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U.T.C. Commercial Grade components
employ rugged, drawn steel cases
for units from 1” diameter to 300

VA rating . .. vertical mounting,
permanent mold, aluminum castings
for power components up to 15 KVA,
Units are conservatively designed

. .. vacuum impregnated . . . sealed
with special sealing compound to
insure dependability under
continuous commercial service.

A few of the large number of

CG VARIMATCH OUTPUTS FOR P. A standard C.G. units are described

Universal units designed to match any ftubes within the rated output belo_w. ln addition to catalogued units,
power, to line or voice coil. Qutput impedance 500, 200, 50, 16, 8, 5, 3 o -

3, 1.5 ohms. Primary impedance 3000, 5000, 6000, 7000, 8000, 10,000, special C.G. units are supplied to
14,000 ohms.

Type Audio List

No. Watts Tymcal Tubos ) _ Price
CVP-I 12 2, 43, 45, 47, 243, 6AG, 6F6, $ 9.00
CVP.2 30 . 14.00

CVP3 &0 6. 50 _ 2000 INPUT, INTERSTAGE, MIXING AND

CvP-4 125 ‘s, = T's, 4 : 29.00

CVP-5 300 211, HIA's, J03\'s, 8385, §-845's ZB120s  50.00 LOW LEVEL OUTPUT TRANSFORMERS

{200 ohm windings 3re balanced and can be used for 250 ohms)
Primary Secondary

(] .
CG VARIMATCH lINE TNy:.e— Appltcation _Img:danco Img:‘l:::ce PLr|iscte

10 VOICE COIL TRANSFORMERS 130 1 plate to 1 grld 135,000 3:1 ratio $ 9.50

8 K f 132 1 plate to 2 grice : 133,000 centertapped 10.00
The UTC VARIMATCH line to voice coil transformers will match any plate = 3:1 ratio o\'erallp
voice coil or group of voice coils to a 500 ohm line. More than 50 —_ — —_——

voice coil combinations can be obtained, as follows: 133 2 plates to 2 grads 30,000 P to P 80,000 overall 12.50

2, 4, .5, .62, 1,1.25, 1.5, 2, 2.5, 3, 3.3, 3.8, 4, 4.5 —>-51 Ato optt
.2, 4,5, .62, 1, 1. . . 2.9, 3, 3.3, 3. .3, VU . — = —
5, 5.5, 6, 6.25, 6.6, 7, 7.5, 8, 9,10, 11, 12,14, 15, 134 Il;l::‘eblockllngrld 200, 300 80,000 T 1250
16, 18, 20, 25, 28, 30, 31, 40, 47, 50, 63, 69, 75. . um-bucking e
3 135 Line to 2 grlds 50 “00 500 120,000 overall 13.50
Audio Primary Secondary
Watts Imnedance {mpedance hum- bucklng I = e .
15 500 ohms .2 to 75 ohmg X " Line to 1 of 2 gnds, 50, 200, 500 80,000 overall 17.50

g e hum-bueking ; : ;
a0 500 ohms_ .2t 75 ohms . tple alioy shleltlueld ghins

500 ohms .2 to 75 ohms .50 for low humn plesup

customer’s specifications.

Single plate and low 15,000, 50, 200 80,000 overall
limpedance mike or
line to 1 or 2 grids
CG VARIMATCH MODUlATION UNITS iy _
Will match any modulator tubes to any RF load PI’d60.) 5b.l§m:llar 30,000 P to P 25,000 overalt
Primary impedances from 500 to 20,000 ohms é‘;{g :’s éﬁs,‘i‘ eé? . 911 ratio overall
Secondary impedances from 30,000 to 300 ohms e — S
333 l’P 6C5, 56, similar 30,000 Pwp 00 overall
Max. Max. qlodes to fixed Jias 1 ratio overall
Type Audio Class C 6L6's
No.  Watts input Typical Modulator Tubes rhet 2A3. simllar 5,000 P to P overall
CVM-0 12 25 $ tubes to fixed dias .51 ratlo overall
CVM-1_ 30 60 _ 6V6, 6B>, 243, ; : ___2or A 6Les
CVM.2 60 125 801, 6L6, 809, i- 2 137 Mixing . (0.
CVYM-3 195 i ), - - .00 140 Trlode plate to ‘lme 15,000 50, 2 5 12.00
CVM-4 300 ) =0oa, Sl TR II’ triode plates to \5,000 50, 200, 500 13.50
CVM-5_ 600 . . : _line

f
150 VARICK STREET L4 NEW YORK 13, N.Y.
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y., CABLES: ‘“ARLAB"

For full deftdils on this line, write for Catalog
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Manufacturers of
Hermetically Sealed
Meters Since 1944

with new marion
ruggedized instruments

The new Marion Ruggedized meters (Hermetically Sealed) now give you an
exceptionally accurate and sensitive means for electrical measurement and
indication — under extreme conditions of Shock, Vibration, Mechanical Stress,
Strain, Weather Conditions and Climate. This whole new family of Ruggedized
Panel instruments gives you new freedom of application. You can use them
where you have never before dared use “delicate instruments.” What's more,
they mecet the dimensional requirements of JAN I-6 and are completely
interchangeable with existing standard JAN 215" and 315" types,

When you need ruggedized meters for rugged applications; .
when you need special meters for special applications; when
you need better meters for any application . . . call on Marion
— the name that means the most in meters.

Send for your free copy of our booklet on the New Marion
Ruggedized Instruments today. Marion Electrical Instrument

Company, Manchester, New Hampshire.

MARION MEANS THE MOST IN METERS

Canadian Representative: Astral Electric Compony, 44 Danforth Road, Toronto, Ontario, Canada
Export Division: 458 Broadway, New York 13, U.S.A,, Cables MORHANEX

Copr. 1950 Marion Electrical Instrument Co.
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Phonie Motors

and O“
Timing Devices .

N many branches of scientific work the need
arises for a motor capuble of a very high
standard of constancy of speed.  The frequency O N 0 U R
of the mains electricity supply is not normally
controlied to better than one or two per cent.,
so that a mains-operated synchronous motor I T
may be inadequate. and centrifugal governors,
as used on gramophone maotors, may not
provide a sufficiently precise comtrol.  In such
cases a phonic motor driven by an alternating
current sunply of high frequency stability may 01’
be emploved. It is not perhaps generally il

realized that in their modern form such motors

Desiganed for use ar frequencies from 50 cfs - 2000 cs, mav | o O rive ite a laree torane. s
Phonic Motors of this type form the nucleus 2round which nay be used o give quite a farge 10 rque, and

are built the timing devices iustrated on his page.  @FC able to maintain synchronism despite the | B N
iy y ) ‘ sudden mmposition of relatively large inertia | MuiREAD |
T . : loads.  Under steady-state conditions, ™ hunt- al

g ™ is almost entirely eliminated, and the :
constancy of rotational speed is almost entirely A JOURNAL OF INSTRUMENT ENGINEERING

dependent on the frequency stability of the
alternating current supply.

A precision quartz crvstal controtled fre-
quency of 100 ke s may attain a frequency
stability of the order of one part in 105, This
frequency is then divided electronically 1o
1,000 ¢ -5 by means of regencrative dividers or

tocked multivibraters.  In order to facilitate
comparisons with time signals. or 10 use the l F OT
frequency standard as a clock. it is necessar [ |

to derive a still tower frequency —preferably

one cycle per second.  Electronic division in
the range LO0O 10 | cvele per second, with high
B B

phase stabitity, is dithicult, and rhe simplest and

___:," most relinble method s (o drive u phonic
- motor frorma the 1000 ¢'s source, and to it
The Timiac Device Type D-199.A provides an impulse of  tnechanicil contacts to suitably genred driven N ow
110 second duration once every second, when the motar  shafis. An added advantage is that by en~
s supplied with power at a frequency of 1000 ¢/s. ploving further gearing, more widely spaced

- The Timing Device Type D-193-A provides an impulse of TR 3 [ s Thie Sanate draesiec®
110 second duration &1 times per minuce and, in addinon.  SIEMAlS may be obtained. Thus signals spaced at

an Imputse of 3 second duration once per mmute. A intervals of one sidereal second, er any other
worm and whes! adjustment allows phasiag correctior.  gpecified interval, may be obtained from an
oscitiator with o fundamentul frequency of
100 kilocycles per inean time second. By means
of a simple mechanical device, controlled
changes in phase of the timing of the contacts
are also possible.

MOTOR TORQUE

G el e
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,

I
)
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ADDRESS

MUIRHEAD & Co. L1p.

PRECISION ELECTRICAL INSTRUMENT MAKERS MUIRHEAD

BECKENHAM -KENT-ENGLAND

Telegrams and Cables: MUIRHEADS ELMERS-END MU.26

LECTRICAL INSTRUMENTS
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7 resiTons 70,

20 years ago, IRC advertised resistors for television/
And right now, while we produce for today’s
requirements, electronics 1970 is on our drawing
boards. 25 years young this year, IRC combines
a quarter-century of specialized engineering with free,
fresh thinking on new resistance problems.
Result of this concentration: —A unique variety
of high-quality, lower-cost resistance products,
plus unbiased recommendations.

TELEVISION IN 1930

Advertising resistors for tele-
vision 20 years ago was not
nearly so advanced as IRC’s
" present planning for the future.

-



LESS THAN 3% change

from original value due to aging
has been proven for MV High
Voltage Resistors. The resis-
tance coating of Type MV's is
stabilized at high temperature.
Applicatior: of this filament coat-
ing in helical turns on a ceramic

long effective length and permits
the use of up to 100,000 volts
for the MVR resistor. For high
voltages where high resistance
and power are required Type
MY's are available in a wide
range of values, sizes and termi-
ncls, oll described in Bulletin G-1.
U:se the coupon to get your copy

tube gives.a conducting path of.

AFTER 10,000 CYCLES

of rotation IRC's new Q Control
shows less than 109% change in
resistance for values below I meg-
ohm, and not over 15% change for
valves of 1 megohm and above.
Noise level after the same rigorous
tests remains well within the industry
standard for new controls. Investigate
the many advantages of this modern
size 15/16’" diameter control. Com-
plete mechanization in manufacture
assures you of absolute uniformity
and a dependable source of supply.
Coupon brings you full details on
Bulletin A-4.

INTERNATIONAL
RESISTANCE COMPANY
401 N. Broad Street, Philadelphia 8, Pa.

in Canado: International Resistance Co., 1td., Toronto, Licenses

Power Resjstors » Voltmeter Multipliers
s Insulated Composition Resistors*Low
Wattage Wire Wounds * Controls
« Rheostats ¢ Voliage Dividers o
Precisions » Deposited Carbon
Precistors » High Frequency and High
Voltage Resistors * Insulated Chokes

:31:)
minioture
2 watt

) BTS

o o

BTA -~

AGING IS NO PROBLEM

with Advanced BT Resistors. Filaments
are pre-cured and stabilized, practically
eliminating any possibility of resistance
change through aging. Engineered to
meet JAN-R-11 specifications for fixed
composition resistors, IRC BT's have
established their superiority in all im-
portant characteristics. Let us prove it
to you . . . check the coupon for 12 page
technical data Bulletin B-1. 21 character-
istic charts compare IRC performance to
rigid JAN specifications.

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

J. F. ARNDT & CO

Yy watt

ADV, AGENCY



Top Products in Every Line
Cut Costs and Build Sales
with AMERICAN PHILLIPS SCREWS

HOW THEY CUT COSTS: From vacuum cleaners to
vending machines; from trucks to office appliances
and suntan lamps . . . manufacturers use American
Phillips Screws to speed up production, stop spoil-
age, and cut unit-costs. For these modern fastenings
banish fumbling, crooked driving and scarred sur-
faces . . . cut assembly time as much as 509,

HOW THEY BUILD SALES: On any product, the
crossed-recess of American Phillips

and resisting vibration. Does your product have
these two American Phillips advantages of cost-
reduction and sales-promotion? No reason why
it shouldn’t . . . for American Phillips Screws always
cost least to use. Write for proof.

AMERICAN SCREW CDMPANY, Main Office: Providence 1, R. .
Plants at Willimantic, Conn., and Norristown, Pa.
Warehowses at: Chicago 11: 589E. Illinois $t. Detroit 2: 502 Stephenson Bidg.

Screws is a “green light” to buyers
who stop and look for an outward
index of inward quality. They
know that smooth-headed Ameri-
can Phillips Screws protect prod-
uct-performance by staying tight

lll PS W; ALL METALS: Steel,
)l Brass, Bronze, Stain-
s : - less Steel, Aluminum,

//l’—l’ Monel, Everdur (sili-

ALL TYPES @

con bronze)
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Look to the Specialist

in Tube Production

... for Better Tubes

... for Technical Progress

ADVANCED

VACUUM TECHNIQUES

Two electron tubes may look exactly alike, their rat-
ings and operating characteristics may be similar, but
their processing in manufacture can—and does—result
in a fundamental difference between them. For it is the
things you can’t see in a tube, the intangibles—which
are as important as the physical structure itself—that
ultimately determine the tubes’ true worth. It is the
ability of the manufacturer to understand the problems
involved and to effectively solve them through the appli-
cation of all the skills at his disposal—skills which can
only be gained through specialization and long years
of experience.

Machlett Laboratories has these skills—acquired in
over half a century of electron tube experience.

Its’ unique series of vacuum techniques—the essential
elements in electron tube manufacture—is an outstand-
ing example of the importance of the “unseen” in tube
performance and life. Machlett standards—based on
long experience—require more than the conventional
“pumping” or “exhaust” procedure. High voltage ex-
haust, rigorous pre-exhaust vacuum firing and the ex-

OVER '50.'Y-E'»A§S OF ELECTRON TUBE EXPERIENCE

treme in sanitary techniques are standard practice on
all Machlett tubes. In many instances final seals are
made by Machlett’s unique method of R.F. brazing—
thus eliminating the usual flame-formed glass to glass
seal and so providing greater freedom from contamina-
tion of internal structures and misalignment of elec-
trodes.

These “plus’ features are not necessary to the pro-
duction of average—or even good—tubes. They are es-
sential, however, to producing the best the art now
makes possible.

This is just one example of Machlett’s ability, one of
the many advantages you gain from Machlett’s long
experience devoted solely to the manufacture of the
highest quality electron tubes.

If you are contemplating the installation of new
equipment or replacing your present tubes, it will pay
you to...

Yooéﬁ%e%gam"

s £ ey

WACHLETY =

your local Graybar representative or write direct to Machlett Laboratories, Inc., Springdale, Conn.

For information regarding available tube types, consult

ELECTRONICS — April, 1950 7
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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’s life to be over
30 million operations!

Designed especially for sensitive thermo-regulation, it is
ideally suited for use in electronic tube circuits where the
output of the tube is limited. It can be used as a pilot
relay operating from a very sensitive thermo-regulator—
serves equally well for high and low temperature control
—and functions perfectly with either mercury-and-glass
or bi-metal regulators.

FOR FULL INFORMATION on this sensational relay, write
The Adams & Westlake Company, 1107 N. Michigan,
Elkhart, Indiana. No obligation, of course.

THE

COMPANY

Established 1857 EI.KHAT, INDIANA

T Cuh ‘Rph’?

Every ADLAKE
Mercury Relay Brings You
These Advantages!

® Hermetically sealed —(dust, dirt,
moisture, oxidation and temperature
‘ changes can'tinterfere with operation)

@ Silent and chatterless
® Requires no maintenance

® Absolutely safe

Adams & Westlake gutZamms

New York ¢ Chicago

Manofacturers of Hermetically Sealed Mercury Relays for Timing, Load and Control Circuits

April, 1950 — ELECTRONICS
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Another Engineer’s Problem Solved

{
[}
|
|
i
ZERO TEMPERATURE
} SUBJECT COEFFICIENT CAPACITORS S8\
|
|
I
|
|
|

LE M. Relatively large capacitances (.01

- * to.5 Mfd.) were required for a
400 cycle resonant filter, for op-
eration from —60°C to +75°C.

per degree Centigrade. Plasticon LS Capaci- e
tors are negative 1000 ppm/° C. By combin- A /
ing matched capacitor elements of each type

in a single container, temperature coefficients

from plus 1000 ppm to minus 100 ppm/° C

can be supplied.

A .25 mfd capacitor for 440 VAC, 400 cycle
operation Type (AL) SC254-44X measures
13" x 1" x 21" high. Type (AL) Capacitors
can be furnished from 330 VAC and higher;
from .01 mfd. and up.

I

I

I

|

i

|

I o Plasticon AS Capacitors have a positive tem-
: SOLUTION‘ perature coefficient of 1000 parts per million "
i

1

!

® @ ®
What is YOUR engineering problem? Your inquiries will receive immediate attention.
® [ ] [ ]

We manufacture a standard line of Plasticon Capacitors, Pulse Form-

ing Networks and High V oltage Power Supplies. Write for our catalog.

- S e S I CE SIS D I GID GIR GER GEN CID GHND W N SN GEN GRS SUED SUD GED SED GIb G DT SIDY GID WL GEN S G e e S I ST GEED SED NS G s s ke GUD Gmm Smm G

Condenser Products Company

1375 NORTH BRANCH STREET « CHICAGO 22, ILLINOIS

ELECTRONICS — April, 1950 9



CAPACITOR END FILLER

FOR SEALING OIL, WAX AND
ELECTROLYTIC PAPER TUBE CAPACITORS

Once ogain Mitchell-Rand demonstrates the effectiveness and value of its research and development Qus produces 1766EX,
a resin base thermoplastic having high cold flow, solid adhesion, inflexible oil resistance, absolute sealing and low-cost
characteristics, all superior to any like product now available. 1766EX is the product long required by manufacturers of
paper tube capacitors that must be guaranteed for operating temperatures to 105°C. ‘

Yes, once again Mitchell-Rand gives point to its repute as “Headguarters for Everything in Electrical Insulafion” (g g o
®

1766EX adds another to Mitchell-Rand's more than 3500 compound and wax formulas that resist high voltage breakdown,
saft spray atmosphere, humidity, cracking or flaking, acids and alkalis _,., ., with excellent flexibility and adhesive qualities,
high cold flow and good thermal conductivity 5 ., ., waxes that penetrate fibre, floss, bakelite, paper and cloth and with
low viscosity, high surface tension and good electrical characteristics ., ;. Mitchell-Rand has the compound or wax to meet
your specific requirements and should the need arise for a special formula to meet a particular condition, then Mitchell-

Rand will create the compound embodying every quality required.

FEATURES

In de-

The high cold flow
velopin temperature of
APRESRL "o ,7:6 ng coLD 'HIT66EX permits its
— 250/255 IMPREGNATED TUBES: TRPUPOUINNS AL P ... for paper tube
fort was .capacitors which are
o 255/260 made to assure good bonding prop- quaranteed for operating tempera-
erties to wax impregnated tubes tures up to 105°C. Employing the
without sacrificing hardness at high standard container specified for
— 350/400 temperatures (100°C). the standaord M-R Cold Flow test

(2'" in diameter by 1%'" high
— Brown Since penetra-

filled to depth of 1'') 17866EX will
tion of mineral resist cold flow at 115°C for more
L MINERAL oOIL oil from oil im-

than 24 hours.
RESISTANCE: pregnated and
oil cooled cap-
— 0 acitor sections tend to soften end
fill compositions, 1768EX was

Sealing of
capacitors

APPLICATION

— "Negative formulated to resist mineral olls. with 1766-
159 CHARACTERISTICS: WS QRRETI AR
o 3 In order that its ad- itated by

the low pouring viscosity and good
bubble release which this seal ex-
hibits. The relatively sharp melting
point and special filler combination
of 1766EX permit easy pinhole re-
pair. These properties make 1766-
EX particularly well suited for
sealing electrolytic units.

aptability be extended
ol 490 Low to almost every end
COST: sealing application,

attractive low cost
—  Good was included as a prime factor in
the development of 1746EX a9 9
*Less than 4 parts per million. and tm'hou' the sacrifice of any
quality feature.

Write for your
laboratory ftest
sample free
upon request.

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

10 April, 1950 — ELECTRONICS



ADVENTURES IN ELEGTRONIC

Centralab’s Specia! Electronic Component Parts Design ﬂ

Service May Solve a Problem for You

A\, rz:_
How many times O have your design engineers
% How many imes (I e yous dsion cvines i s

< \\\\
been called

upon to develop new equipment only to be faced with a new bug

— (oS , or special problem of one variety or another? Everything about the

N
) . . )
new gadget seems but you need a special part to lick \ {\\ the

. . g cs"'"‘“’ ! s
special problem. To Centralab Engineers /these queer bugsf M and
‘ - P

P2

special problems are as welcome as a Rolls Royce to a burlesque queen

& *@ ~
\ﬁ/ PR/VATE .
Z}? They look on these problems as their own j/kerourf and from their bag
(I“ Whluf dimtir)
-
MD 205 of 30 years of electronic experience — they always come up with an

D) - \

answer., T% Take a look @% over the next two pages \‘/,\i‘éx . See
\Z ]

f

for you'rself "zJ some of these “Specials” in ceramics, % switches 24
s "
e

and capacitors % that CRL . =

— has developed to meet special needs dur-

Ny
Y
. Maybe you’ll see one that can help \@:’/

Division of GLOBE-UNION INC. » Milwavkee



Define your problem-—
bring it to Centralab

If you have an unusual electronic or ceramic part design and
fabrication problem — bring it to Centralab. It may very well
happen that with a combination of standard CRL parts — or
a slight modification thercof — we can help you solve it. If
special requirements warrant — we can design a completely
néw unit and produce it for you. All we need is your exact
requirements as to purpose, size, capacity, voltage and resist-
ance. Write Dept. "E” outlining your problem. No obligation.
Centralab Division, Globe-Union Inc.,, 900 E. Keefe Ave,
Milwaukce 1, Wisconsin.

i 7 Special tubular ceramic capacitor — Control with offset shaft and operating 9 Front and rear view — Centralab’s min-
2200 MMF = 19%,. gears. iature (smaller than a dime!) Dual
Model 1 Control.




Special Electronic Parts?

J () Examples of special “printed circuit” J 1 Front and rear view — special type T &2 Special ceramic coil form and 1rim-
parts. Left — a fixed value capacitor. by-pass capacitor. mer assembly. ¢
Right — an inductance coil.

13 Steatite ceramic coil form with bond- 14 Centralab Steatite ceramic used in J 53 CRL Steatite used as part of diffu.
ed metal end. special forms — coils etc, sion system in hot water heater.

T €@ Special feed-thru by-pass capacitor.

o
1@ Special 5-10 KV hi-voltage capacitor. 1 B Metallized ceramic rods for rotor sec- RO Sspecial antenna loading variometer.
tions in hi-voltage variable transmit-
ter capacitors, and resonant lines,
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IMPORTANT BULLETINS FOR YOUR LECHNICAL LIBRARY!

“ 5

“T“!!:E::;"!;"[APPLATE

Choose From This List!

Centralab Printed Electronic Circuits 42-18 — TC CAPACITORS — temperature compensat.ng capaci-
973 — AMPEC — three-tube P. E. C. amplifier. tOrS; ) .
42-6 — Courratt — P. E. C. interstage coupling plate. 814 _C'EPAClTORS high-voltage capacitors.
42-22 — VERTICAL INTEGRATOR — for TV application. 975 — FT Hi-Kars — feed-thru capacitors.

42-24 — CErAMIC PLATE COMPONENTS for use in low- .
power miniature electronic equipment. Centralab Switches

42-27 — MopeL 2 COUPLATE for small or portable set 953 — SLIDE SWITCH applies to AM and FM switching
applications. cireutts.
999 — PENTODE COUPLATE — specialized P. E. C. coupling 970 — LEVER SWITCH shows indexing combinations.
plate. 995 — ROTARY SWITCII schematic application diagrams.

FiLpec — Printed Electronic Circuit filter. 722 — Swirch CaTaLOG — facts on CRL's comp.ete line of

Centralab Capacitors switches.

42-3 — BC TuBULAR Hi-Kaps capacitors for use where Centralab Controls
temperature compensation is unimportant.

42-4 — BC Disc Hi-Kars— miniature ceramic BC capacitors.

42-10 — H1-Vo-Kars — high voltage capacitors for TV appli-
cation. Centralab Ceramics

695 — CErAMIC TRIMMERS - - CRL trimmer catalog,. 967 — CERAMIC CAPACITOR DIELECTRIC MATERIALS,

981 '_ﬁg;;?;KM’S capacitors for TV application. For 720 — CrraMic CaTtaLoG—CRL steatite, ceramic products.

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

MODEL ‘1" RADIOHM world’s smalle:t commer-
cially” produced control.

CENTRALAB 203-6 .

Division of Globe-Union Inc.
900 East Keefe Avenue, Milwaukee, Wisconsin
TEAR OUT COUPON
l «———— for the Bulletins you want

Yes—| would like to have the CRLbulletins, checked below, for my technical library!
[ 973 [ 4224 [] 429 [] 4210 [] 4218 [] 953 1722
[ 42-6 [ 42-27 [] 423 [ 695 [ 814 [ 970 [ 42119
4222 1999 [D424 [O981r [O975 [1995 [0 967

[ 720

Name e taeseseensan

Address . e e ..

City...ooo s e e e State..... o




ANOTHER HYTRON FIRS}' YOU'LL BE BUYING SOON
/

O Ideal Sweep Amplifier

O Higher-Perveance Twin Triode
O Designed for TV

O Permits Lower-Cost TV Sets

O Another Hytron TV First

AND NOW THE HYTRON

16TP4 AnotherIlytron16-inch
rectangular dicture tube. Follows
closely on heels of original Hytron

rectangular tube, the 16RP4.
Write for Bulletin E-150 for com-
plete data. Watch also for early
announcements of new Hytron
I4inch and 19-inch rectangular
tubes.

MAIN OFFICE: SALEM, MASSACHUSETTS

ELECTRONICS — April, 1950

does more for less

Here’s another Hytron original you'll be buying
soon. New 12BH7 twin triode is enthusiastically
hailed as tops for sweep circuits by leading makers
of TV sets. One half 12BH7 sweeps wide-angle 16-
inch picture tube at 14 kilovolts. One section alone
matches performance of: Paralleled 6SN7GT. Or
equivalent single triode. Or triode-connected beam
pentode. Other half of 12BH7 is free for other
uses—such as blocking oscillator.

How does Hytron do it? Higher perveance
(Iower tube loss)? Yes. Also the Hytron 12BH7 is:
designed for TV. Rated for TV. Tested for TV.
Again a Hytron TV first. Again a Hytron contri-
bution to lower-cost TV for the mass market.

Watch for the 12BH7. Write for Bulletin E-149,

MODERN LOW-COST 16-IN. DESIGN

A Hytron contribution to lower TV costs. All-
Hytron: 1X2, 6BQ6GT, 6U4GT, 12BH7, 16TP4 or
16RP4. For application and circuit details, write
for Bulletin E-151,

% 12BH7 A 12BH7
Verticol Verticol
blocking outpul
oscillator amplifier
6BQEGT 6U4GT 1x2 __|
Hornizontal _L Picture tube
output Damper [ |anode supply
ampliisr (12 kilovolts)

15



PRECISION
ATTENUATION

fo
3000 mc!,

*Patents applied for

® VSWR less than 1.2 at all frequencies to 3000 mc.

® Turret Attenuator* featuring “Pull — Turn — Push”
action with 0, 10, 20, 30, 40, 50 DB steps.

Inquiries are

Ryifeg. cgncerning ® Accuracy * .5 DB, no correction charts necessary.
single pads and turrets
having other characteristics ® 50 ohm coaxial circuit. Type N connectors.

STODDART AIRCRAFT RADIO CO.

6644 SANTA MONICA BLYD., HOLLYWOOD 38, CALIFORNIA
Hillside 9294

16 April, 1950 — ELECTRONICS



BRUSH
INSTRUMENT
REPRESENTATIVES

*

W. A. BROWN & ASSOC.
3102 S. Hayes Street
Arlington, Virginia
Otis 8516

BURLINGAME ASSOC.
103 Lafayette Street
New York 13. New York
DlIgby 9-1240

RUSSELL COLDWELL

289 Fairfield Avenue

Hartford. Connecticut
2-5832

FOSTORIA IND. SERVICE
1730 Pine Street
St. Louis, Missouri
Central 0153

JAMES L. KEARNS
Electronic Specialties Reps.
331 S. E. 62nd Avenue
Portland 16. Oregon
East 4331

ARMIN LEICH!
3832 Carrollton Avenue
Indianapolis, Indiana
Talbor 7141

HUGH MARSLAND
20 No. Wacker Drive
Chicago 6, Illinois
ANdover 34984

GERALD B. MILLER
1051 N. Havenhurst Drive
Hollywood 28, California

(P. O. Box 1471)

Hollywood 6305—-6306

M. P. ODELL
2536 FEuclid Avenue
Cleveland, Ohio
PRospect 6171

H. M. RICHARDSON
2210 Foshay Tower
Minneapolis 2. Minnesota
Genera 4078

ANTHONY R. SATULLO
7635 E. Jefferson Avenue
Detroit 14, Michigan
MElrose 1508

J. Y. SCHOONMAKER
2011-13 Cedar Springs Ave,
Dallas 1, Texas
Central 5535

A. C. WICKMAN, LTD.

P. O. Box 9, Station "N”

Toronto, Ontario, Canada
LYndburst 5415

ELECTRONICS — April, 1950

60 CYCLES ON THE NOSE!

BRUSH FREQUENCY GENERATOR
fixes speed of synchronous motors

HE BRUSH MODEL BL 809 Regulated
Frequency Power Supply furnishes
moderate power at 6D cycles that is com-
pletely unaffected by the frequency of the
primary power source. It will govern the
operation of fractional horsepower syn-
chronous motors a1 fixed speed or set the
characteristics of controls where accurate
frequency is essential. No adjustments are
needed for any loading from zero to full
capacity of 60 watts.
Designed for continuous, unattended oper-
ation, the Brush Regulated Frequency Power
Supply acquires frequency stability from a

temperature-compensated tuning fork. Fre-
quency accuracy is one part in 100,000. For
example, under normal conditions it will oper-
ate a synchronous electrical clock system with
a time accuracy of less than one minute per
month—despite variations in input frequency.

This Regulated Frequency Power Supply
is engineered throughout for sale, dependable
operation and is housed in a weatherproof,
baked enamel. steel case, fitted with sturdy
handles for easy portability. Write for
complete infarmation and specifications.

THE B=ecat DEVELOPMENT COMPANY

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

{Models are also available for stabilization of frequencies other than 60 cycles)

"l e ue/u'/ény il e

BRUSH REGORDING ANALYZER

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

LY
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NEW! MIDGET, HIGH-TEMPERATURE
PULSE-FORMING NETWORKS

Here's a new, extremely compact and lightweight capaci-
tor pulse-forming network that will operate at tempera-
tures up to 120° C! With a volume of 6 cubic inches, it's
just about one third the size of a conventional network
with the same rating (6E2-.5-2000-50-P2T).

The life expectancy of this 6-kv unit ranges from 3.5
hours at 80° C ambient to 1 hour at 110°. A second
new network twice this size has a life of about 330 hours
at 100° C—9 hours at 120° C. If you want more data
on these new units, write Capacitor Sales Division, General
Electric Company, Pitisfield, Mass.

DELAY LINES—BY THE FOOT

These G-E delay lines provide a means for delaying
signals with a band-width up to 2-megacycles for any
time interval from .25 to 10.00 microseconds. They are
available in bulk form in lengths up to 100 feet—delay
equals dpproximately Y2 microsecond per foot. Charac-
teristic impedances of 1100 and 400 ohms per foot are
available. Since the line is very flexible, it may be bent
into 4-inch diameter coils. .
Ordering line in bulk form makes it possible for you
to cut it to the exact length required for your particular
application. For complete ratings and specifications, see

Bulletin GEC-459.

GENERAL &3 ELECTRIC

April, 1950 — ELECTRONICS
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MORE COMPACT RECTIFIER"STACKS

If your requirements call for compact
selenium stacks for operation in
cramped quarters, these new, higher-
voltage G-E selenium cells may be your
answer, Their 18-volt d-c output means
you can design stacks which are about
25% smaller than possible with 12-
volt cells. The improved aging char-
acteristics of these cells is made pos-
sible by a new G-E evaporation process
which deposits selenium on aluminum
with greater uniformity. Stacks are
available with rated outputs of 18 to

126 d-c volts at 0.15 to 1.20 amperes

with inputs of 23 to 180 a-c volts. Sce
Bulletin GEA-5280.

GENERAL EL[LTRIC
il setin

/l.

TIME METERS =70 CHECK TUBE LIFE

G-F time meters, with dependable
Telechron* motor drive, are especially
useful in recording the operating time
of radio transmitters or other elec-
tronic devices so that tubes may be re-
placed before they fail. They record
operating time in hours, tenths of
hours, or minutes, and are supplied
for 11-, 115-, 230-, or 460-volt opera-
tion. The case is of molded textolite
to harmonize with other G-E 3Y4-inch
instruments mounted on the same
panel. You'll find more description
along with dimensions and pricing
information in Bulletin GEC-472.

#Reg. U.S. Par. Off.

ELECTRONICS — April, 1950
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NEW! WATER-FLOW INTERLOGK

This new G-E flow interlock provides
sure protection against overheating in
water-cooled components such as
tubes, transformers, and dynamotors.
Iis function is to open the electrical
circuit when water flow is lower than
a preset minimum and close it when
flow is above this point.

Adjustment can be made to actuate
the clectrical contact for any flow be-
tween 1 gallon per minute and 4 gal-
lons per minute. The cut-in, cut-out
differential of the unit is 0.2 gpm. The
electrical circuit is rated at 10 amperes
at 125 volts a-c, 5 amperes at 250 volts
a-¢ and 3 amperes at 460 volts a-c.
Maximum water-line pressure rating is
125 pounds per square inch. The unit
is bronze with standard Y4-inch fittings
and is easy to install and adjust. For
further description see Bulletin GLC-
411.

TIMELY HIGHLIGHTS
ON G-E COMPONENTS

NEW! BATTERY-OPERATED VTVM

This new G-E battery-operated elec-
tronic voltmeter combines the porta-
bility of an ordinary low-sensitivity
multimeter with the high sensitivity
and versatility of a line-voltage-oper-
ated vacuum-tube voltmeter.

Its weight is only 4 pounds (with
batteries), its size— 3"x6"x8", but it
measures @-c and d-c voltage in 7 ranges
from 0-1 to 0-1000 volts, d-¢c current
in 4 ranges from 0-1 to 0-1000 milli-
amperes, resistance in 5 ranges from
100 ohms to 10 megohms, mid-scale
value.

D-c input impedance is 11 megohms
on all ranges. A-c input impedance is
0.5 megohm shunted with 20 mmf on
all ranges. Frequency response is flat
within 5 per cent up to 15,000 cycles
on all up to and including the 0-100-
volt range. More data in Bulletin
GEC-622,

mmmmmm—mwmmu—wmiﬂmﬁﬂ

General Electric Company, Section A667-5

Apparatus Department
Schenectady 5, N. Y.

Please send me the following bulletins:

(Indicate: [\/| for reference only, for planning an immediate project)

[[] GEA-5280 Selenium rectifiers

[J GEC-411 Flow interlock
[] GEC-459 Delay lines
NAME . .
COMPANY . ... ..
ADDRESS
CITY. e —

[[] GEC-472 Time meters
[0 GEC-622 Electronic voltmeter

LLWSTATE
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GLOBAR

TRADE MARK

NON-LINEAR Voltage-Resistance

ype BNR Resistors Display Unusual

Characteristics

Wave Form of Applied Voltuge.

Unretouched photographs of oscilloscope
screen above show the effect obtained by
connecting a GLOBAR type BNR resistor
in series with a fixed resistor across a 115
volt 60 cycle supply.

Typical successful applications of BNR Ceramic Resistors include:

1 Oil burner ignition transformers to prevent high voltage

feed back into line.

L WN

Small motors to prevent arcing of governor contact points.
Stabilizing rectificr circuits by limiting peak voltages.
Voltage control circuits in electronic devices.

Protection of solenoid valves in direct current circuits.

Wave Form of Current Flowing
in Circuit.

Bulletin GR-2 contains
useful engineering data
on GLOBAR Type BNR
Ceramic Resistors. Copies
will be supplied imme-
diately upon request.
Write Dept. V-40, The
Carborundum Company,
GLOBAR Division,
Niagara Falls, N. Y.

TRADE MARK

“Carborundum’ and “Globar” are registered trademarks which indicate manufacture by The Carborundum Company

20
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NO. 1060 YACUUM
TUBE YOLTMETER

iy,

NO. 1030 LOW
FREQUENCY "Q"
INDICATOR

NO. 1140 NULL
DETECTOR

NO. 1210 NULL
DETECICR & VACUUM
TUBE YOLTMETER

NO. 1050 UNIVERSAL
BRIDGE

NO. 1040 VACUUM
TUBE VOLTMETER

HIGH FIDELITY
OUTPUT
TRANSFORMERS

DISCRIMINATORS

TRANSFORMERS
& INSTRUMENTS

NO. 1020 DIRECT
READING
MEGOHMETER

o
Joa

HERMETICALLY
SEALED COMPONENTS

HI-Q@ MINIATURE
TOROIDAL INDUCTORS

NO. 1162 DECADE
INDUCTOR

NO. 1016 COMPARISON
BRIDGE

NO. 1110
INCREMENTAL
INDUCTANCE BRIDGE

- SEND FOR LATEST CATALOG!
FREED TRANSFORMER CO., INC.

DEPT. AE 1718-36 WEIRFIELD ST., (RIDGEWOOD) BROOKLYN 27, NEW YORK

SUB-MINIATURE HI-Q
HERMETICALLY
SEALED
INDUCTORS

STEPDOWN
TRANSFORMERS

_ FILAMENT,
TRANSFORMERS

SUB-MINIATURE
HERMETICALLY
SEALED
TRANSFORMERS

CHOKES

a&._/

OUTPUT
TRANSFORMERS

SPECIAL
TRANSFORMERS

POWER
TRANSFORMERS

AUDIO
TRANSFORMERS



It is Our Privilege
to serve the Leaders

THIS FREE BOOK — fully illustrated. with performance charts and application
data — will help any radio engincer or electronics manufacturer to step up
quality, while saving real money. Kindly address your request to Dept. 16.

ANTARA. PRODUCTS

& ENERAL
J ‘-;.NILINE & FILM CORPORATION

444 MADISON AVENUE
NEW YORK 22, N. Y.

A &F. Carbon
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Manufacturers of

CARBONYL IRON POWDER CORES
( THE CORE IS THE HEART OF THE CIRCUIT )

Aladdin Radio Industries, Inc.
Chicago, lllinois

Henry L. Crowley & Company, Inc.
West Orange, New Jersey

Delco Radio Division
General Motors Corporation
Kokomo, Indiana

Lenkurt Electric Co., Inc.
San Carlos, California

Magnetic Core Corporation
Ossining, New York

National Moldite Company
Hillside, New Jersey

Powdered Metal Products Corporation
of America
Franklin Park, lllinois

Pyroferric Company
New York, New York

Radio Cores, inc.
Oak Lawn, lllinois

RCA Victor Division
Radio Corporation of America
Camden, New Jersey

Speer Resistor Corporation
St. Marys, Pennsylvania

Stackpole Carbon Company
St. Marys, Pennsylvania

MEMBER

METAL POWDER
ASSOCIATION

Iron

ELECTRONICS — April, 1950




SIGNAL SEEN
HERE

;j% M/é == is a fool-proof solution to the problem of ion trap magnet adjust-

ment . . . a development which Rauland is happy to offer for the benefit of both set makers
and service men.

The new Rauland “Indicator Gun”— patent pending — gives a brilliant visible sig-
nal easily seen from the rear of the set while magnet adjustment is being made. A bright
green glow within the Anode Tube signals when adjustment is incorrect —dims as correct
adjustment is approached —disappears when adjustment is correct.

All guesswork is eliminated —risk of screen damage through incorrect magnet
adjustment is ended —and adjustment time is reduced to seconds. Assemblers or serv-
ice men know that magnet adjustment is right — know that any remaining picture defect
is in other controls.

The Rauland “Indicator Gun” adds nothing to the price of Rauland picture tubes.
First production is in the 12LP4-A with Luxide Screen — available now!

THE RAULAND CORPORATION

4245 N. KNOX AVENUE « CHICAGO 41, ILLINOIS

24 April, 1950 — ELECTRONICS



CURRENT
REGULATION

POWER VOLTAGE
REGULATION REGULATION

can you put your Finger
on the TROUBLE?

If you can, a SORENSEN
g F.lecylroniiullycomrolled,mug- TYPICAL AC REGULATORS

netic amplifier regulating cir-

cuit can solve it!
Model 5000-25—high power
Input 95 to 130; distortion 3%;
load 0-5000 VA;

Accuracy +0.1% against line
or load; 50-60 cycles

Sorensen's new line of Elec-
tronic AC Voltage Regulators
is the most accurate and
most economical line of Elec-
tronic Voltage Regulators on
the market today. Standard
specifications offer Accuracy
to within =0.19% and Distor-
tion as low as 29 . Load range

from zero to full load. All .
models are temperature Com- Model 3000S—medium (AT

pensated and can be supplied Input 95 1o 130; distortion 3%;
hermetically sealed or foster- load 0-3000 VA . )
ited. And the Sorensen line Accuracy +0.1% against line
uses less tubes than other or |oad,- 50-60 CYCIes

electronic type regulators.

. Sorensen Engineers are always
at your service to solve un-
usual problems and give you
the henefits of years of ex-
perience. Describe your needs

Model 500S—low power
Input 95 to 130; distortion 3%;
load 0-500 VA;

Accuracy +£0.1% against line
or load; 50-40 cycles

and let a Sorensen Engineer
suggest a solution. It will save
you time and money to try
Sorensen first.

CATALOG A1049 DESCRIBES COMPLETE LINE

and company, ine.

375 FAIRFIELD AVE. ¢« STAMFORD, CONN.

MANUFACTURERS OF AC LINE REGULATORS, 60 AND 400 CYCLES; REGULATED DC POWER SOURCES; ELECTRONIC
INVERTORS; VGLTAGE REFERENCE STANDARD; CUSTOM BUILT TRANSFORMERS; SATURABLE CORE REACTORS

ELECTRONICS — April, 1950
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CONSOLE TAPE RECORDER SRk-950

The finest studio-tvpe tape recorder
available. Operation by push hution
control. Three motors, three heads.
Other features: 30-15,000 cps {req.
resp.: Signal to noise ratio more

PORTABLE
RECORDING AMPLIFIER
90-B
Performance equal to best studio
equipment, though portable. Flat re-
sponse 30-15.000 cps (modified by
variable equalizers); three pre-
amplifiers, master gain and record-

ing amplifier.

PORTABLE DISC RECORDER
6-N

Equipped with Presto 1.D cutting
head. Heavy turniable base for re-
duced vibration — Locking speed
shift lever for 78-33'5 rpm, rim
drive, 17%"” capacity. Ideal for
economical broadcast station use.

than 52 db at 1%% distortion; Ca-
pacity 1 hour at 15”/sec., 2 hours at
7Y%"” /sec. Cabinet designed for
quick maintenance.

you name it...PH | m has it!

The variety of PRESTO equipment is one
reason engineers all over the nation look
to PRESTO for the solution to erery record-
ing problem. Pioneer in sound recording,

PRESTO
PORTABLE TAPE RECORDER

PT-900
Engincers everywhere are excited
about Presto’s new portable tape
recorder., Packs easily into two
portable cases, but sets up into a
complete broadcast-quality maehine.
Three heads. .. erase, record and
reproduce. Scparate recording and
monitoring amplifiers. Speeds: 15”7/
sec and 714" /see. Hluminated V.U.
meter. Three mike input. These
important features plus Presto pre-
cision workmanship make this the
best buy anywhere in poriable tape
cquipment.

PRESTO excels in the production of preei-
sion tape recorders, power, peak limiting
and recording amplifiers and flawless
recording discs. For the greatest selection
of the greatest equipment...PRESTO is a
name to remember.

Paramus, New Jersey
Muailing Address: Box 500, ITackensack, N, J.

In Canada: Overseas:
Walter P'. Downs, Ltd, M, Simons Company, Inec.

Dominion Square Bldg,
Montreal, Quebec

arren Street
NewYork, N.Y.

TRANSCRIPTION
TURNTABLE 64-A

Operates for long periods of time
with no maintenance or adjustments.
Direct gear drive at 78 & 3314 rpm,
dual motors, Full speed reached
within % revolution. Low mechan-
ical distnrbance, maximum speed
accuracy.

b

PO i

PEAK LIMITING AMPLIFIER 41-A

Eliminales overcutting and distortion
due to over-modulation. Also acts as
line amplifier. 60 db gain compensates
for line losses. Allows increase of 3 db
program level. Chassis designed for
vertical mounting. Meter and selector
switch indicate amocunt of limiling
and tube currents,

POWER AMPLIFIER 89-A

[ligh fidelity, 25-walt power unit for
recording or monitoring. All stages
push-pull. Designed for vertical rack
mounting, circuits completely access-
ible. Meter and selector switch indicate
output level at 1000 ¢ps and tube cur-
rent readings.

£ e
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the core is stronger, and has higher resisiance
1o vibrations and shoek.

the resistance wire—made to H.H. specifica-
tions especially adapted to these resistors—is
more uniformly wound so that failures under
stress are eliminated,

the special alloy terminals are more securely
fustened to the ceramic body by spot-welding
lighly resistant to corrosion.

all wire connections are protected by a posi-
live, non-corrosive honding.

©

and...

©

new—blue-gray enamel coating—crazeless, thermo-shock-proof gives greater protection
throughout the most rugged service—longer life under extremes of humidity, salt water
and severest atmospheric conditions. And by withstanding higher heat these resistors
afford a greater safety factor.

The fixed. the ferrule and the flat types are especially designed for and manufac-
tured in accordance with JAN-R-26A specifications.

L4

HARDWICK, HINDLE, INC.

1]

1 1]

! Hardwick, Hindle, Inc. 5

Rheostats and Resistors ! 40 Hermon St., Newark 5, N. J. :

) 1

1

Subsidiary Of E Please send additional information about your new resistors. g

: t]

THE NATIONAL LOCK WASHER COMPANY p MNeme — '
ESTABLISHED 1886 ; . i

1 Title P —— '

NEWARK 5, N. J. U.S.A. ! 5
! Company — 0

1 1

1 )

the mark of quality ! Address. o - - I

5 5

] - e — S — L}

1 1}

) 1

for more than a quarter of a century

-
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TYPE CV — STANDARD:
Wide range of capaci-
ties and voltages . . .
regulation =1% or
less with a total pri-
mary variation of
30% . .. ideal for use
with electronic equip-
ment where close volt-
age regulation is re-
quired. BULLETIN
DCV-102.

.

D
<

S

o3

AN

\‘\\\Q‘(
NN

N

A\

N
ARRARR R LN

AN
N

AN

~iage ragilatitn of home TV Receivers a
~ ate price_. i . plug-in type ...
% or less .. BULLETIN DCV/

- L7 [~ =
s
(A5T5—#OR GASEOUS DISCHARGETUBES:
tain d cénstant level of light outputor | — i/,a

. V. rodiation over a wide range of |
~ ysiage Sirvation: - BULLETIN DFL-133
—7 o e e s i s -

= . T

4
¥

== Z =
47:;;?‘252?’2525%55

///ﬂ' = The SOLA Electric Company has consistently set the standards in the
7 voltage regulating field. SOLA built the first Static-Magnetic Regulator
which could be economically applied to industrial and commercial
equipment. SOLA Transformers have always delivered the highest
standard of performance in the voltage regulating industry.

SOLA Constant Voltage Transformers

A WW and Constant Wattage Transformers

are manufactured under one or more

n TRA"SFORMERS of the following U. S. Patents:
2,143,745; 2,212,198; 2,346,621,

r —ra ; — — —— ey e e — T
i sformers for: Constant Voliage - Fluorescent Lighting * Cold Cathode Lighting - AErpon Lighting * Series Lighting © Lluminous Tube Signs
it Burner Ignition * X-Ray - Pewer - Controls * Signal Systems * etc. * SOLA ELECTRIC COMPANY, 4633 W. 16th Street, Chicago 50, Hlinols
'y ‘q!hr\'l under license by: ADYANCE COMPONENTS LTD., Walthamstow, E., England M. C. B. & VERITABLE Al.TEi.'rCourbn-o,ie (Seine), France
’: A - ENDURARNRCE ELECTRIC CO., Coucord West, N.-S.-;\V., *_u:l_h'li’ *  UCOA RADIO S.A., Buenos Aires, Argentina

=

-

== i
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 JENSEN MANUFACTURING COMPANY 0/visiON OF THE MUTER COMPANY
6607 South Laramie Avenue, Chicago 38, lllinois e In Canada: Copper Wire Products, Ltd., 351 Carlaw, Torento
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SHALLCROSS MANUFACTURING
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COMPANY Collingdale, | Penns_ylvania
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Now!...

a Recording

ALPHATRON™ Vacuum Gauge

for permanent, accurate records of pressures

from 1 micron to 10mm.

-
-
-
-
-
-
=
£3
=
-

Answer to a long-felt need, this new recording Alphatron offers you accurate,
reliable records in a most important high vacuum range. At will, you can record
slow or rapid changes in total pressure between 0 and .1mm. . . . between 0 and
imm. . ..and between 0 and 10mm. If desired, the upper scale can be factory-
set for 0-20mm. without loss of linearity.

This new instrument is designed to have the versatility and accuracy you want.
For additional technical information on the Alphatron principle of operation . . .
on other features of this recording combination write today.

METALLURGY » DEHYDRATION « DISTILLATION
COATING - APPLIED PHYSICS

INDUSTRIAL RESEARCH - PROCESS DEVELOPMENT mss®
HIGH VACUUM ENGINEERING AND EQUIPMEKT ‘l::=

National Research Corporation

Seventy Memorial Drive, Cambridge, Massachusetts

QUICK FACTS ON THE
RECORDING ALPHATRON™*

® Accurate vacuum measure-

ments by alpha particle ioni-

zation method.

Records in three important

ranges: 0-.1mm;, 0-1mm., O-

10mm. Upper range can be

factory-set for 0-20mm.

Optional control of an exter-

nal circuit.

Continuous linear response to

total pressure on each range.

Available with either strip or

circular chart recorders.

Full scale sweeps of 24, 12,

4.5 seconds.

Gives continuous recordings

of either slowly or rapidly

changing pressures.

® Available in straight front for
panel mounting.

*REG. U.S. PAT. OFF.

In the United Kingdem: BRITISH-AMERICAN RESEARCH, LTD., London S. W. 7, England — Glasgow 5. W. 2, Scotland
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TAP SWi

The Most

of its Type on the Market

10 amp — 150 v
15 amp — 150 v
25 amp — 300* v
50 amp — 300* v
100 amp — 300 v

*150 volts between taps

Be Right with —
QI NI GIdE:

OHMITE

Equipment manufacturers know that when they require high-current,
non-shorting rotary tap switches, they can usually find the right type
and size in the Ohmite line. Ohmite high-current tap switches are
particularly designed for a-c use. Illustrated are five sizes of high-
amperage, multi-point selectors. They are extremely compact, pro-
viding up to 12 tap terminals. Capacities range from 10 to 100
amperes a-c. In addition to the models shown, Ohmite tap switches
are available in open-type models, for both shorting and non-shorting
applications. Ohmite is also prepared to supply open type tap
switches with special features—such as special angles between taps,
and capacities up to 25 contact points. All Ohmite switches can be
mounted in tandem for multiple-pole operation.

Reg.U.S. Pat. Off.



CERAMIC CONSTRUCTION provides perfect insulation,
unaflected by arcing. Contacts and mechanism are en. ————== -‘-3.-—-’
tirely enclosed and protected (except for Model 111).

EXTREMELY COMPACT, vet have many high-current taps,

perfectly insulated. Terminals are convenient for wiring.

Back-of-panel mounting.

SILVER-TO-SILVER CONTACTS, for high electrical con- //

ductivity. Have low surluce resistance, and eliminate

contact maintenance.

SELF-CLEANING ROTOR CONTACT. Slightly rounded, / 'I"'

//

assuring perfect seating and producing slight rubbing / > '5' ‘ /

motion with every operation.

“SLOW-BREAK” MECHANISM, incorporating a positive /

cam-and-roller. Provides “slow-hreak, quick-make” ac-
tion, particularly suited to alternating current. Minimizes

sparking, extends contact life.

“DEAD”’ SWITCH SHAFT. Completely insulated from the

load by a high-strength driving hub which will withstand
a 2000-volt test.

Have many applications, including simultaneous
control of separate circuits. Extended shafts,
with universal coupling for single-knob control
of two or three switches.

1925-7/950

5 SIZES
10 G0 100 Amp.
A-C

on Company
Letterhead for Catalog
and Engineering Manual
No. 40.

I' OHMITE MFG. CO.

= 4817 Flournoy Street
lv i Chicago 44, Ill.

| XN
el

OMMITE

Reg.U.S. Pat Off

RHEOSTATS -RESISTORS
TAP SWITCHES

{



Du Monit- Holmes

SUPERSPELD

Projector

® Sets new standards’of performancs, atility and econ-
omy for TV station operation. Provices a means of film
pickup that approaches the contrast znd clarity char-
acteristic of studio productions.

» DIRECT FILM PROJECTOR

Used with a Du Mont Special Image-Orthicon film pickup to
give studio clarity to movies and teletrenscriptions.

» BACKGROUND PROJECTOR

Brings dramatic moving sets and backcrounds into any.
studio. Eliminates costly and cumbers>me sets and back-
drops.

MAACEIORTRICONIRI CKUEIHEAD! For information on the Superspead Projector or other

Du-Mont Telecasting Equipment wri“e, phone, or visit,

© ALLEN B, DU MONT
LABORATORIES. INC.

FLYING SPOT SCANNER

ACORN TRANSMITTER

RF WAVEFORM MONITOR

WUMINY 7o 2 i i

ALLEN B. DU MONT LABORATORIES, INC., TELEVISION TRANSMITTER DIVISION, CLIFTON. N. J.
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gmtémq IN CARBON
but Diamonds! -\

il

PLUS GRAPHITE, MOLDED METALS :
_a» \

2 HUNDREDS of STANDARD
i ITEMS... thousands )
;

of “Specials”
Write for details on any type

Anodes ¢ Battery Carbons
Bearing Materials
Brazing Furnace Boats
Brushes of all fypes for
roicﬁng-elec!riccl equipment
and Graphite Contacts
« Clutch Rings

W’

Carbon

Chemical Carbons
Dash Pot Plungers

Electric -Furncce'Heoﬁng Eleame

.. @ dependable source of supply

round Rods (carbon) Th 2
¢ u > S :
i e - m.qucfelcctncal. mechanical, physical and ch
erties ¢ ’ B 5 i
‘ a ofStackpelecarbon. graphiteand carbon grzr;}llc'al
d ite

nis

Electroly
Glass Molds * G
Mercury Arc Rectifie

1 Metal-Graphite Contacts
1 Power Tube Anodes Pro.ducts solve countless problems of fricti
: Rail Bonding Molds arcing, corrosion, shaft sealin ' riction, temperature,
i Rare Metal Contacts 3 others. So broad is th l'_ g, voltage regulating and
Resistance Welding and Brazing Tips N f~ ; e ine of standard Stackpole produ

seal Rings (for gas °f liquid) ‘o li = e facilities for “specials” that it i .Cts,
special Molds and Dies ist only a few of them here. L s practical
- ‘ spectrographite No. 1 recommend and quote on - e Sm:ckPOIe engineers

Trolley and Pantograph Shoes your next requirements.

Voltage Regvulator Discs

Water Heater and
Pastevrization Electrodes

Welding Carbons

: » i
Welding Plates and Paste / ‘ E

STACKPOLE CARBON CO., ST MARYS, PA

34
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IE OF LOW FREQUENCY

RADIO TRANSMITTERS
FOR THE C.A.A/S

Ommfmaye SYSTEM

DESIGNED!'
PRODUCED!
TESTED?
SHIPPED!
ACCEPTED!®

Prototype Designed

and built by Bunnell entirely from C.A.A. re-
quirement specifications

TYPE TLG OMNIRANGE TRANSMITTER —
The transmitter, core of the Omnirange Sys-
tem, consists of L. V. Power Supply and
Exciter, 4 KW Power Amplifier, Modulator,
10 KW Power Amplifier, H. V. Power Supply
and Control Center, Transformer and acces-
sory equipment.

7% BUNNELLsCo.

81 Prospect Str rooklyn, N.Y., Dept. 1)
Research, Désign and Development
Engineering, Manufacturing

Rigid Production Testing

procedures devised and put in operation by
Bunnell development and methods engineers

L.V.P.S. &
EXCITER 4 KW P.A,

.

H.V.P.S. &
MODULATOR 10 KW P.A. CONTROL
CENTER

TRANSFORMER
BAY
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N EW Miniature Telephone Type Relay

NEW LK RELAY

MOUNTING: knd mounting for back
of panel or under-chassis wiring. Inter-
changeable with standard “‘Strowger”’
type mounting.

COIL POWER: From 40 milliwatts

to 7 watts D.C.

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

DIMENSIONS:

154" HIGH, 27/52” LONG,
133" WIDE

These are the dimensions
for the 6 pole relay.

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

Can be furnished
hermetically
sealed with

solder terminals.

PLUG-IN MOUNTING-
SPECIAL.

SK RELAY

MOUNTING: Front of panel mount.
ing and wiring.
COIL POWER: From 100 milliwatts
to 4.5 watts D.C.

CONTACTS: Same as “LK”.
DIMENSIONS: 15~ HIGH, 1%,,”

LONG, 3!/3," WIDE.

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

HERMETICALLY SEALED

WITH SOLDER TERMINALS,
PLUG-IN - SPECIAL.

\ AL-132

ALLIED CONTROL co. INC. 2 EAST END AVE.,' NEW YORK 21, N. Y.
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Erie General Purpose Ceramicons became favorites in the industry
when TV sets were still a negligible part of total output. The
qualities which recommended them for by-passing and coupling
applications which were not frequency determining in radio
receiving sets, become even more important in television assembly.

Erie "GP’ Ceramicons are rugged and compact. Tubular form
and phenolic insulation provide extra sturdiness that withstands
rough handling both in installation and in service.

General Purpose Ceramic Condensers are economical because,
by limiting them to definite capacity values, they can be manu-
factured in quantity without sacrifice of quality.

They are made in insulated and non-insulated styles, in popular
capacity values up to 10,000 MMF. Write for detailed information
and samples.

DO NOT BREAK
IN ASSEMBIY— SERVICE

N

37



Requires only 20 watts of
horizontal input power from
260-volt supply!

A 70° tube is tough to sweep—and to do it
correctly takes a lot of power, particularly
at 13-14kv. Most yokes today lose efficiency
when required to sweep wide-angle tubes.

Now an improved General Electric
Deflection Yoke, ready for delivery to
manufacturers, licks the problem from the
inside out. G-E engineers at Electronics
Park found that the key to more sensi-
tivity and greater efficiency was in the
design and position of the yoke windings.
To get a wire pattern that would assure a

2% care /&zz/ /o{//& m%&é}zm 272

DEFLECTION YOKE SWEEPS
70° WITH HIGH EFFICIENCY!

high degree of uniformity of the mag-
netic field, they designed an improved
machine that winds coils with knife-sharp
precision and without distortion. This proc-
ess now helps turn out yokes that provide
accurately-shaped, straight-sided pictures.
For applications requiring high effi-
ciency, the new yoke is available with
ferrite core. The complete G-E line of tele-
vision components also includes ion traps,
focus coils, horizontal sweep transformers,
size and linearity controls. General Elec-
tric engincers will be glad to consult with
you on the applications of these compo-
nents to your designs. Wire or write:
General Electric Com pany, Parts Section,
Electronics Park, Syracuse, New York.

GENERAL @ ELECTRIC
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Whether your job is large or small,
intricate or routine, we take pride in
.I doing the finest job in the entire
| field of sheet metal housings. And
when Karp is called in, your costs are

! cut down — down!
25 yea’rs of know-how go into every
“simple” job, as well as into each "com-

| plex” project. For the finest of equipment

' and facilities are all yours, all the time . ..

to p_rodu;e and deliver on timeiKarp makes

_ no parts or items of its own,:to delay or
disrupt your production schedules.

And remember, the facilities of Karp's 70,000

square foot plant belong to you!

Make it a point to call on us for an estimate af

your next job. Your inquiriés and personal visits

are always welcome. An illustrated data book

is yours for the asking.

KARP METAL

PRODUCTS GO0,

INC.

215-63rd Street, Brooklyn 32, New =

ELECTRONICS — April, 1950
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Multi-channel --

telegraph Al or
telephone A3.

O
)
Q’Q~
*
Q
QQ~
" I RUGGED
Components
conservatively
rated. Completely
tropicalized.

Model 446 transmitter operates on 4
crystal-controlled frequencies (plus 2
closely spaced frequencies) in the band
2.5-13.5 Mecs (1.6-2.5 Mcs available).
Operates on one Sfrequency at a time;
channeling time 2 seconds. Carrier
power 350 watts, A1 or A3 AM. Sta-
bility .003% using CR-7 (or HC-6U)
crystals. Operates in ambient 0° to +
45° C using mercury rectifiers;-35°
to + 45° C using gas filled rectifiers.
Power supply, 200-250 volts, 50/60
cycles, single phase. Conservatively
rated, sturdily constructed. Complete
technical data on request.

L s

High stability (.003%) under
normal operating

AER IR CoM

Reg, U. S. &

conditions.

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

accept frequency shift signals.

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

Pat, Off,

AERONAUTICAL COMMUNICATIONS EQUIPMENT, INC.

3090 Douglas Road,

Miami 33, Florida

DEALERS: Equipeletro Ltda., Caixa Postal 1925, Rio de Janeiro,
Brasil  Henry Newman Jr., Apartado Aereo 138, Barranquilla,

Colombia * Radelec, Reconquista 46, Buenos Aires, Argentina

40
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BRANCH OFFICES: NEW YORK 17

DE-2.50

NO DOUBT you've experienced it—the real pleasure in grasping a problem,
wrestling with it a bit, and then coming up with a solution. The unusual electrical
insulation part shown above is a good example. It illustrates the kind of problem
that could arise in your plant—and wind up in our “Imagination Department.”

To make the part, the Manufacturer wanted plenty of structural strength,
dielectric strength, light weight, and resistance to moisture, heat, and corrosion
—all wrapped up in a material that was easy to machine. Continental-Diamond
studied the problem, used a little imagination, and came up with two different
plastics — Laminated Dilecto Tubing for the threaded section, and Celoron
for the molded, macerated ring.

It's a good example of imagination at work—but it's a better example of how
you, too, can depend upon C-D to engineer the right plastic for your needs. For
C-D has no “axe to grind.”” We can recommend from five basic plastics subdi-
vided into a remarkably wide range of grades and combinations of grades to meet
your requirements. For complete engineering help or fast delivery of any grade,
call your nearest C-D office, any time.

CELORON (Molded High-Strength Plastic)
MICABOND (Bonded Mica Splittings)
DIAMOND FIBRE (Vulcanized Fibre)

VULCOID (Resin Impragnated Fibre)
DILECTO (Laminated Thermosetting Plastic)

CLEVELAND 14 ¢ CHICAGO 11 e SPARTANBURG, S. C. e SALES OFFICES IN PRINCIPAL CITIES.

WEST COAST REPRESENTATIVE: MARWOOD LTD., SAN FRANCISCO 3 e IN CANADA: DIAMOND STATE FIBRE CO., OF CANADA, LTD., TORONTO 8

‘ g
LOM”W/ ~ l]’{(wlw/n(/ FIBRE COMPANY

- TR S7 870 | B e i S e B — — - S s LLTf T oy B WA
Estoblished 1895.. Maonufacturers of Laminated Plastics since 1911—NEWANLK 16 « DELAVWARE

ELECTRONICS — April, 1950
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AEROVOX CAPACITORS

® This Atomic Age calls for huge
capacitor banks in atom-smashing
installations. Typical is the beiatron
installation at the University of Illi-
nois, Urbana, Ill., with a capacitor
bank totaling 12,960 mfds. made up
of 648 units each rated at 20 mids.
6000 volts D.C. Sufficient energy is
stored in this capacitor bank to lift
a 3000 lb. car 57 {t.!

Aerovox engineering and experi-
ence were important factors in the
special design and processing re-
quired for the manufacture of these
capacitors. Such skill is applied to
all Aerovox production, regardless
of type or size. Every design is given

2

individualized attention.

Because of outstanding experience
with oil-filled capacitors, together
with production facilities difficult to
duplicate elsewhere, Aerovox is
meeting the rigid requirements of
atom-smashing installations.

Likewise for other high-voltage
needs such as deep-penetration X-
ray, radio transmitting, high-voltage
testing, carrier-current coupling, and
electronic laboratory equipment,
Aerovox offers the widest choice
of tried-tested-proven capacitors
backed by application engineering
second to none.

—

~
ar

Aerovox Series ‘26 cil-filled stack-mounting
capacitors. One or more units can be con-
veniently banked in series or parallel. Volt-
age ratings up to 15€,000 D.C. Max. per unil.

()

“

k
%

Aerovox Series ‘20 steel-case oil-filled capac-
itors. Voltage ratings up to 0,000 D.C.W.
Also dual units of 25,000 v. 112,500-12,500)
for voltage doubler circuits.

&

® Try Aerovox first! Our engineers will gladly share their high-voltage
capacitance “know-how’ with you in solving your particular problem.

FOR RADIO-ELECTRONIC AND
INDUSTRIAL APPLICATIONS

F"NEROVOX CORPORATION, NEW BEDFORD, MASS,, U.S.A. 7
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n thousands of successful applications of low pres-
sure processing, Kinney Vacoum Pumps are setting the
pace for speed and economy. Fast pump down means
fast processing time—and that’s why Kinney Pumps are
so often picked for the job. In one case they are creat-
ing the low absolute pressure required in a gigantic
synchro-cyclotron . . . in another, they are hslping to
turn out a steady stream of peanut-sized electronic
tubes. Whether it's “one of a kind” or “mas: produc-
tion””, Kinney Pumps have the stamina and rugged
dependability to meet the toughest service conditions
in every field . . . pharmaceutical or food, metallurgical
or optical, electrical or electronic.

Single Stage Models cre available in eight sizes:

capacities from 13 to 702 cu. ft. per min. — for pres-
sures to 10 microns Hg. abs. Compound Kinney Vac-

vum Pumps are furnished in three sizes — capacities
5,15, and 46 cu. ft. per min. — for test pressures to 0.5
micron Hg. abs. Send for Bulletin V45 — the complete
story on Kinney Vacuum Pumps, Oil Separators, and
other Vacuum Pumping Accessories.

Kinney Manufacturing Company, 3565 Wash-
ington St., Boston 30, Mass. Representatives in New
York, Chicago, Cleveland, Houston, New Orleans,
Philadelphia, Los Angeles, San Francisco, Seattle.

Foreign Representatives: General Engineering Co.
(Radcliffe) Ltd., Station Works, Bury Road, Radcliffe,
Lancashire, England . . . Horrocks, Roxburgh Pty., Lid.,
Melbourne, C. I. Australia . . . W. S. Thomas & Taylor
Pty., Ltd., Johannesburg, Union of South Africa . . .
Novelectric, Ltd., Zurich, Switzerland.

KINNEY Vacvum Pumps

ELECTRONICS — April, 1950
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WORLD'S
LARGEST
ORGANIZATION

FOR ADVANCED
INSTRUMENTATION
AND CONTROL

youﬁ;wu\\%ﬂwﬂﬁ gwiﬁ \\

\< Ny S
FOR USE IN LIMITED SPACES

SEEE——
-~

/ -t
«es AND YOU’LL PICK THE -
| \

1 \

\>
\

—

—
-

Thie amount of space it occupies is often a mighty important thing
to consider when you select a mercury switch.

The “mighty midget,” pictured above in actual size, is the tiniest
mercury switch in the Honeywell line. It is doing a giant job . ..
affording positive on-off action for as many as 50 million cvcles, in
such products as coin vending machines, record plavers and
sign flashers.

Honeywell Mercury Switches are compact ... are adaptable to
unusual mountings. They operate at low angles . . . have no moving
parts . . . are sealed against dust, gas and corrosion.

The comnplete line is at your command . . . affording greater latitude
in product design, with improved performance and trouble-free
operation. Write for a copy of new Catalog #1343 for down-to-
earth information . . . or call in your Iocal Honevwell engineer for a
detailed discussion of a particular application.

MINNEAPOLIS-HONEYWELL REGULATOR CO.
BROWN INSTRUMENTS DIVISION
4428 Wayne Avenve, Philadelphia 44, Pa.
Offices in 77 principal cities of the United States, Canada and throughout the world

e POSITIVE ACTION
LOwW ANGULARITY'
LONGER LIFE o

e WIDE SELECTION l

Mercevry Seoilehies

FOR POSITIVE ACTION

SPECIFY HONEYWELL
.//{ewa/lg;ywi/cﬁea

FOR «
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ANNOUNCING

GENERAL CHARACTERISTICS

ELECTRICAL
Cathode: Coated Unipotential

Heater VYoltage 6.3 volts
Heater Current 1.0 amperes
Amplification Factor (Average) 3 100

Direct Interelectrode Capacnances (Average)

Grid-Plate o - .95 upid.
Grid-Cathode - 6.50 pufd.
Plate-Cathode - 0.035 pufd.
Transconductance
(i,=70 ma., E, =600 v.) (Average) 22,000 umhos

RADIO FREQUENCY POWER AMPLIFIER
Class-C FM Telephony or Telegraphy
(key-down conditions, | tubs)

Maximum Ratings

D-C Plate Yoltage - - 1000 Max. Yolts

D-C Cathode Current 125 Max. Ma.

D-C Grid Yoltage - S — 150 Max. Yolts
Peak Positive R-F Grid Volfaqe 30 Max. Yolts
Peak Negative R-F Grid Voltaqe —~ 400 Max. Yolis
Plate Dissipation - - 100 Max. Watts
Grid Dissipation - - - 2 Max. Watts

Follow the Leaders to

L4

ABE The Power for R-F

ELECTRONICS — April, 1950

EIMAC TUBE TYPE

PLANAR CONSTRUCTION
HIGH-MU TRIODE

The new Eimac 2C39A triode is the culmination of over
five years of research and application engineering. It is
the outgrowth of earlier types 2C38 and 2C39.

Its high performance standards make it the standout
triode for VHF and UHF CW service, pulse service and
aircraft navigational systems.

As a power amplifier, oscillator, or frequency multiplier,
this small high-mu triode exhibits excellent character-
istics from low frequencies to above 2500 megacycles.

Let us send you complete data and application notes
on the new Eimac 2C39A triode . . . then consider the
advantages it offers in the design of compact, moder-
ate power-output equipment.

*Conforms with newly issued JAN specifications.

EITEL-McCULLOUGH, INC.

San Bruno, California
Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California

Another Engineering Achievement by Eimac

#
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FOR USE IN
SUCH FIELDS AS
AVIATION
ASTRONOMY

BALLISTICS
HIGH-SPEED PHOTOGRAPHY

YiSCOSITY MEASUREMENT
ACCURACY: 1 PART IN 100,000 (OR BETTER) .0019, NUCLEAR PHYSICS

TELEMETERING
RADIATION COUNTING
FLUID FLOW
CHEMICAL REACTION
NAVIGATION
SCHOOL LABORATORIES
The controlling unit of these frequency standards INDUSTRIAL RESEARCH LABS,

ACCURATE SPEED CONTROL
is a bi-metallic fork, +empera+ure-compensa+efi
and hermetically sealed against humidity .and va.rli;
ations in barometric pressures When combfned wit
related equipment, accurate speed and. time con-
trols are afforded by mechanical, electrical, acous-
tical or optical means.

Instruments of our manufacture are used exten- s
sively by industry and government departments on |

N . conh-ol_ TYPE 2001-2. BASIC UNIT
such precision work as bomb Slgh+S and fire Frequencies, 200 to 1500 cycles.
’ o Dividers and Multipliers available
ms may be. our engi- for lower and highér frequencies.
our frequency proble 9 q
Ftplover U i ate Miniaturized and JAN construction.
neers are ready to cooperate. Output, 6 volts.

W hen requesting further details, please s.pecify. the
Type Numbers on which information Is desired.

TYPE 2005. UTILITY UNIT
consists of Type 2001-2 and
booster to provide 10 watts at
110 V at 60 cyc. Input, 50-100 cyc.

TYPE 2121A. LAB. STANDARD
Outputs, 60 cycle, 0-110 Volts.
120-240 cycle impulses.

Input; '50-400 cycles, 45 W.

American Time Products, Inc.

TYPE 2111. POWER UNIT 580 Fifth Avenue New York 19, N. Y.

50 w OU’PU*. 0‘110 v at 60 cye. OPERATING UNDER PATENTS OF THE WESTERN ELECTRIC COMPANY

Input, 50.100 cyc., 275 W,
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R sonenn,

ILABLE

ON A MASS PRODUCTION BASIS

CORNELL-DUBILIER CERAMICS

— offering the same
dependable performance
as the specialized C-D
Ceramic Capacitors,
used for many years by
the world’s largest
manufacturers of instru-
ments and transmitter

equipment.
The TINYMIKE now makes it possible for you to get full-sized can be supplied at a tolerance of = 10% or * 20%.
“«Cornell-Dubilier performance’” in an ultra-small, space-saving Si : . :

s h R I Dl s nee the performance of a ceramic capacitor depends in
ceramic capacitor only 19/32" in ol'lameter and 5/32" thick. large meals)ure on the quality of its cerg.mic bod}g every,
Application: Bypass and coupling in ultra-compact step in the manufacture of TINYMIKES is controlled by
assemblies, especially for TV, FM and VHF. Cornell-Dubilier engineers. This means that the same
Characteristics: Unusually low inductance, minimized dependable quality that has made C-D’s famous for over
eddy current losses, remarkable electrical ruggedness, 40 years is now available in TINYMIKE ceramics.
high dielectric strength of ceramic, high insulation Write today for samples and complete technical data.
resistance, low power factor. Engineering inquiries solicited. CORNELL-DUBILIER
TINYMIKES are presently available in 500 volts DC working, ELECTRIC CORPORATION, Dept. K40, South Plainfield,
with a guaranteed minimum capacity from 1,000 mmfd. New Jersey. Other plants in New Bedford, Brookline,
to 5,000 mmfd., over a temperature range of 4 10° C. to and Worcester, Mass.; Providence, R. I.; Indianapolis,

+ 65° C. Units available in capacities from 100 to 150 mmfd Ind., and subsidiary, The Radiart Corp., Cleveland, Ohio.

C-D Bt by Feled Test”

CONSISTENTLY DEPENDABLE

CORBNELL-DUBILIER

At CAPACITORS — VIBRATORS
OO0 ANTENNAS — ROTATORS — CONVERTERS

ELECTRONICS — April, 1950 4a



L p——

48

Why is “dag” Colloidal Graphite best
for CRT Exterior Wall Coating?

It's cheaper
... Has better adhesion
... Requires no haking
... Resists scratching

Static charges built up in TV sets—particu-
larly where metal CRT’s are wused—can be ce -
swecessfully bled off by coating the inside of dag” Dispersion #194 is a lacquer-base dispersion of micro-

cabinets with ““dag”” Dispersion #194. This scopically small graphite particles. It is easily applied to CRT
reduces picinre interference and also preciudes

shock. Easy 1o apply by spraying or brushing. surfaces by spraying, and dries very rapidly, enabling tubes to be

handled in 2 or 3 minutes. Maximum adhesion is obtained by
drying at room temperature for 24 hours, or by forced infra-red
drying for % hour.

“dag” Dispersion #194 forms a smooth, uniform, conductive
black coating on any type glass. Its adhesive properties are so good

that it will resist scratching by a thumb nail or soaking in water.

Prominent CRT manufacturers have found “dag” colloidal
graphite dispersions satisfactory and usually cheaper for wall
coatings . . . for other electronics work, too. Let Acheson Colloids
engineers show YOU how these versatile dispersions can solve many

and varied electronics problems. Send the coupon NOW for

more information.

ACHESON
COLLOIDS
CORPORATION

Port Huron,
Michigan

ACHESON COLLOIDS CORPORATION
Port Huron, Michigan

Send me more information on:

“dag” Dispersion # 194 for Exterior Wall Coating
—_ “dag” Colloidal Graphite in Electronics

Company Name..__________________.

Address ...

da

S S BT OF F

COLLOIDS

oo H NS N SES—
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INDUSTRIAL TEST EQUI

SHOOT TROUB
REDUCE COSTLY

INDUSTRIAL OSCIllOSCOPE—For tracing cir-

cuit trouble in electronic-control equipment, this
scope is fast, accurate, and dependable. Ideal for
checking welding machines, high wave capacitor
discharge panels, variable speed motor controls.
Set it down anywhere—the case is insulated . . .

carry it easily—weighs only 27 pcunds.. . . use it 8
in many ways—tests both AC and DC. ’J\é:p
s S }/
% Tests make-and-break % Max. input voltage 550 b *
of relay circuits % Sensitivity 0.15 volts ' i
% Checks waveforms in dc/inch; 0.18 volts !
Thyratron control rms/ ‘nch,

IN WELDING OPERATIONS—USE IT TO

Y% check "hard-starting” ignitrons H set “full heat limit adjustment” % check behavior of peaking traas-

% observe voltage shapes on tube W check relays for bounce and high formers

elements in timing sequence circuits resistance contactors % dheck high frequency interfererce

% check instantaneous regulation on ¥ check “on" and “off" time in seam switch transients caused by oftter
high current welder supply line welders equipment

INDUSTRIAL TUBE ANALYZER—ihich tubes

are bad? Don’t guess—check them quickly, easily
with this Analyzer that pays for itself in the cost
of tubes you would normally scrap. Tests Thyra-
trons and Phanatrons with ratings up to 100
amperes peak current. Can be operated by non-
technical personnel after brief instruction. Backs
up the G-E Industrial Oscilloscope to boost your
maintenance efficiency, cut your costs.

Wherever you are, there’s a G-E office nearby. Call
there for further information on the equipment you see
here. Meanwhile, write us for the Electronic Test

Equipment Catalog—it’s free! General Electric Company,
Section 440, Llectronics Park, Syracuse, New York.

GENERAL @3 ELECTRIC

ELECTRONICS — April, 1950

49



SPECTRUM

. . . the outstanding heritage
of another great performer

DEFINING THE OSCILLOGRAPHIC

THE NEW DU MONT TYPE 294 CATHODE-RAY OSCILLOGPH

’ The Type 294 is an extremely versatile cathode-ray
oscillograph combining high-voltage operation with
precise high-frequency circuit design, extending its
general-purpose utility to meet the specialized needs
of high-speed transient study.

Stable operation of the high-gain, wide-band ampli-
fier of the Y axis over the entire frequency range from
10 cps. to 15 megacycles includes the performance of
a signal-delay line built into the Y-axis circuit to insure
full display of short-duration pulses. An input pulse
rise time of 0.01 us. will be reproduced with a rise time
not exceeding 0.03 us.

Available undistorted deflection of both symmetri.
cal signals and unidirectional pulses of either positive

or negative polarity exceeds the usable vertical scan
of the cathode-ray tube. A built-in high-voltage unit
supplies 12 kv. accelerating potential to the Du Mont
Type 5XP- cathode-ray tube; rear-panel selection of a
lower potential may be made for increased sensitivity
and deflection.

A flexible sweep circuit provides continuously var-
iable driven and recurrent sweeps with sweep cali-
bration being provided by internal timing markers
applied through the Z-axis amplifier.

Permanent records of phenomena studied with the
Type 294 may be made with either the Du Mont Type
271-A or 314-A Oscillograph-record Camera.

50

Cathode-ray Tube. ..

GENERAL

.Du Mont Type 5XP-
Accelerating potential . .....12,000 volts

X-axis Amplifier

Frequency response. . ... 2 cps. to 700 ke.

SPECIFICATIONS

Timing-Marker Intervals

100 ps., 10 us., 1 us.

. 7,000 volts Sensitivity .. ... 0.4 rms volt/in. at 7 kv.
... .05 rms volt/in. at 12 kv. Trigger Generator
3 » Rise time = ... .. 0.5 us. from 10% to 90% Repetition rate . .. ....200 to 3600 p.p.s.
Y-axis Amplifier Output amplitude. . ... .... 50 volts peak
Frequency response Driven Sweep Range . . .... 0.1 sec. to 2 us. Ovtput polarity ... . positive or negative

10 cps. to 15 megacycles

Sensitivity ..0.15 rms volt/in. at 7 kv.
....0.20 rms volt/in. at 12 kv:

Rise time ....0.03 us. from 10% to 90%
Signal Delay . ................ 0.25 ps

ALLEN B. DUMONT LABORATORIES,

Recurrent Sweep Range. .10 cps. to 150 ke.

Z-axis Amplifier
Polarity selection—3 volts peak to blank
trace of normal intensity.

Physical Specifications
Indicator Unit
24%" d.—15%"" "h.—12%" w.—62 lbs.
Power Supply
193" d.—15%" h.—12%" w.—100 Ibs.

© ALLEN B. DU MONT LABORATORIES, INC.

INC., INSTRUMENT DIVISION, 1000 MAJN AVENUE, CLIFTON, NEW JERSEY

April, 1950 — ELECTRONICS
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i SUB-MINIATURE “GUIDED MISSILES” FILTERS 3  CRYSTAL ELEMENT CHANNEL FILTERS
For security reasons details of this development in These extremely sharp wide band filters employing
miniaturization must be omitted. It can be told, how- crystals and toroidal coils, were so compact that they
ever, that all six channels are contained in a total were substituted in Air Force equipment for ordinary
volume of 18 cubic inches or 3 cubic inches per LF. transformers. Result was tremendous improve-
channel. ment in selectivity and signal to noise ratio. We

: derived great satisfaction from this achievement.
2 TONE GHANNEL FILTERS S e i
Availahle for either 170 or 310 cycles spacing hetween 4 TELEMETERING FILTERS

channels. These filters have received wide accep- Among the earliest to he employed in the improved
tance and are extremely popular among manufac- telemetering system now in general use. Particular
turers of carviev telegraph equipment. In addition attention has been paid to linearity of phase shift
to the many standard types of tone filters we are and good transient suppression as well as high inter-
supplying, special characteristics can readily be in- channel attenuation in order to eliminate distortion
corporated into designs to suit your application. in telemetering reception.

WRITE FOR TECHNICAL 2 ‘ ALL INQUIRIES WILL BE
INFORMATION ] : OR PROMPTLY HANDLED

ELECTRONICS — April, 1950



TYPE 3

Maximum speed, contact pres-
sure, and sensitivity ; and min-
imum transit time. Originally
designed as a high-speed tele-
graph relay, it has also been
used for direct operation from
barrier-layer photo cells and
thermocouples, as well as for
measurement and other indus-
trial applications. Weight,
22 oz.

TYPE 4

Long contact travel, medium
speed and sensitivity. Origi-
nally designed as a telephone
impulsing relay (d-c¢ dialling
up to 100 miles, and v-f dial-
ling on trunk circuits), it has
also been used in audio-fre-
quency tele-printer systems,
etc. Also available in d.p.d.t.
version, with self-synchroniz-
ing contacts. Weight, 11.8 oz.

P i ]

{ 1l Yo

Three types . ..

a match box

TYPE S

Miniature relay of phenome-
nal performance in proportion
to size and weight. Primarily
developed for military and
aircraft uses, but is providing
answers to prcblems in many
other fields. Rugged design of
exceptional thermo stability.
Dimensions of relay proper
same as safety-match box.
Weight, 4.8 oz.

one no larger than

=




. .A POLARIZED RELAY
Far in Advance of the Fi‘etl'i!;.'

C. P. CLARE & CO., secures U.S. rights to bring you
the English-made CARPENTER POLARIZED RELAY

In recognition of a widespread need for a polar-
ized relay capable of repeating with high accuracy
feeble signal pulses of varying time duration and
of maintaining this ability for long periods with-
out attention, C. P. CLARE & CO. zet out to design
such a relay, to have the following characteristics:

High sensitivity

Low hysteresis

Short transit time

Complete ahsence of contact rebound

Ease of adjustment

Long operational life between adjust-

ments

High contact pressure

Absence of pivots, with their almost in-

evitable shake and liability to wear or

bind

@ Immunity from the effects of mechan-.
ical vibration

@ Abscnce of positional error

& Immunity from the effects of external
fields

© Shortness of operaling time — impor-

tant for some applications.

e 9 &9 099

® 3

A comprehensive survey of available relays, made
as a prelude to this design project, dizclosed that
the CARPENTER POLARIZED RELAY, manu-
factured by Telephone Manufacturing Co. Litd.,
of London, England, conforms closely to the ideal
and surpasses all previously existing polarized
relays.

That this superior relay might be made immedi-
ately available to its cusiomers, C. P. CLARE &
CO. have paid a high compliment to another relay
manufacturer: they have arranged to he exclusive
distributer of the CARPENTER POLARIZED
RELAY in the United States.

Some of the remarkable features of the CARPEN-
TER POLARIZED RELAY which make C. .
CLARE & CO. proud to sponsor it are described
on these pages. More complete information is im-
mediately availuble from CLARE sales engineers
located in principal cities. Look in your classified
telephone directory . . . or write: C. P. CLARE &
CO.,4719 West Sunnyside Avenue, Chicago 30, Il

Write for CLARE Bulletins 110-111-112 for complete details

X 2
MAGNETIC CIRCUIT OF TYPE 5 RELAY

This schematic diagram shows the magnetic circvit of the
Carpenter Type 5 Relay in-one plane, Actually the axis of
vibration of the armature is ‘parallel to the axis of the-signal

coil. The working pole pieces (the S poles) of the permanent
magnets and the contact mounts overlop one another on
either side of the armature. The reversal circuit is reduced to
its simplest possible form, having only a single air gap in

which the armature is situated.

..First in the Industrial Fielc

¥




For a higher
order of PRECISIOR
in control

The characteristics of Kollsman miniature Motor-Driven Induc-
tion Generators suggest many remote indication and control
applications. These light, space-saving units — precision-
engineered for extreme sensitivity — combine motors of high
torque/inertia ratio with generators offering /inear voltage vs.
speed ratios over a wide range.

These Motor-Driven Induction Generators are representative
of a complete line of small Kollsman special-purpose AC motors.
If those available do not meet the requirements of your particular
instrumentation or control problem, Kollsman laboratories are
staffed and equipped to develop a unit to your specifications. For
further information, write: Kollsman Instrument Division,
Square D Company, 80-64 45th Avenue, Elmhurst, N. Y.

Kollsman Motor-Driven
Induction Generators

Motor characteristics: Maximum torque
at stall —smooth-running (will not
“cog”), fast-reversing — operate from
2-phase source, or from single-phase
source with phase-shifting condenser.

Generator characteristics: Low residual
voltage — output/residual voltage ratio
of 100:1 in some models — residual
voltage “spread” as low as 2 millivolts
—available with built-in voltage tem-
perature compensating network — con-
stant frequency output— amplitude
directly proportional to speed.

Unit characteristics: Both rotors
mounted on same shaft, assuring posi-
tive alignment — geared models, with
ratios between 5:1 and 75,000:1, de-
signed to safely transmit a maximum
torque of 25 oz./in. — backlash held to
a minimum.

KOLLSMAN INSTRUMENT DIVISION

COMPRNY

GLENDALE, CALIFORNIA

SQUARE )

ELMHURST, NEW YORK
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oo s SHVE SPUCE
... reduce heat
«+ o liminate feedback

TV Receivers

AM-FM Receivers
AM-FN.-TV Transmitters
Studio Equipment
Computers

Measusing Equipment
Electronic Controls

UHF Equipment
Counters

Radar

Communication Relays

Carrier Current Equipment
Nucleonics Devices

ELECTRONICS — April, 1950

IPMENT MANUFACTURERS-

‘N MANY circuit applications, germanium diodes
1 offer advantages over vacuum tubes in size,
weight, heat reduction, and feedback control. The
important factor of cost, too, is worth your atten-
tion, for diode prices are dropping steadily as
manufacturing techniques improve and new diode
uses are developed.

General Electric’s complete line includes four
types of general purpose diodes, two new television
units of low shunt capacity, one UHF type, and
the efficient new G-E Quad for ease of replacement.

"BEFORE YOU DESIGN,
.~ LET US HELP YOU WORK OUT
A BETTER WAY!"

APPLICATION ENGINEERING SERVICE

A. €orps of G-E eq
diode applications
your circujt problex;
Cities, these mep

81Incers, specialjsts ;
are available ¢o
1. Strategicall

n tube and
 help you wigh
Y situated in major
‘vxce whenever you
fice ne

arest YOU, or

write: Geser
al L
pany, Llectronicg Parg
i

lecty;
c Com
A Yracuse, Neq, York

GENERAL £ ELECTRIC

---------‘

SEND FOR THE NEW, COMPLETE G-E GERMANIUM DIODE HANDBOOK —
packed with useful information for the electronics engineer and designer! l

General Electric Company, Section 440
Electronics Park, Syracuse, New York

Please send me___ ___ copies_of,the new G-E Germanium Diode Handbook at
$1.25 per copy postpaid.

O 8ill me [ Check or M.O. enclosed
NAME_ _____ _. e g P apmpemyyet Y I S -
ADDRESS . _ e I
CITY e STATE. . e ’
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! RMC DISCAP TYPE B BY-PASS SERIES
+18%
: //n:m'm. VALUE |

G.M.V.

DISCAPS |~

20°% 30° 40°

50° 60° 70° 80° 85°

|
!Ex(eed Guurunteed Minimum CAPACITY CHANGE VS. TEMPERATURE

Capacity at 85° ‘

b
Capacity change between room
temperature and 65°c, + 18% — 0%

More than eight years of intensive engineering research and three
shty

years of successful commercial production are behind this out-

standing RMC achievement.

Type B Series DISCAPS were developed to maintain capacity
much nearer inital values than heretofore possible. This accom-
plishment, in small size condensers that have real practicability, re-
sults in a decidedly more effective by-pass at the higher frequencies
encountered in TV and FM applications. Because RMC produces
the complete condenser, even to the processing of the dielectric

element itself, it is possible to exercise the finest quality control
5,

through every phase of manufacturing,. //8”
.01

The Newest Development in vy
2

.005
Type B Series DISCAPS are the smallest disc S4e”
ceramics available. 1000 mmf. and 1500 mmf. ¥
DISCAPS are actually less than one-half the -0015

. e : -
size of competitive condensers. A
“.001 |[*

Ceramic By-Pass Condensers

Improved processes of dielectric element
impregnation and outer casing insulation
are exclusive with DISCAPS. Their low
self inductance, low power factor and |
moisture impervious characteristics place L

them in a class alone. Approval by lead- !

5/8”

2X.005

]/2”

2X.0015

Yo" g

2X.001 u

ACTUAL SIZE

»

TWICE TESTED FOR BREAKDOWN!

ing makers of TV sets and tuners as well / Every DISCAP Condenser is checked twice

as manufactur.ers of specialized high ( __~
frequency equipment is proof of their

in production to eliminate the possibility
of failure in service. All DISCAPS are rated

superiority. at 600 V.D.C. and tested at 1200 V.D.C.
Yes, DISCAPS are definitely better...they
will save you money, too!

SEND FOR SAMPLES AND TECHNICAL DATA

SR

.

DISCAP
CERAMIC
CONDENSERS

RADIO MATERIALS CORPORATION
GENERAL OFFICE: 1708 Belmont Ave., Chicago 13, lll.

FACTORIES AT C

56
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SPECIFICATIONS

OUTPUT VOLTAGES:

DC. High voltage. 0-500 volts {without
switching) 200 ma, moximum load.

DC. Bias voltage. 0-150 volts, 5 ma. maxi-
mum load.

AC. Unregulated. 6.3 volts at 10 amps
maximum load.

REGULATION:

H.V. Better than %, % from no load to full
load, 20 to 500 volts; or for line voltage,
105 to 125 volts.

Bias. Better than 1% from no load to full
load at maximum output voltage. Regu-
lation at any other voltage depends on
setting of voltage control. Internal im-
pedance may be as high as 25,000 ohms.

METERS :

Current Meter. 0-200 ma. (High voltage
only.)

Yoltmeter. 2 ranges — 0-500 and 0-150
volts. Meter range may be switched to
facilitate reading of high voitage out-
put. 0-150 volt range may be switched
to read bias output voltage.

HUM: Less than 8 mv.
TERMINALS:

Either positive or negative high voltage
terminal may be grounded. Positive ter-
minal of bias supply is permanently
connected to negative high voltage ter-
minal.

INPUT POWER:

Approximately 400 watts maximum ot

105-125 volts, 50/60 cycles.
OVERLOAD PROTECTION:

load and line separately fused. Fuses

available on front panel,
MOUNTING:

Relay Rack Panel. Finish, -hp- grey. De-
tachable end pieces with hinged han-
dles for table use, $5.00 per pair.

SIZE: 10Y% " x 19", 13" deep. Weight 60 Ibs.
Shipping weight 85 Ibs.
PRICE: $250.00 f.0.b. Palo Alto, California.

Data Subject to Change Without Notice.

ELECTRONICS — April, 1950

New |

Continuously variable plate
and bias voltages.

High stability,
V2% regulation.

For laboratory, production work ot
industrial use, the new -/p- Model
712A is one of the most economi-
cal, convenient and broadly useful
power supplies you can buy. It pro-
vides continuously variable regu-
lated plate and bias direct current,
as well as a 10 ampere, 6.3 volt
alternating current for filament
supply. It is a particularly useful
power source for small transmiceers,
constant frequency oscillators, tem-
porary set-ups or “breadboard” lay-
outs. In nearly every application,

Model 712A

HIGH REGULATION POWER SUPPLY 250

f. 0. b. factory

General purpose ac filament
voltage.

Separate voltage and
current meters.

the instrument’s ease of operation
and ability to meet many different
power requirements saves valuable
engineering time.
CONSERVATIVE RATING

The design of -hp- Model 712A is
such that tubes operate well below
manufacturer’'s rating, even under
conditions of low output volrage
and high current. Transformers are
conservatively rated and only oil-
filled condensers are employed to
insure long, trouble-free service even
under extreme operating conditions.

For details and demonstration, see your local Hewlett-Packard
representative or write dirvect to the factory.

HEWLETT-PACKARD COMPANY
2057A Page Mill Road + Palo Alto, California
Export: FRAZAR & HANSEN, Ltd., 301 Clay Street, San Francisco,

2087 Calif., U.S. A. Offices: New York, N.Y. and Los Angeles, California

almrafarq instruments

fFOR S P EED A ND ACCURACY

—hp— PRODUCTS:

VHF and UHF Signal Generators
Voltage Dividers, Multipliers and Shunts
Electronic Frequency Meters
FM and TY Broadcast Monitors
Regulated Power Supplies
Audio Frequency Oscillators

Attenvators ‘
Electronic Tachometers l
Microwave Power Meters
Tunable Bolometer Mounts
Slotted Lines |
Standing Wave Indicators
Low Pass Filters |

Audio Signal Generators
Vacuum Tube Voltmeters
Frequency Standards
Square Wave Generators
Wave Analyzers
Distortion Analyzers
Amplifiers
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you can 8 SURE.. iF 115

W’éstinghouse

| ll. ¥
by
"""".'.i"
LI

S0

THIS NEW PORTABLE IS ONLY ONE EXAMPLE
OF HOW YOU CAN MEET ALL ELECTRICAL
MEASURING REQUIREMENTS ... PORTABLE . ..
SWITCHBOARD .. . PANEL.

Here’s Why...
% The most complete line

in the industry! Supply your instrument needs from one
source.

# Shipments in 10 days!

We can meet practically every electrical ‘measuring re-
‘quirement 10 days from receipt of order at the factory.

—————— * Meets AS A standards!

The most exacting specifications for instrument manu-
facture ever devised.




of its kind?

Y Magnetically shielded...

may be used anywhere—guarded against errors due to proximity of other

instruments, high current busses, magnetic fields or magnetic materials.

7 Convenient pocket=size...

small and compact—without sacrifice of performance—completely insulated

for safe use.

% Complete variety of ratings...

in a-c, d-c and rectifier types for the full range of current and voltage

measurements.

Westinghouse has this great, new, portable instrument line ready for you now . .. the
first instruments in the low-priced field that are specifically designed and manufactured
to provide #// of these features. Phone, write or wire your nearest Westinghouse
representative. He will have an experienced instrument specialist help you plan your
needs, whether they be portable, panel or switchboard instruments. Write for C.S. 43-
100. Westinghouse Electric Corporation, 95 Orange Street, Newark, New Jersey.

J-40389

Specrity Westinghouse -ge? mare 7or your instroment doler.!

INSTRUMENTS
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PYRAMID

Hllmldl Seal”

L (TUBULAR PAPER CAPACITGR)-

Ruggedly built to
withstand undue

vibration and rough O
handling QN

b &
Outer tube Q
piastic impregnated (@]
to prevent -+ 0

moisture-absorption

Light outer coat
of high-temp wax
provides

double protection

Each end
plastic sealed
against moisture

Leads anchored
securely in solid
plastic end

Type 85TOC “Humidi-
Seal” capacitors are
specially designed for
85° C. operation, even
in the most humid at-
mospheres, and will meet
the severe present-day
demands of endurance in 1
television receivers, auto
radios, etc.

WRITE FOR COMPLETE LITERATURE

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

N\ PYRAMID

PYRAMID ELECTRIC COMPANY.

155 Oxford Street
Paterson, N." ., USA

]
mAMS WUX Pa'ersoﬂ, N J »‘ﬁé
CABLE ADDRESS: eromndusg

/Ila_

g
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BUSINESS BRIEFS

By W. W. MacDONALD

Californians are always opti-
mistic about the future of their
State, and apparently it does not
take long for a newcomer to
acquire the habit.

Cledo Brunetti, who until re-
cently was with the National
Bureau of Standards but is now
with Stanford Research Institute,
said in a recent speech that be-
cause western industry does not
have to worry too much about
amortizing investments made long
ago it is likely to adopt automatic
control equipment more rapidly
than industry in other sections of
the country.

He also said that the west is
just beginning to realize its elec-
tronics production potential, and
that it will not be long before it
will be manufacturing most of its
own component parts.

Receiving-Type Tube failures
accounted for 38.5 percent of the
unscheduled equipment removals
by Piedmont Airlines in 1949.
Supervisor of Radio Maintenance
W. D. Rollick sees some hope of
improvement, however, as the type
5654 tube appears to have a figure
of merit of 1,200 compared to the
50-hour life expectancy of the
original commercial 6AK5 after
which it was modelled.

Large Tubes of the transmitting
and industrial type have had their
lives extended quite materially,
particularly since the war. We
saw one the other day that has
been upgraded by the manufac-
turer from 1,000 to 7,000 hours in
the last five years

Speaking Of Industrial Tubes,
the trend seems to be toward metal
and ceramics. There are three
reasons: (1) better heat dissipa-
tion, (2) lower costs and (3) more
rugged appearance,

The Amateur Market has been a
disappointment to many com-
ponent-part manufacturers so far
this year. Possible explanations
include tvi, the continued availa-
bility of surplus gear and a grow-

ing tendency to buy manufactured
equipment rather than to build.
Any other reasons oceur to you?

Radio-Phono-Tele Production in
1949 bv RMA members was as
follows:

TYPE Number
Electric
Table (uudex $12.50 billing
price) 10.09 1,025,488
fable (over '$12.50 bn!lmn
prlce)
A-M. L 15.7 1,601,814
A-.\I/F-)I. +.33 459,883
I-M (including
converters . .31 31,840
Consoles
ML .04 4,286
-I\I/F o .13 13,271
Table-Radio-Phonos
A- 1.51 153,118
AM/T-M. .01 1,241
Console-Radio-Phonos
- .83 84,722
AM/ ‘AL .. 3.63 369,270
Battery
PortableA C/D-C. . 11.57 1,175,056
Table . . .51 55,003
Consoles . . . ... .
Auto... .. .. - 22.56 2,291,884
Television

Table Models,
Without Radio. .

Table Models, 14 .20 1,442,494
With Radio.. L

Cor{,so;e or gor(llsolette.
Without Radio .. .. -

Console or Consolette, 7.84 795,982
With Radio. .

Radio-Phonos. . . . . . L. 1.73 175,421

Phonographs
Phono only.. . . 1.79 181,351
With radxo attachment. . 2.92 296,967

TOTAL 100.00 10,159,091

Production of radios, phonographs
and television sets by months was:

January.. ............ 8.229,
February.. . .. 7.09
March.......... 8.88
April. ... ... .. ... 7.19
May............... 6.86
June...... .. 6.90
July...... 4.31
August.. . ... 8.65
September. 7.96
October. e B e 10.23
November.. . ... RO EaGa s aa 13.53
December . o 10.18

Popocatepetl Crash of a Mexican
airliner last September kicked up
sufficient fuss in the country to
cause its Congress to recommend
immediate modernization of navi-
gation equipment and systems.
Funds for the job will probably be
voted at the present session, and
much of the money will go for
electronic apparatus.

An Enterprising Manufacturer
in Red Bank, N, J. is offering elec-
tronic engineers cravats that are
“symbolic yet conservative.” You
can buy an “electron-tube tie” ovr
a “radio-circuit tie” in blue and
red, brown and gold, red and gray,
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20 PIN PLUG-IN

HERMETIC TERMINAL

The advantages of the octal type key plug-in terminal are now
extended to include applications calling for as high as 20 pins.
Many additional types of relays and other electrical components
may now employ this simple fool-proof combination of hermetic
sealing and plug-in connection. Sockets are available.

All Fusite Hermetic Terminals are an interfusion of steel and

inorganic glass. Write Dept. E for specifications and complete
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suock -~ vigrarion NEWS

NEW
AIRCRAFT
RADIO
SYSTEMS

BARRYMOUNTS

FOR ASSURED CONTROL of SHOCK and VIBRATION

Powerful and sensitive, compact and light-weight, this new RCA family
of aircraft radio equipment is built to meet the communications and
navigation needs of airline, feeder line, and executive aircraft, bush flyers,

and sportsman pilots.

For assured protection against shock and vibration
in the roughest types of flying operations, RCA pro-
vides individual mounting with BARRYMOUNTS.

With the AVR-21 Automatic Direction Finder, for example, Type M-112
BARRYMOUNTS perform satisfactorily when the unit is subjected to
10-G vibration in any of three directions, without resonance above 13
cycles.
BARRY aircraft mounting bases are also available
for rack installation . . . in standard dimensions to
government specifications . . . or to exact customer’s
specifications.

ffee Cdfd/ogS give dimensions and load ratings of stock BARRY-
e MOUNTS. Catalog 502 covers aircraft applications.
Catalog 504 covers industrial and general-purpose

mountings. WRITE TODAY to

Main Office 177 Sidney St. Cambrldge 39 Massachusetts

Rochester Washington Cleveland Dayton

Philadelphia
St. Louis

New York

Chicego Minneapolis Los Angeles Toronte
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BUSINESS BRIEFS (continued)
blue and gray or brown on tan
rayon gabardine.

Here’s just the thing for the
technical Beau Brummel.

Television Picture-Tube sales
by RMA members to equipment
manufacturers totalled 3,305,673
valued at $92,402,520 in 1949.

More than 43 percent of these
tubes ranged from 12 to 13.9
inches in diameter, those from 9 to
11.0 inches represented 34 percent,
those over 14 inches 16 percent.
The remainder were under 8.9
inches.

Receiving-Tube Sales by RMA
members totalled 198,753,295 in
1949, 5.9 million under the previ-
ous year. Sales to original equip-
ment makers were up more than a
million, government purchases
nearly doubled those of 1949 and
exports showed only a slight de-
cline, but replacement sales fell
off sharply.

Language of electronics is diffi-
cult enough to keep up with. And
now comes the language of the
guided-missile field. Selected, for
one reason or another, from a
glossary of 752 terms defined by
the Department of Defense are the
following:

ATHODYD
BABBLE
BANG-BANG
BEAM JITTER
BEAM RIDER
BRENNSCHLUSS
BURBLE

CANARD
CASSEGRAII\IA\I MIRROR
CHUIFI'ING
DITHER
ELEVONS
ENTIHALPY
ENTROPY
FLAPERONS
GANTRY

GLINT

GUTTER
HYPERGOLIC
MEADOW
NUTATION
OGIVE

PHUGOID
PRANDTL NUMBER
RATRACE
STOICHIOMETRIC
UMBILICAL CORD

Honest Injun, we made up not a

| single one.

Speak’ng Of Missiles, identifica-
tion of American types is easy if
vou are hep to the code system,
and if you can get close enough to
read the markings on the things
while still retaining your liberty
and health.

The prefix letter X means exper-
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imental, Y means wunder service
test, and Z means obsolete. Then
comes a dash.

In the next group of three
leiters the first designates the
launching point of the missile, the
second tells where it is going and
the third, the letter M, merely
means that it is a guided missile.
The letter A stands for air, S
means surface, and U means
underwater. Then another dash.

The next letter designates the
service branch by which the mis-
sile is used, A for Air Force, G for
Army, and N for Navy. Dash.

The final number and letter in-
dicates the model. A lower-case
letter “a” means first modification,
a lower-case “b” second modifica-
tion. Thus X-UAM-N-3b would
denote an experimental under-
water-to-air guided missile used
by the Navy, model 3 with a
second modification. |

|

If You Noticed last month that
our front cover looked different it
was because of that color strip
down the left side. We blush to
admit that we made up a beautiful
and expensive set of plates that
were perfect in every respect ex-
cept for the fact that the picture
had been turned just 90 degrees
out of phase!

So we sawed up the plates
and put in the color strip to take
care of the altered dimensions.
Wouldn’t surprise us at all if we
received compliments for the
change of pace despite the fact
that it was the result of a near
miss.

In February (p 63) we noted
that a new book titled “Natural
History” would be printed with
ink giving off the odor of pine
forests, called for suggestions
suitable for ELECTRONICS.

Rosamund Cruikshank of Ports-
mouth, N. H. suggests “Chan(n)el |
No.5.” Leon A. Wortman of Fair-
child Recording suggests the odor
of melting pitch (“Nothing makes I
an electronic engineer sit up and
take notice faster.”) Warren L.
Holmen of Minneapolis thinks we
might use “the odor that steals
into the consciousness a short time
after one unknowingly kicks the
soldering iron from its stand
while repairing a neighbor’s con-
sole.”

ELECTRONICS — April, 1950

it?

Here are two test circuits. In each case, the same relay is used, the coil current is the
same and the oscillogram shows the operating time.

[{ K183

7~ TERAPTLR

IN THIS CASE —

The oscillogram shows a gradual rise of coil cur-
tent, based on the signal derived across the 500
ohm resistor. The first downward step is caused
when the relgy contact in closing grounds the load
and removes some of the input voltage from the
"scope. Reverse curvature in the trace is due to back
emf induced in the relay winding by the armature
motion. The next and much larger downward step
is the result of opening coil circuit by the interrupter.
The small dot ot its lower end indicates the deloy in
breaking the load cricuit, after which the trace
moves upword from reappearance of voltage
across open contacts. The whole cycle shows o sub-
stantial operating delay, and a period of contoct
¢losure much shorter than that in which voltage is
applied to the coil.

HERE HOWEVER —

Although the final relay current is identical, as is
the relay, it is obvious that the electrical time constant
is much shorter, the current rises foster, and the
contacts close sooner. Another “'wrinkle'' has been
introduced in the diode shown across the coil. It is
polarized so as not to pass battery current; but
upon interruption of the circuit, it provides a low
impedance. path for dissipation of the stored
energy in the relay, which in the other case was
dissipoted in an arc at the interrypter contacts at
high voltage without significant current flow. In this
case, the current flow is appreciable and holds the
relay on for o considerable length of time.

Not only is the relay now much faster, but the
contacts are now closed for a time opproximately
equal to thot during which the coil is energized.

Thus it is evidently difficult to stote operating time of o relay unless circuit conditions are
‘prescribed — and this is no ‘ocademic quolification. (Those wishing to duplicate the
above displays will recognize that the twa resistors shown os 1.0 megohm should be
varied to give a desirable relative magnitude to the two signals, and may in foct take
the form of a potentiometer.)

= SIGMA e e

62 Ceylon St.,, Boston 21,
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al
New Improvements
in Mallory Inductuner®

for Television Recelvers

Outstanding Advantages
of the new

Mallory Spiral Inductuner: Now there are important new reasons why the Mallory Inductuner should be

first choice for your TV receiver. Each one offers more convenience to the set
owner, new economy for you, without any sacrifice in the performance ad-
vantages of the continuous tuning principle . . .

1. A single control for easy selection
and fine tuning of any television or
FM channel.

2. Easilyadapted toUHFconverteruse.

3. Excellent stability eliminates fre-
quency drift.

4. Supplied in three- or four-section
designs.

5. Far more quiet operation; permits
high signal-to-noise ratio in front
end designs.

6. Free from microphonics.

7. Greater selectivity on high fre-
quency channels.

8. Eliminates “‘bunching” of high
band channels.

9. Simplifies front end design and
production.

10. Reduces assembly costs.

Iinproved Inductuner eliminates “dead zone” from continuous
tuning; covers entire TV range from 54 1o 216 megacycles, includ-
ing FM, in only 4 revolutions!

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

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

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

That’s Value Beyond Expectation !

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

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

——— — —— i — — ——— ————— —— — — — — — — — —— G S G =—

Television Tuners, Special Switches, Controls and Resistors

SERVING INDUSTRY WITH
Capacitors Contacts P.R. MALLORY & CO. Inc.
Controls Resistors ]
Rectifiers Vibrators y ; . I
Special Power 4
Switches Supplies i
Resistance Welding Materials il

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA -
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1 9 3 0 Anniversaries

« « after thirty
are easiest to take if they are
ignored. But ELECTRONICS is only
twenty years old this issue, so let’s
get on with it.

When a magazine turns the
corner of another decade, its edi-
tors turn their attention to their
longtime friends, the charter sub-
scribers. Five thousand such
friends got copies of the first
volume, in 1930. Of these, our
records show 423 have never left
us, even for a single issue. To
these, and other long-term support-
ers of our efforts, we feel an ac-
counting is due. Perhaps the new
recruits will find the record worth
recounting.

The charter subscriber who has
renewed his subscription regularly
at the one-year rate has paid $91
for the issues of this magazine to
date. If he took advantage of the
special charter subscriber rate, and
has since renewed every three
years, at the three-vear rate, he got
the service at the rock-bottom price
of $60.

What did such a friend and sup-
porter get for his money? He got
a total of 43,700 printed pages,
15,700 of which were devoted wholly
to editorial material. If he binds
his volumes, text and advertising,
he has a shelf-full 63 feet long. The
editorial content of 20 years, re-
duced to 400-page volumes of
standard textbook size, fills the
equivalent of 80 volumes of tech-
nical information. These he got
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TALK

for 75 cents each. On the same
basis, the advertising pages con-
stitute 150 volumes—a truly ency-
clopedic commercial history of the
electronic arts. Charter advertis-
ers are still with us, too. Of the 74
charter advertisers still in business,
56 appeared in these pages in 1949,

So much for quantity. What
about the quality ? We feel satisfied
that a good job has been done, but
that’s only a personal opinion. Sev-
eral facts stand out. The average
net paid circulation has increased
from 5,092, in the six-month period
ending December 1930, to 30,884
for the same period in 1949. The
renewal percentage (an editor’s
bogey, having about the same force
as the ¢, of a 6AGH has for the
quality-control engineer, namely,
vou keep it up, or else) has followed
the economic fortunes of business,
but through the 20 years it has con-
sistently bettered par for the
course. It would appear, therefore,
that reader acceptance is reason-
ably high.

One thing is certain. The field
of electroniecs has grown rapidly,
and the load on the staff has kept
pace. In 1933, it took only 354 edi-
torial pages to cover the electronic
developments of that depression
vear. In 1946, when we were busy
publishing the huge backlog of
copy stored during the war, it took
1,319 pages. Last year, things
having settled down to a steady
roar, it took 1,247 pages.

The staff has grown in propor-
tion. Initially three men and a

girl, and for one brief period re-
duced by sickness to two men and
no girl, the editorial staff now com-
prises nine editors and three attrac-
tive young ladies. The editorial
turnover has not been high. One
editor has been with us since the
beginning, and of the 18 editors
whose names have appeared on the
masthead at one time or another,
half are still at their desks.

That is the factual record. But
no recital of facts and figures can
reflect the great sense of excite-
ment, the sense of participating in
a vital and fascinating profession,
in a great and burgeoning industry,
that has buoyed up the staff
throughout these twenty years.
Memories are many: The private
preview of a new art at dinner in
Major Armstrong’s home two days
before he presented his famous
paper on f-m in 1935. Being hauled
up before the IRE Board of Di-
rectors for scooping the Proceed-
ings on Jhe orthicon in 1939. The
gratified smile on Claude Shannon’s
face as he handed us the corrected
proofs of our report on his famous
theory of noise and bandwidth in
communication. These memories,
and a hundred others like them,
mirror the past.

As for the future, our feelings
are no different. We have the
same feeling of excitement that
comes from dealing with active
men in a vital field, the same
eager anticipation for the new

developments 1 5 0
to come. = 2l " 9

65



HE PROGRESS of the electronic
Tart through the past two dec-

ades has been of such magni-
tude it is difficult to assess in tech-
nical terms. The applications in
communications, in industry, in ap-
plied science and in medicine are so
various, that even to list them is a
formidable task. It is simpler to
cast the review in terms of the com-
mon denominator of all electronie
development, the electron tube it-
self.

When this magazine was first
published, in April 1930, electron
tubes had been in existence for a
quarter of a century, dating back to
the Fleming diode valve in 1905. In
that quarter century many of the
basic types had made their appear-
ance: the triode in 1907, tetrodes in
1927, and r-f and power pentodes
in 1929. X-ray tubes were in wide
use, and cathode-ray tubes were
available, although not yet widely
used in oscilloscopes. Gas-filled rec-
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tifiers were in use, and the thyra-
tron was announced in 1928. The
two-plate magnetron and the dyna-

" tron had been invented. Work was

under way aon the iconoscope, but it
had not been publicly announced.
As of 1930, there the list ended.

It is not surprising, therefore,
that the complete list of tubes con-
sidered to be of interest to amateurs
in 1930 comprised only 41 types.
The 1930 edition of the ‘“Radio
Amateurs Handbook” contained a
tabulation of 11 receiving tubes, 19
transmitting tubes, 8 rectifiers and
3 current regulators. In 1930, ac-
tive tubes listed in the “RCA Tube
Handbook” tetalled 59: 25 receiv-
ing types, 32 transmitting types
and 2 others.

Those were the good old days!
The 1950 edition of the ARRL
Handbook lists 1,189 types, an in-
crement of 28 new tubes for every
one listed in 1980. The active tubes
in the RCA list doubled in number

(Western Electric photo)

every five years until 1940, and have
nearly doubled again since then.
There are 689 types in the HB-3
catalog as of 1950. This represents
in 20 years, an increase of nearly
12 times in the output of one com-
pany alone.

The cumulative record of tube
development throughout the years,
in all countries, is beyond estima-
tion. But some idea of the prolifer-
ation in tube design can be derived
from the listings of the 1949 “Inter-
national Radio Tube Encyclopedia,”
which encompasses most of the
tube-type designations, in nine clas-
sifications, manufactured through-
out the world. The total is 10,424
tube types! An accompanying table
gives the details of this prodigious
record. Note that it contains 80 dif-
ferent types of tuning indicators,
787 cathode-ray tube types, and
4,891 receiving tubes.

Production of tubes has reached
well into the billions. Well over
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ELECTRON TUBES
1830 TO 1950

The history of electronics revolves around tubes. Two decades have seen the marketing

of over 10,000 types, worldwide production approaching five billion units, and over

three billion receiving tubes have
been made in the U.S.A. alone. Re-
ceiving-tube sales averaged about
50 million annually from 1930 to
1935. Since the war the rate has
been 200 million or more annually.
During the war even higher figures
were reached. One series alone, the
proximity-fuze tubes, achieved a
total production of 130 million.

Technical Advances in Tubes

So much for tube types and pro-
duction. Of greater interest to engi-
neers are the technical advances re-
vealed in new electron-tube prin-
ciples.

During the past twenty years, no
fewer than 34 electron tubes essen-
tially new in principle have ap-
peared. These represent no mere
changes in envelope, basing or
heater voltage; they are basic ad-
vances. First on the list is Stuart
Ballantine’s variable-mu tube. Last
is the electron coupler, described to
readers of this journal only last
month. Included in the list are the
whole family of television camera
tubes, from iconoscope and image
dissector to image orthicon; the
electron accelerators from cyelotron
to betatron and synchrotron; all the
electron multipliers; the electron
optical tubes, electron microscope
and infrared image converter; all
the uhf and shf family, from kly-
stron and resnatron to the cavity
magnetron. Included also are such
workhorses as the beam-power
tetrode.

Along with these new ways of
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thirty major advances in design

controlling free electrons to per-
form new tasks, steady progress has
occurred in mechanical structure to
make tubes more rugged and reli-
able, more efficient in the use of fila-
ment and plate power, more com-
prehensive in frequency range.
Part of this mechanical effort has
led to changes in envelopes and bas-
ing practice. Typical trend is the
jargon of the bases: octal, loctal,
noval, magnal, duodecal and dihep-
tal. Some tubes have “gone small”
and others are enormous, from the
miniatures and subminiatures on
the one hand to the recently an-
nounced 500-kilowatt triode on the
other.

I—The Electron Image

Certain trends are discernible in
the roster of the new tube prin-
ciples and structures. In view of
the present status of television, one
of the most important of these
trends is that based on the electron
image. The basic idea of creating
and storing a pattern of electrons
which corresponds point for point
with an optical image goes back to
the suggestion of Campbell-Swin-
ton in 1908, but a practical embodi-
ment was not publicly described
until 1933, when Zworykin gave his
paper on the iconoscope before the
IRE at Chicago. Concurrently, the
concept of the electron image had
been used by Farnsworth in the de-
velopment of his image dissector,
which he first described before the
Franklin Institute in 1934.

At about the same time, the elec-

Two Decades of New Tubes
A Chronology of Electronic
Principles (With date of first
mention in Electronics)

VARIABLE-MU, Jan ‘31, p 472

COLD-CATHODE RECTIFIER, Nov ‘31,

p 182
IGNITRON, June ‘33, p 164
ICONOSCOPE, July ’33, p 188
ELECTRON MICROSCOPE, Sept ‘33,
p 243
SHIELD-GRID THYRATRON, April ‘34,
plid

ELECTRON MULTIPLIER, Aug ‘34, p 242

IMAGE DISSECTOR, Oct ‘34, p 300
CYCLOTRON, Nov ‘35, p 421
IMAGE CONVERTER, Jan 36, p 10

DEFLECTION CONTROL, March ‘36, p 14
BEAM POWER TETRODE, April ‘36, p 18

STROBOTRON, Feb ‘37, p 12
MOVABLE ANODE, March “37, p 16

MULTIPLIER PHOTOTUBE, March ‘38,

p 38
ORTHICON, July '39, p 11
KLYSTRON, Nov ‘39, p 13
RHEOTRON, Feb ‘42, p 22
RADIAL BEAM, Aug ‘44, p 214
ORBITAL BEAM, May ‘45, p 103
T-R, Nov ‘45, p 104
IMAGE ORTHICON, Dec ‘45, p 330
CAVITY MAGNETRON, Jan ‘46, p 126
BETATRON, Jan ‘46, p 156
RESNATRON, Feb 46, p 92
PHASITRON, Feb ‘46, p 204
SKIATRON, Oct ‘46, p 216
HYDROGEN THYRATRON, July ‘46, p 96
TRAVELING WAVE, Nov ‘46, p 90
MEMORY, Sept ‘47, p 80

BEAM DEFLECTION MIXER, May ‘49, |

p76
POLYCATHODE GLOW, Nov ‘49, p 92
GATED BEAM, Feb ‘50, p 82
ELECTRON COUPLER, March ‘50, p- 80
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tric-optical researches of Knoll and
Ruska led to the development of the
electron microscope. In 1936, the
“electron telescope’, an image con-
verter which translates directly
from infrared to visible light, was
announced. In 1939 came the or-
thicon, a low-electron-velocity ver-
sion of the iconoscope, and in 1945
the image orthicon. This latter de-
vice, considered by many to be the
crowning achievement of electron
tube development, emplovs the prin-
ciple of electron multiplication, it-
self developed as late as 1934, to
achieve sensitivity to light surpass-
ing the fastest photographic film.

The International Record to
1949

(Tube Types listed in “International
Radio Tube Encyclopedia’)

Radio Receiving .. ....... .. ... 4,891
Triode Transmitting .
Rectifiers .. ... .. .. T 1,468

Cathode-Ray ..... ... .. .. . 787
Tetrode and Pentode Transmit-

ting ... 533
Regulator and Control ... . . 450
Thyratrons .. ... .. . ... ... 333
Phototubes ... . .. .. ... . .. 284
Tuning Indicators 80
Total ........ ... .. ... . .. 10,424

Last year, a new storage tube was
briefly desceribed which equals the
sensitivity of the eye.

H—The Electron Group

Early tubes were designed on the
basis of collecting the electron cur-
rent at the plate of the tube, thus
transforming the space current di-
rectly into a conduction current in
the circuit attached to the plate.
But, with the development of the
magnetron, a wholly new means of
extracting the energy from elec-
trons was conceived. This consisted
of whirling, or otherwise moving,
a group of electrons past electrodes
with which they did not actually
make contact, and relying on the
field of force surrounding the elec-
tron groups to induce current in the
electrodes. This principle was put
to work in the early magnetron and
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its modern progeny, the -cavity
magnetron. It has appeared in dif-
ferent forms in many other high-
frequency tubes, including the klys-
tron and the traveling-wave tube.

The electron-induetion prineiple
has been applied in reverse in one
of the most important groups of
machines in modern technology, the
particle accelerators of nuclear
science. Starting with the cyclotron
in the early thirties, charged par-
ticles have been whirled at speeds
approaching that of light, and at
energies approaching a billion elec-
tron volts, in successive variations
of the cyclotron principle; the f-m
cvelotron, the betatron, the syn-
chrotron and the bevatron.

So far as frequency of operation
is concerned, the electron-grouping
technique is clearly responsible for
the extension of radio transmission
and reception to the region above
1,000 me, although triode structures
have penetrated above this limit in
a few cases. Part of the technique
has been the inclusion within the
tube envelope of one or more tuned
circuits, which receive their excita-
tion from the passing groups. The
most noteworthy example of the
latter class in the cavity magnetron,
which has extended the radio spec-
trum above 30,000 mc, and has
achieved peak power levels of the
order of megawatts at somewhat
lower frequencies.

111—Scaling Down

The urge toward higher fre-
quencies has inspired designers to
follow the obvious, but difficult,
trail of reducing the size of tube
structures and the spacing between
elements. One of the first examples
of this trend was the acorn tube,
one type of which (the 6F4) is still
rated as one of the best high-fre-
quency triodes, operating up to
1,200 me.

Just before the war, the button-
stem miniature tube appeared. It
was originally designed for personal
portable radio receivers but was
quickly appreciated as a true ad-
vance in high-frequency design. The
disk-seal lighthouse tube followed,
noteworthy for its integration with
external cavities for tuned circuits.
Still another form was the pencil
triode. Subminiature tubes, initially
designed for hearing aids, and later

adapted to the proximity fuze, have
achieved exceptional high-frequency
performance, coupled with low
power consumption. The proximity-
fuze tubes had not only to be small
but also had to withstand tre-
mendous mechanical shock, 20,000
times the acceleration of gravity in
artillery applications.

IY—Transconductance Up

A similar trend has affected the
design of electrode structures, par-
ticularly as related to mutual con-
ductance. The battery triodes prior
to 1930 (UV199 and WD-11) were
hardly distinguished by modern
standards. Each had a mutual con-
ductance less than 500 micromhos,
and the power output tubes (112A
and 7T1A) as well as the early
pentodes (77 and 78) got no higher
than 1,500 micromhos. With the ad-
vent of the heater-filament power
pentode, and particularly when the
beam-power tetrode appeared in
1936, conductances began to rise,
reaching 6,000 micromhos in the
6L.6 beam tetrode.

When wideband-amplifier design
became important about 1936 with
the advent of the 6-me television
channel, attention was directed
toward combining high transcon-
ductance with low input and output
capacitance. One of the early suc-
ceses was the type 1852, later re-
named 6AC7, which achieved a
conductance of 9,000 micromhos,
with an input-output capacitance
sum of 16 ppuf. This type, with its
remote-cutoff sister the 1853/6 AB7,
became the standard wideband i-f
amplifier tube in early television
receives. )

Came the war and radar, and the
need for better tubes forced still
further reduction in cathode-grid
spacing and finer control-grid wind-
ings. Button-stem tube construc-
tion was adapted to assist in high-
speed production and from it came
the 6AK5, a pentode with 5,000
micromhos conductance and a ca-
pacitance sum of only 6.8 ppf.
Putting this tube in high-speed pro-
duction left many an engineer pre-
maturely gray, but at the end of the
war it was the most widely used
wide-band tube. Too costly for post-
war commercial television sets, it
was replaced by a watered-down
version known as the 6AGS.
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The ultimate in the brute-force,
or make-the-triode-do-it, school of
design is the co-planar triode de-
signed by the Bell Laboratories for
microwave relays. This tube (BTL
1553) has a transconductance value
of 5,000 micromhos, coupled with a
capacitance sum of 10 puf. Tt will
amplify at 4,000 me, over a band-
width of 60 to 80, with a gain of 4
to 6 db per stage. Old hands said
this improbable tube was impos-
sible to build on a production basis,
but it’s being built. The grid-cath-
ode spacing is six ten-thousandths
of an inch, the grid wires a third of
a mil in diameter and wound 1,000
turns to the inch. Viewed on this
scale the surface of an ordinary
oxide cathode is mountainous; to
make it plane, the surface is milled

off as though it were a Johannsen
block.

V—Photosensitivity

The phototubes have been in
many respects a family apart, but
that is not to say that the photo-
sensitive designers have been inac-
tive. Two main avenues of improve-
ment have been followed: extension
of the spectral responses toward the
blue and ultraviolet, and vast in-
creases in overall sensitivity.

In 1930, virtually the only photo-
surface in wide use was the cesium-
oxide-silver, or S-1 photoemitter,
which displays an overwhelming
preference for infrared radiation in
the region of 8,000 Angstrom units.
Five new surfaces now grace the
handbooks (S-3, 4, 5, 8 and 9). All
of these have essentially no infra-
red response, but have peaks in the
blue region, or just over the border
into the ultraviolet. Surface S-9 ex-

Receiving ... ... ..
Transmitting .. ...
All Others

Evolution in One Company
(Active Types in the RCA Tube Handbooks)

- 32 46 70 85 114

1930 1935 1940
25 84 235 269 387

2 13 63 107 188

tends into the green region, and has
a spectral distribution not mark-
edly different from that of the eye.
Taken together, these photoemit-
ters, with various optical filters,
can cover adequately the visible
speetrum, and well into the infra-
red and ultraviolet.

As for sensitivity, use of the elec-
tron multiplier in phototubes af-
fords an increase of the order of a
million times. The 917 vacuum
phototube, widely used before the
war, has an average luminous sensi-
tivity of 20 microamperes per
lumen. The gas-filled phototube of
similar vintage (type 868) hits
about 90 microamperes per lumen.
But the 931-A multiplier phototube,
which dates from 1940 or there-
abouts, hits an average sensitivity
at full rating of 10 amperes per
lumen, and an especially sensitive
tube may reach 300 amperes per
lumen. This tube will produce a
signal just equal to the noise when
the light falling on the photo-
emitter is 10 billionths of a lumen,
i.e. it will register the light from a
tallow candle at three miles. For
the affluent, the 1P21 multiplier, at
five times the price, goes down to
half a billionth of a lumen. The
catalog description of the latter

Type

Receiving ... ... .. .. ..
Transmitting (to 1 kw). ..
Rectifiers ,.............
Cathode-Ray .......... ..
Cavity Magnetrons .. ..
Control and Regulators. . . .
Klystrons ............ |

Total . .... ... . ... ... b

American Tube Types
(As listed in the ARRL "Radio Amateurs Handbook’")

1930 1950

....... 11 584

19 302

. 8 129
........... N 65

50

3 37

22

_____________________ 41 1,189
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tube ‘“for applications involving
very low light levels” is something
of an understatement.

VI—C-R Tubes in Job Lots

This review of tube progress
must obviously conclude with the
class of tube responsible for more
vacuum than all other types com-
bined, the cathode-ray picture tube.
Here the improvements have been
various: in the electron gun focus
is now maintained over a wider
range of beam current, and the first
anode current has been markedly
reduced. The negative ions are
forcibly removed from the cathode-
ray by the bent-gun or the inclined-
slot gun, in conjunction with ion-
trap magnets. Phosphors are more
efficient and considerably more uni-
form than before the war. Phosphor
coatings are of two kinds: alumi-
num behind the screen to increase
luminous output and to control
negative ions, and “blaxide” in
front to take the extra brightness
away and enhance contrast.

The evolution of the c-r tube
envelope is preponderantly a post-
war phenomenon, and the end seems
not in sight. The super-heavy face
plate has given way in the larger
sizes to the metal-sided construc-
tion. The aspect ratio, in bondage
for several years, seems about to
be redeemed as the rectangular-
faced tube makes its appearance.
Not the least of the c-r tube accom-
plishments are the production and
price figures attained. Over 3 mil-
lion picture tubes were produced in
1949, and the manufacturer’s price
for a 16-inch tube had descended to
$29.00 as of April this year, about
that for a 10-inch tube in 1947.
Future progress, in these as well as
other types of tubes, may be hard to
describe. But it can be counted on.
—D.G.F.
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UHF TELEVISION

First experimental satellite station installed for long-term evaluation of uhf television

reception. Standard transmitter, supplemented by cavity tripler and output stage, feeds

slot antenna. Printed circuits used in adapter to convert standard receivers

HE ASSIGNMENT of uhf chan-
T nels to television service can be
intelligently made only if certain
basic facts are available in advance.
The kinds of information needed
are:

(1) The distances at which a
given field strength can be pro-
duced by a station when it utilizes
practical antenna heights, trans-
mitter powers that are economical
or possible to attain and trans-
mitting antenna gains that are
optimum.

(2) The service range as it is
ultimately limited by noise pro-
duced in receiver input circuits,
relative to the field strength. Re-
ceiver noise figures must be known
and evaluated.

(8) The efficiency of practical
receiving antennas and associated
transmission lines.

By RAYMOND F. GUY

Manager
Radio and Allocations Engineering
National Broadcasting Co., Inc.
New York, N. Y.

(4) The effect of earth prom-
inences, buildings and other ob-
structions that cause diffraction,
shadows and multipath effects, de-
pending upon height and the type
of knife-edge over which the sig-
nals pass and distance.

(5) The amount of signal vari-
ation from hour to hour and from
season to season resulting from
changes in the troposphere.

(6) The distances at which the
station will produce field intensities
capable of causing interference to
other stations on the same channel.

(7) Finally, geographical and
frequency assignments must be
made with a view towards reducing
cochannel and adjacent channel in-
terference to tolerable levels, using
practical transmitters and re-
ceivers.

Since 1946, attempts have been

|
ORI ToR SOUND TRANSMITTER
4951389 KC |~ - X108 534.75MC
MOTOR
MIXER MIXER DIVIDER FREQUENCY DIVIQER
41.7KC 250 KC 2ate DETECTOR el
MULTIPLIER CRYSTAL
X2 0SCILL ATCR
20833 KC 104.167 KC
L
OSEILLATOR PICTURE TRANSMITTER ,
4309722 KC X108 530.25MC

FIG.1-——Modified frequency control keeps sound carrier 4.5 mc above picture
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made to evaluate the service
potential of the ultrahigh frequen-
cies, particularly in the region be-
tween 475 and 890 mec. The results
obtained by several investigators
are available in the literature® = ¢,

It was decided that the next step
must be the construction and opera-
tion of a complete uhf television
broadcast station in a representa-
tive community. Every part of the
facility was custom built to insure

FIG. 2—Tripler cavity surmounted by

output cavity. Identical units are em-

ployed for the sound and picture
transmitters
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Complete uhf television transmitter.
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F-m sound transmitter at left and picture

transmitter at right. Output cavity circuits arranged vertically are identical and are
shown in more detail in Fig. 2. Frequency contirol is left of center

that the performance would be
truly representative of the uhf tele-
vision transmission conditions, in
an area typical of those in which
many uhf stations will later be op-
erated.

The site finally purchased is
located in Stratford, Connecti-
cut, near the Stratford-Bridgeport
boundary, on Success Hill, one of
five hills surrounding Bridgeport
on the land side and about 2.5 miles
distant from the center of the city.
It was chosen for its central loca-
tion, altitude of 190 feet, minimum
of shadow problems, relative isola-
tion and because there were few
zoning restrictions. About 350,000
people, half of whom reside in the
city of Bridgeport, live within the
area served.

The transmitter building is a
one-and-a-half-story frame struc-
ture about 24 by 34 feet with floor
area of 1,164 square feet. The
basement is used by the RCA Serv-
ice Co. in connection with the instal-
lation of receivers in the area.

The transmitting antenna is sup-
ported by a 210-foot fabricated
tower rising to an overall height of
443 feet above sea level. At the
160-foot level is located the diree-
tional dish antenna used for pick-
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ing up programs from WNBT on
Channel 4 in New York, 53 miles
away. A 2,000-me link is alterna-
tively employed to modulate the
transmitter.

Application for construction per-
mit was filed Feb. 8, 1949 and the
first transmissions with full power
and modulation were made Decem-
ber 29, under the call letters
KC2XAK. A total of 50 television
receivers with uhf converters is
being installed for qualitative tests
and field strength measurements
with mobile equipment are being
made in the area.

When it became apparent some

o i
ool 11

uhf station and
Program receiving

Bridgeport-Stratford
transmitting tower.
antenna is at 160-foot level

years ago that television service
would have to expand into the uhf
region, work was started on the
development of tubes and circuits
to provide satisfactory apparatus
at adequate power to meet antici-
pated requirements. The KC2XAK
transmitting plant, relatively sim-
ple in design, depending heavily
upon existing commercial equip-
ment, is suitable for commercial
operation on actual program sched-
ules. Many improvements are
planned and will be employed be-
fore the termination of the tests.
In particular, it should be remem-
bered that the present operation

Receiver-characteristic visual monitor

Vestigial sideband filter for uhf

single coaxial line

power gain of 17

Highlights of the Bridgeport Installation

Scund-carrier frequency control maintains intercarrier separation of 4.5 mc

Tripler and output cavities adapt standard equipment to uhf

® Notch diplexer for feeding picture and sound signals to antenna through a

® Special transmission line between transmitters and antenna

® New slot-type antenna with 88 apertures, vertical beam width of 2 degrees and

® Special tuners with printed-circuit filter for survey with standard receivers

n



wiil be in the 529-535 me region.
Different techniques will be neces-
sary at 900 mec.

Basically, the transmitter com-
prises a type TT-500B 500-watt
commercial vhf unit delivering pic-
ture power at 176.75 me and sound
power at 178.25 me, followed in
each case by a tripler and power
amplifier. Sound modulation is
conventional. Grid modulation of
the picture power amplifier ig ac-
complished by eight parallel type
6L6 tubes operating as cathode fol-
lowers. Performance conforms to
standard vhf practice. The trans-
mitter operates with a power output
of 1 kw on sync signal peaks.

Sound Carrier Frequency Con-
trol. Because of the very small

(C}

amount of deviation (25 ke) em-
ployed for frequency modulation of
the sound channel at the operating
frequency (534.75 me) it is neces-
sary to muaintain the center fre-
quency exactly in order to reduce
noise. Because many receivers em-
ploy the intercarrier system, it is
further necessary that the sound
frequency be maintained exactly
4.5 mc higher than the picture fre-
quency of 530.25 mc.

For these reasons, the center-
frequency control of the sound
transmitter depends upon a crystal
reference chosen to compensate for
variations of the picture transmit-
ter ecrystal control ecircuit. The
method of maintaining the required
4.5-mc difference, shown in Fig. 1,

(D)
FI1G. 3—Detail of cavity for eight 4X150 tubes. Tuning of tripler is shown at (C) and
output tuning adjustments in (D)

involves a slight modification of the
customary commercial equipment.
As shown in the block diagram,
the output frequency of the picture
transmitter depends upon a crystal
oscillator and a frequency multi-
plier of 108 times. Output from
this 4,909.722-ke crystal oscillator
is fed to a mixer and the 41.7 dif-
ference between this and 4,951.389
ke from the sound-channel modu-
lated oscillator is fed to still
another mixer. This mixer adds
the multiplied output from the
104.167-ke ditference cryvstal oscil-
lator and feeds approximately 250
ke through a divider to the fre-
quency detector. The difference be-
tween the variable signal near 20.8
ke and a 20.8-ke signal derived
from the difference crvstal oscilla-
tor actuates the motor control that
tunes the modulated osecillator. As
soon as the modulated oscillator is
brought exactly to 4,951.389 ke,
both inputs to the frequency detec-
tor are at the same frequency and
the motor remains stationary.
Since the maximum amount of
frequency deviation for 100-per-
cent sound modulation amounts
only to about 230 cycles at the
modulated oscillator, and because
the amount of effective deviation
in the control circuits due to modu-
lation is further reduced by mix-
ing and dividing, sound modulation
cannot significantly affect this fre-
quency control. The separation is
therefore maintained at 4.5 me
within plus or minus 450 cycles.
Tripler and OQutput Cavities. The
assembled tripler and output eavi-
ties are shown in Fig. 2, with input
at the bottom, output at the top.
Eight type 4x150 tubes are used
in parallel in each cavity, with

_~FLEXIBLE CONNECTION
| _-CATHODE TERMINALS

.--8 BRASS TUBE MOUNT-
: ING BLOCKS

ANIRING SPACE
.~ ,-SG D-C CONNECTION

" RE-ENTRANT LINE FOR
SG VOLTAGE BLOCKING

I v 5.5
2.5 18-365

+1200v

,METAL SHIM AND
" SILVERED MICA SHEET

INDIVIDUAL ADJUSTMENT || METAL
FOR GRID CIRCUIT TUNING', N7
“DIELECTRIC
" 100
gl
|- |
i
""LK/&*L- 24 l»»(
18-36 5 515
. SN
i N7
ANNULAR SHORTING =~
BAR ADJUSTMENT -
FOR GRID CIRCUIT -
TUNING ——~ =~ -

oI

ANODE TUNING-~~ *—

=d"“SILVERED MICA SHEET

FIG. 4—Cross-section of tripler and ouiput

cavity units. Input to tripler is from the left and output

from final at right. Cavities are actually mounted, vertically as shown in Fiq. 2
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Under-chassis of uhf tuner showing slug turing arrangement

anodes visible at the top, beneath
transparent covers. These covers
serve both to protect the operators
from plate potential and to build
up a slight pressure that forces the
cooling air downward past the grid
seals. They are interlocked to avoid
damage to equipment as well as to
insure safety of personnel from
plate potential.

In the closeup of the tripler unit
(Fig. 3A) the tubes and oulput
connection have been removed. The
upper fingers seen through the tube
apertures make contact with the
anode, while the inner fingers con-
nect to the screen grid. A typical
cavity unit is shown disassembled
in somewhat greater detail in
Fig. 3B.

The grid and plate cavities are
tuned by annular shorting bars con-
nected for mechanical convenience
to the rings shown in Fig. 3C and
3D. Additional individual grid-

INPUT CAPACITANCE
| N
G me 2084515 —
L
1 o
2
H ! .

ANNULAR COAXIAL
SHORTING STUB (A)
BAR

|
[sYii
ey e

v
'
(s

INPUT CAPACITANCE
-©

circuit compensation is provided
through the manipulation of con-
trols to be seen in the photograph
and Fig. 4. Equivalent grid cir-
cuits for both tripler and amplifier
are shown in Fig. 5. The grid-
cavity adjustment is shown as L.
Because each tube contributes its
own input capacitance C, an adjust-
ment L. is provided for each tripler
tube (Fig. 5A). Various combina-
tions of L, and L. can tune the cir-
cuit to resonance, but each combi-
nation presents a different input
impedance. Thus, the input circuit
can be adjusted to the 51.5-ohm
cable connecting the tripler to the
output of the modified driver. The
r-f grid voltage on each of the eight
tubes is balanced by adjustment of
the eight L. circuits.

Alihough the grid circuit (Fig.
5B) of the amplifier stage is essen-
tially similar to that of the tripler,
the input impedance is designed

FIG. 5—Equivalent grid circuit of
tripler (A) and output amplifier (B)
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FIG, 6—Variable impedence coaxial

line transformer, tripler to final

Top view of uhf tuner with printed high-pass filter exposed

for about 100 ohms. Because of the
higher operating frequency, the
grid-lead inductance L. becomes
more significant and requires com-
pensation in the form of series
capacitance, C.. A dielectric sleeve
slides between two conductors to
vary the capacitance in this equip-
ment. In the amplifier, the grid
is not returned to ground for
modulation frequencies. Video sig-
nal is introduced to the grids
through quarter-wavelength sec-
tions of transmission line (not
shown).

The plate circuits of the triplers
and amplifiers are identical and
differ in operation only in the
amount of loading coupled into the
circuits. The output load imped-
ance is matched by two quarter-
wave transformers in series, one of
which is variable to adjust the load
on the tubes. The characteristic
impedance is changed by varying
the spacing between the inner and
outer conductors of the coaxial
transmission line section. Physic-
ally it is accomplished by rotating
the outer conductor with respect to
the inner conductor approximately
as shown in Fig. 6.

Monitoring equipment includes
required indicating instruments for
the sound and picture channels as
well as scope presentations of wave-
form and picture for the picture
transmissions. Here, again, stand-
ard equipment has been adapted at
moderate cost for use at uhf. The
transmitter frequencies are hetero-
dyned to 49.75 and 45.25 me (form-
erly used for television channel 1)
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FIG. 7—Frequency monitoring equip-
ment adapts existing vhf gear to uhf

INPUT _FROM COAX COUPLING UNIT

FIG. 8—Visual monitor and modulation
converter produces characteristic similar
to that from home receiver

amplified and then filtered for use
in the appropriate separate moni-
tors. As shown in Fig. 7, a crystal
oscillator at approximately 30.3 me
is multiplied to 485 mc to beat with

the transmitted signals. 'I'his oscil-
lator has a frequency stability of 2
parts per million per 30 days. Any
drift is checked against a 250-kc
oscillator-multiplier which in turn
is checked against standard fre-
quency transmissions from WWV,
Receiver Type Visual Monitor.
Modulation monitoring of the pie-
ture channel after the sideband fil-
ter is obtained with a standard de-
modulator. A special diode detector
connected ahead of the vestigial
sideband filter permits oscilloscopic
observation of the envelope of the
double sideband output. The vesti-
gial sideband demodulator is a
tuned r-f type receiver of low sensi-
tivity using coaxial line circuit ele-
ments. It employs a constant re-
sistance filter of the m-derived
type. This design assures stability
of the cutoff point on the receiver
response curve and compares with
the receiver characteristic contem-
plated in current standards. In ad-
dition to the video information
which corresponds to the picture
received at a distant point, the con-
verter supplies a 100-percent modu-
lation signal in the white direction.
The schematic diagram is shown in
Fig. 8 An absorption filter tuned
to the carrier beat frequency be-
tween picture and sound carriers
can be switched out for measuring
square-wave response. The tuned
relay shorting device supplies a
reference level for measuring modu-
lation depth and percent synec.

Sideband Filter. The picture trans-
mitter output circuits are connected
to a vestigial sideband filter employ-
ing coaxial-line circuit elements as
shown in Fig. 9. Although this fil-
ter is basically similar in design to
vhf units, the shorter physical
lengths resulting from the higher
frequencies of transmission make
possible a more economical design
of the circuit elements.

Notch Diplexer for Single Line.
The picture and sound outputs are
brought together in a notch filter
employing coaxial line elements to
combine the two outputs in one
antenna feed line with very high
attenuation looking backward
towards the individual transmit-
ters. Except for the smaller physi-
cal dimensions at the operating
frequency, this type of circuit con-
struction is well known and has
been described in the literature®, It
is shown in the photograph with
the vestigial sideband filter.

Special Coaxial Line. Power is
delivered to the antenna through
a special 33-inch diameter coaxial
transmission line having a meas-
ured attenuation of 0.6 db and
standing-wave ratio of better than
1.1

For the particular experimental
installation, a variation of standard
beaded coaxial line was instead em-
ployed.

To minimize reflections caused by
the special insulating beads that
support the inner conductor from

Adjusting the high-gain slot antenna. Wire mesh and space cloth beneath make
possible testing in horizontal position
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the inside of the outer conductor, a
special undercut-bead construction
is employed.® Figure 10 (not drawn
to scale) shows how the inner con-
ductor ends are connected by means
of a plug. The annular grooves cut
into the plug concentric with the
axis of the transmission line to
reduce transmission line discontin-
uities. There are three supporting
insulators in a 20-foot length of
line. The space between these in-
sulators is aproximately uniform.
High Gain Slot Antenna. Studies
of propagation and coverage diffi-
culties in the uhf region indicate
that appreciable power will be
needed as contrasted with that re-
quired on the higher vhf television
channels. Because of the difficulty
of generating power at uhf and
because antenna structures are
physically small, the additional
power requirements are most easily
realized by means of an array.
The bat-wing antenna elements
of the superturnstile arrays re-
quire separate feed lines to each
group of elements. Since it is de-
sired to realize the highest prac-
tical antenna gain, the number of
sections must be increased over the
usual number employed at very-
high frequencies. The slot type an-
tenna provides somewhat greater
simplicity in the feed system and
was employed in this station. A
four-sided slot antenna for 500 mec
has a diameter of about 10 inches
which is sufficiently large to elimi-

nate structural problems. By choos-
ing a theoretical gain of 20, a verti-
cal beam width of the main lobe of
about 3 degrees at the half-power
points results. Sufficient power is
available in subsidiary lobes and
nulls directed below the horizontal
to fill in for local coverage overshot
by the main lobe. A horizontal pat-
tern eircular to plus or minus 1 per-
cent is obtained with the 22 sets of
four slots alternately arranged at
45-degree physical intervals about
the supporting pole. This stagger-
ing was employed to obtain proper
coupling between sections. The
measured pattern of an antenna 40
feet long shows the vertical beam
width of the main lobe is about 2
degrees at half-power points, with
a power gain of better than 17.

The method of illuminating the
slots is indicated in Fig. 11. The
inner conductor of the coaxial feed
is extended, beginning at the center
of the antenna, by a section of the
same diameter as the outer con-
ductor. Adjustable probes are pro-
vided for each slot and have been
individually turned in to the proper
depth. Relation of the slots and
probes is shown at the left. Addi-
tional probes spaced between those
used to feed the slots are adjusted
to eliminate the discontinuities
caused by the pickup probes.

The photograph shows the an-
tenna undergoing adjustment tests.
In order to avoid the mechanical
complications that would arise if
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FIG. 10—Approximate representation of
undercut bead construction for output
coaxial line

PICKUP PROBES
sLoT g
GOVERS-
-
— "“3 ~a
22 o s
- -
PICKUP S )
PROBES —~ BALANCING
PROBES
I
o |
PROBE! i
]
/ :
APERTURE I
]
I
I
I
!
[}
__i-

FIG. 11—Simplified diagram of slot
antenna feed system, Relation of excit-
ing probe to aperture is shown at left

FIG. 89—Vestigial sideband filter with coaxial line elements extending to left is
above the transmitter. Notch filter of larger line extends to rear
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FIG. 12—The uhf tuner feeds output fo i-f of conventional television receiver through switch at right

the adjustments had to be made
with the antenna in the vertical
position, a special surface was built
under the horizontal antenna sup-
ports. Such an antenna designed
for vertical use could not normally
be adjusted so close to the ground
because of reflected energy that
would nullify that emanating di-
rectly from the radiator. For this
work, a wire screen mounted in a
suitable mechanical framework of
wood was placed below the antenna
as shown. The screen is backed up
a quarter of a wavelength away, by
“space cloth” having a resistance of
377 ohms per unit square. To the
recumbent antenna, the space below
appears much like the space with
whieh it is otherwise surrounded.
Space cloth is a fabric impregnated
with graphite and a binder.

Receiving Equipment

Because the DBridgeport trans-
mitter operates in the lower region
of the uhf band, it has been possible
to attain satisfactory performance
using conventional tubes in both a
tuner and a converter that covers
the range from 500 to 700 me. The
units to be described do not repre-
sent finished commercial design,
but are experimental models pro-
duced for obtaining reception data
when connected respectively to the
i-f amplifier or the antenna posts of
conventional television receivers.

UHF Tuner. This tuner com-
prises a high-pass input filter with
cutoff at 500 me, r-f amplifier,
mixer-oscillator, i-f amplifier (132
to 138 me) and fixed-tuned mixer-
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oscillator with low-impedance out-
put at 21 to 27 me. The first inter-
mediate frequency is high enough to
provide satisfactory image rejec-
tion with only two uhf tuned cir-
cuits, but is also low enough to ob-
tain reasonable gain and noise
factor with conventional tubes.

The tuner circuit diagram is
given in Fig. 12. The high-pass
input filter used to reduce spurious
responses is shown schematically
here but is illustrated in the photo-
graph. The printed circuit is ac-
complished by photoengraving a
1.5-mil copper sheet bonded to a
paper-base Bakelite sheet.

The 132 to 138-mc i-f amplifier,

" using two stages of type 6AGH

tubes with three double-tuned cir-
cuits, satisfactorily isolates the first
and second oscillators. Automatic
gain control is not used because
the band-shape response varies
matrkedly with varying tube trans-
conductance.

The tuning elements illustrated
in the underside of the tuner
chassis comprise strips of copper
foil mounted on natural paper-base
Bakelite tubing with low-loss ce-
ment. Tapered copper foil is used
to obtain a desirable tuning curve
and proper tracking of the r-f and
oscillator circuits. The oscillator
element consists of a bifilar wind-
ing terminating in a split capacitor
section. All three elements are
tuned by means of copper or brass
cores inside the Bakelite tubing.

The uhf converter (not shown)
has been designed to operate
into the antenna connection of a

television receiver tuned to either
channel 12 or 13. The high-pass
filter has a cutofl’ at about 475 mc.
An r-f tuned circuit with proper
impedance matching to maintain
high operating circuit Q is used be-
tween the filter and the ecrystal
mixer.

The i-f system comprises a low-
noise high-gain cascode stage fol-
lowed by a conventional pentode
stage.

The Stratford-Bridgeport proj-
ect, under the direction of C. B.
Jolliffe, co-ordinates the facilities of
RCA Laboratories, RCA Victor Di-
vision and the National Broadcust-
ing Co. The latter unit has taken
responsibility for procurement of
the site, construction of building
and tower, installation, operation
and field investigations.

Acknowledgement is made for
technical details of the equipment
design used herein to C. D, Kentner,
T. M. Gluyas, L. J. Wolf and 0. O.
Fiet.

Complete engineering data on the
KC2XAK experimental station ap-
pear concurrently in the March
1950 issue of the RCA Review.
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Of the four components of the fuel-gage system—bridge transformer, indicator, amplifier and tank unit—only the
indicator, a rebalance motor. contains moving parts

AIRPLANE FUEL GAGE

Laboratory accuracy is provided in a rugged instrument that indicates the weight of fuel,

rather than volume. Employs self-balancing bridge principle, approved for military air-

craft under AN-G-31A specifications

By CURTISS R. SCHAFER*

Chief Electronics FEngineer
Aviation Engineering Corporation
Ozone Purk, New York

URING the latter part of 1942,
the disadvantages of the con-
ventional float types of gasoline
gage for aircraft became apparent.
This gage employed a cork or hol-
low metal float to measure the level
of the fuel; the information was
then transmitted via gears, mag-
nets and/or selsyns to an indicating
instrument on the pilot’s or flight
engineer’s instrument panel. Seri-
ous errors resulted from gasoline
slosh, the volumetric expansion of
gasoline with an increase in tem-
perature, changes in supply voltage
and wear in mechanical linkages.
In the effort to obtain a better
fuel quantity gage for both mili-

* Now member of the technical
C. G. 8. Laboratories, Inc.,
Connecticut.
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staff,
Stamford,

tary and commercial airplanes,
three new types of capacitor gages
were developed. All of these make
use of the dielectric constant of
gasoline, which varies from 1.85 to
2.3, depending on the temperature
and the constituents of the gasoline.

The first type consisted of an
oscillator (around 100 ke) which
supplied voltage to a capacitance
bridge. One arm of this bridge was
a concentric tube capacitor mounted
vertically in the tank; the unbalance
voltage, which was proportional to

T TANK UNIT
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L = [E “:
—_— 1 = 9
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{N POUNDS OF FUEL

FIG. 1—Major elements of the bridge
circuit

the level of the fuel, was rectified
and read on a 270-degree d-c mi-
croammeter.

The second type also used an os-
cillator feeding a bridge with two
capacitance arms, one of which
again took the form of a concentric
tube assembly in the fuel tank. The
currents flowing through the tank
unit and the reference capacitor
(usually of the fixed silver-mica
variety) were rectified and com-
pared in a d-c ratiometer. An im-
proved version of this tvpe used an
a-c ratiometer, constructed like a
miniature two-phase power factor

meter. This version eliminated the
rectifiers and their waveform
errors.

Approved Type

The third type is based upon the
self-balancing bridge principle and
is now the only type approved for
military aireraft under AN-G-31A
specifications. In common with the
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FIG. 2—Circuit of commercially available fuel gage

other two versions of capacitance-
type gages, it indicates weight of
fuel rather than volume when used
with AN-F-28, AN-F-32, AN-F-34
and AN-F-48 aircraft fuels. This
concept of fuel quantity measure-
ment is quite important, for engines
use fuel on a weight rather than
volume basis.

Circuit Action

The basic bridge circuit is shown
in Fig. 1. A concentric tube capaci-
tor A is mounted vertically in a cell
of the gasoline tank. When the
tank is empty, and there is no gaso-
line in A, the capacitance of A
equals that of the reference capaci-
tor B (usually 75 to 550uuf in typi-
cal installations). If the voltages
across L, and L, are also equal, there
is no unbalance voltage fed into am-
plifier C, no movement of motor M,
and the arm of potentiometer P re-
mains at the empty end of scale E.

If the tank cell is half full, the
impedance of A is decreased, and
the increase in voltage from L,
must be balanced out by an increase
in voltage (but of the opposite
phase) from L, This is accom-
plished by adding voltage from L,
which is in phase with the voltage
from L.. This voltage is added by
driving the potentiometer wiper to
a position midway between E and
F, which rebalances the bridge.
When the tank is full, the amplifier
again drives the motor to the new
balance point, at F'.

The motor M is a miniature two-
phase instrument type, with a
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salient-pole, high-resistance rotor
which is designed to give maximum
torque when stalled. The current
for one phase is supplied by the
amplifier, the current for the other
by the same generator that supplies
the primary of bridge transformer
T. The phase fed by the generator is
known as the line phase, or refer-
ence phase, and is fed through a
capacitor so that it is normally 90
degrees out of phase with the cur-
rent from the amplifier.

The current from the amplifier is
always in phase with the output
voltage from the bridge, but the lat-
ter may be either in phase with, or
180 degrees out of phase with, the
generator voltage. Hence the direc-
tion of rotation of the motor de-
pends upon the phase angle of the
current from the amplifier. Bridge,
amplifier and motor are connected
so that the unbalance voltage from
the bridge always drives the motor
and potentiometer in the direction
required to rebalance the bridge.

As the balance point is ap-
proached, the amplifier output de-
creases; when balance is reached,
the amplifier input and output are
cancelled out and the motor stops.
Thus the bridge is automatically
balanced. Since fuel quantity de-
termines the position of the wiper
arm on the potentiometer, a pointer
may be attached to the shaft carry-
ing the wiper arm and thus indicate
pounds of fuel on an appropriate
circular scale.

The schematic of a commercial
model is shown in Fig. 2. Refine-
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FIG. 3—Cutaway view of tank unit

ments have been added to the basic
circuit to allow for manufacturing
tolerances in the values of the vari-
ous components. Potentiometer P,
is used to calibrate the full-scale
point; P. is the zero or empty cali-
bration adjustment. A 6.3-volt
winding has been added to the
bridge transformer to supply the
heaters of the tubes in the ampli-
fier.

Resistors R, and R, limit cur-
rent in case of a shorted reference
capacitor, tank unit or wiring. The
reference capacitor (. is repre-
sented by B in the basic circuit dia-
gram. This is hermetically sealed
in an HC-6/U crystal holder, and
plugs into a socket in the bridge
unit. The bridge transformer is
supplied with 115-volt, 400-cycle,
single-phase current; the amplifier
and indicator must also be supplied
from the same current source to
maintain proper phase relation-
ships in the system.

Tank Unit

The tank unit (A on the diagram
of the basic circuit) is made of
three concentric tubes of different
diameters; the inner and middle
tubes are insulated from each other
and from the outer tube. All are
assembled into a head casting which
holds them rigidly together and pro-
vides a surface for mounting the en-
tire unit in the fuel tank of the air-
plane. The center tube and the
middle tube form the active capaci-
tor surfaces; the outer tube is
grounded and serves as electro-
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static and mechanical shielding.

Both the inner and middle tubes
are slotted as shown in the cutaway
view of Fig. 3 and the inner tube
may be rotated by means of a spur
gear and quadrant located inside
the head.

This arrangement provides a
very accurate and ingenious means
of setting the electrical capaci-
tance of each unit to a prede-
termined value, and exact inter-
changeability is assured in spite of
commercial tolerances in tube di-
ameters and wall thicknesses. Spac-
ing between tubes is 0.1 inch, which
is adequate to prevent bridging by
drops of water.

Holes are provided at both top
and bottom of the middle and outer
tubes to admit gasoline and permit
air to escape, and the size and
number of these holes are so con-
trolled as to virtually eliminate
the effects of gasoline slosh in the
tank.

Tank Circuit

The inner and middle tubes,
which are the active elements as
far as the gage is concerned, are
both above ground electrically.
This means that wiring capac-
jtances are to ground in each case.
The capacitance of the unshielded
lead, which connects the middle
tube to one side of the bridge trans-
former, is to ground, and effectively
across the low impedance of one
side of the bridge transformer sec-
ondary.

The capacitance of the coaxial
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cable, which runs from the inner
tube of the tank unit to one side
of the reference capacitor and
thence to the amplifier grid, is also
a capacitance to ground, and thus
does not affect the values of the
capacitors in the bridge.

However, the value of this capac-
itance does affect both the phase
angle and the magnitude of the out-
put voltage from the bridge, as il-
lustrated in Fig. 4. These relation-
ships are shown in the graph of
voltage and phase angle curves of
output voltage V, for values of C
(tank unit capacitance plus refer-
ence capacitance) and C, (capaci-
tance in shunt with the output of
the bridge).

A total of 200 volts across the
secondary of the bridge trans-
former has been assumed. The basic
equations are:

€6 = tan 71 [1/wR (Cs + O)]T

The reduction in output voltage
resulting from large values of C,
means a loss of sensitivity, which
may usually be offset by more gain
in the amplifier. The change in
phase angle must be taken into ac-
count when determining the value
of the motor phasing capacitor C:
so that there is a 90-degree phase
relationship between the windings
of the 2-phase motor. This phase
angle gives maximum stalled torque
in a motor of this type.

The value of C, that is added to

the coaxial cable capacitance is
usually a compromise to give a rea-
sonable output voltage from the
bridge plus the minimum phase
shift when going from empty to
full tank unit capacitance values.

The amplifier is designed around
JAN-approved miniature tubes. A
simple feedback loop between the
two 12AT7 plates gives adequate
stability. The filter, coupling and
motor phasing capacitors are her-
metically sealed in metal cases. The
output transformer is also hermet-
ically sealed. Cathode bias is used
in the input stage to assure ampli-
fier interchangeability with varying
values of shunt capacitance.

The indicator comprises a pre-
cision linear potentiometer, wire-
wound, which is driven by a minia-
ture 2-phase motor through a gear
train to rebalance the bridge and
rotate a pointer over the face of a
dial, which indicates the total
weight of fuel in the tanks.

Features

This type of fuel gage has sev-
eral outstanding advantages. The
amplifier itself is not a part of the
measuring circuit, and thus any
tubes (or the entire amplifier) may
be replaced without a shift in cali-
bration or any other change in the
accuracy of the gage.

Variations in specific gravity are
almost entirely compensated by
variations in volume, so that the
net result is to read the weight of
the fuel. This is important be-
cause the power that may be
obtained from an engine is pro-
portional to the weight of the fuel
consumed rather than the volume.

The absence of moving parts in
the tank unit means that these units
will not have to be pulled out of the
tanks to replace worn parts.

The use of a 2-phase rebalance
motor, instead of a moving-coil in-
strument, provides a rugged high-
torque indicator ideally suited for
the purpose provided.

The self-balancing bridge prin-
ciple provides laboratory accuracy
in a rugged, dependable instrument.
This increased accuracy permits a
larger pay load, or bomb load, to be
carried, since it reduces the amount
of fuel that must be carried to cover
possible errors in the fuel gage
reading.
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Recent Developments in

Nonmathematical analysis of present-day and possible future communications systems.
Author cites feasibility of a system for transmitting the English language at speaking rate
over a channel with 20-to-1 signal-to-noise ratio and a bandwidth of onlv 2.3 cycles per

By CLAUDE E. SHANNON

Bell Telephone Laboratories, Ine.
Murray Hill, New Jersey

HE NEWER SYSTEMS of modula-

tion, such as f-m, ppm (pulse
position modulation), and pem
(pulse code modulation), have the
interesting property that it is pos-
sible to exchange bandwidth for sig-
nal-to-noise ratio; that is, we can
transmit the same information with
a smaller transmitter power pro-
vided we are willing to use a larger
bandwidth. Conversely, in pem it is
possible to use a smaller bandwidth
at the expense of an increased sig-
nal power. The discovery of these
sytsems has prompted a re-exami-
nation of the foundations. of com-
munication theory. A number of
workers have contributed to this
field, among them Gabor, Wiener,
Tuller, Sullivan and the writer.

The basic ideas of communication
theory are not new. Important
pioneering work was done by Ny-
quist and Hartley in the 1920°s and
some of the roots can even be
traced back to the nineteenth
century physicist Boltzmann. The
more recent developments, however,
include factors that were ignored in
earlier treatments; in particular,
we now have a much better under-
standing of the effect of noise in
the channel and of the importance
of statistical properties of the mes-
sages to be transmitted.

In this paper the highlights of
this recent work will be described
with as little mathematics as pos-
sible. Since the subject is essen-
tially a mathematical one, this
necessitates a sacrifice of rigor; for
more precise treatments the reader
may consult the bibliography.
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The type of communication sys-
tem that has been most extensively
investigated is shown in Fig. 1.
It consists of an information source
which produces the raw informa-
tion or message to be transmitted,
a transmitter which encodes or
modulates this information into a
form suitable for the channel, and
the channel on which the encoded
information or signal is trans-
mitted to the receiving point. Dur-
ing transmission the signal may be
perturbed by noise as indicated
schematically by the noise source.
The received signal goes to the re-
ceiver, which decodes or demodu-
lates to recover the original mes-
sage, and then to the final destina-
tion of the information.

It will be seen that this system is
sufficiently general to include the
majority of communication prob-
lems if the various elements are
suitably interpreted. In television,
for example, the information source
is the scene being televised, the
message is the output of the pick-up
tube and the signal is the output of
the transmitter.

A Dbasic idea in communication
theory is that information can be
treated very much like a physical
quantity such as mass or energy.
The system in Fig. 1 is roughly
analogous to a transportation sys-
tem; for example, we can imagine
a lumber mill producing lumber at
a certain point and a conveyor sys-
tem for transporting the lumber to
a second point. In such a situation
there are two important quantities,
the rate R (in cubic feet per
second) at which lumber is pro-
duced at the mill and the capacity
C (cubic feet per second) of the
conveyor. If R is greater than C

it will certainly be impossible to
transport the full output of the
lumber mill. If R is less than or
equal to C, it may or may not be
possible, depending on whether the
lumber can be packed efficiently in
the conveyor. Suppose, however,
that we allow ourselves a saw-mill
at the source. Then the lumber can
be cut up into small pieces in such
a way as to fill out the available
capacity of the convevor with
100-percent efficiency. Naturally in
this case we should provide a car-
penter shop at the receiving point
to glue the pieces back together in
their original form before passing
them on to the consumer.

If this analogy is sound, we
should be able to set up a measure
R in suitable units telling how
much information is produced per
second by a given information
source, and a second measure C
which determines the capacity of a
channel for transmitting informa-
tion. Furthermore, it should be
possible, by using a suitable coding
or modulation system, to transmit
the information over the channel if
and only if the rate of production R
is not greater than the capacity C.
That this is actually possible is a
key result of recent research and
we will indicate briefly how this is
accomplished.

Measurement of Information

Before we can consider how in-
formation is to be measured it is
necessary to clarifv the precise
meaning of information from the
point of view of the communication
engineer. In general, the messages
to be transmitted have meaning.
This, however, is quite irrelevant to
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Communication Theory

the problem of transmitting the in-
formation. It is as difficult (more
so, in fact) to transmit a series of
nonsense syllables as straight Eng-
lish text. A little thought on the
subject will convince one that the
significant aspect of information
from the transmission standpoint is
the fact that one particular mes-
sage is chosen from a set of pos-
sible messages. The thing that
must be transmitted is a specifica-
tion of the particular message
which was chosen by the informa-
tion source. If and only if such an
unambiguous specification is trans-
mitted, the original message can
be reconstructed at the receiving
point. Thus information in our
sense must be correlated with the
notion of a choice from a set of
possibilities.

The simplest type of choice is a
choice from two possibilities, each
with probability 2. This is the
situation, for example, when one
tosses a coin which is equally likely
to come up heads or tails. It is con-
venient to use the amount of infor-
mation produced by such a choice
as the basic unit, called a binary
digit or, more briefly, a bit. The
choice involved with one bit of in-
formation can be indicated sche-
matically as in Fig. 2A. At point
» we may choose either the upper
or lower line with probability 3 for
each possibility. If there are N
possibilities, all equally likely, the
amount of information is given by
log.N. The reason for this can be
seen from Fig. 2B, where we have
eight possibilities each with proba-
bility 4. The choice can be imag-
ined to occur in three stages, each
involving one bit. The first bit
corresponds to a choice of either
the first four or the second four of
the eight possibilities, the second
bit corresponds to the first or
second pair of the four chosen, and
the final bit determines the first or
second member of the pair. It will
be seen that the number of bits
required is log.N, in this case
log.8 or 3.

If the probabilities are not equal,
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the formula is a little more compli-
cated. A simple case is shown in
Fig. 2C. There are four possible
choices with probabilities 3, 1, #
and 4. This can be broken down
into a sequence of binary choices
as indicated. The information pro-
duced is given by (1 + + + 23);
the 1 is from the first choice (at
point p) which always occurs, the
4 is from the choice at point g,
which occurs only half the time
(when the lower line is chosen at
point ), and so on. In general,
by a similar decomposition, the in-
formation, when the choices have
probabilities p,, p.,---, D., is given
by :
H = — (plogep: + palogep: + . -+
Palogepn) n
This formula, then, gives the
amount of information produced by
a single choice. An information
source produces a message which
consists of a sequence of choices,
for example, the letters of printed
text or the elementary words or
sounds of speech. In these cases,
by an application of Eq. 1, the
amount of information produced
per second or per symbol can be
calculated. It is interesting that
this information rate for printed
English text is about two bits per
letter, when we consider statistical

structure only out to word lengths.
Long-range meaning structure may
reduce this figure considerably.

Encoding Information

The importance of the measure
of information, H, is that it de-
termines the saving in transmission
time that is possible, by proper en-
coding, due to the statistics of the
message source. To illustrate this,
consider a language in which there
are only four letters: 4, B, C and
D. Suppose these letters have the
probabilities %, I, § and §, as in Fig.
2C.

In a long text in this language,
A will occur half the time, B one-
quarter of the time, and so on.
Suppose we wish to encode this
language into binary digits, 0 or 1.
Thus we might wish to transmit on
a pulse system with two types of
pulse. The most direct code is the
following: A = 00, ¥ = 01, C = 10,
D = 11. This code requires two
binary digits per letter of message.
By using the statistics, a better
code can be constructed as follows:
A=0B=10,C = 110, D = 111.
It is readily verified that the orig-
inal message can be recovered from
its encoded form. Furthermore,
the number of binary digits used is
smaller on the average. It will be,
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FIG. 1—Generalized communication
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FIG. 2—Schematic representation of
equal and unequal probabilities. The
choice involved with one bit (binary
digit) of information is comparable to
tossing a coin heads or tails

FIG. 3-—Signals represented by func-
tions of time which lie within a band
of frequencies W cps wide can be speci-
fied by the values of a series of equally
spaced samples 1/2W seconds apart
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in fact calculated as follows:

1)+ 12+ 13 +13) =
where the first term is due to the
letter A, which occurs half the time
and is one binary digit long, and
similarly for the others. It will
be noted that 1% is just the value of
H calculated for Fig. 2C.

The result we have verified for
this special case holds generally.
If the information rate of the
message is H bits per letter, it is
possible to encode it into binary
digits using, on the average, only
H binary digits per letter of text.
There is no method of encoding
which uses less than this amount,

Capacity of a Channel

Now consider the problem of de-
fining the capacity C of a channel
for transmitting information. Since
the rate of production for an infor-
mation source has been measured
in bits per second, we would nat-
urally like to measure C in the
same units. The question then be-
comes “What is the maximum num-
ber of binary digits per second that
can be transmitted over a given
channel ?”

In some cases the answer is
simple. With a teletype channel
there are 32 possible symbols. Each
symbol therefore represents 5 bits,
provided the possible symbols are
used with equal probability. If we
can send n symbols per second, and
the noise level is not high enough
to introduce any errors during
transmission, we can send 5n bits
per second.

Suppose now that the channel is
defined as follows: We can use for
signals any functions of time f(¢)
which lie within a certain band of
frequencies, W cycles per second
wide. It is known that a function
of this type can be specified by giv-
ing its values at a series of equally
spaced sampling points 1/2W sec-
onds apart as shown in Fig. 3.
Thus we may say that such a funec-
tion has 2W degrees of freedom, or
dimensions, per second.

If there is no noise whatever on
such a channel we can distinguish
an infinite number of different
amplitude levels for each sample.
Consequently we could, in prineiple,
transmit an infinite number of
binary digits per second, and the
capacity C would be infinite.
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Even when there is noise, if we
rlace no limitations on the trans-
mitter power, the capacity will be
infinite, for we may still distin-
guish at each sample point an un-
limited number of different ampli-
tude levels. Only when noise is
present and the transmitter power
is limited in some way do we obtain
a finite capacity C. The capacity
depends, of course, on the statisti-
cal structure of the noise as well as
the nature of the power limitation.

The simplest type of noise is
white thermal noise or resistance
noise. The probability distribution
of amplitudes follows a Gaussian
curve and the spectrum is flat with
frequency over the band in question
and may be assumed to be zero out-
side the band. This type of noise
is completely specified by giving its
mean square amplitude N, which
is the power it would deliver into
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a standard unit of resistance.

The simplest limitation on trans-
mitter power is to assume that the
average power delivered by the
transmitter (or more precisely the
mean square amplitude of the sig-
nal) is not greater than P. If we
define our channel by these three
parameters W, P and N, the capac-
ity C can be calculated. It turns
out to be

C = Wlog & f’ il @
bits per second. It is easy to see
that this formula is approximately
right when P/N is large. The re-
ceived signal will have a power
P + N and we can distinguish
something of the order of

V(P +N)/N

different amplitudes at each sample
point. The reason for this is that
the range of amplitude of the re-
ceived signal is proportional to
VP 4+ N, while the noise intro-
duces an uncertainty proportional
to \V/N. The amount of information
that can be transmitted with one
sample will therefore be log.
[(P + N)/N]. Since there are 2W
independent samples per second,
the capacity is given by Eq. 2. This
formula has a much deeper and
more precigse significance than the
above argument would indicate. In
fact it can be shown that it is pos-
sible, by properly choosing our sig-
nal funetions, to transmit W log.
[(P+N)/N7 bits per second with
as small a frequency of errors as
desired. It is not possible to trans-
mit at any higher rate with an arbi-
trarily small frequency of errors.
This means that the capacity is a
sharply defined quantity in spite of
the noise.

The formula for C applies for all
values of P/N. Even when P/N is
very small, the average noise power
being much greater than the aver-
age transmitter power, it is pos-
sible to transmit binary digits at
the rate W log, [ (P + N)/N] with
as small a frequency of errors as
desired. In this case log, (1 -+
P/N) is very nearly (P/N) log. e
or 1.443 P/N and we have, approxi-
mately, C = 1.443 PW/N.

It should be emphasized that it
is possible to transmit at a rate C
over a channel only by properly en-
coding the information. In general
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the rate C cannot be actually at-
tained but only approached as a
limit by using more and more com-
plex encoding and longer and longer
delays at both transmitter and re-
ceiver. In the white noise case the
best encoding turns out to be such
that the transmitted signals them-
selves have the structure of a re-
sistance noise of power P.

Ideal and Practical Systems

In Fig. 4 the curve is the function
C/W = log (1 + P/N) plotted
against P/N measured in db. It
represents, therefore, the channel
capacity per unit of band with
white noise. The circles and points
correspond to pem and ppm systems
used to send a sequence of binary
digits, adjusted to give about one
error in 10° binary digits. In the
pem case the number adjacent to a
point represents the number of
amplitude levels; 3 for example is
a ternary pem system. In all cases
positive and negative amplitudes
are used. The ppm systems are
quantized with a discrete set of pos-
sible positions for the pulse, the
spacing is 1/2W and the number
adjacent to a point is the number
of possible positions for a pulse.

The series of points follows a
curve of the same shape as the
ideal but displaced horizontally
about 8 db. This means that with
more involved encoding or modula-
tion systems a gain of 8 db in
power could be achieved over the
systems indicated.

Unfortunately, as one attempts
to approach the ideal, the transmit-
ter and receiver required become
more complicated and the delays in-
crease. For these reasons there
will be some point where an eco-
nomic balance is established be-
tween the various factors. It is
possible, however, that even at the
present time more complex systems
would be justified.

A curious fact illustrating the
general misanthropic behavior of
nature is that at both extremes of
P/N (when we are well outside the
practical range) the series of points
in Fig. 4 approaches more closely
the ideal curve.

The relation C = W log (1 +
P/N) can be regarded as an ex-
change relation between the para-
meters W and P/N. Keeping the
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FIG. 6—Graphic representation of a

typical system for conserving band-

width at the cost of increasing trans-
mitted power

channel capacity fixed we can de-
crease the bandwidth W provided
we increase P/N sufficiently. Con-
versely, an increase in band allows
a lower signal-to-noise ratio in the
channel. The required P/N in db
is shown in Fig. 5 as a function of
the band W. It is assumed here
that as we increase the band W, the
noise power N increases propor-
tionally, N W N, where N, is the
noise power per cycle of band. It
will be noticed that if P/N is large
a reduction of band is very ex-
pensive in power. Halving the band
roughly doubles the signal-to-noise
ratio in db that is required.

One method of exchanging band-
width for signal-to-noise ratio is
shown in Fig. 6. The upper curve
represents a signal function whose
bandwidth is such that it can be
specified by giving the samples
shown. Each sample has five ampli-
tude levels. The lower curve is
obtained by combining pairs of
samples from the first curve as
shown. There are now 25 ampli-
tude levels that must be distin-
guished but the samples occur only
half as frequently; consequently
the band is reduced by half, at the
cost of doubling the signal-to-noise
ratio in db. Operating this in re-
verse doubles the band but reduces
the required signal-to-noise ratio.

To summarize, there are three
essentially different ways in which
bandwidth can be reduced in a sys-
tem such as television or speech
transmission. The first is the
straightforward exchange of band-
width for signal-to-noise ratio just
discussed. The second method is
utilization of the statistical correla-

tions existing 1n the message. This
capitalizes on particular properties
of the information source, and can
be regarded as a type of matching
of the source to the channel. Fi-
nally, particular properties of the
destination can be used. Thus, in
speech transmission the ear is rela-
tively insensitive to phase distor-
tion. Consequently, phase informa-
tion is not as important as ampii-
tude information, and need not be
sent so accurately. This can be
translated into a bandwidth sav-
ing, and in fact part of the reduc-
tion attained in the vocoder is due
to this effect. In general, the ex-
ploitation of particular sensitivities
or blindnesses in the destination re-
quires a proper matching of the
channel to the destination.

Many present-day communica-
tion systems are extremely ineffic-
ient in that they fail to make use of
the statistical properties of the in-
formation source. To illustrate this,
suppose we are interested in a sys-
tem to transmit English speech (no
music or other sounds) and the
quality requirements on reproduc-
tion are only that it be intelligible
as to meaning. Personal accents,
inflections and the like can be lost
in the process of transmission. In
such a case we could, at least in
principle, transmit by the following
scheme. A device is constructed at
the transmitter which prints the
English text corresponding to the
spoken words. This can be encoded
into binary digits using, on the
average, not more than two binary
digits per letter or nine per word.
Taking 100 words per minute as a
reasonable rate of speaking, we
obtain 15 bits per second as an esti-
mate of the rate of producing in-
formation in English speech when
intelligibility is the only fidelity re-
quirement. From Fig. 4 this in-
formation could be transmitted
over a channel with 20 db signal-to-
noise ratio and a bandwith of only
2.3 cps!
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PIN-POINTING
ULTRASONIC ENERGY

Two watts of sound energy concentrated into an extremely fine area records on sound-

sensitive paper without touching its surface. Magnetostriction oscillator, using an 805
triode, drives a nickel-alloy tube at about 20,000 ke

By HOMER J. DANA

Director, Engineering Experimental Station

AKING a permanent record on
M paper without touching the
surface of the paper may be accom-
plished with an information-modu-
lated light source focused onto a
moving strip or dise of light-sensi-
tive paper. Where it is inconven-
lent or impossible to incorporate a
light-tight housing, or where the
use of light-sensitive paper is unde-
sirable, some other means for trans-
ferring the information to paper
must be used.

Ultrasonic Recording

A special kind of sono chromo
tropic paper offers a convenient
alternative. It is chemically treated
so that portions of its surface
which are subjected to high-intens-
ity ultrasonic energy undergo a
visible change. Thus, a modulated
source of ultrasonic energy could,
if sufficiently intense, inscribe in-
formation on such paper for a
permanent record, and also meet
the requirement for a recording
head that does not touch the sur-
face of the paper.

This article describes an ultra-
sonic generator capable of pin-
pointing two watts of ultrasonic
energy for the purpose outlined. In
use, the recorder point, which is
actually the end of the vibrating

This article is based on a paper presented
at the 1849 National! Electronics Con-
ference. The conference paper will appear
in the NEC Procecdings.
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element of a magnetostriction oscil-
lator, is mounted in a fixed vertical
position slightly above the special
recording paper which is continu-
ously moved for time reference.

Generator Requirements

An analysis of the problem indi-
cated that a practical frequency for
use in this work should lie within
the general range of 10 to 80 ke. A
study of all the methods of produc-
ing ultrasonic vibrations in air in-
dicated that the magnetostriction
oscillator has the best possibilities
for focusing.

It was estimated that 2 watts of
usable energy would be required at
the point of focus in order to effect
inscription. Under most favorable
conditions, the power converted
into sound energy is estimated to
be only about 10 percent of the elec-
trical energy delivered to the vi-
brating element of a magnetostrie-
tion oscillator. Furthermore, if this
vibrating element is provided with
a reflector or other device on the
end for focusing the energy to a
point, only a small part of the input
energy, possibly 1 percent will be
available at the point of focus. This
condition would call for an oscilla-
tor having about 200 watts electri-
cal input to the vibrating element.

First a small oscillator was built
and its behavior was studied in
order to work out the design of a

JAMES L. VAN METER

Department of Electrical Engineering

more powerful unit. Based upon
this preliminary study, the design
was made for a magnetostriction
oscillator using an 805 triode to
drive a nickel alloy tube at about 20
ke. The electrical circuit for this
power unit is shown in the diagram.
The principal elements include the
tube, a plate coil, a grid coil and the
vibrating element with its mount-
ing.

Experiments disclosed that a 1-
to-1 turns ratio between plate and
grid coils gives the best results.
When the grid turns exceed the
plate turns by more than a 2-to-1
ratio, the grid current exceeds the
rated capacity of the tube. After
several trials, best results were ob-
tained by using 666 turns of No. 25
sse wire wound with #-inch inside
diameter one inch long for each of
the coils.

The Vibrating Element

The vibrating element consists of
a thin-wall nickel alloy tube # inch
in diameter and securely mounted
in a rigid holder designed for the
purpose. This holder grips the tube
securely at its neutral point with-
out affecting its mode of vibration.
A tube was selected rather than a
solid rod because of its superior
heat-radiating qualities. In an os-
cillator of this power, heat dissipa-
tion is a serious problem, due in
part to internal friction and part to
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Schematic of magnetostriction oscillator
with seven operating frequencies be-
tween 10 and 28 kc

circulating current induced in the
tube by the grid and plate coils. The
heating can be reduced consider-
ably by slitting the tube, but this
in turn produces a wide band of un-
wanted frequencies outside the
fundamental. A compromise was
effected by cutting a short longi-
tudinal slit under each coil and leav-
ing the ends of the tube intact.

When the vibrating element in a
magnetostriction oscillator is mag-
netized by a-c it will vibrate at
twice the applied frequency. This
results from the fact that the rod
will contract on both the positive
and the negative swings of the ap-
plied a-c. To make the rod vibrate
at the applied frequency, a magnetic
bias is applied and this should ex-
ceed the induced magnetic field. In
this oscillator the bias is supplied
by the d-c in the plate coil.

The resonant frequency of the vi-
brating element of a magnetostric-
tion oscillator is determined by the
equation F = V /2L where F is the
frequency in cps, V the velocity of
sound in the material in em per
second, and L the length of the tube
in centimeters.

The velocity of sound in nickel
varies inversely with temperature.
At 32 F it is approximately 4,973
meters per second. Therefore at
this temperature the length of a
plain nickel-alloy vibrating element
with a natural frequency of 14 ke
is 17.75 cm. When a concave piston
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End-reflector type vibrating element that led to the discovery of the pencil-shaped

type shown in the drawing.

Unmounted tube shows slits for cooling and split-collar

mounting ring at center

or reflector is attached to the end
of the tube the loading results in a
lowered frequency. This effect re-
quires a shortening of the tube to
raise the frequency to the desired
range. For the aluminum reflectors
used, the length of the tube is re-
duced to approximately 12.7 cm.

Mounting Ring

For mounting a rod used as a
vibrating element, it is customary
to pinch it firmly between the tips
of three screws extending radially
from a mounting ring. However,
this method is not sufficient to
secure a thin metal tube without
deforming it or allowing it to slip.
A special mounting was designed
as shown in the drawing and photo-
graph. This split brass collar grips
the tube firmly and yet peirmits it
to be shifted when the screws are
loosened. The photograph shows
the assembled driver unit and the
vibrating element in its mounting.
The shape of the reflectors on each
end of the tube is essentially spher-
ical.

Experiments with aluminum pis-
tons in the end of the nickel tube
revealed that they absorb an exces-
sive amount of power owing to in-
ternal friction. Therefore a re-
flector was formed from sheet
nickel und silver-soldered to the end
to the tube. This metal did not
absorb so much energy by heating,
but tests revealed that the focused

energy from this reflector was not
as vet adequate for the purpose
intended. However, an interesting
phenomenon was observed during
these experiments.

A nickel tube had been prepared
with a conical point, resembling a
sharpened pencil. The cone was
formed separately in a die and
silver-soldered to the tube. When
this blunt conical point was located
just above the surface of a pan of
water, it was noted that when the
tube was oscillating, an air blast,
issuing from a crack in the seam
on the side of the cone impinged
upon the surface of the water in
the container below.

Another tube was prepared with
a4 No. 80 hole drilled axially in the
blunt point. In this cone, the air
blast issued from the hole and de-
pressed the surface of the water
below. This effect was not the re-
sult of temperature-expanded air
within the tube since the tube had
two slits in the side. Apparently
there is a pumping action that
causes the tube to expel a jet of
air of considerable force, resulting
in a much better focusing of energy
than was accomplished by other
means.

The project which led to the dis-
covery of this unique ultrasonic
recording pencil was sponsored by
the Office of Naval Research in an
attempt to develop new types of
facsimile recording paper.
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TELEVISION
PRODUCTION

TECHNIQ

ES

Ideas for cutting costs, speeding up production and

improving quality of television receivers. Featured are

conveyor accessories, subassembly jigs and assembly-

line fixtures

By RICARDO MUNIZ

Diviston Manager
Television Receiver Manufacturing Division
Allen B. DuMont Laboratories, Inc., East Paterson, N. J.

HE LAYOUT of the Du

television receiver plant at
East Paterson, New Jersey, was
aimed at giving maximum value for
the customer’s television dollar, by
improving the ratio of time use-
fully expended to the time expended
on lifting, lugging, carrying, mov-
ing and transporting components,
tubes, cabinets, subassemblies,
work in process and finished goods.
To accomplish this aim, material
handling by hand labor was reduced
to a minimum, a central signal sys-
tem was provided and the produec-
tion lines were mechanized, result-
ing in many worthwhile production
shortcuts and quality insurance
procedures.

Conveyor Line Accessories

The 450,000 square feet of pro-
duction floor space was laid out to
give: (1) A continuous flow of
materials from receiving to ship-
ping; (2) minimum manual han-
dling of material; (3) powered belt
conveyor assembly lines; (4) mono-
rail overhead conveyors for deliv-
ery and storage of larger compo-
nents, subassemblies and chassis
units in process.

Console Tilt Table. The spring-
actuated table in Fig. 1 and 2 facil-
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Mont

itates handling of heavy console
television sets during final packing
in shipping cartons. When incom-
ing cabinets are unpacked, cartons
are opened at the bottom. At the
packing position, the carton is
placed over the upright cabinet, and
the filled carton is pushed off the
end of the roller conveyor as in Fig.
1A. In tipping, the carton comes in
contact with the roller on the tilt
table; the table then tips slowly
under restraint of the 100-1b spring
to meet the falling carton. After
the spring has returned the table
to horizontal, the table is rotated 90
degrees as in Fig. 1B for sealing
the flaps, then rotated another 90
degrees for tipping the carton back
upright onto a skid, on an outgoing
conveyor or directly on the floor as
in Fig. 1C. Additional 180-degree
rotation brings the table in position
for the next set. With this table,
one man can handle a 320-lb console.

An angle iron backstop, visible in
Fig. 2, was added to the original
design. As the table returns to
horizontal the first time (between
Fig. 1A and 1B) the carton rests
against this backstop, helping the
console to slide or seat itself in the
carton.

Each of the gravity roller con-

CONTAINER
OVER
CONSOLE

ANGLE IRON
BACKSTOP

ROLLER ON
TABLE / ‘HlNGE
LLER / loo L8 extension

RO
CONVEYOR \J

(a) ‘sTOP

TABLE FRAME |
15 2'%2"x§ |
ANGLE IRON

(CLOSED)
FLAP [SHIPPING| FLAP
(OPEN) PALLETOF (OPEN)
RECEIVER

FLAP
l (CLOSED) |
EIGHT I" STEEL . 132"

BALL BEARINGS . |
IN CUPS

(8}

LSHEET METAL TOP
ON TABLE

45 CENTER POST PIPE \
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S

s ROLLER /

:

S —
‘BOLT TO FLOCR. &
4
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FI1G. 1—Details of spring-cushioned tilt'

table, and three steps in its use for turn-

ing console on side and back up again
without damage

FIG., 2—Tilt table in roller conveyor
line enables two men or even one to
turn carton with 320-1b console on side

for sealing of flaps. Here carton is
being turned upright again after szaling
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Lifting of 60-lb chassis units is eliminated and pedesirian path is provided ccross rdller conveyor lines by using conveyor-topped
trolley ears running on floor rails across each end cf television receiver aging area. For straighfline transfer across gap, sets are
pushed across top of car. Sets can be transferred to different lines four at a time by cart, for balancing load into the 12 aging con-
veyors (at right), or iransferred from aging lines into the final test conveyors (at. left] after their 2-hour agimg at rated line voltage

FIG. 3—Strategic omission of rollers
and use of angle-iron stops in roller
conveyor speeds and simplifies turning

over of table-model tv sets in cartons
for sealing of flaps

ELECTRONICS — April, 1950

FIG. 4—Overhead tube conveyor dips
down af end of each main assembly
line to make picture tubes available
exactly where needed. Conveyor also
brings tube clamping strip

FIG. 5—Overhead chassis conveyor
moves between curved guides that hold
platform steady as a chassis is slid on
or off. This conveyor eliminates liiting
and trucking about 40 tons a day
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veyor assembly lines has adjustable
leg supports to allow for a change
in work height with different cubi-
net models. Ball caster plates at
intersections and turn-around
points in the lines facilitate turn-
ing of cabinets during final assem-
bly and inspection. Live roller con-
vevors parallel to final assembly
lines bring cartons and cases from
the cabinet unpacking area, elimi-
nating cost.y manpower in handling
light but extremely bulky empty
cartons that are used again for out-
going sets.

Missing-Roller  Technique. In
packing a table-model television set

FIG.

notched

around another for paralleling of resist-

ors, Jig holds ten pairs of resistors at a
time

6—Quick hollow-shaft

lead neatly

spin of
tool twists one

MAKE $,RADIUS ON r_RWIRE DAl & 8 C
ALL EDGES. HARDEN 00271002610032
AND POLISH TIP IN- . o.o4| 2! 0036
SERT IN SPINTITE Q030

HANDLE TO GIVE 6" 1052 0033 0046
OVER-ALL LENGTH

- '3DR|LL
//’/ A 0% M / )
% ﬂ//// 77
BleroR cmps e s
COUNTERSINK

FIG, 7—-Machining specifications for re-
sistor-paralleling tool. Dimensions vary
with resistor leads as per table

as it comes down a roller conveyor,
the carton is placed over the up-
right set as shown in Fig. 3, flaps
are spread out, and the carton is
pushed forward until the foremost
flap drops into a gap formed by
leaving out some of the rollers. The
set itself next drops into this gap
and is turned on end with its
carton. The next gap in the rollers
receives the forward corners of the
carton and the carton makes
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another 90-degree turn, landing on
its top for convenient sealing of
flaps. Two more gaps produce two
more 90-degree turns for the sealed
carton, returning it to an upright
position for conveyor delivery to
the finished stock area.

Conveyor Lines

Overhead Chassis  Conveyor .
Chassis units on which an assort-
ment of parts have been riveted in
the riveting section are suspended
from a hook on the overhead
chassis convevor by the last rivet-
ing operator and are delivered to
the start of the muain receiver

FIG. 8—Inexpensive standard fuse clips
are ideal holding jigs for potentiometer
subassemblies

assembly lines, thus avoiding aisle
trucking and providing overhead
delivery and storage. The conveyor
is the conventional I-beam mono-
rail chain and roller type, 736 feet
long. It dips three times along its
route, to supply =ach of the three
main assembly lines.

Main Assembly Line Conveyors.
Ilach of the three main assembly
lines is a belt-on-roller type con-
veyor 18 inches wide and providing

430 feet of moving belt surface.
Metal-top tables 20 feet long ac-
commodate all mechanical assembly
operations at the beginning of the
lines, and similar tables 14 feet
long at the ends of the lines provide
facilities for tube mounting. Total
length of an assembly line is thus
464 feet. All wiring operations are
done on these belts progressively;
through control of belt speed the
movement of the chassis is made to
comcide with the prearranged time
cycles set by the methods section
for assembly operations, reducing
the operator holdups common to
push-along systems and producing

a saving in move time over the
push-along schemes.
Overhead Tube Conveyor. A 584-

foot-long monorail overhead con-
vevor with picture-tube carriers
spaced four feet apart provides a
safe storage ecapacity for 146
picture tubes in otherwise unused
space near the ceiling, eliminates
the need for unpacking the tubes at
assembly-line positions, and elimi-
nates the empty-carton disposal
problem. Tubes are unpacked and
cartons disposed of at the receiving
well where the conveyor is loaded,
without using trucking facilities of
any kind inside the plant.

As shown in Fig. 4, tube carriers
are designed to hold any size of
tube from 12 to 20 inches in diam-
eter. The conveyor dips down over
each of the three main assembly
lines at the picture-tube installa-
tion point. Sizes of tubes loaded
are in the same ratio as total re-
quirements of the different lines,
so an operator never has to wait
more than a few seconds for the
desired size of tube to come along.
A separate hanger over the picture
tube carrier brings the correspond-
ing clamping strip for the tube.

Overhead Chassis Conveyors.
Two overhead conveyors of the
type shown in Fig. 5 convey finished
chassis units from one part of the
plant to the other. One moves units
from the assembly lines to the test
section. The other transfers the
aligned and tested units to the cabi-
net assembly lines. At each load-
ing and take-off point, chassis car-
riers move between a metal loading
table and a backstop that permits
sliding a chassis on without having
the carrier swing away. Each
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FIG. 9—Universal gage for precutting ca-
pacitor and resistor leads to prescribed
lengths

chassis weighs approximately 60
pounds, and would be more costly
to transport manually by lifting,
loading, trucking and unloading.

Subassembly lJigs

Twisting Tool. Use and construc-
tion of a simple tool for twisting
together the paired leads of paral-
lel-connected resistors or capacitors
are shown in Fig. 6 and 7.

Clamping Jig. The fuse clips
shown in Fig. 8 are inexpensive
time-saving fixtures for holding
long-shaft potentiometers securely
while permitting 360-degree rota-
tion during subassembly work.

Lead-Cutting Gage. The simple
stepped metal plate of Fig. 9 en-
ables an operator to cut resistor or
capacitor leads quickly and accu-
rately to any desired length before
assembly. The lead length produced
is stamped alongside each notch on
the %-inch thick steel plate.

Lead-Cutting Machine. High-
speed precutting of capacitor or re-
sistor leads is made possible by the
specially designed machine shown
in Fig. 10. A counter indicates
total output for each run of parts.

Assembly Line Fixture

Fasel Stands. Figures 11 and 12
show a simple and sturdy stand for
holding cartons of small parts
alongside main assembly lines.

Chiclcen-Feeder Supply Bouxes.
Resistors, capacitors, lengths of
spaghetti, precut leads and any
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FIG, 10—Automatic mwachine developed by DuMont engineers for precutting leads of
components at high speed. Motor-driven chopping blades function in a manner similar
to the operation of pruning shears

other small components used on
assembly lines are conveniently
stored in the welded metal boxes
shown in Fig. 13 and 14. As opera-
tors take parts from the lower
opening, more drop down. Loading

is conveniently from the top, and
each box holds a reasonably ade-
avate supply.

Test Bench. The simple and
sturdy all-welded bench design of
Fig. 15 and 16 lends itself to eco-
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FIG.

13—Chicken-feeder type supply
boxes make small parts readily access-
ible on main moving-belt assembly lines

nomical fabrication in quantity,
provides maximum versatility for
use at various television receiver
test, alignment and repair positions
and is both comfortable and conven-
ient for technicians using it.

A powered metal-slat conveyor
brings chassis units to and from
test benches on either side. Con-
veyor height is such as to permit
sliding a chassis directly onto the
bench.

Picture Tube Holder. Also ap-
pearing in Fig. 16 is a standard
cathode-ray tube housing developed
for bench use and capable of hold-
ing either 15-inch or 19-inch tubes.
The housing is steel and the face
plate is Lucite. Use of a separate
picture tube at vrepair benches
simplifies working on the bottom of
a chassis during trouble-shooting.

Component Test Sets

Flux Leakage Search Coil. With
the setup of Fig. 17 in the compo-
nent acceptance section of the plant,
it is a simple matter to determine
whether the stray magnetic field of
a new power transformer is suffi-
cient to modulate the picture objec-
tionably by acting on the electron
beam in the neck of the c-r tube.

An unshielded 3,000-turn pickup
coil is mounted on a special jig that
permits placing the coil at the exact
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FIG. 14-—Metal-shop quide for .cutting
and welding feed bins for small parts.
For longer parts, width is increased

center line occupied by the electron
gun and moving it forward or back-
ward along this line. In addition,
the jig permits rotating the coil in
all three dimensions to find the
point of maximum pickup. The
voltage picked up by the coil is
measured and its waveform viewed
with a cathode-ray oscilloscope used
in conjunction with a voltage cali-
brator (on top of scope in photo).

By using on the test chassis in
turn.a number of transformers ex-
hibiting known and different ex-
ternal field effects in receivers, it
was determined that about 0.4 volt
induced in the pickup coil by the ex-
ternal field of a power transformer
may be considered just barely pass-
able. This voltage produces about
a ¥z inch deflection of the picture.
All measurements are made with
the line voltage set at its upper
limit of 129 volts. The search coil
technique provides a means of
measuring the strengths of the ex-
ternal field at the crt gun position
irrespective of the size or shape of
the transformer being considered
for acceptance.

When all available transformers
exceed the leakage requirement at
the distance predetermined by
chassis layout, copper banding may
often be used around the outside of
the transformer to reduce the stray

fields at their source. A banded
transformer appears disassembled
on the bench in Fig. 17.

Cold-Cathode Lighting. Pro-
duction lines are illuminated as
shown in Fig. 18 Though cold-
cathode lighting equipment is more
expensive initially, it gives lower
lamp replacement costs and pro-
vides a more uniform intensity of
lighting as the tubes do not blacken
with age.

Quality in Quantity

There is, of course, much more to
a successful quality production job
than a fine building, miles of con-
veyors and various production aids.
Engineering prototypes of new
models are reviewed by manufac-
turing and receiver quality control
departments, who recommend
changes to improve quality and
simplify manufacturing operations.
Samples of the components on the
bill of materials are brought in and
given a rigorous test against engi-
neering specifications by the com-
ponent acceptance section of the re-
ceiver quality control department.
Only parts approved may be
purchased.

Individual operations on the pro-
duction line are planned after ex-
haustive motion and time studies
have been made on production pro-
totypes of the new model con-
structed by the manufacturing
methods section from the final bill
of materials and engineering draw-
ings.

A substantial pilot run is made
to reveal any deficiences in the
methods breakdown, to train per-
sonnel, and to give manufacturing,
engineering and receiver quality
control departments an additional
opportunity to eliminate bugs in
the receiver. Complete type tests
are made of each unit of the pilot
run by the quality control section
of the receiver quality control
department.

Field test runs are made on a
fully equipped mobile laboratory
test bus and as a result, additional
minor changes may be recom-
mended. The bus is later used to
field-check pilot run and production
models. A hinged antenna mast on
the roof can be raised by one man.

The cabinet engineering and re-
ceiver quality centrol departments
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conduct tumbling and drop tests on
a few packaged telesets of each
model. After careful observations
of any resultant damage to the
cabinet or teleset components,
changes in packaging or teleset
construction are recommended to
correct any weaknesses which may
have been revealed.

The use of any components and
materials for pilot or production
runs must await approval of these
materials by the incoming inspec-
tion section, as must the payment
of invoices to vendors. Statistical
quality control techniques are used
to assure high quality in a most
economical manner. Representative
samples are selected from each
shipment in accordance with scien-
tifically prepared sampling plans;
lots which fail to pass the sampling
plan are returned to the vendor or
inspected 100 percent. It is esti-
mated that the use of scientific
sampling inspection has reduced
incoming inspection labor between
70 and 90 percent while giving a
far better control of quality than
haphazard sampling.

The subassembly section of the
manufacturing department prefab-
ricates about 50 percent of the
material which goes into the com-
pleted teleset. These subassemblies
are subjected to a scientific sam-
pling inspection before being passed
on the main assembly lines, where
they are wired and soldered into
the chassis as the set moves.

At frequent intervals along the
main assembly line, a checker-re-
pair operation is done. Defects
found by these checkers are immedi-
ately reflected back to the responsi-
ble line operator. At the end of
each production line, there is a 100-
percent inspection by the process
inspection section. The results are
marked on an inspection sheet, and
are plotted on a control chart which
is posted and published. Defects
are tagged by these inspectors, re-
paired by manufacturing, and re-
inspected before being put on the
overhead platform conveyor which
carries the set to the test section.
In addition, scientific sampling in-
spection is made by the product
control section before completed

CHIMNEY SECTION - _
FOR COAXIAL LINES

FIG. 15—Standard test bench used throughout DuMont plant.
Diagonal panel underneath stiffens entire structure and pro-

tects coaxial terminations at left side of bench
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The combination Lucite-metal
15-inch and 19-inch tubes

chassis units go to test, as a check
on the main line assembly and in-
spection positions. This data again
is plotted on control charts which
are posted and published.

The teleset test section utilizes
standard signals, delivered from the
central signal generating room via
distribution amplifiers located at
various strategic places on the main
floor. This central room is air-
conditioned, and contains over a
quarter of a million dollars of
special equipment designed and
fabricated by the test equipment
design section.

Chassis units entering test first
go to the pretest subsection, where
they have power applied for the
first time and are checked to be
sure that each stage is operative
and every control functions. Errors
are corrected by trouble-shooters
and repairmen. From pretest, the
chassis is carried on a power-driven
slat conveyor to the alignment sub-
section. Here each is adjusted and
aligned by scope, using the signals
piped from central.

After alignment, the slat con-

FIG. 16—Top of bench can be either sheet metal or plywood.

holding fixture takes both
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FIG. 17-—Chassis fixture for measuring stray magnetic field of power transformers at
neck position of picture tube as part of power transtormer acceptance test

veyor delivers the chassis to the
aging area where it is run for at
least two hours to bring out any
latent defects. From aging, the
chassis moves to the final phasing
position where such defects as may
have developed are corrected, and
a final tailoring of the alignment is
given to insure optimum perform-
ance., Each day a4 number of pro-
duction chassis units are taken
after the final phasing operation to
a complete type test laboratory
for electrical performance meas-
urement.

From the phasing position, the
chassis moves on an overhead plat-
form conveyor to the final cabinet
assembly section. At the beginning
of each cabinet assemblv line, a 100-
percent cabinet inspection is per-
formed and any necessary touchup
operations are made. The cabinets
move on the roller conveyor to the
final assembly positions, where the
chassis, loudspeaker, changer and
hardware are mounted on the cab-
inet. Each completely assembled
receiver is thoroughly checked by
the final acceptance inspection sec-
tion of the receiver quality control
department with inside audio wob-
bulator and video monoscope test
signals. Any which fail are trouble-
shot and repaired in the next line
position and then reinspected.
After the teleset has been ap-
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proved, final cabinet inspection is
made, minor cabinet scratches that
may occut on the line are touched

up, and the receiver is packed and
is then ready for shipment to the
consumer,

Each day four or five sets of each
cabinet model are moved from
finished stock into the life test
laboratory where each one is given
a complete consumer’s acceptance
test. Accelerated life tests are then
civen at 129 line volts. The receiv-
ers are automatically turned on and
off each fifteen minutes for a period
as low as 16 hours for some receiv-
ers and 250 hours for others of
each type. After this life run,
another inspection and additional
electrical measurements are made.
A limited number of receivers are
tested on the vibration table and in
the heat and humidity chambers
as a double check on production. A
random selection of receivers is
hauled out of finished stock and ex-
amined by Dr. Du Mont in his own
personal laboratory at Cedar Grove,
New Jersey, each week.

The overall philosophy is that it
is more economical to make some-
thing right than to fix it.

4§ PLATE
4 e .-
f FT:[ T~ L, la X I3 Xg
. - 30 TWO-LIGHT 42-WATT O
s s : INDUSTRIAL 8 LONG X 1'X§
Fiale (LT R B < COLD CATHODE LAMPS 144"
th S L i ! 0 ; —1
% 27 - o g afsy
) > el = > /1 A 8"
A y: o e
S "X2"X : 5
Il d ill s 1 . WELD-[ :
1 WELD | | ANGLE | \ ; L 5 5
I TRUSSES | | IRON i ; mmas o) 15T
I |To2xexy | |1 TWIST LOCK OUTLETS ! Sxrxg
|- {UPRIGHTS | { | SPACED EVERY 3 i \
11 |orTO i | | ALONG LINE ! :
i BUILDING | ) i A | Il
[l |coumn | ! : 8-0" LONG*
] /f 1| COLD CATHODE |
‘ i
i & | [MATERIALS | | | FIXTURE
! RACK | | _CURLED CORD « : o
! ‘ ' "ty Lt 6g
i | g
i -~ SOLDERING IRON 1
| " '
: y ‘] “WELD !
I “METAL HOLDER 4 :
I! AN + H
e it 1" N '
i 2'x2 "E\i‘ CHASSIS S N
[N | N N MATERIALS f
I | | FOLLER >N O\, TROUGH :
il [ 1\ Top oF BELT. N D )
It A = |s .,’1
I —F
I v e
I BOTTOM OF BELT” i
1
i Q%"A%Z‘C“” e FOR INCOMING
I e 5 || InsPECTION
EQUIPMENT . el ION,
i DRAWING l==ARRROX(ES USE :‘;f),',-HERE\k i
N0 2131 | iy . 30
I N : 1 XX :
I U ANGLE IRON }
1 H
i | iy
i | FLOOR ;
i —
FIG. 18—Cross-sections of main moving-belt assembly line and stationary sub-

assembly or incoming inspection lines, with crifical dimensions for optimum posi-
tioning of overhead cold-cathode fluorescent lights. Lines are usually back to back
on common center supports

April, 1950 — ELECTRONICS



LIGHT SDURGE

SEALED
| PROJECTION SPOTLAM®

B8EAM

ACCESS (OOOR

FIG. 1-—Smoke in flue reduces amount of light reaching bolometer, at right, from light source at left.

SEALED BEAM
SOLOMETER —

PLANE OF SLOT PARALLEL
TO PATH OF SMOKE - g™

AR INLET

AMBIENT
TEMPERATURE
GCOMPENSATOR

H

11 smoxe
‘ —IDETECTOR

i ACCESS
+— DOOR

u

-

2

[Pl g oo e

Resulting variations in voltage

drop across bolometer, due to its changing resistance, are automatically balanced against voltage drop across portion of motor-driven

slidewire unit that actuates recorder.

Scale around circular chart of recorder indicates percent smoke

Measuring Smoke Density

New sealed-beam bolometer system gives high accuracy, without need for frequent clean-

ing and recalibration. Lenses, mirrors, lamp and bolometric light detector are sealed in

¢lass, and windows are washed by air. Unique circuit uses null-balance a-c potentiometer

NE OF THE greatest obstacles to
O accurate measurement of
smoke is the nature of smoke itself.
It coats lenses and lamps of light
detectors, resulting in loss of ac-
curacy and high maintenance costs.

Dust, fly ash and fog caused by
condensation of water vapor in the
flue gases contribute further to in-
accuracy. Where samples are drawn
from the stack or breeching into
bypass lines, fly ash and cinders in
the smoke tend to cause clogging
and result in inefficient, expensive
operation.

Often smoke-density measuring
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By P. S. DICKEY

Vice-President
Bailey Meter Co.
Cleveland. Ohio

devices must be installed in places
where high ambient temperatures
are common., This creates a prob-
lem for devices having receivers
which depend on filament tempera-
tures as an indication of density.
Theoretically, the filament temper-
ature depends on the amount of
radiation reaching it through a

column of smoke, but if the sur-
rounding air becomes too hot, in-
accuracy will result. In addition,
excessive heat may cause rapid
deterioration of radiation receivers
such as phototubes and selfgenerat-
ing photocells, resulting in frequent
replacements.

Moving the smoke detector to a
cooler location solves the high-
temperature problem but intro-
duces another serious one caused by
lower temperatures. In cooler parts
of a stack there is a great deal of
condensation. Inadequately pro-
tected instruments are quickly af-
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fected by the excessive moisture,
and severe corrosion results due to
presence of sulphur in the flue
gases.

In many cases, where the light
source and light-sensitive elements
are attached directly to a steel
smoke stack or breeching serving
boiler furnaces, warping creates a
serious alignment problem. Any
warping or moving of the support-
ing breeching due to gas tempera-
ture changes will result in the light
beam being deflected away from the
receiving element. This leads to
errors or may cause the instrument
to cease functioning altogether.

Unless voltage regulators or
equivalent compensators are used,
phototube-operated smoke-density
instruments are subject to large
errors when the line voltage fluctu-
ates to any extent. Voltage varia-
tions affect the light source and the
calibrating equipment as well as
the photoelectric amplifier.

Smoke Density Methods

An early method of estimating
smoke density, still employed today,
is the use of Ringleman charts.
Cross-hatched charts having known
percentages of their area left trans-
parent are held in the line of vision
to the column of smoke. The num-
ber of the chart which most nearly
matches the smoke is then assigned
as an index of smoke density. Nat-
urally this method is greatly lim-
ited by sky and wind conditions
as well ag human errors in judg-
ment. An overcast sky introduces
errors which become worse when
high winds are present to dissipate
the column of smoke as it leaves the
stack. The color of particles leaving
the stack leads to further errors.
The closer it approaches the color
of the background sky, the more
difficult accurate smoke detection
becomes.

A device which has done much to
eliminate the guesswork from
smoke-density measurement is the
bolometer type instrument shown
in Fig. 1. It consists of a light
source and light detector (bolom-
eter), both of sealed-beam con-
struction, mounted at opposite ends
of a length of 4-inch standard pipe.
The pipe is inserted across the full
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width of a smoke stack or duct. It
has a longitudinal slot 8 inches wide
in the center to provide a passage
through which smoke flows. The
smoke intercepts a beam of light
projected from the light source
toward the bolometer. At low
densities of smoke the bolometer re-
ceives all the radiation from the
light source. As smoke increases,
the radiation received by the bolom-
eter decreases. These changes in
radiation are transmitted to a
smoke-density recorder of the elec-
tronic type.

Advantages of Bolometer

One reason for the decision to use
a bolometer as a smoke-density
measuring device is illustrated in
Fig. 2. The low efficiency of the
thermal resistance-sensitive ele-
ment of Fig. 2A, open to the atmos-
phere and without concentration of
incident radiation, is obvious. In
Fig. 2B the radiation has been con-
centrated on the sensitive element
through a converging lens. Since
the lens involves two open surfaces
it creates a serious problem of low
efficiency due to dirt and dust
accumulation.

Reflection of many metals such as
silver and aluminum is high in the
infra-red region. Advantage may
be taken of this property by using
an aluminized parabolic reflector as
in Fig. 2C to concentrate radiation.
In smoke-density measurement,
however, this arrangement with its
open metallic surface is subject to
corrosion by oxygen or sulphur
dioxide.

|

FIG., 2-—Development of sealed-beam

bolometer, showing how parabolic mir-

ror (C) gives same concentrating effect

as a lens (B). Final sealed unit (D) has
no converging lens

In the arrangement finally
adopted, shown in Fig. 2D, the
radiation-sensitive element and the
metallic reflector are covered with
a glass lens and enclosed in a
vacuum, The evacuated region not
only protects the metallic surface
but also increases the sensitivity of
the element by eliminating heat
losses due to convection and con-
duction.

Null Balance Circuit

A unique Dbolometer circuit,
shown in Fig. 3, employs an a-c
potentiometer which operates on
the null-balance principle. The
voltage drop across the bolometer
receiver is balanced against a ref-
erence voltage applied to the slide-
wire.

To insure greater accuracy, a
common source of 115-volt 60-cycle
power feeds the light source, the
smoke detector, and the measuring
circuit. The light source, a 150-
watt commercial spotlight, is con-
nected in series with a 10-ohm re-
sistor to reduce filament voltage and
insure long life. The smoke de-
tector and measuring circuit are
supplied with a potential of 7.5
volts through the power trans-
former. This potential is stepped
down further by the isolating
transformer to supply the reference
voltage across the slidewire.

The beam from the light source
is focused on the bolometer filament
which is responsive to the total
radiation reaching it. The temper-
ature, and thus the resistance of
the filament, varies with the radia-
tion received. The amount of light
reaching the bolometer is a funec-
tion of smoke density. Therefore,
the temperature of the bolometer
filament as well as its resistance
and the voltage drop which occurs
across the bolometer are likewise
functions of smoke density.

The voltage drop across the bolo-
meter is automatically balanced
against the voltage drop across the
upper portion of the slidewire by
the action of an electronic amplifier
and motor control. The motor con-
trol is always energized and drives
the motor continuously, reposition-
ing the slidewire and recorder until
the balance point is reached.
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The instrument can be calibrated
easily for any desired range of
smoke density with the null adjust-
ment and range adjustment shown
in Fig, 3. The null adjustment es-
tablishes the maximum smoke dens-
ity to be measured. At this point
the voltage drop across the bolo-
meter is at its minimum and there-
fore the balancing voltage also
must be at its low point. In other
words, it is at the point where the
density of smoke has become great
enough to reduce radiation reach-
ing the bolometer to a minimum. To
achieve balance the null adjustment
is moved until the recorder balances
at a reading of 100 percent and the
slidewire is at the upper end of its
travel. Since 100 percent smoke is
not normally achieved, the actual
procedure involves turning off the
lamp to simulate this condition.

Adjustments

The range adjustment estab-
lishes the minimum smoke density
(usually a clear stack) which will
be measured. At this point full
radiation from the light is reaching
the bolometer and the voltage drop
across the bolometer is at its maxi-
mum. The balancing voltage drop
must also be at its maximum, mean-
ing that the slidewire contact will
be at the lower (0 percent smoke)
end of its travel. Therefore, to set
the point of minimum density at
0 percent, the range adjustment is
moved until the recorder balances
at a reading of 0 percent smoke.
This last adjustment will in no way
affect the setting of the null adjust-
ment,which has been set at 100 per-
cent. A fixed resistor is a further
adjustment for the system and its
value depends upon the distance be-
tween the light source and smoke
detector.

The temperature-compensating
filament shown in Fig. 3 is a sealed-
in-glass resistor. Both it and the
bolometer are located within the
smoke detector housing so that the
effect of ambient temperature vari-
ations is minimized.

As is quickly revealed by this
rough study of the bolometer cir-
cuit diagram, it has the distinct ad-
vantage of being simple. The light
source, smoke detector and the
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FIG. 3—Null-balance principle of Bailey bolometer-type smoke recorder

measuring circuit all are supplied
with a-c power from the same
source, making variations in line
voltage  self-compensating. No
standard cell, dry cell, galvanom-
eter, or d-c to a-c converter are
needed, assuring accuracy, stability
and permanence of calibration. By
eliminating the galvanometer from
the circuit and replacing it with an
electronic amplifier, a motion-free
detecting mechanism is created.

Maintenance

Both the light source and the re-
ceiver are of the sealed-beam type
and are not affected by corrosive
gases or dust, thus insuring long
life. The radiation-focusing mirror
in the bolometer will remain clean
and bright indefinitely. Instru-
ments which are not hermetically
sealed are apt to require frequent
cleaning of condensing lenses and
reflectors, but only the front glass
on the bolometer and lamp here
need attention.

Frequency of cleaning of the
bolometer and lamp windows is les-
sened bv air vents on each side of
the stack, shown in Fig. 1. A nega-
tive pressure in the stack causes
clean air to flow through spaced
flanges which secure the light
source and smoke detector to the
pipe, thus preventing dust and fog
from reaching the lenses. To make
infrequent routine cleanings easier,
access doors are provided on each
housing.

Excessive smoke usually repre-
sents inefficient furnace operation
and means that valuable fuel or
product literally is being thrown
out through the stack. To reduce
smoke and insure maximum furnace
efficiency, a smoke density recorder
can be equipped with contacts to
turn on air or steam jets or to
sound alarms. For the convenience
of operators, smoke density may be
indicated on a 29-inch bold scale
which encircles the circular record-
ing chart. For permanent records
a continuous 12-inch, 24-hour cir-
cular chart is usually provided, to
give a complete picture of smoke
conditions for each day and show
the result of any action taken
toward abatement.

Today, more than ever before,
measurement of smoke density
must be accurate and reliable.
Smoke is now limited by rigid ordi-
nances in many large communities,
while others are considering more
severe legislation in the interest of
public health and civic improve-
ment.

As integral parts of the commun-
ities in which they are located, in-
dustrial plants cannot afford to neg-
lect the demands of local smoke
abatement committees. Installa-
tion of reliable smoke density meas-
uring devices like the bolometer-
type instrument not only helps to
achieve better community-industry
relations, but also permits more
economical furnace operation.
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Reducing Unwanted

in MOBILE

Increasing occupancy of all the mobile service bands requires elimination of spurious

and harmonic radiations, often beyond limits normaily imposed by FCC. Suggestions

are made for improved equipment design including low-pass filtering. A new technique
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for measuring the strength of these frequency components is described

New York State Police employ specially packaged transportable units

HASE or frequency-modulation

transmitters, consisting of a
crystal oscillator followed by a
phase modulator, a series of multi-
pliers and a power amplifier, may
have spurious radiations on any
frequency that is an integral prod-
uct of the crystal frequency. By
RMA definition, spurious radiations
are any r-f emissions except har-
monics of the output carrier fre-
quency radiated by or from the
transmitter, other than its specified
carrier frequency and modulation
products. Harmonic radiations are
r-f emissions radiated by or from
the transmitter on multiples of its
specified carrier frequency. Figure
1A shows the spectrum of a phase-
modulation transmitter typical of
mobile units available in 1948. The
multipliers of this transmitter were
two quadruplers followed by a
doubler, giving a factor of 32. For
the graph shown, the output fre-
quency was 32 mc and the crystal
frequency 1 me. Therefore, there
are possible spurious radiations at
every integral megacycle but most
are so greatly attenuated that they
are not detected.

The measurable unwanted radia-
tions consist of a spurious group
near the output frequency and also
the harmonies, spaced at intervals
of the crystal frequency. They are
also. found at odd multiples of one-
half the output frequency because
the doubler-driver has only a single
tuned-plate circuit. The reason
why there is none at 80 mc is not
known. Many other spurious radia-
tions would be present here if each
quadrupler were not followed by
double-tuned circuits. Similar spec-
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Radiation

TR.

By DAVID .

and NEAL H,

Syracus

tra are obtained for different multi-
plication factors, as will later be
shown.

Improving Design

Several elementary factors gov-
ern the magnitude of the spurious
radiations, and the following design
features should be incorporated
where they are to be minimized:

(1) Adequate selectivity should
follow each multiplier stage.

(2) The multiplication factor
for each stage should be held to a
minimum.

(3) The total multiplication fac-
tor of the transmitter should be low.

(4) The drive on each stage
should not be excessive.

Likewise, where harmonics are to
be minimized, the following are im-
portant:

(1) Adequate selectivity should
follow the power amplifier.

(2) A push-pull power amplifier
will yield lower even harmonics.

Needless to say, shielding is
necessary in some instances to re-
duce undesired coupling and direct
radiation.

In order to illustrate the extent
of improvement in performance at-
tributable to each of the above de-
sign features, data are given for
more recent designs. Figure 1B
shows the spectrum of a transmit-
ter directly comparable to that of
Fig. 1A. The improvement is ob-
tained by reducing the multiplica-
tion factor from 32 to 24 by chang-
ing the first multiplier from a
quadrupler to a tripler, by improv-
ing the Q of the double-tuned cir-
cuits of the multipliers, by insert-
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ing a double-tuned circuit between
the driver and the p-a and by in-
creasing the selectivity of the
antenna tuning circuit.

Figure 1C shows the spectrum of
a narrow-band 25-to-50-me¢ trans-
mitter that is identical to the trans-
mitter of Fig. 1B except that the
multiplication has been reduced
from 24 to 12. Here the multipliers
have been changed from x 8 x 4 X
2to X 2 Xx 3 x 2. Note that only
the spurious radiations near the
output frequency are affected and
are improved by approximately 20
db.

Figure 1D shows an additional
step in improving performance by
inserting a low-pass filter in the
antenna cable of the transmitter of
Fig. 1C. Only those spurious radi-
ations above 37 me are changed be-
cause the filter has negligible at-
tenuation below that frequency. In
this case all radiations are more
than 90 db below the carrier.

One udditional graph, Fig. 2,
shows the spectrum of a 148-to-174-
mc transmitter that incorporates
these desirable design features to
reduce all spurious and harmonic
radiations to more than 85 db below
the carrier.

Using an Output Filter

The advantage of using a low-
pass filter to suppress spurious and
harmonic radiations at the higher
frequencies rests in its negligible
insertion loss, negligible effect on
antenna tuning and uncritical ad-
justment. Several models of the
GE type KY4A filter are available
having design cutoff frequencies of
43, 62, 118 and 257 me. Al yield
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FIG. 1-—Characteristics of typical trans-

mitters for 32 mc in 1948 (A); an im-

proved transmitter (B); spurious radia-

tions further reduced (C): transmitter
with narrow band filter (4)
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FIG. 2-—Spectrum of transmitter radia-
tion with crystal frequency X equal to
6.333.3 k¢ and tundamental radiation

at 152 me
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spurious radiations are a part.

separation, slightly different crystal

below:

Maximum authorized plate power input
to final r-f stage

3 watts or less. ..
Over 3 watts; including 150 watts

Over 150 watts; including 600 watts
Over 600 watts

The Interference Problem

Manufacturers serving the increasingly lucrative field of mobile radio -have
shown commendable awareness of interference problems in which harmonics and

Under the most adverse operating conditions,
spurious radiation has a greater intensity than 125 dbw (db below 1 watt). However,
design to meet this goal would be costly.

frequency or
probably suffice for transmitters meeting the minimum FCC requirements listed

interference may exist if the

Other methods, such as geographical

multiplication factor will

Attenuation in db of maximum
spurious or harmonic radiation

harmonic attenuation of at least 385
db for transmitters operating in
their respective bands. One of
these having a cutoff of 62 me is
illustrated.

These filters consist of two m-
derived sections and one constant-k
section. The simplified relations
given on Fig. 3 may be used to cal-
culate the values of the circuit ele-
ments for the value m=0.6.

Conventional Measurements

Spurious radiations and harmon-
ics are customarily determined with
the transmitter loaded into its
normal antenna, and the field
strengths of the various frequen-
cies measured and compared. This
method has objectionable features.
The results cannot be readily dupli-
cated and do not give a figure of
merit for the transmitter alone that
is usable in specifying perform-
ance.

The most objectionable feature
of this method is that the antenna
pattern is not the same for all fre-
quencies and thus the ratio of the
spurious field strength to the car-
rier field strength will vary greatly
with the location at which the
measurements are made. Because
the input impedance of the antenna
varies greatly with frequency the
results obtained are both a function
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of the antenna design and also of
the length of transmission line con-
necting the transmitter to the
antenna.

The lossy-line method currently
specified for making these measure-
ments, although simple in theory,
is not satisfactory in practice. The
primary difficulty results from the
fact that the attenuation of lossy
line rises with frequency so that it

Model 4KY4A4 anlenna filter used to
attenuate harmonics

becomes difficult to detect harmon-
ics at high frequencies. Suppose
a length of RRG-21/U lossy line is
used to connect the transmitter to
the field strength measuring equip-
ment. This line has an attenuation
of 60 db at the fundamental fre-

quency of 32 mec; it will therefore
have an attenuation of 137 db at
the fifth harmoniec at 160 me. Thus,
if the 60-db attenuation reduces the
fundamental to 100,000 microvolts
at the field strength measuring
equipment and this equipment is
capable of detecting a 0.3-microvolt
signal at the fifth harmonic (160
me), it will be possible to measure a
110-db difference. However, due
to the 77-db correction necessary to
take care of the difference in atten-
uation of the lossy line at the two
frequencies, it is only possible to
measure a 33-db difference. It is
clear from this that if the fifth
harmonic is only 85 db below the
carrier, it will not be detected.
Actually, for a satisfactory method
of measurement, it must be possible
to measure any spurious radiations
that are not more than 100 db below
the carrier level.

The limitation of the lossy-line
method is shown graphically in Fig.
1A. This spectrum of transmitter
radiation was measured by the
method to be described, and all of
those spurious radiations lying
completely above the dashed line
would not have been found had the
lossy-line method been used.

Another problem inherent in all
measurements of this type is accen-
tuated in using lossy line. This is
the problem of eliminating unde-
sired coupling between the trans-
mitter under test and the measur-
ing apparatus. The voltage being
measured between the inner and
outer conductor of the lossy line is
often small and unless adequate
shielding is provided, the amount of
signal obtained by undesired paths
such as by direct radiation and by
conduction along the outer con-
ductor of the line may give read-

ings that are in error by many
decibels.
TRANSMITTER UNDER — — ANY DESIRED LENGTH
TEST :-r‘
-y 1
R/%!:RG

boxy MATCHING UNIT UNBAL'
| cso TG BALANCED LINE

FLAT LOAD® |
51 0HMS |

1
AS SHORT AS~
POSSIBLE

FIG. 4—Test setup for making measure-
ments of spurious radiation
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The method to be described sub-
stitutes for the lossy line an attenu-
ator that has slightly less attenua-
tion at the higher frequencies than
at the fundamental. This attenua-
tor is so constructed that it can be
mounted in the wall of a double-
shielded room. Figure 4 shows how
the equipment is connected for mak-
ing measurements.

Improved Measurements

The transmitter under test is
connected to the attenuator by
means of a length of RG-9/U
double-shielded coaxial cable and
from there to a flat load or watt-
meter that has a constant imped-
ance over the range of frequencies
in which measurements are being
made. The attenuator construction
illustrated in Fig. 5 shows that it
will insert only a slight discontinu-
ity into the line as a very short
length of the center conductor is
used inside the cavity of the atten-
uator. The secondary (coupling
coil) couples to this length of the
center conductor and thus a voltage
is obtained proportional to the cur-
rent flowing in the transmission
line. The output of the attenuator
is connected to the field-strength
meter or receiver by a length of
RG-22/U balanced, shielded trans-
mission line.

After each measurement, the
field-strength meter is calibrated
by substituting the standard signal
generator for the line coming from
the attenuator. Since most genera-
tors now available have an unbal-
anced output, a matching unit is

Pipeline control and dispatching of mobile units is possible with two-way radio

used between the signal generator
and field strength meter as illus-
trated.

Attenuator Adjustment

Adjustment of the amount of at-
tenuation provided by the attenua-
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FIG. 5—Mutual-inductance attenuator with coplanar coils and 95-chm output
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tor is made by moving the secon-
dary coil relative to the short input
loop. The plunger of the secondary
coil assembly is marked to indicate
positions of the coil for approxi-
mately 6-db steps. These various
positions are calibrated against fre-
quency by means of a standard sig-
nal generator. Calibration curves
for the attenuator are shown in
Fig. 6, giving the attenuation be-
tween the transmitter end of the
RG-9/U and the field-strength
meter.

Attenuation decreases with fre-
quency, as would be expected from
the nature of the device, making it
possible to detect the higher har-
monics more easily than the spur-
ious radiations near the carrier
frequency.

In addition to the attenuation
position marks on the plunger of
the secondary coil assembly, the
plunger has a mark parallel to the
axis so that the proper orientation
between the coplanar primary and
secondary coils can be retained. To
improve the impedance matech to
the 95-ohm balanced output, an
H-pad 1is inserted between the
secondary coil and the plunger out-
put.

Results using the method de-
scribed above have been entirely
satisfactory. With only reasonable
care, it has been possible for differ-
ent personnel to duplicate data
within 2 or 3 db, on dates that are
months apart and even for spurious
radiations that are more than 100
db below the carrier.
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By LEO M. CONNER

WSGUP-W3XGW
Brandywine, Maryland

INCE the announcement on June

1, 1949 that the FCC would
license stations for operation in the
citizens band the commission’s
offices have been flooded with re-
quests for more information. It is
the purpose of this article to answer
questions that are most often
brought up.

It seems that many people long
to own a radio station. They ask,
“Will I be able to get a license even
though I know mothing about
radio?” The answer is, “Yes, if
you are a citizen of the United
States and 18 years of age or
older.”

The next question is usually,
“How do I go about getling a
license?” You write to the Fed-
eral Communications Commission,
Washington 25, D.C., or to any
of its Engineering Field Offices,
and request a copy of Form 505. At
the same time, send ten cents in
coin (not stamps) to the Superin-
tendent of Documents, U. S. Gov-
ernment Printing Office, Washing-
ton 25, D. C., and request a copy of
the “Rules and Regulations Govern-
ing Citizens Radio Service.”

Form 505 requires no special in-
formation so long as the equipment
you are going to use has been type
approved by the FCC. If the equip-
ment has been approved then you
need only fill in the information
that is on the nameplate. This must
include the type approval number.

Beware of transmitters offered
as “suitable for use in the Citizens
Band’” that do not have type ap-
proval. One example of such a
transmitter is the BC-645. available
on the surplus market. This set is
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not type approved and the FCC has
not to date issued a license for its
use in the citizens band.

One of the reasons the BC-645
gained early popularity was that
the FCC did at one time license
some of these sets as Class 2 experi-
mental transmitters in order to get
some activity started on the eciti-
zens band and obtain technical data
before the band was officially
opened to the general public. How-
ever, all Class 2 licenses for this
type of service expired November
1, 1949 and none of them will be
renewed.

The next inevitable question is,
“Has type approval been issued for
any set?” The answer is, “Yes”.
Type approval CR401 was issued to
Citizens Radio Corporation of
Cleveland, Ohio, for a camera-type
portable set, and many pictures of
this set appeared in trade journals.
However, none were offered to the
general public. Then, early in July,
this firm sold their assets to
Stewart-Warner Electric Corpora-
tion, Chicago, and this firm is mak-
ing modifications and planning pro-
duction. The FCC has already
issued a new type approval, CR402,
for a modified set. However, if the
set is further changed or modified
before it is released to the public an
entirely new type approval will be
needed.

Transmitter Requirements

Delay in the sale of manufac-
tured sets brings up a natural ques-
tion, “Will the FCC license non-
type-approved transmitting equip-
ment?” Again the answer is, “Yes,
provided it meets the standards set
up for equipment in this band.” To
meet the standards vou must file,
with your application for license,
information that proves that the
equipment is capable of operating
as set out in the regulations, If the
station is to be operated at a fixed

location, then the frequency band
460 to 462 mec may be used by Class
A stations. A Class A station may
use up to 50 watts plate power
input to the radio-frequency stage
supplying power to the antenna and
must be capable of maintaining a
frequency tolerance of 0.02 percent.
The communication bandwidth may
not exceed 200 kec.

If the transmitter is to be
operated in the frequency band
462 to 468 me, the plate power input
must be limited to 10 watts. This
frequency band is also allocated for
Class B stations which are author-
ized to use a plate power input to
the radio-frequency stage supply-
ing power to the antenna of 1V
watts and are all adjusted to oper-
ate on the frequency of 465 mc. All
operations (including frequency
tolerance and communication band)
must be confined to within plus or
minus 0.4 percent of 465 mec.

For operation in the section 468
to 470 me the transmitter may be
designed for use at fixed locations
or as a mobile unit using up to 50
watts power but must have the
same frequency tolerance as for
units operating in the 460 to 462 mc
section of the band.

Since the FCC will not usually
test composite units, information
must be submitted to show that the
transmitter meets the specifications.
However, the Commission may re-
quire that the equipment or a proto-
type be made available for tests.
Then users of such equipment must
forward it to the Co