pulse to be delayed is used to
synchronize the pulse generator

and the delayed output pulse is ob-
tained from the differentiated gen-
erator output. This operation is
analogous to conventional flip-flop
delay multivibrator action but has
wider, more linear control of the
delay time. Variable pulse delay can
be used as a basis for modulation
(pulse-position modulation).® Two
of these pulse generators could be
connected in cascade to provide an
extremely flexible variable-delay,
variable-width gating circuit. The
first unit would supply variable de-
lay, the second variable gate width.
The movable edge of the variable-
width pulse may be differentiated to
provide a pulse variable in time to
be used to control the ignition time
of a thyratron or ignitron circuit.’
Control by a d-c voltage of the thy-
ratron or ignitron current is read-
ily assured over a full half-cycle of
anode voltage.

In any of the above systems the
pulse output can be made to be a
triggered output. That is, if a
sawtooth generator were employed
that was not free-running but de-
livered a sawtooth only upon the re-
ception of a synchronizing pulse,
pulse output would depend directly
on the repetition rate of the syn-
chronizing voltage. This is not read-
ily accomplished with the blocking-
oscillator sawtooth generator shown
here but several other forms are
available.® *

The author wishes to thank H. L.
Krauss of Yale University for sug-
gesting this type of circuit and for
his help and criticism during the
investigation.
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Q-Meter Impedance Charts

Three nomographs speed utilization of data obtained with standard Q meter when

numerous measurements have to be made. Effective series R, effective parallel R

and effective parallel and series reactances of an impedance are given directly

e st QAMETERE oy g
I 1
I . -l i
FIG. 1—To obtain required data, im- | ] | |
pedance being studied is connected in | L VIVM | -
parallel with C of Q meter as shown | g ¢ |
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FIG.

2—Nomograph for determining effective series resistance R, from measure-

ments made with Q meter, using parallel connections

By ROBERT MIEDKE

Collins Radio Co.
Cedar Rapids, Iowa

HE accompanying nomo-
graphs are designed to give
the effective parallel resistance
R,, the effective series resistance
R, and the effective parallel and
series reactances X, and X, of an
impedance Z when parallel con-
nection to a standard Q meter is
used, as shown in Fig. 1.
Limitations of the nomographs
are the same as for standard Q-
meter equations: R, is accurate
for any impedance; R, is accur-
ate for impedances with Q
greater than 10; the difference
between the effective series and
parallel values of reactance may
be neglected and the values ob-
tained from Fig. 4 may be con-
sidered to be the effective react-
ance when the Q of the imped-
ance being measured is greater
than 10. For more accurate
values of R, the unknown imped-
ance should be connected in
series with the L of the Q meter.

Instructions for Use

To get R,, use Fig. 2 after
computing values of Q@ — @,
Q.Q. and (C, — C)* Join pairs

of values as indicated by dashed
lines 7 and 2 to get turning
points on scales A and B, join
these points as per dashed line
3 to get a turning point on scale
C, then join the point on C with
the value of f as per dashed line

4 to get R..
To get R,, use Fig. 3 in essen-
(continued on page 114)
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t Ci nch Socket Line

Jused

Often anticipating the need,
Cinch metal plastics engineer-
ing goes to the heart of the
whole communications system
with its dependoble small as-
semblies. So thot today, judged
by service, by numbers in use
Cinch sockets are Standard.

Availecble at lead-
ing electronic job-
bers — everywhere

\ CINCH MANUFACTURING CORPORATION
. HICAGO A,ILLINOIS
Subsidiary of United-Carr Fastener Corporation - Cambridge 42, Massachusetts




Q'Meter Impedance Charts (Continued from page 112)

tially the same way, as indicated
by the numbered dashed lines.

To get X, or X,, use Fig. 4
in the conventional manner.

Example of Use

Suppose an r-f choke is to be
used in the shunt-fed plate cir-
cuit of a tube. It is desirable to
know the effective parallel resist-
ance R, and reactance X, that
this choke will shunt across the
plate circuit,.

Set up the Q meter on the fre-
quency at which measurements
are to be made. Record the Q
and capacitance as Q, and C, re-

Cl
Q-Q, (A) RRF
1,000 1000, (C)
800 800
f
600—= MC
500——50
400 40
300 30
200 20
100 10
~N
80 8~ (@
1
60 6
50~
40 4
30 3 1
=
=+
20 0
/
10 1.0
8 08
6 06
5-3-05
4

2 g . 59%10%0,Q,
P§C(Q-Qy)
1

spectively. Connect the choke be-
tween the capacitor terminals on
the Q meter, readjust C for re-
sonance, and record Q. and C..
Typical data obtained might be:
f =10 me; @, = 145; C, = 92.6
:L:J.f; Q2 = 136; C. = 915 (J.lLLf.
Then @, — @, =9, Q.Q. = 19,720,
C.—C, =11and (C, — C)* =
1.21.

To find the effective series re-
sistance with Fig. 2, draw a line
from 9 on the Q, — Q. scale to
92.6 on the C, scale. Mark the in-
tersection of this line with line A.
Draw a line from 19,720 on the
Q.Q. scale to 1.21 on the (C, —

Q, (B) 02
10 —10
20 F 20
30— —30
40 E-a0
50 F—50
60 —e60
80- —80
100 100
ST @_ _t
200—] F—200
300 300
400 E-400
500 F—500
600 L—600
800 800

|,oooj C 1000

FIG. 3—Determination of effective parallel resistance R,
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300 O 45 gy, THEN 4
< <
200- =20 X 1S POSITIVE
=30 jf c, <G, ,THEN
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100=
R =100
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20— 1,000 e
| 2000 6
= 3000 5
= 5000 -4
- I
5 10,000
4
3] —20000
30,000
50,000
{ 100,000
}

l— —1
FI1G. 4—Determination of effective par.
alle] or series reactance

C,)* scale. Mark the intersection
of this line with line B. Connect
the points marked on lines A and
B and mark the intersection with
line C. Connect the point on line
C with 10 mc on the frequency
scale and read R, (560 ohms) at
the intersection of this line and
the R, scale.

Using the above data and Fig.
3, draw a line from 9 on the
@, — Q. scale to 92.6 on the C,
scale. Mark where this line
crosses vertical line A. Next,
draw a line from 145 on the @
scale to 136 on the Q. scale. Mark
the intersection of this line with
vertical line B. (Connect the
points marked on lines A and B
and mark the intersection of this
line with vertical line C. Draw a
line from the point marked on C
to 10 mec on the frequency scale
and read the effective parallel re-
sistance (370,000 ohms) where
this line intersects the R, scale.
Since this value is much larger
than the average tank circuit im-
pedance, it will have little effect.

To find X, on Fig. 4, connect
1.1 on the C,—C. scale with 10 me
on the frequency scale and read
the effective parallel reactance
(14,200 ohms) on the X, scale.
Since C, is greater than C. the
reactance is capacitive. This then
represents a capacitance of ap-
proximately 1 pupf at 10 me,
which will detune the circuit
very little.
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MALLORY
SILVER AND TUNGSTEN
CONTACTS

Tungsten is used in contacts for
electrical equipment where vesist-
ance to elecirical arcing and wear
are important. Silver and silver al-
loys are used where low resistance
is important. Mallory has developed
contact metals from many alloys to
meet every contacl re([uirement.
Among the many Mallory con-
tact alloys are the Elkonites* and
Elkonium™* alloys. Mallory will gladly
work with you 1o find the right con-
lacts to meel your specifications.

Write 1oday.

\

Mallory Recommendations
Put The Squeeze On

Contact Production Costs!

Everyone is striving {or ways and means to beat the break-
even point . . . and Mallory’s contribution, in contact costs
alone, is helping to ease many tight situations.

Tvpical is the case of an automotive electrical equipment
manufacturer who was emphasizing cost reduction. Mallory
dug into the custonter’s contact production program and
came up with specific recommendations. Design, material
and final assembly improvements were made possible by
new Mallory allovs and production techniques. Every last
penny was squeezed out of contact costs with a resultant
$75,000 vearly saving to the customer.

That’s service beyond the sale!

Mallory contact know-how is at vour disposal. What Mallory
has done for others can he done for you!

In Canadu.made and sold by Johnson Matthey & Mallory, Led., 110 Industry St., Toronto 15.Ontario

Electrical Contacts and Contact Assemblies
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MALLORY

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

SERVING INDUSTRY WITH

Capacitors Contacts
Controls Resistors
Rectifiers Vibrators
Special Power
Switches Supplies

Resistance Welding Materials

*Reg. U.S. Pat. OF.
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TUBES AT WORK

Including INDUSTRIAL CONTROL

Edited by VIN ZELUFF

Television Remote Tuner

The Front Cover

Tester for Mercury and Gas-Filled Thyratrons... .. ... .. .. .
Multiple TV Antenna Coupler. . . ..

A High Speed Collator........ . ... ’

Photoelectric Timing Equipment

Radar Tester

Television Remote Tuner

A CONSIDERABLE PORTION of the
author’s spare time has been spent
in experimental work on television
receiver circuits. Several times a
need has arisen for a quick com-
parison-check of the on-the-air per-
formance of a newly built front end.
Removal of one front end and
temporary wiring and mechanical
mounting of a second unit whose
performance is known has con-
sumed valuable time.

A front end that can be quickly
connected or coupled to the i-f
stages of a receiver under test obvi-
ates this difficulty. A unit con-
structed for the purpose contains
its own power supply for heater and
plate voltage and provides output at

the picture signal i-f frequency.
This self-powered front end serves
equally well as a signal source for
testing experimental i-f strips.

Other Use

Use of large-screen picture tubes
in home television receivers imposes
difficulty in critical tuning of the
receiver while standing at the tube
screen. Because of the large picture
near to the eye, adjustments made
at the set often result in dissatisfac-
tion when the owner goes to his
seat at the proper viewing distance.
He must then return to the set loca-
tion to readjust or change the sta-
tion.

A more convenient arrangement
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FIG. 1—Circuit of self-powered tuner. If used with transformerless receivers an
isolation transformer is needed
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A deep chassis is required to house the
front end

results if a remote tuning unit is in-
stalled at the viewing position. Se-
lection of station and fine tuning
can then be done while comfortably
seated at this location.

Ideally, such a tuner would re-
quire a minimum of connections to
the receiver and would be removable
to allow the receiver to operate
normally with its own front end
when desired.

Because this is also required
of the comparison front end con-
templated, it was decided to
construct a tuner that would serve
both purposes. As representative
of the most popular design, the re-
ceiver selected to be controlled was
an RCA 630 type.

A 630 front end was fitted into
a small aluminum box and a selen-
ium-rectifier power supply added.

Coupling Problem

The major barrier to operation
of a separate self-powered tuner is
the difficulty of coupling the high-
impedance plate circuit of the con-
verter stage to the grid circuit of
the first i-f stage with leads of
possibly several feet in length. Link
coupling from the remote converter
tube to the first i-f stage appeared
most convenient because it required
no direct connection to the receiver
except for a possible common
ground lead.

The bar to link coupling is the
mechanical arrangement of the
plate coil in the coupling system be-
tween the converter plate circuit
and the grid circuit of the first i-f
stage. This coil is mounted inside
of a large diameter form on which
the sound trap and sound i-f take-
off coil is mounted. Any link coil
would need to be wound on this
outer form, at a considerable
distance from the inside coil. In
addition, it would need to be fixed
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KESTER

SOLDER

TV—the nation's fastest growing

Bund m 0 re quality into business demands the nation’s num-

ber 1 solder. Kester "Resin-Five"
Core Solder, formulated especially

your Tv S&ts Wlth KESter for TV, will out perform any solder

of the rosin-core type. It easily
solders such metals as brass, zinc,

‘““Resin-Five’’ Core Solder meckelplate, copper, and ferrous

alloys.

MADE ONLY FROM NEWLY MINED

GRADE A TIN AND VIRGIN LEAD

“Resin-Five' flux is more active
and stable than any other rosin-

L o b, s N type flux. Yet it is absolutely non-
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THE FRONT COVER

ROM alignment and test booths on conveyor lines at the left,
completed television receivers roll onto the cross-convevor and
thence are pushed onto the rail car (center) two at a time for

gshifting to the head of the desired aging line at the right. Here
each set is plugged into a power outlet and operated for a4 minimum
of two hours with normal unsynchronized raster on its screen. Ex-
perience has shown that this aging period eliminates one service call
during the guarantee period. Commonest troubles encountered are
due to defective tubes and components.

After aging, each chassis goes to a phasing position. Here it is
checked for tuning dial calibration, correct positioning of all controls
and adequate ranges of all sync circuit controls. Using an Indian-
head test pattern, fed to all test positions from a central signal
cage, the horizontal phasing controls are then set to get correct
bBlanking on each side of the picture frame. If necessary, i-f trans-
former adjustments are also touched up to correct for overshoot.

Over 17 miles of moving and roller conveyor lines are used in this
new Du Mont television assembly plant located in East Paterson,
New Jersev. When all three of the 465-foot moving chassis assembly
lines are running at full capacity the plant turns out a new television
receiver every 22 seconds. These can be different models, though
at the time of taking the above photo and the cover color shot all
lines were turning out the 123-inch picture-tube models shown.

in position and would not be readily
removable if the remote tuner were
to be operated on another receiver.
[xperimental link coils wound on
both the converter plate coil of the
tuner and the recciver proved that
the degree of coupling was insuffi-
cient; not enough signal voltage
was developed at the grid of the
first i-f stage.

A simple method of obtaining
low-impedance output and sufficient
voltage from the remote unit is the

118

addition of a cathode follower to its
converter output. The circuit of
the complete remote tuner unit is
shown in Fig. 1. No components
in the RCA front-end need to be
changed; it is only necessary to
complete the grid return of the r-f
amplifier and supply operating po-
tentials to the tubes. The normal
capacitor coupling from the con-
ve<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>