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UTC was the largest suaclizr of hcnsformércompohenis in World War
/I, Present UTC producion is on a similar basis. [llustrated below are a
few of the thousand military types in UTC 1950 production.
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...speed up sub-assemblies

Marion portable,

soldering unit....

SMALL
COMPACT
ADAPTABLE
EFFICIENT
ECONOMICAL
EASY-TO-USE

A PRODUCTION TOOL This unit was designed to simplify and improve

both the quality and quantity of production of many different
assemblies in the electronic and electrical fields. It has been used
successfully for many years in the manufacture of Marion her-
metically sealed instruments. Assembly applications include
magnet assemblies, relay armatures, connectors, capacitors and
transformer cans and germanium diode assemblies; also jewelry,

watches, toys, automotive parts, household fixtures, etc.

HERMETICALLY SEALED COMPONENTS Because of the present intense

MANUFACTURERS OF
RUGGEDIZED

interest in hermetically sealed components, Marion offers the
benefic of its experience in true glass-to-metal hermetic sealing
with the Marion Induction Soldering Unit and Marion metalized
(platinum film) glass. Marion platinum film base glass has been
developed to permit higher sealing temperatures, greater thermal
shock range and resoldering if necessary.

PROFIT FROM EXPERIENCE Investigate now. Submit your requirements.

INSTRUMENTS

We will be glad to supply samples and quotations. Ask for
bulletin. Marion Electrical Instrument Company, 401 Canal Street,
Manchester, New Hampshire.

Q marion meters

January, 1951 — ELECTRONICS
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PUT YOUR NAME ON OUR MAILING LIST

fOF
TECHHIQUE

A JOURNAL OF INSTRUMENT ENGINEERING

MUIRHEAD AVAILABLE FREE OF CHARGE

APPARATUS

TO RESEARCH WORKERS ©
COVERS A WIDE
RANGE OF REQUIRE- TO TECHNICIANS (]
MENTS FOR ELECTRICAL TO SCIENTISTS @
MEASUREMENTS AND TO ENGINEERS ®

TESTING, SERVO AND

REMOTE CONTROL PURPOSES, and others who are interested in scientific and

electronic instruments and their applications

AND FOR PHOTOTELEGRAPHY.

POST
COUPON
TODAY

MUIRHEAD & CoO LTD

PRECISION ELECTRICAL INSTRUMENT MAKERS MUIRHEAD

BECKENHAM - KENT - ENGLAND ~ fermen msronenrs

Te]egrams & Cables MUIRHEAD ELMERS-END 32
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CONTROLS

" et

-~
IRC Type W Wire Wound Controls
are designec for long, dependable
service and balanced performaonce
in every characteristic. These 2-watt
variable wira wound units provide
maximem adaptability to most rheo-
stat and potentiometer applications
within their power rating. Catalog
Bufletin A-2.

IRC New Type Q Controls feature
small %'’ size, rugged construction
and superior performance. Increased
arc of rotation permits same resis-
tance rotios swecessful in lorger IRC
Controls, Catalog Bulletin A-4.

Imusual combinations of characteristics

required in today’s critical electronic circuits

demand a complete range of resistor types.
Specializing in resistors, IRC makes the
widest line in the industry. This means
ease of procurement—a single dependable
source of supply for all your resistance
needs. It also means unbiased
recommendations—no substitution of
units “‘just as good”. IRC’s complete line
of products; complete research and testing
facilities; complete network of licensees
for emergency production—all add

up to complete satisfaction for you.

PRECISION RESISTORS

IRC Precision Wire Wounds offer o fine balance of
accuracy and dependability for close-tolerance
applications. Extensively used by leading instru-
ment makers, they excel in every significant charac-
teristic. Catalog Bulletin D-1.

%R( Deposited Carbon PRECISTORS combine accu-
: racy and economy for close-tolerance applications,
where carbon compositions are unsuvitoble and
wire-wound precisions too expensive, Cotalog
Bulletin B-4.

IRC Matched Pairs provide a dependable low-
cost solution to close-tolerance requirements. Both
Type BT ond BW Resistors are available in
matched pairs. Catalog Bulletin B-3,

IRC Sealed Precision Voltmeter Multipliers are suit-
able and dependable for use under the most
severe humidity conditions. Each consists of several
IRC Precisions mounted and interconnected, encased
in a glozed ceramic tube. Catalog Bulletin D-2,

www.americanradiohistorv.com
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HIGH FREQUENCY and
HIGH POWER RESISTORS

IRC Type MP High Frequency
Resistors afford stability with low
inherent inductance and capacity
in circuits involving steep wave
fronts, high frequency meaosuring
circuits and radar pulse equip-
ment. Available in sizes from Y
to 90 watts. Catalog Bulletin F-1.

Type MY High Voltage Resistors
utilize IRC's famous fllament re-
sistance coating in helical turns on
a ceramic tube to provide o con-
ducting poth of long, effective
fength. Result: Exceptional sta-
bility even in very high
resistance values. Cata-
log Bulletin G-1.

IRC Type MVX High Chmic, High

Voltage Resistors meet require-

= ments for a small high

range unit with axial

teads. Engineered far

high voitage applications, MVX

has exceptional stability. Catalog
Builetin G-2.

IRC Type MPM High Frequency Resistors are miniature wnits
suitable for high frequency receiver and similar applications.
Stable resistors with low inherent inductance and capacity.
Body only %'’ long. Catalog Bulletin F-1.

Whanawor the Gnouits Saye- WA~
Power Resistors ® Voltmeter Multipliers
® Insulated Composition Resistors ® Low
Wattage Wire Wounds ® Volume
Controls ® Voltage Dividers ® Precision
Wire Wounds ® Deposited Carbon
Ultra-HF and High
Voltage Resistors ® Insulated Chokes

Precistors ®

INTERNATIONAL
RESISTANCE COMPANY

PHILADELPHIA 8, PENNSYLVANIA

#a Caonodo: Internationat Resistance Company,
- 4
Ltd., Taronte, Licensee

INSULATED COMPOSITION
and WIRE WOUND RESISTORS

. IRC Advanced Type BT Resistors
. meet ond beat JAN-R-11 Specift-
cations at¥3, Y2, 1 and 2 watts—
combine extremely low operating
temperature with excellent power
dissipation. Catalog Bulletin B-1.

IRC Type BW Wire Wound Resistors

aore exceptionally stable, inex»

pensive units for low range re-

quirements. Have excellent per-

formance records in TV circuits,

meters, analyzers, etc. Catalog
"’ Bulletin B-5.

IRC Type BTAV High Voltage

Resistors, developed for use as
discharge resistors in fluorescent "Quick Start”
ballasts, withstand momentary peak surgs
of 6000 volts. Also svited to TV bleeder
circuits. Cotalog Bulletin B-1.

POWER RESISTORS

IRC Fixed ond Adjustable Power
Wire Wounds give balanced per-
formance in every characteristic
—are available in a full range of
sizes, types and terminals for ex-
acting, heavy-duty applications.
Catalog Bulletin C-2.

IRC Type FRW Flat Wire Wound

Resistors fulfill requirements of
high wattage dissipation in limited
space—may be maunted verti-
cally or horizontally, singly or in
stacks. Catalog Bulletin C-1.

IRC Type MW Wire Wound Resistors
offer low initial cost, lower mount-
ing cost, flexibility in providing
taps, and saving in space. Com-
pletely insulated against moisture.
Cotalog Bulletin B-2.

IRC Type LP Water-Cooled Resistors
for TV, FM and Dielectric Heating
Applications. Cooled internally by
high velocity stream of water;
adjustable to local water pressure
and power dissipation up to 5
K.W.A.C. Catalog Bulletin F-2.

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

2]

ase sel 1o s N

Bulletin A-2 (W}
Bulletin A-4 (Q)
Bulletin B-1 (BT)
Bulletin B-1 (BTAY)
Bulletin B-2 {MW)
Bulletin B-3 {M/F)

Bulletin B-4 (DC)
Bulletin B-5 {BW)
Bulletin C-1 (FRW)
Bulletin C-2 (PWW)
Bulletin D-1 {WW)
Bulletin D-2 {MF)

Bulletin F-1 (MP)
Bulletin F-1 {(MPM)
Bulletin F-2 (LP)
Bulletin G-1 {MV)
Bulletin G-2 (MVX)

NAME. .. ......... e, e heerie e
COMPANY........ .. 30000 oLl B ZEEKE S - - e LR
APDRESS 23 . i1, FEFTYTEYT: YYTTrTTa. (EEEn 5.0 0 Con 00 D0 0 Tl 6
CIYPN.rep F . Faiin veevee. ZONE.. . STATE.. ... .c~hn

J. F. ARNDT & CO.TADV,AGENCY)
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ADLAKE RELAYS AT wopk

~——Oneofa series of advertisemenys
on specific ADLAKE applications,

1. milli

operations,

without
a single failyre!

ADLAKE Mercury Relays
Set New Standards of Dependcbllhy
for Automatic Tooling Machines

'
""Hennﬂl"“"“ o

K

Prevents burning, pitti

ng and sticking,
and their sturd

Y construction armors

Relays can Play in you business, Jjust
drop a card to The Adamg & Westlake
Company, 1107 N. Michigan, Elkhart,
ndiana. No obligation, of course,

ADLAKE Mercury Relays Bring These
Advantages to Every Installation.

® HERMETICALLY SEALED—,
and temperatyre changes ¢

dusi, dirt, moisture oxidation
an't interfere with Operation,

® SILENT AND CHATTERLESS

® ABSOLUTELY SAFE
® REQUIRE NO MAINTENANCE

THE

York * Chiicago
T, INDIANA « New

i d 1857 « ELKHART,

A d a m S & W B S | a ke g Manvufacturers of

[

COMPANY

imi d Control | Circuits
Sealed Mercury Relays for Timing, Load an
Hermetically Seale

January, 1951 — ELECTRONICS
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Another Engineer’s Problem Solved™

SU BJ EC?; X-Ray Power Supply Ca-

pacitors

PROBLEM: ™[/
capacitors

so LUTIONQ We were asked to produce an X-ray capacitor “as small as pos-
e sible” because our Plasticon Type AO capacitors are known to

occupy considerably less volume than paper capacitors. We decided that the conventional cylindrical capaci-

tor could be improved upon by using a rectangular bakelite tube. Our reason was as follows: in this type
of high voltage capacitor, the individual series capacitor elements are at right angles to the long axis of the
tube. Since the elements are more or less rectangular in shape, in a round tube, only a square cross-section

is used. Only 639% of the internal volume is occupied by the elements.

Instead of gasket sealing the round tube by spinning an aluminum cap down on the external thread in the
bakelite, aluminum bar stock is bolted to the side walls and pressure is applied to the gasket surface by a plate

held by screws in blind tapped holes in the bar stock. This eliminates special machined castings.

A typical example of the volume saved is as follows: a .04 mfd, 75 KV paper capacitor measures 11} inches
in diameter and is 16 inches high. A Type AOB Plasticon rectangular capacitor is the same length, but has a
base of only 8}” by 6”. Thus, our capacitor utilizes only 37% of the base area required by the paper capac-
itor. The cost is also less.

What is YOUR engineering problem?
Your inquivies will receive immediate attention.

We manufacture a standard line of Plasticon Capacitors, Pulse Forming Networks and
High Voltage Power Supplies.

Write for our latest catalog.

OD CEN M e W G S D D G S S S S D G SRS e G GNP T Gne S D N SR EE s S SEmn GEn MR GRS Y D Snm A AR S S S St e S AR R N R e,

Condenser Products Company

1375 NORTH BRANCH STREET « CHICAGO 22, ILLINOIS

ELECTRONICS — January, 1951 7
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New Corning Plant at Albion, Michigan, devoted exclusively
to television bulb manufacturing is now in operation. The
latest in equipment and efficient layout provides additional
volume production of the finest all-glass television bulbs.

When television was still a laboratory curi-
osity, Corning made the first experimental
bulbs. All during the early stages of T-V set
production, Corning was the principal man-
ufacturer of television bulbs. In keeping
with this tradition, and in answer to de-
mands from the Television Industry, Corn-
ing has introduced the all-glass 20" rectan-
gular bulb!—the largest T-V bulb in vol-
ume production today.

The first of this size on the market, the
new 20” bulb combines all the improve-
ments developed through years of research

at Corning. Among these
are light-weight, lead-free
glassideally suited to
electronic applications,
stronger bulb assemblies
from electric sealing, and
constant quality from im-
proved glass melting and forming tech-
niques. The new Corning 20" all-glassbulbis
the last word in quality, durability and size.

CORNING GLASS WORKS, CORNING, N. Y.
MWW&&?&JJ

ELECTRONIC SALES DEPARTMENT—ELECTRICAL PRODUCTS DIVISION

1851 - 100 YEARS OF MAKING GLASS BETTER AND MORE USEFUL - 1951

ELECTRONICS — January, 1951 9
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I 0 TNE MAN WHO TAXES PRIDE IN HIS WORK |
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Karp keeps

both doors

Our company is now deeply engaged in the
manufacture of fabricated metal housings and components
of critically needed defense equipment.

If the world-wide crisis continues, these jobs will
continue to receive high priority. This does not mean,
however, that civilian orders will not be given every
possible consideration, within our ability.

Actually, most of our customers manufacturing defense
equipment are regular customers who make the same
apparatus in peace and war. The only essential
difference now is that we are doing their work in
greater quantity. Hence, for most of ocur customers
we are rendering an increased amount of service.

For those whose products do not classify as
vital to defense, the door is still open, and we shall
continue to serve them in any manner possible that
does not retard any defense project.

KARP METAL PRODUCTS €O., INC.

215 63rd STREET, BROOKLYN 20, NEW YORK

Specialists in Fabricating Sheet Metal for Industry

ELECTRONICS — January, 1951 n
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NATVAR

VARNISHED
FIBERGLAS

--——————_—:—-.—_—.-——..e——.——.—

-

This McCarthy Type 525-PG welding transformer is com-
pact and weighs only 458 pounds, yet it is rated 75KVA,
220 or 440 primary volts (not inlerchangeable). 60 cycle,
1 phase, 108°C temperature rise, at 50% duty cycle. An
extra heavy heat seclector switch gives secondary voltages
in eight steps from 5.00 to 9.16, parallel connection, or
10.0 to 18.32, scries connection.

Primary coils are insulated between turns with Natvar var-
nished Fiberglas tape, dipped and baked. The wound coil
is then insulated with mica and Natvar varnished Fiberglas
tape, again dipped and baked. and finished with air drying
varnish. Secondary coils are heavy wall square copper tubes
tllrough which cooling water circulates. Leads are insulated
and protected with Natvar 400 heat resistant extruded
vinyl tul)ing.

-—

TR T e e e e e vt e e

MCCARTHY ELECTRIC CO.. Detroit, manu-
factures welding transformers used extensively on pro-
duction lines in the automotive lndustry for welcllug
bodies and various fabricated parts, and in the refrig-
erator industry for welding boxes. Since it is more
practical to weld lurge assemblies with guns rather
than on stationary machines, portal)ﬂlly is important.

- ct Size and wefglll of the transformer must llmrefore be
prody
O‘VQ\‘ ot nd bI¢ l(ept at a minimum. And because many of these units ure in continuous service 24 hours
N br“,;trc‘gh‘ a day, long life is important, too.
m!
- vcﬂ\\s\'\ ¢°b\e rop By (‘leslgnlng and ')ulldlng these transformers for higher continuous operating tem-
A vc"‘“h - peratures, McCarlluy has succeeded in ralsing capacity 50% without incredsing the
» v°‘,“\,\-\ can size or weight. chCarthy has standardized on Natvar varnished Fil’mrglas and Natvar
e cnishe duck 400 Extruded Vlnyl Tul)lng because of their uniformly high resistance to heat, and
\ o Ve ish stk \ ray® because both have exceptional aging clmract(-ristlcs. which means longer life.
var® ec!
L varnis “’be 1as ¢V s All Natvar flexible insulations are consistently uniform, no matter when or where
vgr“\s W ﬂbergw’ purcl’lasenl. They are immedlale]y available either from your wholesulers' stocks or
ate direct frem our own
\con® s :
[ ] s\ 4 paP®
1sh
Vor® ng*
t \eeY P
nsuld ond ¥ s
° s\o! qs mc"ker /
she
vc'“n\s “f'" Aeevin®® ) , /l\
Var \ng ope
A / A ED PRODUCTS
o Lo yt 1 . ton mgr\(eﬂ (2 5
. ] cat Telephone Cable Address
Ex Jde v 21 Rohway 7-8800 NATVAR: Rohway, N. ).
Extr tog N
-}
sk fof Cat 201 RANDOLPH AVENUE * WOODBRIDGE, NEW JERSEY

January, 1951 — ELECTRONICS
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/ Centralab’s Printed Electronic Circuits \
May Solve a Problem for You

e ﬁ? -

In a busy Washington o office during the past war ,.F’T%\?A hung a sign | =
e o LR

which said — “We do the miraculous every day — the impossible takes just a little long-
er.” Today, that sign could hang in the offices of ?l‘ﬁ’% Centralab. For example,
someone wanted a small speech amplifier @ Centralab’s answer — éﬁ@ Ampec, a full 3
stage unit, two of which can fit inside of a regular pack of cigarettes! A \3@ A radio man-
ufacturer . &qj wanted a small audio-detection unit. Centralab’s answer <
Audet, a unit one -third size of an ordinary soda-cracker! ( ® How were these things
done? With Centralab’s ‘ Printed Electronic Circuits — a pioneered ﬁ_, O
velopment of [i}] % Centralab. Yes, and here are some of the benefits that many Ima’r.l-
ufacturers of radio TV sets and other electronic gear % have reaped

from using PEC’s. They ve eliminated numerous individual parts Fﬁ:-t'_:' their han-
<7 £ ¢

dling, inventory ., and assembly. They’ve gotten more consistent and better per-

formance results. _%, They’ve reduced finished product size and wexght
=5 // )
They’ve eliminated wiring errors < v’ and cut down on the number of =57 % soldered
. o )=
connections. What’s more, they’ve been able to stretch Ny, their resistor supplies . . .

an important factor in meeting current volume demands EJ\E&; for TV and radio pro-

duction. Look over your own situation. /@ Want to cut costs? Speed up as-
sembly? S ) %U Then on the next two p:;lges you may see a Centralab Printed Elec-
tronic Circuit unit m W % that will help you do just that! If you don’t see what you
want — contact us. Tell us your problems. Maybe we can do the miraculous

& =
h or take a little longer and accomplish the impossible! ~ ‘g

N
Cen@ab ~DEVELOPMENTS THAT CAN HELP YOU

Division of GLOBE-UNION INC., Milwaukee

wany americantadiohistorns com
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UT ASSEMBLY COSTS

onserve Resistors

\

Actual size photo of plate capacitor, resistor, and resistor-capacitor
units. Because of size and ease of installation, they easily fit minia-
ture and portable electronic equipment — overcome crowded condi-
tions in TV, AM, FM, and record-player chasses. For complete data,
check coupon No. 42-24 — Ceramic Plate Components.

Pentode couplates are complete interstage coupling circuits consist-
ing of 3 capacitors and 3 resistors on a small 6 lead ceramic plate.
Compared with old-style audio circuits, they reduce soldered connec-
tions 509 — wiring errors accordingly. Big saving in space and
weight. For complete data, check coupon No. 999—Pentode Couplate,

<«

YA401-002A

Centralab Triode Couplates save space and weight, replacing 5 com-
ponents normally used in audio circuits. They consist of 3 capacitors
and 2 resistors bonded to a dielectric ceramic plate. Available in
variety of resistor and capacitor values. For complete data, check

Centralab Vertical Integrators give you big savings in assembly costs
in TV vertical integrator networks. One type consists of 4 resistors
and 4 capacitors brought out to 3 leads reducing formerly re-
quired 16 soldered connections to 3! There're less parts handled,

too! For complete data, check coupon No. 42-22—Vertical Integrator.

Centsalab

Division of GLOBE-UNION INC. * Milwaukee

I Bl rear our couron 1 B H

for the Bulletins you want

coupon No. 42-6 — Couplate, and No. 42-27 — Model 2 Couplate.

!

CENTRALAB
Division of Globe-Union Inc.

914 East Keefe Avenue, Milwaukee, Wisconsin

Yes—I would like to have the CRL bulletins, checked below, for my technical library!
0O 4224 [ 999 [0 426 O 427 [0 42-22 O 973

Ampec is a full 3-stage, 3-tube speech amplifier with amazingly effi-

cient, reliable performance. Size 114" x 115" x .340” over tube Name B e e
sockets! Used in hearing aids, mike preamps and similar applica-

tions where 3mall size and outstarding performance counts. For

complete ddta, check coupon No. 973 — Ampec.
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HEAV'Y, LESS EFFI.
CIENT and slower to
assemble, was the orig-
izat Weller Soldering
Cun  composed of the
praris shoun. Compare
toese with the fewer
parets 2 vight in the new
Carn, a1d you'll veadily
sce twny the new streapi-
lLinea Weller is so
popuelar,

THE NEW WELLER SOLDERING GUN handles 250
watts; heats, ready for use, in five seconds; has longer range
to get into the tight spots, and is equipped with spot light.
Uses current only when trigger is operated, It is assembled
Sfaster. Requires no bolts or nuts. The %' Revere Copper Rod
that replaces the secondary coil in the transformer is sheared.
Aattened, and bent at right angles in a 200-ton press in a
single operation.

: s B':;_'Z_ -

HEN the Weller Manufacruring

Company, Easton, Pa., was
completing the development of its
new clectric soldering gun, they werc
confronted with this prablem: The
%" Revere Copper Rod used to re-
place the secondary coil in the trans-
former had to maintain its rigidity
vet be sufficiently soft so that during
the shearing, coining, and berding
operations there would be no break-
ing or splitting of the rod.

Revere’s Technical Advisory Serv-
ice recommended a certain temper
copper rod. It was discovered that
Weller was getting a twist in the rod
when it was installed in the assem-
bled gun. Other tempérs were tried

16

S

Temper

Revere Copper Rod replaces Secondary Coil in Soldering Gun Trans-

Jormer ... veduces number of parts, makes for a speedier, more
efficient assembly . . . also makes possible a lighter, more compact

unit of increased capacity.

and tested. Then a copper rod of a
slightly harder temper than the first
was recommended. That was it!
Proper temper was the key. Proper
temper was also the key to the .291
dia. copper rod used for the Solder-
ing tip itself. For this, too, had to
retain its rigidity and yet remain soft
enough to be coined, punched, and
formed without fracture.

“In addition to being extremely
helpful in arriving at the proper
tempers, Revere also recommended
that we specify our rod in multiple
lengths, and thus save considerably
on scrap. They were also helpful in
solving the problem of attaching the
brass sleeve to the secondary rod in

www.americanradiohistorv.com

our Soldering Gun,” the Weller Man-
ufacturing Company tells us.

So you see, Revere’s interest in
your problem does not stop with the
recommendation of its products.
Perhaps Revere can help you. Why

not take your current problem to the

nearest Revere Sales Office and see?

REVERE

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

Mills: Baltimore, Md.; Chicago, 1ll.; Detroit,
Mich.; Los Angeles and Riverside, Calif.;
New Bedford, Mass.; Rome, N, Y.

Sales Offices in Principal Cities,
Distributors Everswhere,

Janaary, 1951 — ELECTRONICS
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OHMITE
Has Just the Resistor
You Need

Ohmite offers fixed, adjustable, tapped, non-
inductive, and precision resistors in more than
60 sizes and 18 types of terminals, in a wide
range of wattages and resistances.

These rugged rzsistors have proved their de-
pendabilitr under the toughest conditions.
Write on company letterhead for Catalog 40.

OFRMITE

Reg. U. 8. Pat. Off.

RHEQSTATS - RESISTORS - TAP SWITCHES

OHMITE MANUFACTURING COMPANY
48176 Flournoy St., Chicago 44, i,
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@HM“TE THIN RESISTORS

SINGLE-UNIT BRACKET
FIXED TYPE

o &
N
SINGLE-UNIT BRACKET , STACKING BRACKET
ADJUSTABLE TYPE »

STACKING BRACKET
FIXED TYPE

VITREOUS-ENAMEL

COVERING
Winding is rigidly
held in place and
protected from
damage by Ohmite
special vitreous
enamel.

...PACK HIGHER WATTAGE
INTO LESS SPACE

Because of their compact design, Ohmite Thin Type Resistors
have a higher wattage rating per unit of space. They provide

all the time-proven superiority of conventional Ohmite
vitreous-enamel resistors—giving you a compact unit you can
depend upon. Available in four types—all only 1 inch thick by
1 inch wide—in five lengths and a wide range of resistance values.

EVEN, UNIFORM
WINDING

“Hot spats” and re-
sultant failures are
prevented by the
resistance winding’s
unsurpassed uni-
formity.

STRONG. CERAMIC .
CORE

Unaffected by cold,
heat, fumes, or high
humidity its core
provides a strong
base for winding.

Send for Bulletin No. 138
OHMITE MANUFACTURING CO.

3}4316 W. Zlournoy St., Chicago 44, Il

gﬁ Be Right with

FIVE WATTAGE

SIZES INTEGRAL MOUNT - '
Shommnlo- rap £é ING BRACKETS - W - |
from 114 inch to Distribute hea: I ﬁ
6 inches, corre- more evenly JJ '
sponding to rat- throughout resis

Ty of 30 to 75, od ul ikt RHEOSTATS o RESISTORS ¢ TAP SWITCHES

walts. heat away quickly.
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RANGERS

(FULL-RANGE-VARIABLE DC SUPPLY

This versatile supply is a combina-
tion of the widely used Sorensen
NOBATRON and a filter-variable
output circuit.

The result gives a continuously
variable output voltage regulated
against line and load changes
through the full range of the
instrument.

Look at the specifications tabu-
lated below — check them against
your requirements. Where range
of output, adaptability to diverse
applications is essential, the Sor-
ensen RANGER may well be your
instrument of choice.

ELECTRICAL SPECIFICATIONS

Mode! No. SR-10 SR-30 SR-50
Output range 0-135VDC |[0-30 VvDC | 0-13 VDC

Current range {-10 amps |3 -30 amps | 5- 50 amps
Input voltage 95 - 130 VAC, 50 - 60 cycles, single phase

Regulation == .25 percent at any voltage sefting from
accuracy 3 VDC to top rating
Ripple 7 RMS max. 1% of output setting

Meters — standard. Coarse and fine adjustment available.

For other regulated DG supplys, investigate
Write for complete information. Sorensen’s line of NOBATRONS (low voltage)
and B-NOBATRONS (high voltage).

W and company. ine.
375 FAIRFIELD AVE. » STAMFORD, CONN,

ELECTRONICS — January, 1951 17
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ENDURFS HEAT Temflex 105 is Underwrlters

Laboratories approved for continuous operation
at 105°C!

SUPER|0R lNSULATlON — Temflex 105 main-

tains consistently high dielectric strength!

MO'STURE RESISTANT—Temﬁex 105 effective-

% ly seals out moisture —is Underwriters’ approved

Temflex 105 extruded plastic tubing affords for use in damp locations!

longer retention of flexibility and original
insulation characteristics. Use it for higher

STRDNG, TOUGH - Temflex 105 gives you tensile

] , ) strength of 3,000 p.s.i. — with minimum elongation
operating temperatures, for high voltage

E:E of 300%!
conductors, for oil-cooled transformers. For
details, test reports, samples, write today. % FLEXIBLE WHEN COLD Temflex 105 stays

flexible down to temperatures as low as —40°C!

RES'STS CHEMK:ALS —Temflex 105 shows good
\ resistance to solvents, is unaffected by strong acid
or alkali!

Look 7 FrvinygZon :
for Insulation Leadership i WITHSTANDS HOT mL—Temﬁex 105 retains
\ i

% flexibility and dielectric properties after prolonged
immersion in oil over 100°C!

SIRVINGTON "2 oo

18 January, 1951 — ELECTRONICS
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to New Heights

of NOISE
ELIMINATION

FILTRON IS SPECIFIED ON THE
MAJORITY OF MODERN AIRCRAFT,
GUIDED MISSILES, SIGNAL CORPS,
ORDNANCE AND NAVAL EQUIPMENT

FILTRON will design the right filter for your circuit
conditions to meet size, weight and electrical char-
acteristics — and meet RF Interference Suppression
Specifications wherever RF Interference must be
eliminated.

FILTRON'S advanced engineering, due to constant
research and development, together with FILTRON'S
production know-how, insures quality components to

meet your delivery requirements.

RF INTERFERENCE SUPPRESSION FILTERS FOR:

Motors Dynamotors
Generators Power Plants
Inverters Actuators
Electronic Gasoline
Controls Engines

And other RF, Interference producing equipment

BOEING B-47
STRATOJET

An inquiry on your Company letterhead will receive prompt attention

e FIEFRON co.,inc.

FLUSHING, LONG ISLAND, N. Y.

P

LARGEST EXCLUSIVE MANUFACTURERS OF RF INTERFERENCE FILTERS

, =
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The introduction of the indirectly heated
“cathode” brought about revolutionary im-
provement in the operation of electron tubes
for radio and TV reception. It eliminated
AC hum in receivers, and actually increased
emission at lower filament voltage. Thus
tubes became considerably more efficient, and
operating life was greatly extended.

And all this as the result of employing a
tiny component—customarily measured in
millimeters, or very small fractions of an
inch!

It stands to reason that an item of such
importance as the cathode must be manu-
factured from materials that are carefully
produced to exacting specifications. Superior
Tube Company, leading manufacturers of
nickel alloy cathodes, specifies Driver-Harris
Alloys for both “active” and “passive” cathode
base metals. “Active” materials, producing
a high level of electron emission, are D-H
Alloys 399, 599 and 799; “passive” materials,
employed when freedom from grid back-
emission is necessary, are D-H Alloys 499
and 999. All are produced free from oxides,
and with extreme accuracy as to dimensions, temper
and purity. The commercial grade of pure nickel
does not meet specifications.

A consideration of major importance is surface.
The surface of materials used for cathodes must
possess sufficient “tooth” to enable coatings of chemical
emitters (such as Barium-Strontium Oxide) to adhere
successfully—without cracking or spalling. Driver-
Harris furnishes the precise type of surface required.

=
- BN

e TN
/N
[ 3
(» >
{1% Fe )
\ “ad /
\'1' : v
- VER
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developed for
“Lockseam”
Max. OD—.100"; Min. OD—.040".

Min. Length—11.5 mm. (Compare with paper clip.)

D-H Alloy Cathodes, as produced by Superior Tube Company,
Norristown, Pa., are made from thin strip stock, of thicknesses such
as .002” and .0025"—handled by patented machines especially

the purpose of producing plain or beaded
type nickel cathode sleeves. Basic Dimensions:
Max. Length—42 mm.;

Here is but another example of the tremendous role
played by D-H Alloys thruout industry—and the
ability of Driver-Harris to produce special alloys for
special purposes.

Whatever your particular alloy problem, let us have
your specifications. We’ll gladly put our specialized
knowledge, and the skills acquired from fifty years of
alloy manufacturing experience, at your disposal . . .
make recommendations based upon your specific needs.

Manufacturers of world-famous Nichrome® and aver 80
other alloys for the electronic, “electrical

and heal-treating industries

\ Driver-Harris Company

HARRISON,
BRANCHES: Chicagp, Detroit, Cleveland, Los Angeles, San Francisco

NEW JERSEY

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

January, 1951 — ELECTRONICS
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Choose JOHNSON Variable Condensers For

DIEPLRIARLE (AN,

Excellent design, careful workmanship and quality materials are com-
bined in the manufacture of JOHNSON Variable Condensers to assure
highest stability of the tuned circuit.

The entire JOHNSON line features high quality steatite insulation
and sturdy construction — your assurance of long, dependable service.

Unusually economical for quality condensers, Types C

"'U‘ @ and D have 051" thick, rounded aluminum plates, large
WI}) laminated rotor brushes. Air gap from .080" to .250"
CaD (Type D) and .125” to 500" (Type C). Panel space,

Type C, 5% W x 5%” H. Type D, 4" W x 4" H.

Rugged, compact units for low and medium power trans-
mitters. Aluminum plates .032” thick, rounded edges.
TWI})@ Stainless steel shafts. Air gap from .045" to .125"
(Type E) and .045" or .075" (Type F). Panel space,
BalF Type E, 2%" square; Type F, 2-1/16" square.

MINIATURE — SMALLEST EVER BUILT!
Ideal for VHF, miniature test equipment, etc. Soldered
construction, silver plated beryllium copper contact
spring, split sleeve rotor bearings — no shaft wobble.
Made in single and differential models up to 19.6 mmf
and butterfly up to 11 mmf. Panel space only % x Y.
Air gap .017",

Type
M
Ceramic soldered — no eyelets or rivets to loosen. All
T @ brass, soldered construction. “Bright alloy” plated.
WIP Ideal for rough service. Beryllium copper contact spring,
L silver plated. Made in butterfly, single and differential
types. Panel space 1% square. Air gap .030”. Also

furnished in .020", .060" and .080".

' JYPE G
] Extremely popular a3 ncut:‘adhzirvgl
t m . condensers m a

YYPE N

gmall mounting

emely 4 tor medium
mc"“ha:,frﬁ:; 4““’"“""“ o T \ er stages. Also w,|d¢|y ‘;:rdi
rating anc o ing condensers P grid and plate tunind =

these ne
: ideal.

frcquencies.

WRITE TODAY FOR JOHNSON CONDENSER CATALOG!

SINGLE
s

BUTTERFLY DIFFERENTIAL

TYPE BC . . . for Commercial and Broadcast use
where high voltage, high current conditions prevail.

New aluminum die cast plates have heavy beaded
round outer edge for maximum voltage break-
down. Cast aluminum end plates, with rounded
edges, rugged steatite insulators with long creep-
age path. Width 7Vg", height 7-5/16". Voltage
ratings up to 18,000 volts peak breakdown.

Many other types, including pressurized
units, are made for high voltage, high power
applications.

TYPE L SINGLE TYPE ‘L
BUTTERFLY

JOHNS ON : fancws name in Radéo

F. JOHNSON €O. WASECA, MINN.

ELECTRONICS — January, 1951
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For YOUR GOVERNMENT requiremens

Conventional and #ermetically Sealed Types

IT’S EASY... Simply submit your
blueprint and an estimate will be
promptly forwarded to you.

IF you desire a sample built to your
specifications, it can be made for

you in a short time.

SEND B/P FOR COST-FREE RECOMMENDATIONS

January, 1951 — ELECTRONICS
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NEW INDICATOR 1ON TRAP

Helps you Cut Production Costs

Rauland’s new Indicator Ion Trap can help you in your
battle to cut pennies off production costs and thereby
to price receivers competitively.

First of all, the Indicator Ion Trap completely elimi- ‘
nates the need for any equipment and any trained judg- RAULAND
ment in the adjustment of ion trap magnets. Adjust- The first to introduce commercially

ment can be made faster than equipment could be
attached. The ion trap magnet is simply moved until
the green glow signal is reduced to minimum. It can be .
done in seconds with absolute accuracy —without even Tilted Offset Gun ]

i these popular features:

seeing the front of the picture tube. Indicator lon Tra
Second, the Rauland Tilted Offset Gun which incor- P

porates this Indicator Ion Trap requires only one Ion Luxide (Black) Screen
Trap Magnet instead of two, nibbling a little more off

production costs. Yet it gives better results—the elec- Reflection-Proof Screen
tron beam is bent only once and is focused to maximum

sharpness. Aluminized Tube

Specify Rauland tubes with these exclusive advan-
tages, and get the benefits that only Rauland offers.

For further information, write to...

THE RAULAND CORPORATION

4245 N. KNOX AVENUE * CHICAGO 41, ILLINOIS

ELECTRONICS — January, 1951 23
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Another

Ilf required o BN a0

in the insulation for this unique slide switch

used in Anchor Radio’s TV preamplifier

At the high frequencies encountered
in TV equipment, insulating materials
must possess a unique combination of
many properties. To find such a mate-
rial for its intricate slide switches, used
in Anchor Radio’s TV preamplifier,
was the problem faced by Centralab
engineers.

INSUROK T-725 laminated plastic
insulation proved to be the answer. It
had the necessary physical strength

h‘keg. U. S. Pat. Off.

and electrical properties. It was stahle
under elevated temperatures and high
humidity. And, from piece to piece, it
remained uniform.

In hundreds of similar applications,
laminated and molded INSUROK are
solving difficalt problems for industry,
Richardson’s years of experience in the
engineering apphication of plastics are
available to you without obligation,
Write, today.

{DIVISION OF GLOBE-UNION INC., MILWAUKEE

#e RICHARDSON COMPANY

FOUNDED IN 1858 — LOCKLAND, OHEO

24

Lake St., Melrose Park, lllinois (Chicago District)

WWW.americanradiohistorv.com

] D ! Uniform quality

INSUROK"

T-725

2. Low electrical loss
3. Resistance to moisture

4. Electrical stability over
a wide temperature
range

5. Mechanical strength H

6. Close tolerances

Descriptive
Dota Sheet T-725

SALES OFFICES: CLEVELAND e DETROIT

INDIANAPOLIS ¢ LOCKLAMD, OHIO = MILWAUKEE

HEW BRUNSWICK, {N.J).)] e NEW YORK
PHILADELPHIA o ROCHESTER e ST. LOUIS

January, 1951 — ELECTRONICS
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We do not lay claim to any special powers of prognosti-
cation, but we can compare ourselves to the seasoned
hunter or veteran sailor in their ability to sense the
way the wind is blowing. By maintaining constant vigil
of the Hor zon in our Industry, we strive to be well pre-
pared to meet the ever changing requirements for high
quality filt2rs. In following this policy we have been able
to give yoa ‘ Yes’ or ‘ No’ answers on the spot to yous
queries of ‘is this practical’ or ‘ can this be done?’ If &
can be done, we have probably tried it. If it cannot be done
we are still trying to do it. This has obviated unnecessary
expenditure of our customers’ time and money, and hes
helped expedite the development of new equipment Ly
eliminating the several blind alleys that can be so costly.
In these times. especially, the continued application ef
foresight. ingenuity and new ideas, as well as the constaat
expansion of production facilities, will be the key note of
our ‘ Bumell Customer Service.

WWW.americanradiohistorv.com
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For PERFORMANCE,

T

PRICE, ADAPTABILITY, | you just can’t beat

the Tarzian

-

A l
JiL f
{

~ Only Tarzian Tuner has ALL
% of these desirable Features

® Low oscillator radiation

& High gain and low noise
; ® Designed for 21 or 41 megacycle LF. systems
\\ g ® Insvlated shaft design available at low cost

© Anti back lash, air dielectric fine tuning, giving
uniform coverage on low and high channels

- @ Three tube performance with two tubes

@ Each channel individually aligned for maximum
performance

® Good input balance—no tracking difficulties

# Oscillator tube stield provides rigid horizontal

&

)

|

| Completely shielded

! and vertical positioning of the tube

# Extra terminals provided for tie-points

Write for complete information,
specifications and technical data.

SU—
T

TOAES, J

o L
A dsarcaccum iR i

TTRIFE

Y]

PR~ PN

A compact, precision-built
"package,” offering maximum
performance per dollar cost.

And, backed by TARZIAN

engineering "know-how.”

® Since the time it was first introduced, the

TARZIAN front-end tuner has won the acclaim of
the industry. It is small, skillfully designed, well-
built and low-priced. That's why 17 of the na-
tion's set manufacturers today are specifying the

TARZIAN tuner as a component for their products.

" Engineering service available
upon request

I (Z/_ - ¥ © The SARKES TARZIAN
AMVKRES IV ‘Aﬂ) ¢, stations in Bloomington

TUNER DIVISION,

WTTS-WITV

537 South Walnut Street « Bloomington, Indiana 5000 Watts Channel 10

26
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DEALERS AND SERVICEMEN—Your share of
today’s multi-million dollar TV replacement
market is limited only by your ability to handle
it. Now you can get ferrite transjormers, ferrite
core yokes, linearity controls, focus coils—the
vital TV components you need—from one de-
pendable source—General Electric! Don’t wait
to cash in on the biggest #ew business in tele-
vision history—call your distributor today and
stock the General Electric line!

Available Now! CRITICAL TV COMPONENTS

RECEIVER MANUFACTURERS—Here’s a way
to cut production headaches and manufactur-
ing costs! You simplify ordering and delivery
when you design G-E components into your
sets. Remember, too, that your sets will be serv-
iced in the field because G-E distributors and
dealers everywhere stock these parts. Let us
review your requirements for next year’s pro-
duction right now. General Electric application
engineers are at your service.

GENERAL @ ELECTRIC

MAIL COUPON General Electric Company, Section 411 I
Electronics Park, Syracuse, New York
FOR NEW Rush me the new G-E Catalog of TV Components. I
F R & & LTV S
ADDRESS _ _ e
|

CATALOG [ — B I
D NN [~ " F - F _§ B

ELECTRONICS — January, 1951
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Showing welded tungsten filament
leads assembled in a tube base. The
welding operation takes but a
moment. The two sections of the
tungsten leads are placed in a
positioning fixture. A tiny
eyelet of "K' MONEL is
slipped over the lower section,
near the joint. To direct flow, the
fixture is inverted. Fixture and lead
assembly are raised into a hydrogen-
filled glass bell, and the welding
is performed by the carbon

arc method.

How a problem in

welding tungsiten was solved

VHF beam tetrode tube, manufactiured by
the United Electronics Co., Newark, N. J.

While improving the design of their VHF heam tet-
rodes, the United Electronics Company ran into a diffi-
cult technical problem.

In their tube types 5D22 and 4D21, tungsten filament
leads are brought out to conventional base prongs.
However, to locate the filament at the center of the
structure, the two internal filament leads had 1o be
sharply offset. It was necessary, also, that the leads be
accurately aligned with the base outlet holes, to elimi-
nate stresses which might crack the glass envelope
when the tube was put in service.

>

Finally, United Electronics
Companyengineerstried
“K”® MONEL—and it
proved to be the ansiwcer to
their problem.

“K” MONEL “wet” the

tungsten satisfactorily;

flowed well; made strong, smooth joints: was resistant

Bending the tungsten leads to shape proved too in-
accurate a method. So it was decided to make the leads
in two sections — one straight, and one bent — welding
them together in precision positioning fixtures.

This method of assembly proved satisfactory, but
difficulty was immediately encountered in finding a
suitable joining metal.

Several metals were tried without success. Either they
failed to “wet” the tungsten, or caused it to embrittle.

to oxidation and corrosion. In addition, “K” MONEL’s
melting point was safely above both exhausting and
tube operating Lemperatures.
* * *

If you have a problem in metal selection, get to know
the family of INCO Nickel Alloys with their unique
combination of properties. Our technical department
is alwcays ready to assist you. Write for “66 Practical
Ideas for Metal Problems in Electrical Products.”

The International Nickel Company. Ine.

EMBLEM . OF SERVICE

NICKEL A1 ALLOYS

28

687 Wall Street « New York 5.N.Y.

MONEL® & "K"® MONEL « *'S”® MONEL « “R"® MONEL « “KR"® MONEL  NICKEL o LOW CARBON NICKEL « DURANICKEL® o INCONEL® o INCONEL X" ®

January, 1951 — ELECTRONICS
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e « « A Rugged

Stand-Off ... Quickly Installed . ..
Makes a Neater Chassis . . . Provides

Uniform, Efficient By-passing

Manufacturers of TV and other high frequency receivers
have welcomed the Erie Type 325 Ceramicon because its
distinctive features give the answer to many production prob-
lems. Consider these advantages:

1 For the first time in a hermetically
sealed case, a by-pass to ground
is provided through the shortest
possible path, by taking advan-
tage of the concentric cylindrical
electrode configuration and mak-
ing connection to the outer shell
at the plane of the chassis.

2 The design provides extremely
low and uniform series inductance
and effective v.h.f. by-pass.

3 In assembly operations terminals
and lead lengths are fixed, result-
ing in better mechanical uni-
formity.

4 High speed assembly is facilitated
through use of a standard push-on
clip. For more critical applications
shell may be soldered directly int>
a hole in the chassis.

3 Post terminal matches tube socket
terminal height to maintain uni-
form short leads, and provides a
sturdy tie point for several con-
nections.

6 Unusual mechanical ruggedness
minimizes danger of breakage in
installation and in use.

-4

!

062" DIA.
SO § &
o
= -—
64
b1 1
4 544"
o
] ACTUAL
:_g“ SIZE
a8
N1 5 z |

.

187
DIA.
h 002?1

1€.250 DIA. P

Available in 10, 33, 47, 68, 82, 100, 680, 1,000
and 1,500 MMF capacity. 500 Volts D. C. working.

ERIE RESISTOR CORP., ERIE, PA.

LONDON, ENGLAND - * TORONTO, CANADA

29
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AMPLIDYNES—
500 to 25,000 WATTS

43-kw Amplidyne motor-generator set

PRECISE CONTROL OF position - torque - speed

tension - power factor - voltage - current

30

The General Electric amplidyne is a simple d-c generator which,
through the arrangement of field and armature circuits, possesses
extremely high speed of response and amplification.

First used in radar and fire-control apparatus, it now has many
new jobs. That's why G-E amplidyne generators and maotor-generator
sets are made in a wide variety of sizes and frames with outrput
ratings from 500 watts to 25 kilowatts.

What are your requirements? For further data, write, giving
complete details, to Electrical Industries Sec., Resale Industries Div.,
Apparatus Dept., General Electric Co., Schenectady 5, N. Y.

A G-E 25-KW AMPLIDYNE AMPLIFIES A 9/10 WATT INPUT 22,200 TIMES

PULSES
—MADE TO ORDER

Specially designed Genzral Electric Type-E
networks will generate pulses within *35
per cent of any length you require from 0.1
to 40 microseconds. These networks consist
of capacitor and coil sections adjusted to
close tolerances and hermetically sealed in
single metal containers. In the last war G-E
Type-E networks were produced on a large
scale to meet radar demands. Now they are
available for commercial or military use in
a wide variety of designs, impedances, rat-
ings, and sizes. See Bulletin GEA-4996,

Typical design and operational limits of G E Type-E

pulse-forming network: Ripple at top of pulse =5%;

Wave length =5% measured at 70% amplitude;
Capacitance tolerance *=10%

GENERAL @D ELECTRIC
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OIL-IMMERSED SELENIUM RECTIFIERS
—use them “ANYWHERE™!

G-E hermetically sealed, oil-immersed selenium rectifier stacks
make it possible for you to design metallic rectifiers into
equipment that will be subjected to corrosive fumes, salt air,
dust, fungus, or other atmospheric conditions. Because they’re
immersed in oil, these stacks will stand higher current drains
than equivalent-size “open” units. Available in single- or full-
wave circuits. Ratings: from 12 to 180 d-¢ volts output, 15.5
to 270 a-c volts input, .25 to 27.0 d-c amps. Write for complete
data on ratings and dimensions to Elecirical Industries Section,
Resale Industries Division, Apparatus Dept., General Electric
Co., Schenectady 5, N. Y.

PUSH-BUTTON STATIONS—make your selection

from the COMPLETE G-E LINE

There’s a General Electric push-button station or unit for
virtually any electronic application. The complete-line includes
dozens of types. All stations have sturdy nonbreakable steel
frames and covers with ample clearance between terminals.
G-E units for built-in applications have terminals anchored to
a molded base for firm support. Contact maintenance on all
stations and units is virtually unnecessary because large fine-
silver double-break contacts are used. For full data, check
Bulletin GEA-3469.

ELECTRONICS — January, 1951
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NEW.’ SHADOW-PROOF DIALS
MAKE SWITCHBOARD INSTRUMENTS
EASIER-TO-READ

Here is a new switchboard instrument that can be
read easily —anytime. Its dial can be clearly illumi-
nated from almost any angle because it is set
forward flush with the front of the case. A pro-
truding anti-glare convex-type glass front prevents
reflections. The new meter is available in 414- or
834-inch models, both with long 250-degree scales.
D-c ammeters, volt-ammeters; a-c ammeters, volt-
meters, wattmeters, frequency and power-factor
meters, temperature indicators, and synchroscopes.
Send for Bulletin GEC-218.

General Electric Company, Section 667-10
Apparatus Department, Schenectady 5, N. Y,
Please send me the following bulletins:
(V) Indicate for
reference only [] GEA-3469 Push-button stations
(X) for planning an [] GEA-4996 Pulse-forming networks
immediate project [] GEC-218 Switchboard instruments
Name__ - — - S
Company__ -
Address._ - - S
City S — State.
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A MESSAGE TO AMERICAN

INDUSTRY J

ONE OF A SERIES

America’s Road to Victory

... Let’s Increase Production

This is the time to speak out—now —at the beginning.

Our industrial program for re-armament is getting
off on the wrong foot.

The talking and writing about it emphasize the
wrong things.

Its headline words are “cuts” and “controls.”

Those words make bad propaganda for the cold
war.

“Cuts” and “controls” are no words to challenge
the imagination and energy of our own people. They
won’t impress the masters of the Kremlin. And they
can only make it appear to the rest of the world that
America thinks it can defend the free way of life by
abandoning it.

America stands as the world’s champion against
aggression because America has become the most
powerful free nation in the world.

How did we get that way?

Not by putting ceilings on wages; not by rationing
or clamping iron-clad government controls all over
business and industry.

To be sure, some temporary controls are necessary
to channel very scarce materials speedily to use for
defense. So, too, are special taxes and credit restric-
tions needed to combat inflation. But they will be
fatal if they blind us to this fact:

We became the strongest nation in the world by
out-producing every other mnation.

Production — The Final Answer

Next year our government is planning at least a
$40 billion military program. Instead of planning only
on controls to divert $40 billion of production from
the making of civilian goods to the making of military
supplies, we should be figuring out also ways to push
up total production.

Of course, our industrial plant is running at close
to “capacity” now. And our labor force has reached
almost full employment. There isn’t much slack to
be taken up.

Can even the United States add a $40 billion mir-
acle of production on top of what it is already doing?

Our answer is “Yes”—and within two years. It
can be done by adding about $6 billion each year to
our program of capital investment which now runs
about $22 billion a year.

Part of this added production will come from ex-
panding our industries. The steel companies, for ex-
ample, already have plans to increase their capacity
almost ten per cent in the next two years.

But by far the largest part of that $40 billion of
added production must come from higher produc-
tivity —raising industry’s efficiency.

continued on next page
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To meet our goals we need to raise our productivity
five per cent a year.

Can it be done?

The answer is an emphatic “Yes.”

Raise Industry’s Productivity

McGraw-Hill's studies of industry’s equipment
show that there are countless opportunities for im-
proving efficiency. Our manufacturing industries
alone need at least $35 billion of new equipment to
raise their facilities to first class technical standards,

Here are some of the broad possibilities reported
by the trained editors of McGraw-Hill’s business
magazines:

In many manufacturing plants as much as 40 per
cent of workers’ time goes into moving materials and
parts—shifting things about within the plant between
processes and to and from shipping platforms.

FACTORY estimates that improved materials
handling equipment and methods might well cut
handling costs twenty-five per cent and save annually
over 650,000 man-years of unnecessary labor.

Modern machine tools designed since World War
II are 40 per cent more productive, on the average,
than is old equipment. But AMERICAN MACHIN-
IST surveys show that 95 per cent of industry’s
machine tools are of designs at least ten years old.
Replacing them could raise productivity of the metal-
working industries at least ten per cent—enough to
absorb a major share of the metalworking industries’
part of the defense program as now planned.

In coal mining, latest equipment and methods can
raise productivity sharply. The editors of COAL AGE
estimate that production of bituminous coal could be
raised from seven tons per man-shift to ten within
three to five years.

Many new textile production techniques are 50
per cent to 75 per cent more: efficient than those in
use now. If plants could be fully modernized, and full
use made of latest management methods, TEXTILE
WORLD estimates that output-per-manhour would
rise 20 per cent. A FOOD INDUSTRIES study in-
dicates that modern equipment plus the best man~
agement techniques could raise productivity in food
processing at least 20 per cent.

These are just some of the opportunities that in-
dustry can seize and by which the nation can profit.

A Nation-Wide Effort

Of course, industry itself can’t do the whole job.
Labor, government and all the rest of us must
‘cooperate.

Government’s part is to see that its emergency
controls are so applied that they will increase pro-
ductivity and thus make possible an early lifting of
such controls.

Labor’s part is to help in the development of labor-
saving methods and machinery and to welcome their
adoption as the only sure way of continuing to ad-
vance the American standard of living while main-
taining the American free way of life,

For all of us the job is to work constantly for an
expanding, ever-stronger America with constantly
growing productivity; not a pinched and shackled
America cooped up under wage and price ceilings and
tied to a ration card.

Challenge to Industry

Here is a sharp challenge to industry to study the
best work-methods that are being reported—to use
every minute and every dollar it can to replace
obsolete equipment.

Here is a sharp challenge to government to do
everything within its power to make its control poli-
cies and its fiscal policies strengthen the incentives to
industrial modernization—to demand sacrifice for a
purpose and not‘for effect.

The job to which such opportunities point will take
time—though nothing holds back adoption of some
of the simpler improvements in work-methods re-
ported in business magazines all the time.

But increasing production is our one best hope that
we may be spared the full array of price, wage and
production controls now and be freed eventually from
all controls,

General Omar Bradley has said that the protection
of our national independence calls for “long-range
commitments that we are willing to carry out.”

A long-range commitment to fight this battle for
peace with America’s most powerful weapon —indus-
trial productivity —is the surest guarantee of victory
for the free world.

Let’s make that commitment—now—at the be-
ginning.

McGraw-Hill Publishing Co., Inc.
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SPECIFICATIONS

~hp— 460B PAST PULSE AMPLIFIER

FREQUENCY RESPONSE: Closely matches Gaus-
sian curve. Hf 3 db point is approx. 140
me. Lf 3 db point is approx. 50 ke into
200-ohm load.

MAXIMUM OUTPUT VOLTAGE: High bias, ap-
prox. 125 v. negative open circuit. Nor-
mal bias (linear amplification) approx.
8 v. peak into 200-ohm load or 16 v.
peak open circuit, pos. or neg. pulses.

GAIN: Approx. 15 db into 200-ohm load.

INPUT IMPEDANCE: Approx. 200 ohms.

RISE TIME: Approx. 0.0026 usec.

DELAY: Approx. 0.016 Usec.

DUTY CYCLE: 0.10 max. for 125 v. output pulse.

LINEARITY PULSE OPERATION: See Figure 1.

MOUNTING: Relay rack. 5% " x 19”. 6" deep.

POWER SUPPLY: 115 v. 50/60 cps. 35 watts.

PRICE: $225.00 f.0.b. factory.

—hp—- 460A WIDE-BAND AMPLIFIER

{Specifications same as Model 4608 except:)

MAXIMUM OUTPUT VOLTAGE: Approx. 8 v.
peak open circvit; 4.75 v. peak into 200-
ohm load.

GAIN: Approx. 20 db with 200-ohm load.

UELAY: Approx. 0.012 usec.

PRICE: $185.00 f.0.b. factory.

~hp— 46A ACCESSORIES

—~hp— 46A-16A PATCH CORD — 200-ohms, 2’
long. $18.50.

~hp— 46A-16B PATCH CORD — 200-ohms, &’
long. $25.50.

~hp— 46A-95A PANEL JACK—For 200-ohm ca-
bles, low capacitance. 1% " dia. $7.50.

~hp— 46A-95B CABLE PLUG—For 200-ohm ca-
bles, low capacitance. $7.50.

—hp- 812-52 CABLE—200-ohm cable in lengths
to specification. Per foot $1.75.

—hp— 46A-95C 50-OHM ADAPTOR — Type N
connector for coupling 50-ohm line into
—hp— amplifiers. $15.00.

—hp— 46A-95D ADAPTOR—Bayonet sleeve for
connecting —hp— 410A VTVM to output of
460A/B amplifiers. $15.00.

~hp— 46A-95E CONNECTOR SLEEVE—Joins two
46A-95B CABLE PLUGS. $7.50.

—hp— 46A-95F ADAPTOR—For connecting to
5XP CRT. $10.00.

—hp— 46A-95G ADAPTOR—For connecting to
Tektronix type 511 oscilloscope. $12.50.

Data subject to change without notice.

New -hp- 460B Fast-Pulse Amplifier

UP TO 90 DB GAIN IN CASCADE! AMPLIFIES MILLI-

MICROSECOND PULSES! RISE TIME .0026 upSEC!
125-VOLT OPEN-CIRCUIT OUTPUT! GIVES OVER 100 MC

BANDWIDTH TO YOUR STANDARD OSCILLOSCOPE!

Here at last is complete instrumen-
tation for true amplification of fast
pulses at high power levels sufficient to
operate scalers or counting meters, cath-
ode ray tubes, or to give more than 100
mc band-width to your present oscillo-
scope. New —4p— 460B Fast-Pulse Am-
plifiers, in cascade with —hp— 460A
Wide-Band Amplifiers, amplify up to
125 volts, open circuit (limited duty
cycle). This permits full deflection of
SXP cathode ray tubes, or 2-inch deflec-
tion of SCP tubes. Ultra-short rise time
of 0.0026 psec, combined with zero
overshoot, insures distortion-free ampli-
fication of pulses faster than 0.01 psec.

f e
T

PEAK VOLTS DUTPUT
(veen cirourt

8

PEAK VOLTS INPUT

—

fig. 1: Linearity of -hp- 4608 Fast-Pulse Amplifier

New —hp— 460B Amplifier, cascaded
with —hp— 460A provides linear ampli-
fication of 16 volts peak output and
pulse amplification of 125 volts output
(slight non-linearity). This combina-
tion provides maximum usefulness in
fast-pulse study for nuclear radiation
work, television or VHF research; for
increasing frequency range of your oscil-
loscope, or general wide-band labora-
tory amplification. In addition to the
above instrumentation, —4p— also offers
series 46A accessories—a complete set
of 200 ohm cables, adapters and fittings
for inter-connecting amplifiers or patch-
ing to oscilloscopes.

Fig.2: (a) 0.01 usec pulse through -hp- 4608 Amplifier
(b) 0.02 usec pulse through 3 amplifiers in cascade

Get complete details. Write direct or see your -hp- sales representative.

HEWLETT-PACKARD COMPANY

2177A Page Mill Road

Palo Alto, California, U.S. A.

Sales Representatives in all principal cities.

Export: Frazar & Hansen, Ltd., San Francisco, New York, Los Angeles
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Dimensions
of Universal Relay
High—3-15/16 in.
Wide—2-15/16 in.
Deep—3-5/16in.

Allen-Bradley
Bulletin 700 Universal
Type BX 440

Solenoid Relay
without enclosure.

These SMALL UNIVERSAL RELAYS

are instantly adaptable for switching
a wide variety of power supply circuits

There are literally thousands of places for these
small, dependable solenoid relays in electronic
power circuits. These Bulletin 700 relays are built
in an amazing variety of contad arrangements

. . normally open and normally closed . . . from
one to eight poles. Enclosures are available for

four normally open and four normally closed con-
tacts which may be used interchangeably for
handling a wide variety of circuit arrangements.

It will pay you to get a full listing of Allen-
Bradley Bulletin 700 A-C Relays. And for heavier
currents, Allen-Bradley solenoid contactors are

almost any service requirement. available up to 200 amperes . . . with or without
* The Type BX 440 Universal Solenoid Relay has enclosures. Investigate the Allen-Bradley line.

Allen-Bradley Co., 110 W. Greenfield Ave., Milwaukee 4, Wis.

ab
S ALLEN- -BRADLEY

RELAYS < RESISTORS
== QUALITY

34 January, 1951 — ELECTRONICS

Bulletin 702 Solenoid Con-
tactor—50 ampere rating.

Allen-BradIey Relay in
general purpose enclosure.
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edge to edge
sharpness...

l ’niform sharpness of trace to the very edges of the
screen distinguishes the new Du Mont Bent-Gun.

A higher degree of pre-focusing passes a smaller-
diameter beam through the deflection field. Spot dis-
tortion is reduced and a uniform overall focus results.
Other design changes are: Improved bulb spacer insures
proper anode contact and electron gun centering;
rounded corners on pertinent gun parts eliminates
stray emission at higher anode voltages; new grid-
cathode assembly allows a longer G-2 (second grid)
without increasing overall length.

This new Du Mont Bent-Gun is now being incorpo-
rated in ALL Du Mont Teletrons. Therefore, whether
planning a new TV receiver or modifying an old one,
be sure to include the Du Mont Teletron for the best
in TV pictures. Simply specify DU MONT.

ELECTRONICS — January, 1951 35
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SIGNAL GENERATORS 1 7

AIRCRAFT RADIO COR

T

The Type H-14 Signal Generator, 108-118

ARC Communication -
and Navigafion Equipment

Aircrafe Radio Corporation also manufactures
LF and VHF airborne communication and nay-
igation equipments—all CAA-Type-Certificated
for scheduled air-carrier use or for thase whose
type of flying requires a high degree of reli-
ability and performance. Equipment consists of
light, small urits which can be combined to
provide the required operation, whether it be
the 1 Receiver/1 Transmitier (15 pound) instal-
lation in a 2-place helicopter, or a 3 Receiver/2
Transmitter/ VHF Omni installation (70
pounds} iu larger 2-engine aircraft.

36

= 1veE H

megacycles, provides a standard signal
source for the complete testing of VHF
airborne omnirange and localizer receivers
in aircraft or on the bench. It provides for
testing 24 omni courses, plus left-center-
right checks on both amplitude and phase
localizers. Aircraft may be checked out

PORATION

TYPE H-14

108-118 MEGACYCLES

Tests OMNI Receiving Units
in Aircraft or on the Bench

Checks on:

24 Omni courses

Left-center-right on Phase-
localizer

localizer
Omni course sensitivity

[
[
@ Left-center-right on Amplitude-
[
@ To-From and Flag-alarm opera-
tion

[

All necessary quantitative bench
tests

quickly and accurately just before
take-off. RF output for ramp
checks, 1 volt into 52 ohm line and
for bench checks, 0-10,000 micro-
volts. Provision for external voice
or other modulation. AF output
available for bench maintenance
and trouble shooting.

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

Provides source of cw or pulse
frequency —modulated RF, power
level —37 to —90 dbm. RF power
meter measures levels from +7 to
+30 dbm. Frequency meter for
measuring output or input RF ac-
curate to better than 20 mc. Pri-
mary purpose of the H-10 is to

~10—Microwave Test Set; 23,500-24,500 Megacycles

measure receiver sensitivity, band-
width, frequency, recovery time,
and overload characteristics, plus
transmitter power and frequency.
Recommended as a standard source
of RF for research or production
testing. Equal to military
TS-223/AP.

Price: $1692,00 net, f.0.b. Boonton, N. J.

TYPE H-12-vHrF Signal Generator; 900-2100 Megacycles

Provides source of cw or pulse
amplitude-modulated RF, power
level 0 to —120 dbm. Internal
pulse circuits with controls for
width, delay, and rate, and provi-
sion for external pulsing. Single

dial tuning, frequency calibration
accurate to better than 1%. Built
to Navy specifications for research
and production testing. Equal to
military TS-419/U.

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

WRITE TODAY for descriptive literature on A.R.C. Signal Gen-
erators or airborne LF and VHF communication and navigation
equipments, CAA Type Certificated for transport or private use.

ﬂircraﬂ Radio Corporation

Boonton, N. J.

Dependable Electronic Equipment Since 1928

WWW.americanradiohistorv.com
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: The American lava Corporation has
one of the best equipped Research Divisions
in the industry. The American Lava Staff has
graduate engineers from all leading engi-
neering schools. Ceramic, electrical and me-
chanical engineers are preponderant but
every engineering degree currently being
awarded by U. S. Engineering Schools is
held by one or more men on this staff.

Almost every month, the Research Di-
vision successfully completes the develop-
ment of o new AlSiMag composition to
comply with special requirements. These de-
velopments are in close cooperation with
the customer. When requested, all details
are kept confidential.

Continuous operation of kilns at 12
different temperatures, at temperatures
ranging from 1400° F. to above 3000° F,
permits the firing of each AlSiMag compo-
sition at its optimum temperature.

1C B
LADELPHIA, 1649 North Brood St.,

EW ENGLAND, 38-B Brattie St., Combridyge,

TROPOLITAN AREA: 671 Brood St., Newark, N. J., Mitchell 2-8159 - CHICAGO

WHISIMAG

TRADL MARK REGISTERED U/ S PATENT QFFICE
At American_Lava Corporation, you are most apt to find the answer
to any question .involving technical ceramics. American Lava Corpo-
ration is composed 6f MEN who give intelligent, sympathetic consid-
eration to customer problems—backed by specialized. experience
gained in 49 years of concentrating entirely on custom made technical
ceromics. The knowledge of these men is available to you on request.
If requested, all customers’ information is kept strictly confidential.

AMERICAN LAVA CORPORATION

4 9TH YEAR OF CERAMIC [ TEM7A NDNESRISS IHE 1R
CHATTANOOGA 5, TENNESSEE

, 228 North LaSalle St., Central 6-1721
Stevenson 4.2823 < LOS ANGELES, 232 South Hill St., Mutual 9076
Mess., Kirklond 7-4498 < ST, LOUIS, 1123 Washington Ave,, Garfield 4959

www.americanradiohistorv com
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PLUG IN TYPE HEADERS

CORPORATION

1 EO-SIL

Welcomes Exacting Demands

NEO-SIL is the result of ten years of en- R 6500V PINTO RiM 68
gineering research and development. Its A i Gl 11 PLE YR EHEADERS 5
apphcatlon to our hérmetic sealing SR 1090 SERIES AVAILABLE | 2000 SERIES AVAILASLE
ents has been proven under severe and exact- s the ek WiT L e s
ing tests in both our own and our customers Taracties L CHARACTERS  prvieo :
laboratories. NEO-SIL components will help ? — 828 g0 (s";'%g-;‘-!i e
reduce your rejects resulting from breakage, P il gaie gl §j}f& ’ %\ :
strain, cracks, physical shock, etc. ff,'..,:g', i E { ;:,*.%.\). ; T([;-"%Bf;
NEO-SIL components will pass the grade ?t e i HII—J i L\ \ j} -
one, class A requirements for Army, Navy L iﬁ;&,jﬁ_{% S .%_L%‘ casnen
/ and aircraft military equipment. —3% -} —ens &
. £ ASH OVE 3 VOLTAGE 6500V PINTORIM = -
It costs no more to use these hermetic 6500V PIN TO RiM
sealing components and their use will save NEQ -SIL HERMETIC SEALS
yYou money. L INDEVIOUAL ;v;s TERMINALS s
For performance, quality and economy— 5 2 s

specify NEO-SIL hermetic sealing compon-
ents. Manufactured by NEO:SIL Corpora-
tion—to meet the most exacting perform-
ance demands.

) ol"\{j;t R waa s
il

-F_’:—vtjni;l
iy : L
e N

% - fLaSHOVER L
| 2500¥- VOLTAGE 5500V 550GV

NEO-SIL TECHNICAL DATA

NEO-SIL is a synthetic compound, which was de- -
veloped expressly for the purpose of providing a
suitable insulating material, which could be satis-
factorily bonded to various metals, under a wide
range of temperatures, be impervious to most: acids
and alkalies, provide a comparatively non-wetting
surface, have a high insulation resistance, and meet
the exactinrg requirements of the Janization program
of the Armed Services. These compounds, in their |
var®us forms, produce component parts which are
able to meet these exacting requirements.

F TEST DATA

The result of the Electrical Testing Laboratories
Inc. Report #330655, dated March 18, 1949, on
this material shows the following:

Volume Resistivity at 800 Volts d-c

il

Roo=n Temperaturé 25°C R.H. 30 percent
SPECIALTY PRODUCTS - Megobm-inches : ohm-centimeters
1 Molded Cables With Plugs Attached Lo léx 10¢ . 3‘5. x 102
2 Female 4 Pin Panel Connector y Dle'lec(rlc Constant .and. Dissipation Factor
. Dielectyic Dissipation
3 Meter Hermetic Seal Gasket g ot Factor Loss Factor
4 Panel Type Hermetic Seal Fuse Holder = #r 60 cycles per second
5 5 Pin Female Panel Connector 9.22 .058 5.32
6 Rotary Hermetically Senling Panel Bushing “t 1 megacycle per second
The above items are all pressure checked at 25 &6'17 ot 50 mega.c(;i?ess A Aeeind &3
pounds per square inch. 5.35 3 0.20 1.1

The materials and processes used in the manufac-
ture of all sealed components are made to conform
to the most rigid JAN specifications.

Your special problems are solicited.

Dielectric Strength at 60 cycles
Volts per mil — 370
Darometer Average — 80 + §
Temperature — Rated as a Class A material con-
servetively — 105° to —70° centigrade.
The Flashover Voltages indicated were taken at
a temperature of 68° Fahrenheit, and 479, Rela-
tve Humidity,

T A o e . R

O-NIL

e - e e

CORPORATION

26 CORNELISON AVE., JERSEY CITY 4,N. J.
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General Electric’s GL-5855 is designed for control
work that requires high current capacity . . .
toughness and stamina . . . utmost dependability.

‘ERE’S a new motor-control tube that handles big currents,
I. i and can take the punishment of full-time, heavy-duty
on through a long life span which squcezes

operation . . .
value out of every dollar.

Study the clean, sturdy design. Under the heavy glass en-
velope is a structure so simple, so inherently braced, that
vibration and shocks have little effect. Bolts fasten the tube
to the panel, assuring firm support and providing tight, solid
electrical contacts.

Cleanness and simplicity go further .. . right through to
application needs. No snubber circuit is required. The high
commutation factor (200) means that the anode gas ab-
sorption from inductive loads is negligible. This makes for
long tube life with a straightforward, economical circuit.

To a husky 12.5-amp rating are added high anode volt-
age, high peak-to-average current ratio, stable control
characteristics, and short heating time. This pattern has
made the earlier, smaller GL-5544 and GL-5545 popular;
assures enthusiastic acceptance for the new thyratron.
Also, the GL-5855 has a wide temperature range, making
the tube virtually climate-proof.

Wire or write for complete ratings and performance
data. Or better, ask for an across-your-desk talk with
an experienced G-E tube engineer! Electronics Depart-
ment, General Electric Company, Schenectady 5, N. Y,

GENERAL

ELECTRONICS — January, 1951

WWWeamericanradiohistorv.com

% Filament voltage

*/5) ELECTRIC

Gl-5855 L.

l2.5—amp onfrof thyratron

Filament Current o
Peqk anode voltage ) "
. :l;wurd and invel"se 1500
athode Current o amy
Avg cathoge Current e
('urr.enf veraging fime “ -
?Dn,;b:enf femp fange —55 4, -:57 e
mutation fgeo, 23(;

180-K1

39


www.americanradiohistory.com

Looking for trouble hefore it starts...

with an MB VIBRATION EXCITER

WHEN PRODUCTS GIVE unexpected trouble in serv-
ice, you'll find too often that it’s due to vibration.

Foresighted concerns take no chances with this
enemy of equipment life. At Sperry Gyroscope
Company, possible troubles due to vibration are
ferreted out in the laboratory. By means of an
MB Vibration Exciter, which has quick, easy
adjustments for force and frequency, instruments
are checked for vibratory response —for ability
to resist fatigue. Result: Trouble is eliminated in
the design stage, before it starts.

This shaker is adaptable to countless situa-
tions. You can test miniature electrical assemblies
to mammoth wing structures; filaments to heavy
axle shafts. In one of its jobs—fatigue testing—
o the shaker reproduces vibratory effect of years
within hours. One company, for example, reduced
the time of spot-checking bellows to 10 minutes —
a job which formerly took 12 hours per unit!

Location of noise sources . . . ac-
tual observation of the motions of
vibrations . . . study of damping
characteristics of materials...these
are but a few other important jobs
where an MB Exciter pays off.

One of <he many instruments
proiucei by the Sperry Gyro-
scope Cormpany is here un-
derzoing a “shake test” on
the MB nodel S-3 Vibration
Exdter. Such vidbration test-
ing cortiibutes to the de-
peniabiity in service for
which Sperry instruments
are noted. The instrument is

Models which deliver forces of 5,
25, 50, 100, 200, 300 pounds and
higher are now available —all elec-
tromagnetic. We’d like to explain
the technique of their use in detail,
show you how to use one on your
own problems. Write us without
obligation.

fastenec zo the shake table
of fhe exciter, which is con-
trolled from pznel. Ampli-
tude, velocity and accelera-
tion are leing read directly
on an ME Vibration Meter.

The Model 53 Vibration Exciter illustrated delivers
peak force of 200 pounds. Operates in frequency
range of 3 to 500 C.P.S. Has rotating power supply.
Write us for more-detailed information on MB
Vibration Exciters, and ask for bulletin 410 M5.

1060 State Street, New Haven %1, Conn.

THE MB MANUFACTURING COMPANY, Inc.

PRODUCTS AND EQUIPMENT TO CONTROL VIBRATION . .. TO MEASURE IT , , . TO REPRODUCE IT

40 January, 1951 — ELECTRONICS
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MINIATURE TUBE SOCKETS

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

Now MYCALEX offers both 7-pin and 9-pin miniature
tube sockets . .

with superior low loss insulating prop-
erties, at new low prices that offer ceramic quality for

the cost of phenolics.

MYCALEX miniature tube are injection
molded with precision that affords uniformity and
extremely close tolerances. MYCALEX insulation has
high dielectric strength, very low dielectric loss, high
arc resistance and great dimensional stability.

sockets

Produced in two grades: MYCALEX 410 conforms
to Grade L4 specifications, having a loss factor of

only .015 at 1 MC. It is priced comparably with
mica filled phenolics.

MYCALEX 410X is for applications where low
cost of parts is vital. It has a loss factor only one-

fourth that of “everyday” quality insulating ma-
terials, and a cost no greater.

Prices gladly quoted on your specific require-
ments. Samples and data sheets by return mail.

Our engineers will cooperate in solving your
problems of design and cost.

Mycalex Tube Socket
Corporation

"*Under Exclusive License of Mycalex Corporation
of America’’

30 Rockefeller Plaza, New York 20, N.Y.

MYCALEX CORP. OF AMERICA

“Owners of ‘'MYCALEX' Patenis” : g
Executive Offices: 30 Rockefeller Piaza, New York 20, N. Y.
42

[Plant and General Offices: c‘llltp_ri, l..~J)'.,
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SESL SERIES

Selenium for high voltage uses.

€X14 SERIES
Copper oxide for instruments.

SE11X SERIES

Selenium for high current uses,

RECTIFIERS
perform as rated!

'YOU CAN COUNT on performance exactly as
rated with Bradley rectifiers — whether your require-
ments involve one unit or a hundred thousand units.
Our exclusive vacuum process—as applied to selenium
and copper oxide rectifiers — provides the highest
type of quality control. You get the rectifier you need,
predictably accurate, true to rating and long-lived even

under extreme operating conditions.

SPECIAL POWER CONVERSION PROBLEMS
— the kind that get you shrugs elsewhere — are
challenges that we accept and handle with speed and
competence. Bradley has helped many leading manu-
facturers use rectifiers in new ways that have led to
improved product performance. We can help you, too,
on either standard or special requirements. If your
product involves a rectifier — see Bradley to get the

performance desired.

BRADLEY LABORATORIES, INC.

82 MEADOW STREET

ELECTRONICS — January, 1951
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plus val

in the cords on your

Belden Engineered Cords give you real Plus Values because
they are engineered to your product, complete with molded
plugs or connectors. They are built far above minimum
standards, to give your product a chance to operate without
cord failure and to maintain your customer’s good will.

a Be Iden cord M eans 7 All Belden Cords are factory tested to eliminate cord grief

e —extra assembly operations—rejections—extra cost. Investi-
} gate Belden Cords, today. Write

+ SAFETY and APPEARANCE Belden Manafacesing Company

4625 W. Van Buren Street
Chicago 44, Illinois

+ QUICK ASSEMBLY CORDITIS-FREE CORDS BY

 FEWER REJECTIONS
+ LONG LIFE IN SERVICE Belden

WIREMAKER FOR INDUSTRY
44 January, 1951 — ELECTRONICS
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HOW DID
SUNSET BLVD
GET ON
BROADWAY ?

Everyone knows that it’s hard to be in
two places at the same time.

But recently, Paramount Pictures had
to be in 387 places at once.

The release of their smash hit, “Sunset
Boulevard,” called for simultaneous open-
ings in theatres on Broadways all over
America. And although Gloria Swanson

ELECTRONICS — January, 1951

is being mentioned for an Oscar, Para-
mount feels there ought to be a special
award for a star not even mentioned in
the cast.

That's Air Express!

Thanks to Air Express, Paramount
could work on the cutting, editing and
printing of this film up to the last minute
—and still get there on time!

But, you don’t have to be in the motion
picture industry to profit from regular
use of Air Express. Here are its unique
advantages which any business can enjoy:

IT’S FASTEST — Air Express gives the
fastest, most complete door-to-door pick
up and delivery service in zll cities and
principal towns, @ n0 extra cost.

IT’S MORE CONVENIENT — One call to
Air Express Division, Railway Express
Agency, does it all.

www.americanradiohistorv.com

IT'S DEPENDABLE — Air Express pro-
vides one=arrier responsibility all the way
and gets a receipt upon delivery.

IT’S PROFITABLE—Air Express expands
profit-making opportunities in distribu-
ton and merchandising.

Like te know more? Call your local
Air Express division of Railway Express
Agency.

)

AR LRSS

GETS THERE FIRST
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‘/Lower losses with higher
efficiency and lower operat-

ing temperatures

V Lighter weight, smaller sizes
for more compact construc-
tion, lower costs of finished

equipment
V Much higher permeability

VLess corona effect

v Lower cost

Technically, Stackpole Ceramag Cores are
molded from a metallic oxide powder mixture
which, when properly handled during processing,
promotes cubic crystal growth. This results in a
non-metallic material having low eddy current loss
and exceptionally high permeability.

Practically, Stackpole’s skill in the highly critical
fabrication of these cores in production quantities
has resulted in lower costs and higher standards
of performance and dependability for the nation’s
leading television receivers.

Besides the more popular standard Ceramag core
types illustrated above, many specials are regu-
larly supplied.

January, 1951 — ELECTRONICS
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SPECIFY GENERAL ELECTRIC
IN72° UHF GERMANIUM DIODES

Designed specifically for the
TV market and performance
tested for a full year, this
low noise, high stability
diode is now available in
production quantities at
new low prices.

CHARACTERISTICS: Low noise
factor . . . improved burn-out
resistance . . . operation not
affected by overloads . . . snap-
in design for use with minia-
ture clips to avoid inductive
leads . . . input and output im-
pedances approximately 100-
500 ohms . . . no contact po-
tential . . . welded whisker con-
struction.

New Plant Facilities To Meet
Total Industry Requirements
—A complete new G-E plant
devoted exclusively to the man-

ufacture of diodes is now in
operation near Syracuse, New
York. These facilities enable
us to handle the total industry
requirements
for UHF televi-
sion mixer crys-
tals. General
Electric appli-
cation engineers
are at your serv-
ice to help your
designers inter-
pret the charac-
teristics of this
crystal to your
circuit’s advantage. For full in-
formation, call the G-E elec-
tronics office nearest you or
write for Bulletin X57-015A:
General Electric Company, Sec-
tion 411, Electronics Park, Syra-
cuse, New York.

ACTUAL SIZE

¥formerly designated G-7

SPECIFICATIONS
UHF TYPE IN72 (Formerly Designated G-7)
Specifications at 25°C:

Design frequency...... 2e * CRSRORSASASASRCAS © ° AL 500 me
Useful frequency range...... DC to over 1,000 mc
Noise figure . o ovcveuvrenneinnsnns 14 to 19 db*

*Measurements made with Measurements Corp.
Model 84 Signal Generator, R.C.A. Mode!l A Con-
verter with 0.7 ma rectified local oscillator current and
G-E Mode! 814 television receiver with television
channel 3 used as IF frequency with noise band width
of 3.5 mc. Noise figure is measured by noting signal
required to double zero signal noise power output
of converter. Similar measurements made on average
IN21B diodes indicated noise figure of 16 db.

COMPLETE LINE OF GENERAL ELECTRIC WELDED GERMANIUM DIODES

Maximum Ratings:

General Purpose Television JAN UHF Quads Transistors Average rectified current. .., ....n.nt 25 ma mox.
. Peak rectified current. . .ccvvvienvnnn 75 ma max.

1N48 1N63 1N64 1N69 1N72 IN73 SX-4A Temperature range.....,seeees- —50 to+75°C

IN51 IN735 1N65 1N70 1N74 Z-2 , .

IN52 ...Other Applications, Too

For example, as harmonic generators to provide local
oscillator injection from the low frequency local oscil-
lator . . . As detectors in high frequency RF voltage
measurements . . . and in low frequency circuits where
a low impedance crystal is needed.

%Mmﬂlffomwy/mm_
GENERAL ELECTRIC

ELECTRONICS — January, 1951 47
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VERSATILITY
QUALITY
PERFORMANCE

TYPE PK RELAY

HERE ARE THE FACTS AND FIGURES:

CONTACTS: 10 amp. standard. 24 volts D.C., 115
volts A.C.
15 amp. contacts available.

LSENSITIVI'I'Y:__D.C.: 4 pole 1.5 watts
2 pole .7 watts

A.C.: 4 pole 5 volt amperes
2 pole 2.5 volt amperes
Can also be furnished in 6 pole AC
and DC up to 4000 Ohms,

COIL: To 115 volts D.C., 230 volts A.C.
NOMINAL HEAT USE: D.C. 30°C above room ambien*

A.C.45°C above room ambient

MAX. INPUT FOR 85° RISE: D.C. 5 watts

A.C. 11 volt amperes,

MOUNTING: Base or end mounting
WEIGHT: 4.5 0z. 4 P.D.T,
WEIGHT HERMETICALLY SEALED: 7.7 oz.

DIMENSIONS: Open Relay—2"is", 1'%", 2'/is7
Sealed Relay—3'%", 14", 244"
Overall Mounting Flange—3's"

A Quality Relay

The new Allied PK Relay is dc-
signed to offer versatility in a
power relay where quality and
low cost are factors. Besides sta-
bility in operation its reliability
allows a. range in applications
from high quality instruments to
vending machines. The PKU relay
will comply with Underwriters’
Laboratories requirements and can
also be supplied hermetically
sealed.

Bulletin PK gives complete
details. Send for your copy
today.

Be sure to send for your copy of
Allied’s Relay Guide. It gives the
engineering data for 27 Allied
relays in a concise tabular form
for casy reference.

Center to Center Mounting Holes—2'Y4"

Alatan

ALLIED CONTROL COMPANY, INC. 2EASTEND AVENUE, NEW YORK 21,N.Y.

48 January, 1951 — ELECTRONICS
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HIGH POWER

For 60 cps power sources—27 styles—maximum output powers
from 62 watts to 4200 watts.

All amplifiers fur-
nished complete with
Vickers special Seleni-
um Rectifiers.

HIGH PERFORMANCE

For 60 cps power sources—28
styles — maximum output
powers from milli-watts to 108
watts. For 400 cps power sources
—20 styles—maximum output
powers from 30 watts to 385
watts.

\v
Now More Than 90 STANDARD

Styles Offer These Advantages

e HIGH PERFORMANCE

e NO MAINTENANCE
T e ——
RUGGED CONSTRUCTION

HIGH GAIN NO MOVING PARTS
¢ NO WARM-UP TIME
e A-C OR D-C CONTROL

For 60 cps power sources — 22

styles — maximum output
powers from 12 watt to 1200 A-C OR D-C OUTPUT
watts. e RESPONDS TO SUM OR DIFFERENCE

OF SEVERAL SIGNALS

e ALLOWS ELECTRICAL ISOLATION
BETWEEN CIRCUITS

WRITE FOR BULLETIN 20-A

for information on the complete

TYPICAL APPLICATIONS line of Vickers Standard Magnetic
A ifiers. k

Servomechanisms — Line-To-Line mplifiers. Please make request

on your letterhead.

Voltage Regulators — Hydraulic

o . s &g
Transmission Controls—A-C and D-C ¢‘ e
(SRR S e L gy )
Generator Voltage Regulators—Speed >RV FA
“ryygho®

and Frequency Regulators — Lamp

and Furnace Controls—Temperature VICK E.R S ELECTRI C DIVISION

Regulators—Time Delay Devices. VICRERS /e
1801 LOCUST STREET e ST.LOUIS 3, MISSOURI

ELECTRONICS — January, 1951 49
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would freeze an eskimo : ga:‘x'g

-« WON'T FREEZE VARGI-AS vl Vi
wo o
' SILICONE Txf?

would roast the devil
cee WON'T ROAST

VARGLAS
SILICONE

Electrical Insulating

#0938

f

MA L Tubing and Sleeving
[T\ lead wire and tying cord
e Efficient at 500° F. or more in some applications—yet com-

pletely flexible at —85° F. Resistant to moisture and lubri-
. cating oil—flame resistant and self-extinguishing—this pio-
Contains samples for ™ . . .

il feaiot tRelecas neer silicone tubing and sleeving developed by Varflex is

lutionary development of available in various NEMA colors where required.
Varflex laboratories . . .

Varglas Silicone is a combination of Varglas—continuous filament Fiberglas; moisture and fungus
proof; will not burn; strong and flexible at high and low temperatures; chemically inert . . . and
Silicone High Temperature Resin—which has a natural affinity for Fiberglas; renders it abrasion-
resistant, flexible and non-fraying. Normalizing process removes binder and organic inclusions
from the Fiberglas; improves electrical qualities and allows uniform impregnation.

Investigate the NEW, low cost VARFLO Sleeving and Tubing if you
do not have to allow for an unusually high operating temperature.
Samples and prices on request. It's flexible. It takes rough handling
without loss of dielectric. It won’t fray out. Made with a Fiberglas
braid, it won’t support combustion—YET COSTS NO MORE THAN
COTTON.

Clip and mail this coupon TODAY!

AR CorPom T —

VARFLEX CORPORATION

308 N. Jay St. Rome, N. Y.

Please send me folder containing free samples of Varglas SILICONE products.

CORPORATION;
Makers of : "
Electrical Insulating

Puny

Address l

—ue e e em=e
N
—

Tubing and Sleeving

City.

-
g
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> the Volt-Ohm-Milliammeter
that needs no introduction!
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bringing
Your Product

to market

is a full time job for. .. electronics

When you consider that there are more than 2,000 widely-diversified
products sold to manufacturers and users of electronic equipment, the
problem of bringing your product to that market — and selling it, might,
at first, seem complicated. But it isn't.

Consider first how products are bought and by whom. Components
and materials used in the design, testing or production of electronic
equipment of all sorts are bought for engineering reasons by engineers.
That this is true is obvious when one considers the extremely technical
nature of the industry’s products. The buying for this industry is done
by men like the one shown ... back-in-the-plant, design, development
and test engineers, generally inaccessible to salesmen.

And it is their counterparts throughout industry and, of course, in
communications and broadcasting who, by use of electronic equipment
to solve their own design, test, production and control problems, create
the markets for packaged electronic equipment.

It is for these men that ELECTRONICS is edited. Bringing them the
up-to-the-minute electronic design, use and product information is
ELECTRONICS' full time job. (A job it has held for over twenty years.)
Because of this, they work with ELECTRONICS at their sides and refer
to it more than to any other single source for the information they need
in their work. It is for this reason that bringing your product to this
market isn't as complicated as it might seem at first. ELECTRONICS
provides a market place, the only one, in which you can reach these
men who do the specifying and buying of electronics throughout in-
dustry...be it electronic manufacturing or general industry.

iBe.

2 _clectronics ...

supplying latest tech- A McGraw-Hill Publication « 330 West 42nd St,, New York 18, N.Y.

nical information, de-
sigh and product news

52 January, 1951 — ELECTRONICS
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— — —A $2,000,000,000 MARKET PLACE

What is YOUR PRODUCT?

With ELECTRONICS’ blanket coverage of all industry. it
doesn’t matter whether your product is a material, component
or a piece of elecironic gear — a getter or a gear train, a capaci-
tator or a cabinet, a servo or a spring, a motor or a motor control.

Both designers and users of electronic equipment find
ELECTRONICS their best source of information. Manufacturers
find it their best source of sales to both.

Take instrumentation for example. ELECTRONICS research
department recently completed a survey of reader purchasing
in that one, only partially electronic field. Returns were from
every segment of industry and revealed that 116,395 instruments
of 53 specified types are used by the fcur hundred and fifty-nine
respondents. A copy of the complete results is yours for the
asking.

Similar documented evidence that ELECTRONICS is not only
the market place for all things electronic but also for all manner
of other products used in conjunction (allied) with electronic
products is available in another survey study we would like to
show you, "The ELECTRONICS Audience ~What is its buying
scope?”’ Ask your ELECTRONICS representative for details.

Further evidence is the list at the right showing some
of the allied products currently being advertised success-
fully in ELECTRONICS. Positive evidence of the market
offered by ELECTRONICS for your particular product can
be obtained profitably by advertising it in ELECTRONICS.

ANNUAL BUYERS’ GUIDE
supplying all basic prod-
wct source and tech-
nical specifying data

ELECTRONICS — January, 1951
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SUCCESS STORIES

Following is a partial list
of allied products currently
being advertised success-
fully in ELECTRONICS . ..

BEARINGS

BLOWERS

BOBBINS

BUSHINGS

CARBON

CERAMICS
COUPLINGS
DRAFTING EQUIPMENT
FASTENERS

GASES

GEAR TRAINS
GRAPHITE

HAND TQOLS
HEATING TANKS
INSULATION
IONIZATION CHAMBERS
LIGHTING EQUIPMENT
METAL STAMPINGS
METALS & ALLOYS
MOLDINGS

MOTORS
MOUNTINGS

PAPER
PHOTOGRAPHIC EQUIPMENT
PLASTICS

RINGS

SEALS

SOLDER

SOLDERING GUNS
SPRINGS

TAPES

TUBING

WASHERS

WIRE & CABLE

53
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CARBOLOY

assures uniform

’ Pourirg molten Carbsloy Permanent Magnets

fror clectric furnace at 1£00°C. Samples of
every melt are checked fcr physcal, chemical, and
metallurzieal qualities before release for fabrication,

Every Carvoloy A’nico Permanent Magnet is
subjected to eountless quality checks like this
flux test to assure you of outstanding uniformity
and performance,

for the finest
next, every batch is quality checked and recorded. - ih l’el'-fﬂfi/e me"’s

2 As permanent magnets move from one production step to the

54 January, 1951 — ELECTRONICS
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continvous quality control
Alnico permanent magnets

4 Carboloy’s rigid quality
tests pay off in uniform
high quality Carboloy Perma-
nent Magnets for peace-time
uses like this television tube.
You are assured of the same
high quality for radar and
other defense applications.

E OVER 22 years the name “Carboloy” has been a synonym for
uniformity and outstanding quality with users of cemented
carbide. Today, the same exacting standards of quality control
that have earned this reputation for Carboloy Company,

Inc., are being applied to the production of permanent magnets,
(among them Alnico) and other versatile metals, mass-
produced for industry.

‘

Your inquiries or orders for Carboloy Permanent Magnets
for use in essential goods will receive immediate attention.

The trade-mark *Carboloy’ identifies manufacture by Carboloy Company, Inc.

(Alnico and other types)
ELECTRONICS — January, 1951 55
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- BENDIX

GREATER VALUE

ELECTRICAL
CONNECTORS

PRESSURE TIGHT SOCKET CONTACTS

¢ Moisture-proof
® Radio Quiet

¢ Single-piece Inserts

Vibration-proof

Light Weight

High Insulation
Resistance

¢ Easy Assembly
and Disassembly

® Fewer Parts than
any other Connector

® No additional
solder required

Pin and socket

arrangements available
Sor all sizes of comtacts.

Genoiy

Outstanding design and precision work-
manship assure completely pressurized
electrical connectors for all sizes of contacts.
A truly important feature, but only one of
the many exclusive advantages that con-
tribute toward making Bendix outstanding
in the electrical connector field. Increased
resistance to flash over and seepage is made
possible by the use of Scinflex dielectric
material—an exclusive development of
Bendix. In temperature extremes, from
—67°F. to +300°F. performance is remark-
able. Dielectric strength is never less than
300 volts per mil. Remember, for the
greatest value in electrical connectors, it
pays to specify Bendix. Our sales depart-
ment will gladly furnish complete informa-
tion on request.

SHELL
High strength aluminum alloy
« « « High resistance to corro-
sion . . . with surface finish.
CONTACTS
High current capacity . .. Low
voltage drop.
SCINFLEX ONE-PIECE INSERT

High dielectric strength . ., ,
High insulation resistance.

56
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“San Bruno, California
Export Agents: Frazar
¥ il

Longer Life

You save from every angle when you buy and use transmitters
employing Eimac tubes. Saving starts with the initial tube cost
. .. you save again every hour you're on the air because of higher
tube operating efficiency . . . and you save still further by staying
on the air more hours without service shutdown.

Take as an example of Eimac tube eceonomy the rugged
3X2500F3 triode pictured above. Initial cost is $198.00 each,
yet as power amplifiers they will provide 5 kw output per tube . . .
that’s lots of watts per dollar cost. The dependability of this tube
and its high frequency version (type 3X2500A3) has been
proven over many years by thousands of hours of life in AM, FM,
and TV service.

These tubes are the nuclei around which modern transmijtter
circuits have been developed and built.

Let us send your engineering staff complete data on the
3X2500F3 and other Eimac tubes for broadcast service. A letter
to us will bring the material by return mail.

P —_

" EITEL-McCULLOUGH, INC.

& Hansen, 301 Clay St., San Francisco, California

&
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27 IPM MOTOR

54 RPM MOTOR 162 RPM MOTOR

MAXIMUM Approx. Approx. Approx.

TORQUE 85 nch-ounces 43 inch-ounces 19 inch-ounces _

Approx. 6300 inch
0zs. per minute at
appro». 17-18 rpm.

Approx. 6700 inch-
0zs. per minute at
approx. 30-32 rpm.

Approx. 8150 inch-
o0zs. per minute at
approx. 100 rpm.

MAXIMUM
POWER

POWER Line field —approx. 9.5 Watts. Amplifier field—approx. 4.0 Watts.
REQUIREMENTS Total power—approx. 13.5 Watts.

Reversibility and Low Inertia

... THE BROWN 60 CYCLE BALANCING MOTOR

58

Available in the 3 speeds indicated in the
table, this totally enclosed and self-lubri-
cated motor is ideal for service where
positive positioning is required. Its low
inertia eliminates coasting, promotes
maximum effectiveness from any dynamic
braking. The motor is designed to have
a tapered curve of speed versus voltage
and, at the same time, to maintain high

torque at low speeds. Your local Honey-
well engineer is qualified to discuss your
application. Call him in, today . . . and
write for a copy of Data Sheet #10.20-2.
MINNEAPOLIS-HONEYWELL REGULATOR
Co., Industrial Division, 4428 Wayne Ave.,
Philadelphia 44, Pa. Offices in more than
80 principal cities of the United States,
Canada and throughout the world.

Honeywell
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PYRAMID CAPACITORS

THE

will be in-full operation by FEBRUARY 1, 1951

LOCATION 1445 HUDSON BOULEVARD, NORTH BERGEN, N. J. H

SIZE 137,000 SQUARE FEET

PRODUCTS ELECTROLYTIC CAPACITORS
PAPER CAPACITORS
RF INTERFERENCE FILTERS

Your inquiries are invited

PYRAMID ELECTRIC COMPANY
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ACTUAL
SIE

PAPER

CAPACITORS

Fit anywhere!

Suitable for
85°C. operation!

CAPACITANCE RANGE:
L0001 TO 5 MFD,

VOLTAGE RANGE:
200 TO &00 V., INCLUSIVE

Sturdily built in phenelic-
impregnated tubes, Ends
are plastic-sealed.

WRITE FOR COMPLETE LITERATURE

Reprosentatives and Distribubors
Throughout the U.5.A. and Canada

\é’) PYRAMID

PYRAMID ELECTRIC COMPANY

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

TELEGRAMS: WUX Paterson, M. J.
CABLE ADDRESS: Pyromiduso

BUSINESS BRIEFS

By W. W. MacDONALD

Audio Fair has made a place for
itself among important annual
meetings, national in one sense
and local in another. Second shin-
dig conducted under the auspices
of the relatively young Audio En-
gineering Society at the Hotel
New Yorker pulled more engineers
from greater distances to hear
technical papers, had 50 percent
more exhibits and a larger overall
attendance than in 1949. But local
dealer-distributors rented many of
the rooms and metropolitan-area
hobbyists swelled the gate.

Men and women attending
moved in a world consisting
largely of corner speakers and
magnetic amplifiers, amid weird
sounds such as those generated by
a showpiece recording aptly en-
titled “Ionisation” that rattled the
rafters. There appeared to be a
growing trend toward the use of
separate remote-control boxes for
high-fidelity amplifiers. Inciden-
tally, the desirability of standard-
ized input and output connectors
for such amplifiers is becoming
evident.

Difficulty of deciding how high
high-fidelity should be in new
sound system designs is illustrated
by the story about a recent listener
test in which two units, one cut-
ting off at 5,000 cycles and the
other going on up, were compared.
A white light indicated when one
unit was playing and a yellow
light showed when the other was
in use. Study of ballots indicated
only one thing . .. that people pre-
fer white lights.

Engineers make poor test audi-
ences. Two identical amplifiers
were played but when using one of
them needle scratch was deliber-
ately introduced into the record-
ing. The technicians assumed that
because they heard scratch one
amplifier was doing a better job on
highs, and voted for it.

United Nations has until re-

| cently rented American cameras

to handle televising of meetings at
Lake Success and Flushing. Now,
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according to H. B. Rantzen, who is
Director of the Telecommunica-
tions Services Division, British
units are being tried out too. Most
attractive appears to be a type em-
ploying an image orthicon, first
because equipment must perform
at low light levels and, second, be-
cause replacement tubes are more
readily available.

Specifications for new electronic
equipment for UN Headquarters
have been written and requests for
bids are not internationally. We
understand that there are severe
financial restrictions so that it is
a question of fitting new gear in
with equipment already on hand
rather than provision of entirely
new systems.

650 Radio Patents were the sub-
ject of 1,500 suits between 1910
and 1942. Some 35 percent were
dismissed or settled out of court,
and 30 percent involved consent
decrees, validity not being de-
termined. Information regarding
the remainder of the suits is ob-
scured in the records.

Of the patents involved, 16 per-
cent were declared valid and in-
fringed, 3 percent valid but not
infringed, and 2 percent invalid.

Public Relations are very im-
portant to a large lab operating in
the midst of a nice residential
neighborhood near New York. So
before shutting down last Christ-
mas eve the timer on a high-power
electronic carillon was set to
spread carols over the countryside
at 2 o’clock the following afternoon.

The thing went off at 2 a.m.

Wayne Coy of the FCC says
there are now 1,200 American
ship-borne radar installations.

A Subscriber who works for a
southern broadcast station has
worked out some of the details of
an idea that might be useful to
chiropractors. He thinks that if
low-voltage a-c is applied each
side of a patient’s backbone ampli-
fied bridge output potential might
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SYLVANIA SILICON DIODES

Applications
Band Coverage ‘

Characteristics

® Here’s a fund of up-to-the-minute infor-
mation about Sylvania Silicon Diodes that
belongs in the file of every electronics engineer.

This new 16-page booklet describes crystal
rectifiers covering the frequency range from
1000 to 25,000 mc per second. It explains the
various types of Silicon Diodes with their

ELECTRONIC DEVICES; RADID TUBES; TELEVISION PICTURE TUBES; ELECTRONIC TEST EQUIPMENT FLUG-
RESCENT LAMPS, FIXTURES, SIGN TUBING, WIRING OEWGES; LIGHT BULBS; PHOTOLAMPS: TELEVISION SETS

ELECTRONICS — January, 1951

ratings and common applications.

The booklet discusses mixer crystals, includ-
ing the new matched pairs, microwave video
detectors and Silicon Diode use in UHF and
SHF instrument applications. For your free
copy of this new booklet, simply clip the
coupon and mail today.

| Sylvania Electric Products Inc.

| Dept.E-1001, Emporium, Penna.

I Please send me your new FREE booklet

i “Microwave Crystal Rectifiers.” Also send
I me information on Sylvania Magnetrons.

I Name

I Company.

| Street.

: City Zone. State

wwWW.americanradiohistorv.com
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BUSINESS BRIEFS (continuea)

SHOCK = V/BRATION NEWS

sistance associated with nerve im-
pingement and that this might

ALL-METL sarrYMOuUNTS =

Component Parts made by elec-
A for j'p'- 4 tronic equipment manufacturers
=15 - find their way into an extremely
ZIE unusual wide variety of end products. Vic
Mucher says Clarostat’s are used
in the following:

(13 airborne
E 5 applications

Air cleaners

Airecraft de-icer controls

Aircraft wing fiap controls

Alarm systems

Analyzers

Antenna dummy loads

Antenna rotor controls

Atomic program

Attenuators

Audio-frequency amplifiers

FOR EXTREME HIGH %ulczltio—inp}:lt amplifiers
attery-charging equipment

TEMPERATURES Battery-testing equipment

Boosters

Cathode-ray oscillographs

Colorimeters

Communication systems

Conpasses

Computers

Cyclotrons

Diathermy equipment

Direction_finders

Electric dryers

Electrical bridges

Hilectrocardiographs

Electronic dictation machines

- Electronic heating equipment

- Electronic sorters and counters
Desi ¢ ALL-METL |
esign Features o Fuet Sepes

Gas detectors

Graphic recording instruments
Guided missiles
Heat-controlling equipment
Intercommunication systems

Loran navigational devices

uiliad ol Jioihia

C

FOR EXTREME LOW
TEMPERATURES

. . Lo ¢ . Meteorological studi
@. . + « Outstanding vibration isolation under severe ﬁfc$8§%3§‘%?n§u‘ée‘r‘? .
- oge lcrowav a n systems
temperature and environmental conditions. Ra(iﬁiaetegtior? apparatus
nito.
81‘))ticalriqu§pénent
- . . a I
« « « » High shock protection in accelerated take-offs Preciston measuring instruments
b g
H Radar microwave amplifiers
and arres+ed landlngs. Radar recording cameras
Radar systems and equipment
I%g.di?.tion counters
B . . . o Ver:
(3). ... Unit mountings are interchangeable with gegi;ge;:
mountings now in use. Servo amplifiers
Servomechanisms
gignal generators
@. .« » Complete line of ALL-METL mounting bases S
Q Q troph .
to JAN-C-172-A dimensions. EesiteruoiiGicie
Synchroscopes
. %rransce.i:ters
@ « + + « Special ALL-METL bases made to customers Tro et or  input controls
. requirements, X-ray cameras
FREE CATALOGS give dimensions and load ratings of stock Advertising of radio and tel.e—
BARRYMOUNTS. Write today for Catalog 509 vision sets increased sharply in
> describing ALL-METL unit mountings and mount- the last half of 1950. A.n'meé'mal
g-% ing bases. Catalog 502, covering general aircraft po.ll of RTMA Pde(:}l‘tlslllg R
NG, applications, and Catalog 504, covering industrial mittee members indicates that at
‘a LN .
S Y 0 PP 9 ' Is freeg P least 9 percent more will be spent
Y mountings, are a'so ° quest. by the average manufacturer in

1951 than in 1950.

Main Office 707 Pleasant St. Watertown 72, Massachusetts Reader who liked our September

New York Rochester Philadelphia Washington Cleveland Dayton Detroit wheeze a.b?ut the I.leW AN'SyStem
of definitions points out that

CU/SBW-8 would indicate the

Chicago Minneapolis  St. Louis Seattle Los Angeles Dallas  Toronto
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eighth model of a coupling unit |
for a remote-controlled shipboard
carrier pigeon.

Industrial Television is already I
at work, according to Bill Norvell l

of Remington Rand, in the follow- TI I N
ing applications: |

| with
Telemeteri | &3
Ao evenen | sensitive
Structural testing of aircraft |
relays

Remote handling of explosives
Adjustment of bombs
Rocket-motor testing

Helicopter rotor testing |
Teaching of surgery
Navy training programs

Other possible industrial ap-!
plications of television equipment |
include:

( EE NN ERNNENE NN RN NERENERNR]e
Observation under water
Microscopic and telescopic observations
Night-watchman operations
Time studies
Manufacturing produection control
Department-store merchandising
Sales promotion
Factory training
Transmission of business records
Monitoring of motion-picture sets
Teaching of dentistry
Observation of sports fouls
Transmission of race results

Transmission of weather charts ‘

Traffic control
Civilian defense
Police-record transmissions
Railroad-yard inspection
Reservation information

First widescale use of industrial
color television, Norvell thinks,
may be in the medical field.

OPERATING €

LI O B O B B R O R BRI L

Rectangular Picture Tubes
represented 47 percent of all
cathode-ray tubes sold to tele-
vision set makers in July, the first
month in which detailed statistics
were compiled by RTMA. Eighty-
four percent of all c-r tubes sold
to manufacturers were 16 inches
or more in size.

Business Booster that might ap-
peal to other distributors of elec-
tronic equipment is the Electronic
Industrial Equipment Show re-
cently staged for the third time in
three years by Sam Poncher of
Chicago’s Newark Electric. Sam
displayed the products of 27 man-
ufacturers in Hotel Stevens
rooms, served drinks and smorgas-
bord, attracted over 1,500 poten-
tial customers.

(4=} ih-'.“,'tﬁ =g 4T = g2

t=2T=2RC

Gold Bricks are well known. Not
so well known are recently mar-
keted lead bricks simplifying the |
construction of shielding in radio-
activity and other research proj- |

SERIES S5F

Interval timing in the range 0.02 to 0.20
seconds is advantageously accomplished when a
slow releasing relay can be used. Unlike slow
make relays of which the operating time is an
inverse function of voltage applied to the coil
{which affects rate-of-rise of flux), slow release
relays need only be operated in a saturated
condition to give a time delay independent of
applied voltage. (See curves applying to
pictured relay, with 50% copper slug.)

Time varies as a function of drop-out setting,
which on most sensitive relays can be closely
controlied with screw adjustment. It also varies
inversely with ambient temperature which affects
the resistance of the copper slug. Bimetallic
temperature compensation can be applied to
the above relay to mitigate this.

Variations of the same principle are presented
at “A” and “B", both involving the use of short
circuited operating windings as a ‘“‘copper slug.”
At “A" a switch is used to control the relay by
means of shorting its coil, resistor R limiting
short circuvit load on battery.

t “B" a crystal diode shunting the coil is
non-conducting to battery potential, but when
the switch is opened, provides a low impendence
path for the decay of coil current. A variable
resistor in series with the diode gives adjustable
control of the timed interval.

For intervals longer than attainable with the
“slug™ principle and where moderate precision
is adequate, “RC" methods may be employed.
Use of sensitive relays permits smaller capaci-
tors or longer time intervals. In the circuit at
left, time of drop out, t, is related to the time
constant, RC, but not equal to it. After ona time
constant, T = RC, (T seconds R megohms C
microfarads), the voltage will equal 0.37Es,
not necessarily the dropout voltage. In the
graph Ed.o., the drop out voltage, has been
chosen as equal to voltage attained after two
time constants. The equation is shown solved on
this assumption. Approximate solutions may be
attained by taking 379, of Es, 37% of the
result, and so on until Edo, is reached. The
number of times this may be done multiplied
by the time constant gives the release interval.

ects.
Computer Make.rs, v:ve are told, SIGM A ‘vEL

soon learn to think in terms of
microseconds and megabucks.
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SIDE VIEW

FRONT VIEW

15/16" MALLORY
MIDGETROL*

Electrical characteristics specially
designed for critical applications in
television, radio and other circuits.
Insulated shafts are knurled for
ease in adjuslmenl. Curl'enl-carry-
ing parts provide 1500 volt insulation

. 154" diameter saves spacc . . .
phenolic material eliminates me-
chanical noise. Precision-controlled
carbon element provides smooth
tapers, quiet operalion, accurale
resistance values, less drift in tele-
vision applications.

*Trade Mark

Design Standardization

By Mallory

effects real customer savings!

Mallory goes beyond the basic research and development
work which results in totally new products . . . and utilizes
every opportunity to pass on to customers the savings
effected by product standardization.

Such is the case with the well known Mallory Midgetrol.
Standardizing its diameter and shaft design resulted in cost
reductions for radio and television manufacturers. The
standard molded phenolic shaft provides a combination
hand knurl and screwdriver slot adjustment at no extra
cost ... and it is available with either 24" or %’ bushing
length. In addition, the Mallory Midgetrol occupies less
space than larger controls, with no sacrifice in wattage rating,

That’s service beyond the sale!

Mallory’s electronic component know-how is at your dis-
posal. What Mallory has done for others can be done for you!

Television Tuners, Special Switches, Controls and Resistors

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

P.R.MALLORY & CO. inc. }

SERVING INDUSTRY WITH

Electromechanical Products
Resistors Switches
TV Tuners Vibrators

Electrochemical Products
Capacitors Rectifiers
Mercury Dry Batteries

Metallurgical Products

Contacts Special Metals
Welding Materials
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1951

» COBALT ... The first real taste
of shortage in the electronics in-
dustry due to conflict with mili-
tary needs came last month when
the supply of cobalt for civilian
production was sharply cut back.
Since Alnico 5 magnets are 25-
percent cobalt, and since less than
30 days supply of this material
was on hand, things looked (and
still look) black for production of
radio and television sets. An
understandable hue and cry arose,
to the effect that television and
radio production would be shut
down tight unless the government
relented and diverted cobalt from
jet engines to television.

Alnico is used in television sets
in focusing magnets, centering
magnets, ion traps and loud-
speaker fields. Prewar loudspeakers
used electromagnets; centering was
accomplished by the d-c components
in the scanning yoke. Preware elec-
trostatic electron guns required no
focusing coil or magnet; early
postwar sets used electromagnetic
focusing coils.

If and when the Alnico supply
is cut off completely, these older
designs must be readopted. The
principal problem appears to be
the focusing unit, which takes
several pounds of Alnico and
would take several pounds of cop-
per in a conversion unit. While
copper is not so scarce as cobalt,
purchasing agents report that get-
ting extra pounds of copper for
focus coils is out of the question
in today’s market. So we may be
faced with a return to the electro-
static gun, much longer picture
tubes and deeper cabinets.

Since a single jet fighter may be
worth a lot of television sets in

ELECTRONICS — January, 1951

CROSS

TALK

months to come there is little point
in screaming bloody murder. But
if civilian production is to con-
tinue, both government and indus-
try must adopt a cooperative and
flexible frame of mind. Engineers
must be ready and willing to rede-
sign around shortages quickly and
cleverly. The management must
be willing to prepare for and
pay the cost of such conversions.
The public must foot the bill. The
government must understand that
advance notice of impending short-
ages is absolutely essential to per-
mit conversions to be ready when
the vrestriction order is issued.
Otherwise our industry, and a doz-
en others essential to defense
mobilization, will grind to a stand-
still before defense orders take up
the slack.

» TURNOVER ... Not many years
ago, most engineers in the radio
receiver business had a well-
traveled look and a brand new
mortgage, the restlt of too short
tenure in too many jobs. Since
the war, the turnover has been
slower. Our guess is that the
majority of radio engineers now
15 years out of college have been
in their present job for at least
five vears. A record of some sort
has been hung up by Mark Glaser
of DeWald, who recently com-
pleted 20 years as chief engineer
of that company. During this time
he has designed over a thousand
different radio and tv sets.

All of which brings up a ques-
tion: How many different jobs, or
changes of employment, should
an engineer in electronics antici-
pate during his professional life?
The different-job-every-year pace

WWW.americanradiohistorv.com

that aflicted so many before the
war is evidently wrong; it is
fraught with insecurity. But is it
not also true that the engineer who
stays in one company for 20 years
(chief engineers excepted) does so
at a lower average salary level
than the man who makes, say,
three changes in that time?

Does the occasional change of
job lead to the fuller life, pension
rights to the contrary notwith-
standing? We solicit opinions, espe-
cially from men over fifty (who
have had the experience) and
under thirty (who may be wonder-
ing what the answer is).

» CURTAIN ... About a year ago,
we received a letter from a reader
who lives in Eastern Europe in
which he described an idea for a
new type of phototube. In his
letter, he explained that he had
no means for investigating his
ideas, and furthermore, so strict
were the rules and regulations be-
hind the iron curtain, that he dared
not reveal his identity. This letter
was published in the Backtall: de-
partment of ELECTRONICS. Af-
ter it appeared in print, we re-
ceived a letter from engineers of
the Rauland Corporation, S. Paks-
wer and W. O. Reed, who had
taken up the idea and had actually
built a tube according to the pro-
posed specifications. A series of
tests were run, and while the re-
sults will probably not change the
course of world affairs, they
proved that the author’s predic-
tions were correct. A detailed ac-
count of the findings appears this
month on page 126. Our corre-
spondent is anxious to find a place
in our industry. Any job offers?

65


www.americanradiohistory.com

MILLIMETER

There is a need for tubes and circuits that will operate in the unexploited millimeter

wavelength region between microwaves and the infrared. Present unsatisfactory methods

using incoherent sources are reviewed and new techniques suggested

~TO INDUCTION COtL

CYLINDRICAL = CLIESSHTUBE

MIRROR OIL BATH

L PLATINUM

{ CYLINDERS
SEALED TO
THE GLASS
TUBES

J WINDOW

( +—--GLASS TUBE

== TO INDUCTION COIL

FIG. 1—Lebedew’'s 0.6-mm spark oscil-
lator used in experiments at the Univer-
sity of Moscow in 1895

TURNING WHEEL
\FAR 7 supPLEES oIL AnD
- PARTICLES TO
: SPARK:

H3D,

-OIL CONTAINING
/ METAL FILINGS

~=STIRRER

FIG. 2—Glagolewa-Arkadiewa’s source

of millimeter waves from which radia-

tions from 129 to 50,000 microns were
obtained
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FIG. 3—Present state of tubes at mill-

imeter wavelengths. The dotted area

shows the range of average power out-

put available from electron tubes.

Pulsed tubes give higher average pow-
ers than c-w tubes

66

E LECTRONIC ENGINEERS and
physicists have worked exten-
sively with radiations at most wave-
lengths available in the spectrum.
There is, however, a little-exploited
gap, that between the longest in-
frared and the shortest micro-
waves. This is the region of milli-
meter waves.

As the physicist pushes his spee-
troscopic measurements to longer
and longer wavelengths, the energy
available from his hot source of
illumination becomes less and less
intense. There is little energy per
quantum, not enough to eject elec-
trons, and sensitive photocells give
way to heat-detecting bolometers
which employ thin wires or films of
metals or semiconductors, or to
Golay cells which measure heat by
the expansion of a small body of
confined gas.

Because little energy is available
in a given frequency range, care-
fully designed and efficient lamel-
lar or echelon gratings must be
used which conserve all that it is
possible to save of the scant energy.
Further, energy must be integrated
or collected over periods of the
order of a second, and measuring
equipment becomes sluggish.
Finally, at wavelengths of around
1,000 microns or 1 millimeter,
infrared spectroscopy peters out.

To pursue their interest at still
longer wavelengths, physicists must
have more powerful sources of
radiation. One possibility is to use
incoherent sources of radiation
whose properties are similar to the
hot-body sources used in the past.

A 60-cycle a-c generator and a
vacuum-tube oscillator are coherent
sources; they generate a smooth
sinusoidal signal of a single fre-
quency. The radiation from an in-
coherent source consists of many
short wave trains of random or un-
related phase. Mathematical analy-
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sis or measurement with a spectro-
scope or a frequency meter shows
that such incoherent radiation cov-
ers a band of frequencies.

Incoherent Sources

Aside from hot bodies, the most
familiar generators of incoherent
radiation are spark-excited oscilla-
tors such as Hertz used in his
original experiments. Indeed, P.
Lebedew generated 0.6-mm waves
with a spark oscillator at the Uni-
versity of Moscow in 1895 (Fig. 1),
and in the 1920’s Nichols and Tear
generated 0.22-millimeter (220-
micron) radiation with a similar
device, thus invading the field of
the long infrared with an electric
generator. More recent spark gen-
erators have used tiny ball bearings
bouncing between charged elec-
trodes, or a stream of mercury
droplets striking an electrode.

Mass radiators have also been
used in the electrical generation of
incoherent millimeter waves. From
1924 to 1929 Mme. Glagolewa-Ark-
adiewa of Moscow used a device in
which metal particles suspended in
oil were carried into a spark by a
rotating wheel (Fig. 2) and ob-
tained radiation of wavelengths
ranging from 129 to 50,000 microns.
Similar work has been carried out
by Lewitsky (1924-27) and more
recently by Cooley and Rohrbaugh
(1945).

The exact mechanism of mass
radiators seems somewhat in doubt.
Recently H. A. Prime, following a
suggestion of Frohlich, dropped
copper powder through an arc and
obtained enhanced radiation in the
vicinity of an ionic resonance of the
copper crystal.

Although spark generators or
mass radiators might be used to ex-
tend the range of infrared spec-
troscopy, they suffer from the
limitation of all incoherent sources.
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WAVES

By JOHN R. PIERCE

Bell Telephone Laboratories
Murray Hill, N. J.

The spectroscopist wishes to meas-
ure absorption or reflection versus
frequency. For finer detail, a spec-
trometer of higher resolving power
must be used and a smaller fraction
of the total radiation selected.
Thus, the spectroscopist who uses
an incoherent source must build a
larger spectrometer which will have
greater resolution, but he has less
energy left to work with as he does
so. He envies radio-frequency and
microwave spectroscopists who have
available sources (electron tubes)
which are essentially monochro-
matic (single-frequency).

Need Coherent Source

With a monochromatic or co-
herent millimeter source, physicists
could obtain the higher resolutions
they need to untangle the behavior
of matter. Physicists are delighted
that molecules in vapor form in the
atmosphere and molecules of liquids
and solids as well absorb millimeter
waves for this enables them to
study these molecules. Although
this pronounced absorption of milli-
meter waves is something of a nui-
sance to communication engineers,
it is not such as to rule millimeter
waves out of consideration for
short-range communication through
the atmosphere or perhaps even
for longer-distance communication
through ‘evacuated or gas-filled
waveguides: Thus, both physicists
and engineers are anxious to obtain
electron tubes which will operate in
the millimeter range.

Unfortunately, as electron tubes
are made smaller to operate at
shorter wavelengths, they are
harder to build. Circuit losses in-
crease as the square root of the fre-
quency, an irremediable defect
which can prevent some sorts of
tubes from operating at all. The
required  small cathodes can
scarcely furnish the currents neces-
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Cross-sectional view of a spatial-harmonic traveling-wave tube operating at 1.25 c¢m

sary to make the tubes operate.
Millimeter-wave tubes thus tend to
be inefficient and short lived. But
worst of all, the tubes can scarcely
dissipate by conduction or radia-
tion the large part of the electric
input which is converted into dis-
organized heat rather than into
millimeter-wave energy.

Spectrum Range

Curve A of Fig. 3 shows the
characteristics of the radiation per
cm® from a black body at a tempera-
ture of 5,000 Kelvin for infrared
radiation. This is in a frequency
range of one percent, which would
allow a spectral resolution of one
part in 100. Curve B is for the
same black body at the same
temperature but with radiation per
em® lying in a bandwidth of one
megacycle, a broad band in terms
of .radio, but a narrow bandwidth
in terms of spectroscopy.

The dotted region of Fig. 3 is
intended to include, roughly, the
average powers presently attain-
able with electron tubes, in an
easily assimilable form. The spread
is partly a confession of ignorance
or uncertainty. However, at the
shorter-wavelength end of the
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range the spread is such as to in-
clude the average power of pulsed
tubes as well as that of c-w tubes.
Pulsed tubes tend to have the
higher average powers, but their
radiation is not monochromatic; it
covers a bandwidth of around a
megacycle.

Electron tubes as millimeter-
wave sources have an advantage
beyond that of being monochro-
matic or coherent; they also give a
power tremendously greater than
that available from hot bodies for
any reasonable bandwidth or reso-
lution. The fact that physicists
have been able to use thermal
sources at all for measurements,
even in the slightly submillimeter
range, is a tribute to their care and
ingenuity in making slow and
painstaking observations.

The other striking feature is the
rapidity with which the power out-
put of tubes falls off at short wave-
lengths, see curves C of Fig. 3.

Suppose we consider an electron
tube of a given type, say, a magne-
tron, which has a diameter D,
which operates at a voltage V, a
current I and a magnetic field B
at a wavelength 2, and gives at that
wavelength a power output P. Now
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imagine that we made a magnetron
Jjust half as big in every respect.
Suppose the circuit Q (or loss)
were unchanged by this scaling
(something which will be dis-
claimed later). If the operating
conditions in the following table
were observed, the power output
would, as indicated, be unchanged.

Original Scaled
Tube Tube
Diameter D D/2
Voltage v |4
Current I 4
Magnetic field B 2B
Wavelength by \/2
Power pr P
Of several things wrong with

this picture, the worst is that of
carrying away the heat produced
because the tube is not a perfectly
efficient converter of direct current
into alternating current.

In the scaling process the size is
proportional to the wavelength.
Moreover, in millimeter-wave tubes
the size tends to be comparable
with a wavelength. For a given
structural part, the heat conducted
through it for a given temperature
difference is proportional to the lin-
ear dimension. Curve D of Fig. 3
shows the power conducted through
a copper cube a wavelength on a
side for a temperature difference
of 1,000 C.

Power can also be carried away
by radiation, and curve E of Fig. 3
shows the power radiated from a
black surface a wavelength square
at 1,000 Kelvin. Tt is no coin-
cidence that the available power
tends to be low at short wave-
lengths, where the conducted and
radiated powers are small.

Need for Large Tubes

A typical miniature pentode
which can be used at a frequency
of 500 megacycles is about an inch
long. The grid is wound of wire
0.001 inch in diameter, and the
spacing between cathode and grid
is about 0.002 inch. The following
table shows what the dimensions
would have to be if the tube were
scaled for operation at 6 milli-
meters (50,000 mec).

500-me 50,000-mc
Tube Tube
Length 1 inch 1/100
Grid wire diameter 1/1000 inch 1/100,000
Cathode-grid spacing 1/500 inch 1/50,000

This is clearly ridiculous.
The vital circuit portion of a 6-
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millimeter traveling-wave tube of
somewhat less power output scaled
for operation at 500 me, would be
6 inches by 17 inches in cross-sec-
tion, and 17 feet long, which is
equally ridiculous.

All of the tubes used in the milli-
meter range are large for the wave-
lengths at which they operate.
Klystrons, magnetrons and travel-
ing-wave tubes are used in the
millimeter range in preference to
triodes not because they are better
tubes in any fundamental sense,
but because they are large enough
to be built and to carry away the
heat generated in their rather in-
efficient operation. If a tube could
be evolved whose smallest part or
closest tolerance was still larger
compared with the wavelength of
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Basic circuit of a reflex klystron, an
oscillator which has been used down
to wavelengths of about 5 mm

operation, on these grounds, at any
rate, it would be a good candidate
for the millimeter region.

Besides matters of thermal dissi-
pation and of ease or indeed feasi-
bility of fabrication, two important
considerations are cathode current
density and circuit loss. If the cur-
rent density rather than the cur-
rent were kept constant in going
to shorter wavelengths, the current
itself would vary inversely as the
square of the frequency, and the
power would vary accordingly, if
the tube would oscillate at all. Usu-
ally, a sort of compromise is made,
and the cathode current density is
raised in going to shorter wave-
lengths, but not inversely as the
square of the wavelength. This
compromise tends to degrade the
performance of the tubes.

Coupled with this is the fact that
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the circuit loss varies inversely as
the square-root of the wavelength.
This, combined with compromises as
to current density and feasibility of
construction make it hard to build
operable tubes of some types (no-
tably, klystrons) for the millimeter

range.
Pulsing offers a way out of this
dilemma. Momentarily, cathodes

will emit large currents, and while
the temperature of the parts rises
steadily during the microsecond or
so of operation, the parts have a
chance to cool down again in the
interval between pulses. Finally,
high-voltage tubes are larger and
easier to build than low-voltage
tubes, and pulsing enables one to
go to high voltages as well as high
currents.

Experimental Tubes

Some of the best tubes in the
millimeter range have been pulsed
magnetrons. The table below
shows some of the results which
have been achieved at the Columbia
Radiation Laboratory.

Wavelength Peak Power Efficiency
in mm in kw in percent
6.3 30-40 15-20
4.3-4.8 5-15 4-10
3.0 1-2 1-5

Even higher frequencies have
been obtained as harmonics of the
frequency oscillation, the shortest
wavelength being 1.45 mm (207,000
mc), as the third harmonic of a 4.35
mm tube. The powers obtained
are, however, very small.

The output of a pulsed tube con-
sists of a band of frequencies of
width inversely proportional to the
pulse length. For some purposes a
steady, single-frequency signal is
desirable. So far, reflex klystrons
have been chiefly used to produce
continuous waves in the millimeter
region. Tubes operating at several
thousand volts have produced sev-
eral tens of milliwatts at around 8
millimeters wavelength and a few
milliwatts around 5 millimeters.
Tubes operating at 400 volts have
also operated at wavelengths a little
longer than 6 millimeters. In this
part of the millimeter range, how-
ever, resonator losses are so great
that the tubes barely oscillate.

While no tubes are completely
immune to the bad effects of circuit
losses, some, like the traveling-wave
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tube, suffer less than others. In a
traveling-wave tube, a beam of
electrons moves along near to a cir-
cuit which can guide a slow elec-
tromagnetic wave. The electrons
are given a velocity nearly equal to
that which the wave has in the
absence of electrons. If the circuit
or the electron stream is excited,
the signal is found to increase in
amplitude as it travels along the
combination of circuit and electron
stream. The signal always in-
creases if the circuit and stream
are long enough; loss merely makes
the increase somewhat less.
Traveling-wave tubes have been
built in many physical forms for
many frequency ranges. In the
millimeter range, gain has been ob-
tained around 6 mm both with a
tube using a helix or coil of wire
as a circuit, and also with a more
rugged circuit consisting of slots or
resonators cut in a ridge of metal.
The traveling-wave tube can be
regarded as made up of two sys-
tems, each capable of sustaining
waves. One is the electromagnetic
circuit, which can carry electro-
magnetic waves. The other is the
electron stream, along which waves
of charge density, velocity and po-
tential called space charge waves can
travel. When one system (the elec-
tron beam) moves with respect to
the other (the circuit) at such a
speed that the backward wave on
the moving system is in synchro-
nism with the forward wave on the
fixed system, the waves interact
or combine to form an increasing
wave which gives gain. This sug-
gests using two electron streams of
different velocities rather than one
electron stream and a circuit.

Possible Solutions

In the double-stream amplifier,
two nearby or interpenetrating
streams of electrons of different
speeds interact to sustain a wave
which increases in amplitude as it
travels. This indicates a possibil-
ity of obtaining gain at millimeter
waves without the fragile and lossy
circuits which are used in other
tubes. Unfortunately, circuits are
still necessary to put the signal onto
and take it from the electron
stream. This, together with some
difficulties in intermingling the
electron streams, have so far stood
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in the way of making double-stream
tubes for the millimeter range.

In the double-stream amplifier,
the two streams of electrons are
drawn from two cathodes held at
different potentials. Experimental
and theoretical work by Haeff, Mac-
farlane and others indicates that
gain can be obtained when all the
electrons come from one cathode,
provided electrons in different parts
of the stream have different veloc-
ities, as they do because of space-
charge effects. Both beams of elec-
trons traveling in the direction of
a magnetic field, and electrons
traveling normal to crossed electric
and magnetic fields, as in the mag-
netron, have been considered. As
yet, such single-stream amplifica-
tion is little explored and imper-
fectly understood, and it is pos-

ROTATING ANODE
POTENTIAL
WAVE

(

|

-~ ANODE

Electron paths in a magnetron oscilla-
tor, showing spokes formed by bunch-
ing eifect of r-f fields of the anode

sible that substantial progress 1is
yet to be made.

Another device related to the
traveling-wave tube is the multi-
resonator klystron, in which a beam
of electrons is shot past or through
a series of uncoupled resonators
and an increasing wave is so ob-
tained. In one device, the easitron,
the resonators are merely a series
of half-wave wires, arranged like
the rungs of a ladder.

The operation of the traveling-
wave tube may be related in some
way to the phenomenon of Cheren-
kov radiation. This radiation takes
place when a charged particle
moves through a medium at a
speed faster than the velocity of
light in that medium. In traveling-
wave tubes the electrons travel
faster than the increasing wave.
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No more detailed comparison has
been worked out. It has been pro-
posed that Cherenkov radiation of
electrons traveling close to the sur-
face of a dielectric might form a
source of millimeter wave power.
One scheme has been called the
“relativistic doppler” method of
generating millimeter waves, on
which Coleman at MIT has been
working. Electrons which oscillate
back and forth radiate. If the elec-
trons move toward the observer,
the frequency of the received radi-
ation is larger than the frequency
of electron oscillation; this is the
doppler effect. Suppose a stream of
high-velocity electrons is shot be-
tween the poles of a series of mag-
nets which alternately produce
magnetic fields in opposite direc-
tions. These fields deflect the elec-
trons back and forth (normal to
the direction of motion) at a high
frequency as the electrons travel.
Electromagnetic waves of an
even higher frequency will be gen-
erated and radiated in the direction
of electron motion. Fortunately, it
turns out that most of the radiation
lies in a narrow cone in the direc-
tion of electron motion. While
some radiation will be obtained
from the individual electrons of a

smooth beam, the radiation 1is
greater if the electrons travel
through the magnetic field in

groups or bunches, and hence it is
planned to bunch the electron beam
as in a klystron before it enters the
magnetic field.

Electrons which circle in a mag-
netic field radiate at harmonics of
the rotational frequency, and this
radiation has been suggested as a
source of millimeter waves. Finally,
various combinations of electron
acceleration and slowing of waves
by dielectrics have and will be con-
sidered.

While the most pressing problem
in connection with millimeter
waves is that of generation, there
are other problems as well. Methods
of detection must be somewhat dif-
ferent from those which are used
at longer wavelengths. Competing
means of handling millimeter
waves such as optical, waveguide,
and others must be worked out and
evaluated. Finally, there is the field
of application, in spectroscopy, in
communications and in radar.

69


www.americanradiohistory.com

VIBRATD
faa — T T 1 T T 1 1 =1}
5T08 cw D D% E F Fe G G" A a® B c
CPS $6sc7 $65C7 36sc7 365C7 $6sc7 $ 6SC7 }6sc7 365C7 $escr 3 6sc7 6sc7
11747 12445 131B.5 1,396.9 1,480.0 1,568.0 | |1,661.2 1,760.0 1,864.7 19755 2,093.0
@ ST:'\’/E 11747 1318.5 13969 14800 [ 1,568.0 |- :,esu.z}- 1,7600 }- 19755 2,0930
ocarws 5873 6223 . 7400 784.0 |- 9878 1046.5
gt o - Goo H [0 [oo}y [sz}f [wao)
2ND :
OCTAVE ﬁ 68 F 1556 185.0 2331 2469
IST : .
OCTAVE rl ™y || e 1 H %s | H 65 || 1235
: [esa
37 TONE LEADS FIRGT 1A
L 24 TONE LEADS TO | TO TREBLE KEY TREB.E 1
BASS KEY SWITCHES | SWITCHES PRE P o SHADED BOXES ARE BASS NOTES ACTE
$265C7 FILTERS ALL OTHERS ARE TREBLE
o e 2616 1O AND STOPS
e 2093ePS 2NDA-F
KEYBOARD PHA POWER
AND PRE aMP /§ N owe
KEY SWITCHES 1-65J7 1-65L7 2-6V6GT
SWELL CONTROL
ass BASS 300-VPOWER KSHALLCROSS 15-STEP
pggi‘*;,n TONE-COLOR SUPPLY | 0.25-MEG POT, 2DB
L RaCT FILTERS 1-5Y3GT PER STEP WITH CORD- 8~INCH P-M
Lo L AND STOPS ﬂ%oﬂfo%{-v AND-PULLEY DRIVE LOUD SPEAKERS
654 TO OUTPUT | TO SWELL PEDAL)
246.9CPS (B-1051FOR
il

GAS-DIODE ELECTRONIC

Chains of sawtooth tone generators using 10-cent neon lamps are synchronized to master

oscillators for frequency control. Undesired harmonics are removed with tone filters to

give five octaves of organ-like music with two vibrato stops and six tone-color stops

LECTRIC-KEYBOARD musical in-
E struments may be classified
into two main groups according to
their means of tone production:
(1) electromechanical generators;
(2) electric-circuit generators. Me-
chanical systems are either rotary
or vibratory. Both means have
been used to modulate electro-
static or magnetic fields or beams
of light. Electrie circuit types have
employed both vacuum and gas-tube
oscillators as tone generators.

Designers of new instruments
have either imitated existing in-
struments or have devised com-
pletely new pleasing tonal qualities
and controls. However, one of the
greatest complaints against electric
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instruments is that they are gener-
ally too perfect, and therefore un-
natural. Variation is the essence
of musical expression and varia-
tions in pitch, loudness, tone color
and vibrato should be within easy
control of the musician. On the
other hand, tco many controls con-
fuse or discourage the performer.
In general, new instruments should
be easily operated by masters of
similar existing instruments.

It was required to develop an
organ-like electronic instrument
that would retail for $800, whereas
the cheapest all-electronic organ
then available sold for about $3,000.
Since mechanical economies in the
design and eonstruction of the
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console and keyboard would class-
ify the equipment as a toy rather
than a musical instrument, it was
necessary to retain the standard
form of the other low-priced organ-
like instruments. The main sav-
ings were effected in parts and pro-
duction costs, with minimum sacri-
fice in performance. A standard
organ keyboard of five octaves or
61 notes covering the range from
C 65 to C 2,093 cycles is used. The
controls consist of eight organ
stops; two are used to select vibrato
rates and the remaining six are for
tone color. A swell pedal is pro-
vided for output level or volume
control.

The cheapest double-triode vac-
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FIG. 1—Arrangement of
stages in complete organ.
Frequency value in cycles
is given for each master
oscillator (top row) and
each of the 61 synchron-
« ized NE-2 neon-tube relax-
ation oscillators compris-
ing the five octaves.
Shaded boxes represent
bass notes

TOP: Complete organ be-
ing played: CENTER:
Rear view of console,
showing general arrange-
ment of electronic units;
BOTTOM: View of chassis
containing the twelve
master oscillators and
twelve octave chains. To-
tal tube complement is
eight 6SC7, one 6S]7. one
6SL7, two 6V6GT, one
SY3GT, one VR105 and 61
NE-2 neon diodes

ORGAN

By ROBERT M. STRASSNER

Monterey Park, Calif.

uum tube, the 6SC7, lists for $2.00.
The cheapest gas diode, the NE-2,
lists for 10¢. For this reason, gas-
tube methods of tone generation
were thoroughly investigated. As
it happens, the sawtooth waveform
of the gas-discharge relaxation os-
cillator has a high harmonic con-
tent, permitting wide variation in
tone color by removing the unde-
sired harmonics with suitable fil-
ters. The main difficulty was, of
course, with frequency stability.

Actual Design

The block diagram of the com-
plete instrument is shown in Fig. 1.
The twelve separately-tuned master
oscillators generate continuously
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the twelve frequencies for the high-
est of the five octaves provided. For
each master oscillator there is a
chain of sawtooth tone generators,
the first of which is synchronized
to the fundamental frequency. Only
these harmonic-rich sawtooth gen-
erators feed the preamplifiers and
tone-color filters; the master oscil-
lators serve only for frequency con-
trol and are not heard.

Each master oscillator syn-
chronizes its corresponding sub-
multiple notes in cascade fashion.
Of course, octave submultiples are
the only frequencies that may be
synchronized in a musical instru-
ment, since the others are not'ex-
actly related in the equally-temp-
ered scale.

The 61 sawtooth tone generators
are continuously in operation, with
all their output leads terminating
at the keyboard switches. Twenty-
four of the generators feed the bass
preamp, and the remaining 37 feed
the treble preamp. When the
musician depresses one or more
keys, the  corresponding key
switches send the tonal combina-
tion to the treble and/or the bass
preamp. Stops at the control panel
select the desired combination of
tone color. The bass and treble
tone-color filters then separately
modify the upper and lower por-
tions of the kevboard and inject
their combined outputs at the
second preamp grid. The input level
to the phase inverter is controlled
by a step potentiometer operated by

the foot of the performer. The sig-
nal continues through the power
amplifier to the dual-speaker com-
bination.

The main factors affecting the
frequency stability of gas-dis-
charge oscillators were found to be
applied voltage and incident light.
Voltage was readily stabilized
within 2 percent with a VR105 reg-
ulator tube. It was necessary to
introduce a small amount of light
for proper operation at the lower
frequencies. This effect was ac-
complished by placing ordinary six-
volt dial lights near the low-fre-
quency gas diodes.

The necessary additional stabili-
zation was obtained by subjecting
the tubes to a small electrostatic
field at the controlling frequency.
By using a portion of the output
from one oscillator whose frequency
was already under control to syn-
chronize another at a submultiple
frequency, octave divider chains
were developed. Three or four
turns of hookup wire provided suf-
ficient coupling for reliable control
within plus or minus 10 percent of
the free-running frequency.

Figure 2 shows a typical octave-
divider chain. The charging ca-
pacitors for the first three stages
are connected so that the output
voltage to the treble preamplifier
approaches —100 volts according to

the relation:
V =100 (1 — ¢~t/RC) (1)

The time for discharge is extremely

short compared with the time re-
quired for the voltage to increase
from the extinction voltage V, to
the ignition voltage V,, so that the
free-running frequency of oscilla-
tion is mainly a funection of the dif-
ference between these two volt-
ages’. Substituting V, and then V,
for V and taking the reciprocal of
the difference between the two cor-
responding values of ¢, the fre-
quency of oscillation becomes

1

STt == I
100 — V.
RCIn (150 —,

(2)

This expression is approximate be-
cause V, and V, are themselves af-
fected by frequency, incident light,
temperature and magnitude of the
discharge current.

At the point of ignition, in the
first three stages, the output volt-
age rises very quickly to 100
volts. The last two tubes in the
chain, V, and V,, are connected so
that a positive-approaching saw-
tooth is produced. It was found
that the steep time rise at the
point of discharge in the negative
sawtooth is much more effective
in controlling the positive-sawtooth
generators than other combina-
tions. Because the lowest fre-
quencies are the more difficult to
control, the last two tubes in the
chain are both controlled by the
steep negative sawtooth. The first
three tubes in the chain, V,, V. and
Vs, are controlled directly by the
master oscillator.
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FIG. 2—Example of octave divider chain. For 6-note C chain,
sync signals are injected in slightly different order so that the
two lowest notes (most difficult to control) are triggered
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FIG. 3—Neonlamp test and ag-
ing circuit for improving stability
of sawtooth oscillators

FIG. 4—Typical master oscillator
circuit, with component values
for the 1,760-cps chain
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The charging resistance was ad-
justed to about 3.3 megohms in all
cases. This value represents a com-
promise between higher values,
which would be more unstable
against temperature variations and
would limit the discharge current,
and lower values that operate the
tube too near the border between
oscillation and continuous glow. For
all other factors remaining con-
stant, Eq. 2 shows that if R is in-
creased, C must necessarily be re-
dueed if frequency is to remain con-
stant. A reduction in C means less
energy storage in the capacitor and
therefore less discharge current.
If R is too low, the charging cur-
rent will be so high that the tube is
unable to extinguish at the comple-
tion of capacitor discharge, which
results in continuous glow.

Switches S. through S, are
mechanically linked to the playing
keys. When in the up position,
these switches ground the outputs
of all unplayed oscillators and also
parallel the 15-meg resistors from
grid to ground of the preamps, giv-
ing 0.625 meg and 0.405 meg re-
spectively at the bass and treble
inputs. As a key is depressed and
the ground connection removed, a
28-db loss of available oscillator
output for bass notes and 31-db loss
for the treble is momentarily sent
to the preamps. When the key has
completed % of its stroke, the 15-
meg resistor is shunted, thereby
allowing playing level. In this man-
ner the loud transient click that
would otherwise be present has
been almost completely eliminated.

Despite these precautions against
transients, key switches with silver
alloy contacts caused considerable
clicking. Evidently these high-im-
pedance circuits were extremely
sensitive to the slightest oxide coat-
ing at the contacts. Even the best
silver forms a slight coating under
normal  conditions. The final
switches were formed from Ni-
chrome V wire. Clicking was un-
noticeable and these switches have
maintained their characteristics for
a long period of time.

After the first experimental
model had been in use for several
months, a few oscillators drifted
out of their range of control. It
was determined that an aging proc-
ess within the tubes had taken
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FIG. 5—Design curves for determining parameters of parallel-T networks in master
oscillators

place. It was observed that the
glow in troublesome tubes was irre-
gular and unevenly spread over the
electrode area. When these tubes
were tested as positive and negative
peak clippers in the circuit of Fig.
8 (switch S open), they failed to
produce square and syvmmetrically
clipped sine waves. When the
switch was closed for several
seconds, allowing about 200 ma to
flow, the glow started unevenly but
¢radually spread over the entire
area of both electrodes. At the com-
pletion of this spread, the switch
was opened because continued appli-
cation of this high current over-
heats the electrodes and destroys
their photosensitive coating. After
proper aging, the wave is always
symmetrical and squarely clipped.
Uniform characteristics throughout
the remainder of their life were
thereby assured. The experimental
model has remained in synchronism
for well over a year.

Master Oscillators

At the frequencies corresponding
to the twelve notes in the highest
octave, twelve stable oscillators
were used to control eleven chains
of five notes and one of six to
account for the extra C at the low
end. Because of its high stability
and low parts cost, the parallel-T
circuit was chosen. Stabilities of
0.1 percent are possible without
supply-voltage regulation. Since
only one triode per oscillator is re-
quired, two master oscillators may
be housed in one double triode tube.
Typical circuit constants of the
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A-chain master oscillator are shown
in Fig. 4.

To aid in determining the paral-
lel-T network parameters, the
curves for Fig. 5 were plotted from
equations already derived®’. This
presentation assumes zero gener-
ator impedance and infinite load
impedance. Therefore, the net-
work open-circuit input impedance
Z., should be much greater than the
generator impedance E. and its
short-circuit output impedance Z w2
should be much less than the load
impedance R, in order that the net-
work balance conditions be least
disturbed. After stage gain A has
been determined by the tube and
load resistor selected, n as a func-
tion of A for various values of m
may be read directly from the
curves.

For sustained oscillation, net-
work attenuation K must be less
than stage gain A. If there is no
loading on the network and con-
stants are to exact tolerance, K
could be taken equal to A. This is,
of course, impossible and for reli-
able operation, K should not be
more than one-half A. In most of
the literature on the subject, m is
taken equal to one. ** It should be
noted that increased selectivity as
well as decreased K occurs as m is
increased.

The more common method of in-
creasing selectivity is to increase A
only. With high-mu triodes the
upper limit on A is about 35, so
that if additional selectivity is de-
sired, increasing m is a convenient
method. With these limits in- mind
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the following criteria for the de-
sign of a single-stage triode parallel-
T oscillator were therefore adopted:
(1) A was determined from u Ry
and r,; (2) K was set equal to 4/2;
(3) the highest value of m that will
allow Z,, to remain much less than
R, was selected; (4) Z.. was made
much greater than R,”; (5) at the
chosen value of m, n was found for
K calculated above; (6) only points
well above the K,,;, curve and below
where K changes rapidly with small
changes in n were used; (7) C =
1/0R.

Although the design was time-
consuming and the required low-
tolerance components are expensive,
the production cost per oscillator is
less than for other types and stabil-
ity is comparable with a laboratory
standard.

Vibrato Oscillator

Vibrato in most musical instru-
ments is produced by combined fre-
quency and amplitude modulation.
However, a rather pleasing effect
may be obtained from frequency
modulation alone. Figure 6 shows
the vibrato oscillator, which is a
standard four-section phase-shift
variety.® Frequency is adjusted to
about six cycles per second and is
controllable at the stop tabs by
simultaneously varying two of the
1-meg resistors in the phase-shift
network. Oscillator output is in-
Jected through the 2-meg resistors
shown in Fig. 4 to the grids of all
master oscillators. The extent of
the frequency swing or vibrato
depth is determined by the ampli-
tude of the injected voltage.

Tone-Color Stops

The raw sawtooth waveform
from the tone generators could
hardly pass for music because of its
improper harmonic distribution.
After this sawtooth has passed
through filter circuits that alter its
harmonic structure, many pleasing
tonal effects are obtained.

The highest note on the keyboard
of this instrument is the 32nd har-
monic of the lowest. A low-pass
filter designed to remove certain
harmonics of the treble notes would
have negligible effect on bass notes.
In like manner, another low-pass
filter with a much lower cutoff point
would be very effective in coloring
bass notes and yet completely at-
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tenuate the treble section. If uni-
form tone color were required, a
separate filter for each tone color
of each note would be needed. How-
ever, few instruments have the
same tone color throughout their
range.”” A gatisfactory tonal bal-
ance was obtained by splitting the
keyboard at middle C (261 cycles).
Two filter sections were provided.
The 24 notes below middle C were
routed to bass stops or filters and
the 37 above to treble stops. When
a bass note is played and a bass
stop is closed, a tone is produced
that in pitch is determined by the
note played, in color is designated
by the stop closed and is at a level
depending on the setting of the
swell pedal., Figure 7 shows circuit
constants of the tone color unit.
One filter in each section is a reso-
nant band-pass type designed to act
as a formant-producing element.
(Formants are caused by boosting
partial tones around a particular
resonance frequency.) The others
are ordinary R-C networks. These
combinations produce horn, string
and reed effects. Large amounts
of insertion loss were deliberately
incorporated in each network in
order that output level would be
noticeably increased as more stops
were closed.

Choice of Speakers

The distortion of the 8-watt
amplifier used was held to a mini-
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mum consistent with parts cost, but
best speaker performance (oddly
enough) was realized with one of
the least expensive combinations
tested. The final choice was a pair
of 8-inch p-m speakers, one with a
hard cone resonating at 150 cycles
and the other soft for a 75-cycle
resonance. When these were oper-
ated in parallel, their reciprocal
damping effects appeared to reduce
overall resonance and distortion to
a low degree. An 8-watt test sig-
nal that produced objectionable
distortion in a 25-watt high-fidelity
speaker supplied by a prominent
manufacturer was easily handled
by the 10-watt combination used.
The dual system was also chosen
because it allowed a more uniform
dispersion than could be realized
from even a large single speaker.

Conclusions

It was pointed out that the pur-
pose of this project was to design
a low-cost, easily-operated organ-
like instrument. Low manufactur-
ing cost was accomplished by using
inexpensive tone generators whose
tiny size lend themselves to small
identical subassemblies. Pleasing
tone color was the main standard of
performance. To this end, com-
ments on the results of listening
tests by many musicians and engi-
neers have been most gratifying.
Provided reasonable care is exer-
cised in the selection of capacitors
and resistors in the parallel-T net-
works, the instrument should re-
main in tune indefinitely. Eight
organ stops provide 196 combina-
tions of tone color. Any person able
to play keyboard instruments ecan
play this instrument with little or
no practice.
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Mechanical counters {center) show total time signal exceeds
each of twelve values as selected and indicated by potentio-
meters and neon lights in control unit (right). Clock panel is

at left

Signal Strength Analyzer

System of thyratrons and mechanical counters automatically totals amount of time that

any changing d-c voltage exceeds each of twelve chosen values. Provides greater accuracy

at fraction of cost and complication of other methods

ERTAIN RADIO PROPAGATION
C studies require continuous
records of the percent of time a
signal is above, or below, selected
values over a range of variation.
For example, in measuring tele-
vision signal strength, it is impor-
tant to know what percentage of
time a usable signal can be received
in a certain location.

One method for determining this
voltage-time information involves
the time-consuming process of go-
ing over signal strength recorder
charts and adding up the time in-
tervals during which the signal ex-
ceeds each level step. The auto-
matic method described here ac-
complishes the same purpose with
improved accuracy and with con-
siderable economy, as compared to
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By RALPH W. GEORGE
Radio Corporation of America

RCA Laboratories Divigion
Riverhead, New York

other methods. Other applications
for the basic principle involved can
probably be made to advantage.
The equipment gives a direct
reading of the total time that a
fluctuating voltage exceeds each of
twelve selected values. The total
time for each signal level may be
read at any desired time interval.
The analyzer is designed for
long-term operation. Calibration
drift is inherently small. The
equipment consists of two units, a
control unit and a minute counter
unit, the latter showing the total
time in tenths of a minute on a
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separate counter for each voltage
level. The counter-operating input
voltage is determined by the bias
on a miniature type thyratron with
associated relay in the control unit.
A separate permanent-magnet type
svnchronous motor, chosen for its
fast starting and stopping char-
acteristics, drives each counter.

In laboratory tests, average time
measurement errors per on-off cycle
have been measured as low as 0.01
second using square-wave keying
an one circuit. Under more normal
gperating conditions, as with an
input voltage changing at the rate
of about 0.5 volt per second, the
error may be as large as 0.1 sec-
ond per on-off cycle. Test runs
were made over various periods of
time, from 40 minutes to 24 hours
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using one on-off cycle per minute.

Input impeddnce oi the control
unit is on the order of 1 to 2
megohms, working against ground.
When all the thyratrons are cut off,
corresponding to maximum input,
the input impedance is determined
by the overall impedance of the
wiring and components to ground.
The minimum range of input volt-
age depends on the use. For signal
propagation studies it appears to
be on the order of 0 to —15 volts.
A larger voltage range will, in gen-
eral, reduce errors in measurement,
Source impedance of the input
should be as low as possible and
preferably should not exceed 50,000
ohms.

Principle of Operation

The basic functions will be des-
cribed with reference to the simpli-
fied diagram shown in Fig. 1.
Thyratron V, is the first tube to
be cut off as the input voltage is
raised above zero. A fixed nega-
tive bias of something less than 2
volts is obtained from the bias sup-
ply and adjusted by means of po-
tentiometer R, so that an input
voltage of the desired value (as-
sumed to be less than 1 volt) will
cut off V..

This de-energizes RE, which does
the following: (1) turns on the
synchronous motor driving counter
No. 1, (2) turns on the neon light
No. 1 to give a visual indication of
operation, and (3) connects the in-
put circuit to the grid of V.. Tube
V. has a higher positive bias than
V., hence requires a higher input
voltage to cut it off. This operating
sequence is carried through 12
stages.

The bias system shown permits
an independent and wide range of
choice of the input voltage required
for operation of each stage. The
orderly sequence of operation must
be preserved. The fixed bias
divider may be eliminated by the
use of suitable taps on the bias
battery.

Only one thyratron in the con-
ducting condition, which is the only
condition in which appreciable grid
current can flow, is connected to
the input eircuit at any time. This
fact, and grid resistor R,, keep the
maximum grid current flowing in
the input circuit down to less than
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one microampere for normal bias
adjustments of a few volts differ-
ence between adjacent stages. The
conducting condition is maintained
by leaving the grids floating when
the tubes are not connected to the
Input ecircuit. Plate resistor R,
limits the peak plate current to a
conservative value. Resistors R,
and R, are also important in sup-
pressing spurious r-f radiation.

The smoothing filter R, and Cy
and the series resistor R, are ad-
justed to give a minimum differen-
tial in grid voltage for on-off opera-
tion of the relay.

Stray a-c coupling in the wiring
is likely to be sufficient to light the
neon light when the counter motor
is diseconnected and the relay con-
tacts are open. Resistor R. serves
to reduce this voltage, by virtue of
the relatively high impedance of
the source, to a value insufficient
to break down the neon.

The circuit in Fig. 1 can be modi-
fled to operate with substantially
the same characteristics for a zero
to positive input voltage. In this
case, the motor-control contacts
should be closed when the relay is
energized and the grid to the pre-
ceding stage should be opened. With
zero input voltage, the grids would
all be connected to the input and

biased beyond cutoff.

A d-c amplifier can be used on the
input in those applications where
the added instability factor of the
d-c amplifier can or must be
tolerated.

Performance

The usefulness of the system is
determined by (1) its stability
with time, (2) the difference in
input voltage required to open and
close the relay contacts, and (3)
the error in time measurement of
grid controlled intervals.

The average time measurement
error of the present equipment has
been found to be less than 1/50
second per time interval, or on-off
cycle, for time intervals of a few
seconds or more. The fast starting
and stopping characteristics of the
synchronous motor used account for
the small error. This motor has a
low-inertia rotor, revolving at 100
rpm, which is damped by a perma-
nent magnet in the field. The above
time measurement error will not be
detected except with square-wave
input.

For maximum long-term stabil-
ity of this system, the plate supply
should be regulated. The 2D21 is
relatively insensitive to =10 per-
cent change from normal heater

1
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FIG. 2—In the actual equipment, the bauery.bias supply of Fig, 1 is replaced
by an a-c supply as shown
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voltage. The tube is operated at
conservative values of plate current
and should have a long life. The
grid operating voltage of the 2D21
is satisfactorily constant over a
wide range of ambient tempera-
ture. A set of 12 tubes in normal
operating service has given satis-
factory and trouble-free service
during the past year. The bias sup-
ply and all resistors must be kept
as constant as possible under all
conditions.

Sources of Error

The inherent errors in this meas-
uring system can be made relatively
small, as will be illustrated in the
following example. Assume a cali-
bration error of =0.1 volt including
operating differential and drift,
and a desired maximum error of 0.5
db in a signal recording application.
This implies that a change in re-
ceiver input of 0.5 db must result
in a change of not less than 0.2 volt
in the receiver output.

To cover a wide range of signal
fading, the receiver output should
be a logarithmic function of the
input, in which case the output
change will be 0.4 volt per db
change of input. If the system is
calibrated in 6-db steps, starting at
6 db above 1uv per meter for in-
stance, the 12 steps in the analyzer
will accommodate a range of 72 db
and require a maximum input volt-
age of 28.8 volts. In such practice,
it is desired to operate the lowest-
level stage as low as possible if very
deep fading is to be encountered.

The calibration error assumed in
the above example is conservative
and may be much lower under
favorable conditions. During a 7-
day test the input voltage required
to operate the relay, including the
operating differential, was constant
to within #=0.06 volt. The line volt-
age was not regulated and varied
between 107.5 volts and 110 volts.

Less than 5 percent of over 100
type 2D21 tubes tested were found
to have an appreciable change in
operating grid voltage depending
on the time the tube was previously
in the conducting or nonconducting
condition. A half-minute in each
condition before checking the on-
off operating grid voltage has been
sufficient to show this fault.

Hum pickup in the grid circuit of
the 2D21 thyratron must be kept at
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FIG. 3—Separate on-off motor switches
are used to eliminate common a-c
coupling through motors which would
cause all neon lights to light when any
motor control relay is closed

a minimum for optimum operation.
This requires some care in the ar-
rangement of the input circuit and
wiring The relay should also be so
arranged that a separate stack of
contacts is used exclusively for
switching the grid into the input
cireuit.

Control Unit

The circuit diagram of the con-
trol unit, Fig. 2, is essentially an
expansion of Fig. 1 to include the
necessary switches, power trans-
formers and an a-c operated bias
supply to replace the bias battery
used in the simplified version.

A floating, a-c operated, regu-
lated bias supply is used. This sup-
ply introduces some hum in the
input circuit. The source of this
hum is of fairly high impedance
and therefore has more serious ef-
fects when a high-impedance signal
input source is used.

In some cases the hum has been
reduced by introducing a compen-
sating voltage to ground from one
of the transformer windings not
connected to the bias circuit. The
electrostatic shield was found to be
useless in these transformers. The
choice of the a-c plug polarity in-
fluences the hum and therefore has
an effect on the relay operation and
operating differential. An average
operating differential not exceeding
0.1 volt was obtained with a 50,000-
ohm input signal source.

Tube noise in a signal recording
application may give an annoying
variation in the signal input oper-
ating voltage and operating differ-
ential. This is particularly trouble-
some with weak signals and high
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receiver gain. A partial remedy
may be had in the use of a low-pass.
filter in the diode output of the re-
ceiver. In this case the resulting
slower response of the analyzer
must be taken into consideration.

Counter Unit

The counter unit is usually
turned off when making calibration
adjustments on the control unit.
Each motor in the counter unit
(Fig. 8) must be disconnected sep-
arately to eliminate a common a-c
coupling through the motors, which
would cause all neon lights to be
lighted when any motor-control
relay contact is closed.

With five wheels, each counter
will register a total of 9,999.9 min-
utes, or about 166 hours. Zero can
be reset manually if desired.

Each counter is driven by its re-
spective motor through a gear sys-
tem giving a speed reduction of 100
to 1, so the right-hand counter
wheel rotates at 1 rpm and reads
direct to 1/10 minute. The num-
bers on the counter wheels are
about 4 inch high. The loads on the
motors are so light that they are
capable of starting and running
backwards if there is a slight chat-
ter in the closing of the relay con-
tacts. This was avoided by means
of a simple ratchet stop engaging
4 teeth cut in the hub of the worm
mounted on the motor shaft. Thus,
if started in reverse, the motor is
stopped in not more than % revolu-
tion at which point it starts in the
forward direction. The maximum
resulting error, which will occur
rarely, will be about % revolution or
0.3-second time lost.

The compact arrangement of the
counter unit permits as many as 3
counter units, and a panel contain-
ing reference time clocks, to be set
side by side so that a photographic
record of three measuring systems
can be made with one camera. Sig-
nal-strength recording systems in
use at present employ a 16-mm
movie camera with an exposure
rate of 1 frame every hour. A syn-
chronous, motor-driven timer turns
on flood lights a few seconds before
operating the camera shutter. A
7-day clock and a 60-cycle line-con-
trolled clock are used so that errors
due to power failures will be
apparent.
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FIG. 10—Color mixture properties of the RGB chromaticity dia-

gram. When two colors are combined, the point representing

the mixture color lies on the line connecting the points repre.
senting the two combined colors

FIG. 11—Color mixture when three colors are combined. If

the colors are present in equal amount, the mixture color falls

on the center of gravity of the triangle. Dashed line repre-
sents finding mixture of primaries to match a given color

COLOR FUNDAMENTALS

In this second installment, the color mixture properties of the RGB chromaticity dia-
gram and its transformation to the XYZ form are described. The spectral locus is identi-

fied, and the color gamut covered by three primaries is investigated. Specification by

ERIVATION of the RGB chrom-
D aticity diagram in terms of
colorimeter measurements was out-
lined in the previous installment.
This diagram represents the hue
and saturation of all colors that can
be matched by combinations of the
selected primary colors R, G, and B.

Mixture Colors on the
RGB Diagram

The RGB chromaticity diagram, in
addition to providing an array of
points whose coordinates represent
This material is taken from Chapter 8§ of
the forthcoming second edition of “Prin-
ciples of Television Engineering,” and is

reproduced by permission of the McGraw-
Hill Book Co., Inc.
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dominant wavelength is defined

By DONALD G. FINK

Editor, ELECTRONICS

the hue and saturation of every
color capable of being matched by
the selected primaries, constitutes
a highly useful basis for computing
the hue and saturation of mixture
colors arising from the additive
mixture of any number of other
colors.

To show the method of combin-
ing colors, consider two colors, ¢
having coefficients », g, and ¢, de-
scribed by 7, g, (Fig. 10). When
these two colors are added, in equal
amount, (l, — I.) and the re-
sultant mixture color ¢. is matched
against the selected primaries in a
colorimeter, as described in Part I,
it is found that the coefficients of
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the mixture color are

T2 = %—TL (5)
and
Jiz = % (6)

As shown in the diagram, the point
representing the mixture color ¢,
is located at the center of the line
joining ¢, and ..

Similarly if colors ¢, and ¢, are
mixed in unequal proportion, such
that the flux I, is m times the flux
1., the mixture color ¢, lies on the
line joining ¢, and ¢, but the dis-
tance from ¢, to ¢,... will be m times
the distance from ¢; to ¢... shown
in Fig. 10.
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FIG. 13—Relative luminosity of the spectrum colors, as defined
by the L.C.I. standard observer. This curve can be used to com-
pute the relative luminosity of different primary colors
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PART 11
of a series

When three or more colors are
combined, they may be taken in
pairs, each pair in the manner of
¢, and ¢, above. The mixture color
¢,. of this pair is then combined in
the same manner with ¢, to find a
third mixture color ¢, and so on
until all the colors are combined.
The same point is ultimately
reached, regardless of the order in
which the colors are combined.

Figure 11 shows a typical ex-
ample involving three colors in a
mixture. The mixture color ¢, lies
at the center of gravity of the tri-
angle formed by ¢, ¢. and ¢; when
all are present in equal amount.
When the component colors are
present in unequal amount, the mix-
ture-color point lies within the tri-
angle, but the color point is dis-
placed toward the predominant
color point or points.

The process of combining pri-
mary colors to find the resultant
mixture color can, of course, be re-
versed, so as to find a combination
of primary colors which will match
a given color. In this case, there is
an infinite number of possibilities
depending on the relative amounts
of the primaries taken. A typical
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case is shown in Fig. 11. In this
case, a line (shown dashed) con-
necting one primary and the color
to be matched is extended until it
strikes the opposite side of the tri-
angle RGB. The point of intersec-
tion with this side represents a
mixture color of the remaining two
primaries. The inverse ratio of dis-
tances from the intersection point
to the apexes gives the relative
amount of each of these primaries
required to complete the match.

The Spectral Locus on the
RGB Diagram

The RGB diagram described has
been set up using the I.C.I. stand-
ard primaries¥, which are spectral
colors. Other spectral colors can be
located on the diagram, and the line
passing through all the spectral
points is known as the spectral
locus. Figure 12 shows this locus,
with the wavelengths of the various
spectral hues marked on it. It will

* A similar diagram can be based on
any three primaries, spectral or other-
wise, saturated or desaturated, provided
only that each primary cannot be matched
by a combination of the other two. If
one can be matched by the others, the
triangle degenerates into a straight line.
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be noted that the left-hand portion
of the figure (shown shaded) lies
outside. the triangle RGB. This
means that the corresponding spec-
tral hues (the saturated blues and
greens) cannot be matched by com-
bining the three selected spectral
primaries. Rather, these spectral
colors can be formed only in de-
saturated form by combinations
represented by points within the
triangle RGB. This limitation of
matching with primary colors is not
a serious matter, because highly
saturated green and blue colors
represented at the left of the line
BG seldom need to be reproduced
with high accuracy.

The procedure for finding a point
on the spectral locus is as follows:
Consider the spectral light of wave-
length 500 millimicrons.

To find the corresponding quanti-
ties 7, g, b in Eq. 1-3, Part I, we
must perform two color matches,
one between the primaries and the
equal-energy standard white, and
the other between the primaries
and the 500-millimicron spectral
hue, the amount of flux l, of the
white light being equal to the flux
I, of the spectral hue.
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FIG, 14-—To transiorm RGB diagram, triangle XYZ is circum.

scribed about spectral locus as closely as possible (compare

with Fig. 12). Locations of points X, Y and Z are chosen fo
simplity calculations

FIG. 15—By use of three linear equations, diagram in Fig, 14 is
transformed to XYZ diagram, shown here, thereby eliminating
negative values of quantity r. Triangle RGB assumes new

shape, but retains color mixture properties of Fig. 10 and 11

The first step is to convert from
the power units to light units, that
is, to convert from watts to lumens.
This conversion is performed with
the aid of the “relative luminosity
curve”, shown in Fig. 13, which
gives the response of the normal
eve (that of the I.C.I. standard ob-
server) to a given amount of en-
ergy of each wavelength in spec-
trum. The area under this curve
is proportional to the number of
lumens (l,) produced by a given
number of watts of the equal-en-
ergy standard white light.

From the same curve we can find
the relative luminosities of the
standard I.C.I. primaries; these are
in the ratio red: green: blue —
1.0:4.6:0.06. Finally, from Fig. 8
(Part I), we can find the relative
amounts of the standard primaries
required to match the 500-milli-
micron spectral hue. These are in
the ratio red: green: blue —
—17:0.40:0.17. Taking the lumi-
nosities in corresponding pairs to
form the ratios Lie/liw, Lye/lyw, and
L/l in Eq. 1-3, we can find the
values of r and g from these equa-
tions and thus plot the point for
the 500-millimicron spectral hue.
The negative amount of red light
required in the mateh places the
point to the left of the line BG@, that
is, » has a negative value.

The RGB diagram, with the spec-
tral locus, can be used as the basis
of color specification, were it not
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for the fact that the saturated
blues and greens lying between the
spectral locus and the triangle in-
volve negative values of the quan-
tity ». If the negative sign is in-
advertently omitted in the specifi-
cation or computation of a color,
the color point has the wrong posi-
tion. To avoid such confusion, and
to simplify color and luminosity
computations, the RGB diagram is
placed on a new set of coordinate
axes, x, ¥ and z, such that no nega-
tive values appear.

The XYZ Chromaticity
Diagram

The transformation from the
RGB form to the XYZ form of the
chromaticity diagram is illustrated
in Fig. 14. The triangle RGB is en-
closed by a larger oblique triangle
XYZ which fits the spectral locus
as closely as possible. The size and
position of XYZ are not chosen
arbitrarily. The triangle is ar-
ranged to enclose all physically-
realizable colors, and its shape is
such as to simplify computations.

The diagram shown in Fig. 14
is transformed by three linear
equations designed to produce, on
the z-y coordinates, an oblique pro-
jection of RGB, such that the tri-
angle XYZ becomes a right isosceles
triangle, with point X at 2 — 1,
y=0,pointYaty =1,z = 0, and
point Z at ¥ = 2 — 0. The trans-
formed diagram is shown in Fig.
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15. The transformation is so ar-
ranged that point W, representing
equal-energy white light, appears
at the center of gravity of the fig-
ure XYZ. We note that there are
no negative values in the XYZ di-
agram, that no value of z or y ex-
ceeds unity. The transformation is
arranged, moreover, so that x + y
+ 2 =1.

The XYZ diagram is the interna-
tionally accepted representation of
chromaticity values. The hue and
saturation exhibited by any light
source or colored object, illumi-
nated by a particular light source,
can be specified by the quantities
2 and y, which are known as the
“trichromatic coefficients” of the
specified color. These two coef-
ficients, plus a statement of the
brightness, give the complete speci-
fication of the color in physical
terms.

The transformation from the
RGB diagram to the XYZ diagram
is a mathematical operation, with-
out physical significance, designed
to avoid negative values and to sim-
plify certain calculations. Never-
theless, the XYZ diagram can be
given a physical interpretation
which serves to fix in mind certain
of its properties. In thig interpre-
tation, the apex points X, Y and Z
are thought of as representing the
color coordinates of three fictitious
primary colors, just as the points
R, G, and B in Fig. 14 represent
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FIG. 16—If another set of primaries is chosen (spectral colors

of 460, 500 and 700 millimicrons as shown), saturated blues can

be matched but oranges, yellows and greens, in upper shaded
area, cannot be matched

three actual primaries (the spectral
colors of wavelengths 700, 546.1
and 435.8 millimicrons).

Following out this analogy, the
X, Y and Z fictitious primaries are
sueh that if they were physically
realizable, and were used in a col-
orimeter to match the equal-energy
white light and the unknown color,
the amounts of these primaries
needed to achieve the match in each
case could be inserted in Eq. 1-3
and the quantities z, ¥ and 2z com-
puted directly from these equations.

On this basis, the equal-energy
white point should fall, as it does,
at the point z = 0.333, y=10.333.
The line YX represents the locus of
all colors which can be matched by
combining the X and Y fictitious
primaries. None of these colors are
real, since the spectral locus falls
inside line YX,

We note that all the color-mix-
ture properties of the RGB dia-
gram are possessed by the XYZ
diagram. The real colors are those
enclosed by the spectral locus. Since
this locus is not a closed figure, it
is necessary to specify the limit of
real colors in the open region. It
might be expected that a straight
line, joining the red and blue ends
of the locus, would represent the
limit of all the physically-producible
colors in the purple region. Experi-
ment verifies this.

The LC.I. spectral primaries,
located as shown on the spectral
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locus, form the triangle RGB. This
triangle covers only about two
thirds of the area enclosed by the
spectral locus. Colors represented
by points outside this triangle (in
the shaded area, Fig. 15) cannot be
matched by additive combinations
of the standard spectral primaries.
These include the saturated greens
and blues previously mentioned.

If another set of primaries had
been chosen, say spectral hues of
wavelengths 700, 500 and 460 milli-
microns (Fig. 16), many of the
saturated blues could be very closely
matched, but the triangle formed
by these primaries would not en-
close the important region of satu-
rated oranges, yellows and reds.
For purposes of color reproduction,
it is more essential to reproduce
saturated reds, oranges and yellows
than saturated blues and greens,
since the latter colors occur less
often in nature. Accordingly the
1.C.1. spectral primaries are a
better choice. The filters and
phosphors used in color television
receivers are chosen to be as close
approximations to these I.C.I. spec-
tral primaries as is feasible.

Following further the analogy of
X, Y and Z as fictitious primaries,
we can specify these primaries by
a set of color-mixture curves hav-
ing the same significance as the
mixture curves for the real prima-
ries shown in Fig. 8, Part I. The
corresponding curves for X, Y and
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7 are shown in Fig. 17. These
curves completely describe the pri-
maries, and correspond to the
choice of the particular points X,
Y and Z in Fig. 14. Since the shape
of the triangle XYZ is subject only
to the condition that it enclose the
spectral locus rather closely, the
corresponding color mixture curves
(known as “distribution coeffi-
cients” and designated as z, y and
2) can be chosen in a correspond-
ingly arbitrary manner, to meet the
purposes of the RGB-XYZ trans-
formation.

We note that the curves in Fig.
17 are generally similar to those in
Fig. 8, with the following excep-
tions: Iirst, there are no negative
values of =, 7 or z; on this account
no negative values of x, ¥y or 2
occur. Secondly, the area under
each curve is chosen to be the same;
thus equal amounts of the prima-
ries X, Y and Z are required to
match the equal-energy white, for
which =1y = 2z = 0.333.

Finally, the shape and ordinate

scale of the ¥ curve are chosen to
be identical to the relative lumi-
nosity curve, Fig. 13. Actually these
two curves have quite different sig-
nificance: 5 represents the amount
of a green (fictitious) primary
color required to match each spec-
tral hue in combination with two
other fictitious primaries, whereas
the luminosity curve represents the
relative luminous effect on the eye
of each spectral hue. If these two
curves are identical, however, a
single computation serves to pro-
duce two results, namely the value
of the tristimulus coefficient ¥ (see
Eq. 8) of a particular colored light,
and the luminosity L of that light.

Thus the three curves in Fig. 17,
with the spectral radiation curve of
a particular colored light source,
serve to make available the com-
plete description of the color in nu-
merical terms, namely values of x
and y which specify the hue and
saturation, and the value L which
specifies the luminosity (bright-
ness) of the color.

To illustrate the manner in which
these computations are carried out,
consider the color described by Fig.
18A. This is a spectroradiometric
curve of a particular color, obtained
tv measuring (with a bolometer or
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other radiation-measuring device),
the number of watts radiated by
the source at each wavelength ) in
the visible spectrum. This curve is
plotted with its maximum ordinate
as W watts. To obtain the trichro-
matic coefficients of this color we
proceed as follows: First we divide
the w(}) curve by W, thus produc-
ing a maximum ordinate of unity.
Next we multiply the w(r)/W
curve by the z curve. The area
under the product curve, designated
as the “tristimulus coefficient” X,
represents the ratio I,./l,, in Eq.
1-3, except that the color match
between the color w(2) and the
equal-energy white is now under-
stood to be performed with the ficti-
tious primaries X, Y and Z. Simi-
larly, by taking the area under the
product of the w(O)/W curve
(maximum ordinate unity) with
the y curve, we find the tristimulus
coefficient ¥ (having the signifi-
cance [,./l,,), and a similar process
involving the 7z curve gives the
tristimulus coefficient Z (having
the significance 1,./1,.).

Stated symbolically, the tristimu-
lus coefficients are:

X = -%—, qu(x)?(x) dx ()
v =1 fzfm?(x) @
Z =

%,—f;(x)?(x) dx 9

By analogy with Eq. 1-3, the

trichromatic coefficients z, ¥y and 2
are then given by

X
X+Y+4+2

5=

(10)

Y
SX¥YFZ (1)
VA

XT7+z =

2=
From these equations we note that
T + ¥ + z = 1, and that the maxi-
mum value of #, y and 2 is unity, as
previously stated.

The luminosity of the color w (})
is given by Eq. 8, since the ¥ curve
is identical to the relative luminos-
ity curve of the eye. Since the fac-
tor converting lumens to watts at
the peak of the latter curve is 650
lumens per watt, the luminosity is
expressed directly in lumens as

L = 650 W Y lumens 13)

The integrals in Eq. 7-9 are in-
dicated as covering the whole wave-
length range from zero to infinity.
Actually, since the z, ¥ and z
curves are zero outside the visible
range from 380-780 millimicrons,
the integration need not be carried
outside these limits.

Specification by
Dominant Wavelength
The values of x and y specifying
the hue and saturation of a particu-
lar color, while of great value in
technical specification, have the dis-
advantage that they offer no direct
clue to the spectral hue which most

nearly describes the color repre-
sented. Thus a color described by
the wavelength 550 millimicrons is
more clearly recognizable than the
same color described as z = 0.3, y =
0.7. To avoid this difficulty, an
alternative specification of a color
can be taken directly from the chro-
maticity diagram.

This specification is in terms of
the dominant wavelength (or domi-
nant hue), the purity, and the lumi-
nostty of the color. To find the
dominant hue and purity of a color,
we pass a line through the point C
representing the color and the point
W representing the equal-energy
white light and extend this line
until it intersects the spectral locus,
as shown in Fig. 19. The wave-
length corresponding to the point
of intersection is defined as the
dominant wavelength of the color,
and the corresponding spectral hue
is the dominant hue.

The purity p is a measure of the
saturation of the color, that is, of
the distance from its point to the
white point, and is given by

= 1= Ys/Ye )
p=1-0.333 <§——0-333 =

(14)
where y. is the y-coordinate of the
color and y, is the y-coordinate of
the intersection with the spectral
locus. The purity ranges from 0 to
1. For example, color point C in
Fig. 19 has a dominant wave-
length of 560 millimicrons and a
purity of 0.69.

From Eq. 14, colors near the
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FIG. 17—Color mixture data {“distribution coefficients”) for the fictitious pri-
maries X, Y and Z, These have the same significance as the color mixture data

for the real primaries R, G and B, shown in Fig. 8, Part I
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FIG. 18—Method of combining spectral radiation
curve of light source with distribution coefficient

to find tristimulus coefficient X
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FIG. 20—Specification of complemen-

tary hues (which when mixed produce

white light) is found by passing line

thrcugh white-point W from one spec-

tral hue to the opposite (complemen-
tary) spectral hue

x——-

spectral locus (y. nearly equal ¥.)
have a purity near one, whereas
colors near the white point (. near
0.333) have a purity near zero. The
purity is, in other words, a direct
measure of saturation.

This system of specification falls
down when the color is one of the
purples, that is, when its point falls
below the white point in such a
position that the extended line does
not pass through the spectral locus,
as point €’ in Fig. 19. In such cases
the line is extended in the opposite
direction, as shown, intersecting
the spectal locus at a wavelength
representative of the dominant hue
complementary to that of the given
color.
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Complementary colors are not a
very satisfactory specification, since
the indication of subjective sensa-
tion is lost. The purity of such
purple colors is computed by Eq. 14,
taking ¥, as the y-coordinate of the
complementary dominant hue. To
distinguish the color so indicated
from color having the same actual
dominant hue and purity, the purity
of purples is stated as a negative
number.

The foregoing illustrates the ease
with which complementary colors
(colors which when mixed produce
whits light) can be identified on the
chromaticity diagram. To find a
complementary color to a given
color C (Fig. 20), we pass a line

wWWW.americanradiohistorv.com

Fig. 21—Color gamuts of the CBS and RCA color television
systems, as proposed to the FCC during the recent hearing.
compared with the range covered by the standard spectral

primaries

through C and W, extending it so
as to intersect both sides of the
spectral locus (or through the locus
above and the saturated purple line
below). The dominant hues so indi-
cated are said to be complementary
to one another.

With the properties of the z-y
chromaticity diagram in mind, we
are now in a position to locate cer-
tain colors on it and to show the
boundary of the colors which can be
covered by color-reproduction proc-
esses. In Fig 21, the I.C.I. spectral
primaries are shown as RGB, and
the equal-energy white as point W..
Three other standardized whites
are shown. Point W, represents
the color of average artificial (in-
candescent) illumination, known as
illuminant A. Actually this is the
color of an incandescent lamp oper-
ated at a color temperature of
2 848° Kelvin. Illuminants B and
C (points W, and W.) are two
forms of daylight, the first being
representative of conditions met in
the higher latitudes, the second of
the middle and the lower latitudes.
Also shown in Fig. 21 are the
primary colors proposed for color
television receivers. The points
R, G., B, represent the receiver
primaries standardized by FCC for
the CBS field-sequential color sys-
tem. Points R, G, B, mark the
primary coordinates proposed to
the FCC for the RCA dot-sequential
system.
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Capacitive Slip Ring

The problem of multiple temperature measurements on aircraft supercharger impellers
at speeds greater than 20,000 rpm has been solved with thermistor elements capacitively
connected to an r-f bridge. Under optimum conditions it is possible to determine tempera-

HE DETERMINATION of temper-

atures at selected stations on a
high-speed rotor, like that of an air-
craft engine supercharger, has been
a very difficult problem.

One system that has been used
with some success employs thermo-
couples as electrothermal converters
and d-c slip rings as transfer de-
vices to the recording equipment.
At speeds greater than 20,000 rpm,
however, the brush pressure must
be so great to secure a continuous
contact that brush life may be only
a few minutes. The slip ring often
must be refurbished after 15
minutes of operation. Possible
thermoelectric action at the slip
ring must also be properly under-
stood.

Somewhat better results have
been obtained when thermistors
replaced the thermocouples. A
thermistor is a thermally sensitive
but otherwise stable resistor that
can have the same physical size as

* Formerly at the University of Con-
necticut.
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FIG. 1—Thermistor and slip ring connec-

tions looking inte bridge (A) and me-

chanical layout of the capacitive slip
rings (B)
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tures within =0.25 C

a thermocouple. Instead of meas-
uring voltage one now measures
electrical resistance which is a
known function of temperature.
Commercial thermistors in
thermocouple size (about 6-mil
spheres) can be purchased with
resistance-temperature calibration
possessing values ranging from
about 2,000 ohms to 10° ohms at 70
F. Thermistors possess a negative
temperature coefficient of ten times
that of platinum at ordinary room
temperatures, but this decreases as

the temperature increases. They
have upper temperature limits
where their stability is no longer
satisfactory.

Much longer brush and d-c slip
ring life has been obtained by em-
ploying thermistors having resist-
ance of about 15,000 ohms at the
operating temperature. Resistance
can be measured with a Wheat-
stone bridge or ohmmeter. If one
can measure the resistance of the
thermistor within == 1 percent, then
uncertainties of thermistor temper-
atures may be no greater than ——
0.25 C. Variable contact resistance
or contact potential at the slip ring
plays a relatively unimportant role
when a high resistance level is
maintained. Caution must be ex-
ercised, however, for too high a re-
sistance level may result in spurious
electric pickup when certain types
of electronic measuring instruments
are employved. To avoid difficulties
inherent in mechanical contacts a
capacitor type contact can be used.

Of the two types of noncontact
coupling available, capacitor coup-
ling seems much simpler than mag-
netic coupling. Simplicity becomes
paramount when one must have a
coupling device for each measuring
station. A simple and dependable
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selector switch capable of positive
switching into specified measuring
stations by small actuating forces at
high speeds would be difficult and
expensive to make,.

High-frequency measuring tech-
niques make it possible to use a
capacitor ring. The thermistor
lends itself to a-c as well as d-c
excitation as there is no significant
skin effect. A General Radio type
516-C r-f bridge may be used to
measure the impedance transferred
to the stationary reference frame
although the newer type 916-A
bridge is more advantageous.

A test rig was built simulating
the geometry of an actual super-
charger impeller. The elementary
equivalent electric circuit of this
rig is displayed in Fig. 1A. The
requirements to be met in the cir-
cuit are that the reactance of the
stray capacitance in shunt with the
thermal resistor be about 10 times
the value of that resistor (for a 1
percent unidirectional error at this
point), that the rotating capacitor
be as high in capacitance as pos-
sible and still quite independent of
rotation or axial translation, and
that the variable impedance between
moving ground and stationary
ground be reduced to a low value.

Figure 1B illustrates a cylindrical
slip ring capacitor whose capaci-
tance is not very sensitive to end
play or to eccentricity of rotor
member. The axial length of the
capacitor is 1.5 inches, with a 4-mil
average air gap. The rotor diam-
eter is 1 inch. It is believed that
improvement would result if the
stator were split into two 135-de-
gree arcs, each adjusted in position
by set screws under rotating condi-
tions to secure a minimum gap.

There is an unavoidable parallel
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for Instrumentation

By F. P. FISCHER*

Head, Dept. of Electrical Engineering
University of Buffalo
Buffalo, N. Y.

input capacitance at the points
where the bridge is connected owing
to the physical arrangement of
parts. This inherent capacitance
may have to be appropriately in-
creased so as to reduce the equiva-
lent resistance that the bridge can
accept. In the present case the re-
sistance must be no higher than 111
ohms. The newer type 916-A r-f
bridge can accept 1,000 ohms at 1
me. In the test rig, the input
capacitance was maintained at 500
ppf. This value must be known and
enters into the formula found in
the instruction manual supplied by
the manufacturer of the bridge. It
i{s clear that the bridge does not
directly read the thermistor re-
sistance but the latter may be de-
rived from the bridge dial settings
by computation or, better still, by
prearranged charts or nomographs
including the thermistor calibra-
tion.

The shunt stray capacitance is
minimized by sufficiently separating
a No. 36 Formex wire from the
ground plane by laying down some
Bakelite insulating cement and then
finally cementing the wire. The wire
is staked to the capacitor ring at
one end and fastened to the therm-
istor at the other. The free
thermistor terminal is grounded.
1t is desirable to use a low value of
thermistor resistance at the work-
ing temperature, for example, be-
low 2,000 ohms so the shunt stray
capacitive reactance has little effect.

The frequency is a compromise
in an attempt to keep the shunt
stray reactance high and the rotat-
ing-capacitor series reactance low.
If there is sufficient instrument sen-
sitivity, lower values of frequency
can be used. The oscillator, pre-
ferably a crystal type, delivers one
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and C. H. COOGAN, Jr.

Head, Dept. of Mechanical Engineering
University of Connecticut
Storrs, Conn.

stabilized frequency at 100 mv.

If several rings are to be used,
the return path is always through
a common ground. If ball bearings
are used to support the dummy im-
peller, a parasitic variable imped-
ance is set up between moving and
stationary grounds that inhibits a
bridge balance. A satisfactory by-
pass is effected by placing a large
stationary grounded shield close to
the moving impeller. In an actual
supercharger assembly, such a
shield is inherent in the construe-
tion.

The 516-C radio-frequency bridge
is operated at 500 ke with an asso-
ciated oscillator. The detector is a
suitable radio receiver used to se-
cure an audible minimum in con-
junction with a modulated oscil-
lator. A 500-kc unmodulated oseil-
lator is equally satisfactory since
the rvotating capacitor modulates
the carrier so the audio note is an
additional indication of frequency.
Since a meter indication is superior
in noisy areas to an audible note, a
wave analyzer that filters stray fre-
quencies may be added to the radio
receiver to give a sensitive visual
null. In an actual installation such
formal equipment as a wave ana-
lvzer or commercial crystal oscil-
lator could be replaced by simpler
and less expensive electronic equip-
ment.

When the test rig was run up to
speeds of 20,000 rpm by an air
turbine bridge sensitivities of one
part in a thousand were observed
over the whole speed range. This is
the significant part of the test. Good
correlation was observed between
thermistor measurements and read-
ings of a stationary standard ther-
mometer arranged close to an axi-
ally located rotating thermistor.
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Arrangement of the r-f bridge equipment
for thermistor measurements via slip
rings

A direct measurement of resist-
ance in this case is inherently lim-
ited by the calibration error of the
bridge and also by the residual
parameters. Although the sensitiv-
ity of the instrument is about one
part in a thousand, a precision
greater than = 3 percent in resist-
ance probably cannot be expected
even when balancing out the resid-
nal parameters, including residual
resistance in the r-f paths.

1f the bridge and circuit as a unit
is first calibrated over the range
(maintaining constant oscillator
frequency) by substituting small
calibrated resistors for the ther-
mistors, or by making a controlled
heat run under stationary condi-
tions with thermistors as well as
other temperature sensing elements
of known characteristics in place, a
~+1-percent measurement of resist-
ance and a thermistor temperature
within == 0.25 C should be attain-
able. Such measurements are best
made on an actual impeller assembly
free from its enclosing case.

This work was a portion of a
general project on instrumentation
completed in December 1946 by the
authors in collaboration with G. S.
Timoshenko and L. E. Williams of
the University of Connecticut. The
project was sponsored by the Pratt
and Whitney Division of the United
Aireraft Corporation. R. E. Gorton
and E. M. Moffatt of the Corpora-
tion served respectively as project
coordinator and technical advisor.
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PERMANENT-MAGNET

ITH THE ELECTRON MICRO-
WSCOPE finding new uses in ev-
ery field of science and in every in-
dustry, the need for a simpler and
more reliable microscope has been
growing rapidly. In order to fill
this need, the permanent-magnet
type was designed.

The instrument, Fig. 1, requires
little technical skill to operate. As
a natural consequence of the sim-
plification of design and function,
external appearance is both simple
and functional.

At a third of the expense and
complexity of larger electron micro-
scopes, the permanent-magnet elec-
tron microscope solves ninety per-
cent of the problems applicable to
electron microscopy.

Electrical System

The source of illumination in the
microscope, Fig. 2, is a beam of
high-energy electrons. The elec-
trons are released, accelerated and
aimed in the gun which is situated
at the top of the microscope col-
umn. A fifty-kilovolt potential ap-
plied between the filament and the
anode of the gun gives the electrons
enough Kkinetic energy to pass
through the specimens used in elec-
tron microscopy.

Fifty kilovolts potential is used
because at lower voltages a consid-
erable number of the electrons are
stopped by the specimen, which con-
sequently heats up, frequently to its
own destruction. Excellent voltage
stability is a necessary requirement
of the high voltage because the fo-
cal length of a magnetic lens such
as the one used in the microscope
depends upon the energy of the elec-
trons as well as upon the magnitude
of the magnetic field. Image defect
produced by fluctuating voltage is
analogous to chromatic aberration
in light optics. In order to achieve
a resolution of 100 A with the per-
manent-magnet electron microscope
it is necessary to stabilize the accel-
erating voltage to one part in ten
thousand.
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The gun on the microscope is en-
ergized by an external and remotely
located high-voltage supply which
is connected by means of a length
of x-ray cable.

The high-voltage unit, Fig. 3,
divides into two sections, a control
unit, and a rectifier unit. The con-

trol unit is small enough to sit on
a table heside the microscope col-
umn and provides electrical control
at the point most convenient to the
operator. The rectifier . unit, Fig.
4, houses the high-voltage tripler
and the filament oscillator and
transformer. It may be placed on

FIG. 1—Permanent-magnet electron microscope in use in a laboratory, control unit in
the background on the table and power supply on the floor
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ELECTRON MICROSCOPE

Use of Alnico 5 instead of conventional electromagnets to energize the lenses, and other

design innovations, provide a handy, economical and comparatively trouble-free instru-

ment suitable for 90 percent of all applications. Specimens are readily manipulated and

photographic plates made without extensive pumping-down

the floor or under a table.
Referring to Fig. 3, oscillators V,
and V., produce an 80-kc r-f signal.
This signal is applied across the
series-resonant high-Q L-C circuit
L.C, producing a 17-kilovolt signal
across L.. On one part of the cycle C.
is charged through rectifier V;

then, during the next half cycle,
the voltages across C, and L,
are additive and charge capacitors
C. and C, through rectifier V.
The signal across L, also causes Cs
to charge through rectifier V.. The
voltage across Cs, C; and C, in series
is thus triple that across L. The
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FIG. 2—Cross-sectional drawing of the microscope column, showing the location
of component parts
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ripple in the output is filtered
through a resonant filter to ground.

Stabilization of output voltages
against line and load fluctuations is
accomplished by d-c amplifier, V,
and V., operating series regulators
V. and V,. Resistors R, and E. pro-
vide a bridge element between the
d-c and high-voltage output and a
reference voltage established by
glow tubes. Tube V, calls for full
power to the oscillators through the
regulators until the negative high
voltage produces a negative bias at
the junction of R, and R., whereupon
the d-c amplifier regulates the out-
put voltage by reducing oscillator
plate voltage.

Focus of the mieroscope is accom-
plished by changing the acceler-
ating voltage, which changes the
focal length of the lenses. Potenti-
ometers R, (coarse) and R, (fine)
vary the reference voltage, which
causes the voltage-regulating sys-
tem to readjust itself to a corre-
sponding output voltage. The out-
put is continuously variable from
45 to 50 kilovolts.

Gun Filament Transformer

In order to solve the problem of
termination of the high-voltage ca-
ble at the rectifier in the minimum
amount of space, the high-voltage
bushing which connects the x-ray
cable to the high-voltage output is
also the filament transformer, as
shown in Fig. 4. The voltage
gradient from the high point of the
rectifier unit to its wall is in the
direction which the conductors in
an output cable must occupy, while
the gradient in the cable proper is
radial to those wires and therefore
perpendicular to the gradient to-
ward the wall. To make the tran-
sition in fields without reaching a
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gradient above the corona point an
annular corona ring is mounted ax-
ially with the outgoing cable and
therefore parallel to the field from
the wall.

Physical transition to the cable
is made through a hard-rubber in-
sulator with the surface cut in the
usual manner to increase the leak-
age path. The inside diameter of
the hard-rubber piece is large
enough to take the rubber insula-
tion of the x-rav cable. The cable
extends into the bushing a distance
of six inches to prevent breakdown
along the interface of the two in-
sulators.

Inside the bushing extra space is
provided for a secondary coil, the
means of energizing the filament.
The outside surface of the bushing,
from the point where it contacts the
corona ring to its termination at
the metal cable shield, is at ground
potential by virtue of an Aquadag
surface. This equipotential surface
on the rubber prevents corona start-
ing between the rubber and an
otherwise necessary ground elec-
trode. It has the additional funec-
tion of shielding the high-imped-
ance output from the r-f fields in-
side the cabinet. The primary of
the filament transformer, actually
the inductive element of a Colpitts
oscillator, is wound on the outside

of a laminated Bakelite core, which
also serves as a support and align-
ment bushing for the hard-rubber
cable connector. The cable assem-
bly actually includes the hard-rub-
ber connector. Connection to the
high-voltage supply is effected by
sliding the rubber connector into
a hole on the top of the rectifier
cabinet.

The filament transformer is en-
ergized by a 200-ke oscillator. The
relatively high frequency is uti-
lized to improve coupling in the
transformer, which contains no
iron,

A system of fail-safe circuit-com-
pleting interlocks prevents turn-on
of high-voltage power unless all
components are correctly in place
and shielded. When protective
hoods are removed grounding rods
short out the high voltage before
access to the voltage compartments
Is possible. The power supply is
protected during such shorting epi-
sodes by its high internal resistance
and by overload relays which cut
off plate power. All cableg carry
a ground lead for protection against
short-circuit shock.

Yacuum System
The kinetic vacuum system is
made up of two pumps in series, an
oil-vapor or diffusion pump and a

mechanical fore or rough pump.

In earlier instruments the vae-
uum pumps were cut off from the
microscope column during specimen
and plate changes. This necessi-
tates complex valving and pumping
systems to protect the diffusion-
pump oil from decomposition by the
oxygen in the air. Some instru-
ments employed systems of air
locks and auxiliary pumps. The
permanent-magnet microscope has
eliminated much of this valving and
pumping complexity by first reduc-
ing to 2 minimum the air admitted
with a specimen and plate, and sec-
ond by utilizing recently developed
chemically stable silicone diffusion-
pump oil that does not readily de-
compose.

The total evacuated volume of
the instrument is one liter. An oil
diffusion pump mounted as shown
in Fig. 2, can pump the system to
operating vacuum (5 x 10" mm) in
twenty-five minutes from a cold
start. The oil diffusion pump, a
thermal device, is air cooled by a
small magnetically shielded fan
situated with the pump under the
rear cover of the instrument. The
pumping system will recover from
the admission of 0.06 cc of air with
a specimen in six seconds, and from
the admission of 80 cc of air with
a photographic plate in a little over
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a minute. A thermocouple-type of
vacuum indicator, attached to the
microscope column, reads on the
test meter of the high-voltage con-
trol unit.

Optical System

The exterior appearance of the
microscope column makes the posi-
tion of the optical elements nearly
self-evident. In reverse order to
that in the ordinary light micro-
scope, the source of illumination is
at the top and the image is formed
at the foot of the microscope.

The electron gun is situated un-
der the spherical hood. The hood
has been removed in Fig. 5 to show
the gun and a grounding rod which
shorts out the high-voltage power
when the hood is removed. The
high-voltage cable is held in place
by a bracket at the rear of the gun
so that movement of the cable can
exert no strain on the gun. The
heavy rubber-covered cable enters
the spherical corona shell on the
gun through a large hole. Inside
the corona shell, connection is made
to the gun terminals by thin flexi-
ble leads which permit the gun to
be moved transversely on the in-
strument without binding in the
cable.

Two knobs directly below the gun
position the gun transversely with
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FIG. 4—High-voltage rectifier unit, with case removed, and cross-sectional draw-
ing of the combined output connector and electron-gun filament transformer

respect to the axis of the opti-
cal system. By this means some
element of the solid cone of illu-
mination out of the gun which is
parallel to the optical axis of the
instrument may be found and cen-
tered over that optical axis.

The gun comprises both the cast-
glass insulator and the cvlindri-
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are omitted from the diagram; several are ased where this illustration splits
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cally shaped metal element which
supports the glass. This metal ele-
ment is the anode, and is at ground
potential. The adjustment screws
press against the anode shell to
cause the gun to move. The vacuum
seal between the glass insulator and
the anode is made by means of a
neoprene gasket lubricated with
stopcock grease. The transverse ad-
justment of the gun may be made
while the beam is turned on since
the neoprene gasket between the
anode and the upper wall of the ob-
ject provides a good sliding vacuum
seal.

The electron beam leaving the
gun is so wide and intense that it
would destroy a delicate specimen
unless restricted by a beam-limit-
ing aperture, frequently cailed a
condenser aperture by analogy to
the light microscope. The hole in
the thin platinum aperture disc
has a diameter of 0.003 inch. Di-
rectly below this aperture is the
specimen.

Permanent-Magnet Lens

A magnetic lens focuses the elec-
trons passing through the speci-
men and forms a real magnified
image in front of a second magnetic
lens which forms a further enlarged
image on the viewing screen or
photographic plate. The magnetic
lens is actually a magnetic field
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which is formed by a gap in a mag-
netic circuil. Tke field fringing out
from such a gap, formed by iron
pole pieces, interacts with the elec-
tron beam much as a glass light
lens does.

The literature on the gaps or pole
picces used in magnetic lenses is
extensive go the subject need not be
discussed here. Of more interest
because of its novelty and impor-
tance is the energization of the
magnetic lenses by the permanent
magnets from which the new elec-
tron microscope derives its name.

Permanent magnets are desirable
because they eliminate coil wind-
ings, cables, power supplies, filters
and multitube regulating circuits
required with electromagnetic en-
ergization of lenses. The resultant
advantages are lower cost and com-
paratively trouble-free service.

It is not generally possible to re-
place an electramagnetic element
directly with a permanent magnet
because the circuit is actually al-
tered. In the case of the lens, simple
replacement of windings by mag-
nets to energize the lens gap pro-
duces stray fields which utterly de-
stroy the microscope image. To use
permanent magnets successfully, it
is necessary to utilize the otherwise
stray external flux to energize an
additional gap. By positioning the
second gap coaxially with the first

FIG. 5—Microscope column with pro-
tective hood removed
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FIG. 6—Specimen-manipulation rod shown withdrawn

gap, two lenses may be energized
from a single magnetic source. Most
important, the two lens gaps, and
all the intervening space, are cov-
ered by a surface of sensibly con-
stant magnetic potential, so that
destructive stray fields are elimi-
nated. Since two lenses are neces-
sary for high magnification the
double-gap magnetic circuit proves
to be doubly beneficial,

Alnico 5 is used as the magnet
material in a high-demagnetization-
coefficient circuit to give strong en-
ergization and great stability
against demagnetization by removal
of pole pieces. The upper or ob-
Jective gap is energized to 1,300 gil-
berts and the projector to 900 gil-
berts.

The use of permanent magnets to
energize lenses has the disadvan-
tage of discarding the unique prop-
erty of variable focal length of mag-
netic lenses. This property is fre-
quently used to change the magnifi-
cation of an electron microscope
over wide ranges by merely turning
a selector switch, or to focus an
image by turning a knob.

Change of magnification is ac-
tually unimportant for any single
type of problem. However, specific
problems have certain magnifica-
tions which are most suitable. Tis-
sue sections are best studied at low
magnifications of about 1,500 x
where fine structure may be related
to gross structure most easily.
Virus studies need high magnifi-
cation of 6,000 x merely to be seen.
In order to provide a wide range of
magnifications in the permanent-
magnet electron microscope, the
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pole pieces are changed to provide
any one of three fixed direct magni-
fications of 1,500, 3,000 and 6,000
times. Photographic plates exposed
at these magnifications may fre-
quently be enlarged to show new de-
tail at magnifications of 40,000
times.

Focus is obtained by varying the
accelerating high voltage.

Specimen Holder

The specimens used in electron
microscopy are small. An object
0.0003 inch in extent will com-
pletely fill the field of view of the
microscope at 6,000 x. Specimens
are likewise very thin, less than
0.3 x 10 mm, and need to be sup-
ported on wire screens. Small par-
ticles are deposited on equally thin
plastic films, in turn supported by
the wire screens. For ease of han-
dling, standard %-inch diameter 200-
mesh metal screens are used for
specimen support. To insert a speci-
men into the microscope, the screen
is clamped in a small holder and in-
serted in a hole drilled transversely
into a 5/16-inch rod which slides in
and out of the microscope across
the optical axis of the system.

Figure 6 shows a specimen holder
partially inserted in the specimen
control rod. When the specimen
holder is in place, the rod is pushed
into the microscope. The specimen
slides through a neoprene vacuum-
sealing gasket which surrounds the
rod. The only air admitted to the
interior in the process is that in the
open volume of the specimen holder.
The rod slides until its end abuts
the plunger driven by the large
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FIG. 7—Exposure of « photographic plate

right-hand knob on the upper part
of the column. When this occurs,
the specimen screen is over the
axis of the microscope and the en-
larged image of the specimen will
be seen on the final screen.

Turning the right-hand knob
drives the plunger in or out and the
specimen follows with the rod which
abuts the plunger. The specimen
may be moved at right angles to
this motion by rotating the rod by
turning the large left-hand knob at
the end of the rod. Since the speci-
men holder locates the specimen as
far off the axis of the rod as possi-
ble, a rotation of the rod displaces
all points on the specimen toward
or away from the optical axis and
also changes their distance from the
objective lens. If the rotation is
limited to three degrees from cen-
ter, it is possible to scan three
meshes in a direction perpendicular
to the length of the rod and yet not
move the specimen points out of
range of focus of the lens.

This principle of using a single
axis to produce both longitudinal
and transverse movements as well
as furnish a path for the introduec-
tion of specimens ranks along with
the permanent-magnet lenses as a
simplifying and economizing fea-
ture. Operationally, it has been
found that the rod specimen stage
has excellent stability in the face
of heating from the gun, or from
room vibration. The large control
knobs permit ease of control and
house additional mechanism. The
left-hand knob contains a three-to-
one friction planetary drive to in-
crease the fineness of the trans-
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verse specimen adjustment.

Final Image

The image is viewed through a
front window wide enough for two
people to make observations simul-
taneously. The phosphorescent ma-
terial used to convert the electron
image to a visible image is de-
posited on a surface perpendicular
to the optical axis. Viewing the
phosphor directly permits maxi-
mum brilliance in the image for a
given beam intensity but requires
oblique viewing. The fifteen-degree
tilt in the microscope was applied
to make comfortable viewing possi-
ble.

The photographic function of the
electron microscope is essential to
provide a permanent record, to pro-
vide an image which can be studied
at length and measured accurately
and to make use of the high resolu-
tion inherent in the electron image.
It is practice to expose the photo-
graphic plate directly to the elec-
tron image which, like light, causes
darkening in the developed nega-
tive. Direct exposure has the ad-
vantage of great photosensitivity,
which permits photography of low-
intensity images. Also, because of
the fine-grain properties of the pho-
tographic plate, the detail in the
image is all preserved on the plate.
Photographic enlargements to ten
times are frequently carried out.
The drawback to direct exposure of
the plate in earlier electron micro-
scopes is the difficulty of inserting
the plate.

In the permanent-magnet micro-
scope, the functions of vacuum

wwwamericanradiohistorvy com

valving, fluorescent screen and
photographic shutter are carried
out by a simple mechanical system
comprising a sliding plate and a
push rod. A circular groove in the
bottom of the viewing chamber
holds a neoprene gasket against
which the valve plate presses to seal
off the chamber during the periods
when the door of the photo chamber
is open for the insertion or removal
of the plate cassette. Following
insertion of the cassette and clos-
ing of the photochamber door, a
knob at the right of the photo-
chamber is pulled #-inch to a stop.
This motion slides the valve plate
off the gasket, breaking the vacuum
seal, and permits the plate chamber
to be pumped out. The upper sur-
face of the sliding plate is dished
to hold a fluorescent screen, while
a pin from the lower surface of the
plate engages a catch on the cas-
sette. When the valve-shutter rod
is pulled to its extreme right-hand
position, Figure 7, the valve plate
is pulled from in front of the photo-
graphic plate. At the same time
the light-tight cover of the cassette
slides aside and the plate is ex-
posed. Sliding the rod all the way
back closes the valve and cassette.
A relief valve on the left of the
photochamber is used to admit air
to the photoc}{amber, permitting
the door to be opened.

The simplification of operation
of the electron microscope has been
brought to a point where people
can operate it usefully and con-
fidently after less than an hour’s
instruction. The expense has been
reduced to a point where small
economic units can afford to use it.
The performance of the instrument
ig such as to make it applicable in
ninety percent of all electron
microscopic problems.
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pentode mixer with improved method that places tuned circuit between
not necessarily the most desirable for the frequency and bandwidih used

GAIN-DOUBLING

Theory and experimental results for a method of obtaining twice the normal conversion

transconductance from pentode mixers. Signal is applied to an inner grid, and No. 3

grid is used in an outer space-current local oscillator. Practical converter circuits for

narrow-band broadcast receivers and wide-band f-m receivers are given

N THE USUAL frequency mixer
I tube the conversion transcon-
ductance is approximately g¢,./=,
where g,, is the maximum signal
grid-to-plate transconductance dur-
ing the excursion of an oscillator
cvele. The possibility of obtaining
a conversion transconductance equal
to 2¢,/= was first pointed out by
E. W. Herold". In effect, his method
involves changing the phase of the
signal current 180 deg at the local
oscillator frequency rate, using a
beam-deflection tube or one having
multihumped characteristics. The
method to be described here
achieves the same gain-doubling
result more simply with a pentode
mixer.

Analysis

The conversion transconductance
¢. of a mixer tube, when consider-
ing a small signal modulating a
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relatively large local oscillator sig-
nal of radian frequency o, is

;;r ‘/‘_: gm €08 w! d{wt) 1)
Solution of this equation does not
give maximum econversion trans-
conductance because the negative
portion of the cycle subtracts from
the positive portion. However, if
the integral is observed from =/2
to — =/2 only, we obtain ¢,/ as
the maximum positive limit for
conversion transconductance with
conventional mixing. These limits
are achieved in a triode mixer by
imposing sufficient oscillator volt-
age on the No. 1 grid to cut off the
tube during the negative portion of
the oscillator ecycle. In conven-
tional pentode mixing with the os-
cillator signal on an outer grid, the
same limits are obtained by divert-
ing the space current to an inner
grid of the tube during the nega-

e =
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tive portion of the local oscillator
cyele. The goal, however, is to
double this transconductance value.

With conventional triode and
pentode mixing, the i-f signal is
obtained from a tube element that
is cut off for half of the tube-
operating period. If by some
means the sign of the integral of
Eq. 1 could be changed for this cut-
off half of the oscillator cycle, then

the conversion transconductance
would be doubled.
Consider a pentode mixer in

which the incoming carrier signal
is applied to the No. 1 grid and
the local oscillator to the suppres-
sor (No. 3) grid. Since a pentode
maintains essentially constant cur-
rent in the screen-plate region, each
increase in plate current due to
oscillator modulation of the sup-
pressor must be offset by an equal
decrease in screen current. As a
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so tuned circuit is between screen and plate. Values of correspond ng inductances and

tode mixer circuit with improved method that eliminates screen bypass capacitor
capacitances should be equal as indicated

Frequency Converters

By VERNON H. ASKE

Application Laboratory
Sylvania Electric Products Inc.
Kew Gardens, N. Y.

result, the i-f components of plate
and screen currents are 180 deg
out of phase and can be added in a
conventional push-pull manner to
get twice the gain from the tube.
Actually, the mere placing of a
tuned circuit between the plate and
screen changes the sign of the in-
tegral in Eq. 1 for half of each
cycle to give the desired doubling
of conversion transconductance.

Verification

Experimental verification of gain
doubling with this frequency-mix-
ing process is given in Fig. 1 and 2.
Performance of a conventional bal-
anced type mixer is presented in
Fig. 1A and results for the new cir-
cuit, using the same tubes under
the same d-c operating conditions,
are in Fig. 1B. The tubes were de-
velopmental types with many-turns-
per-inch suppressor grids. The

ELECTRONICS — January, 1951

Subminiature pentode converter for broadcast band use, employing improved circuit
of FIG. 5 to achieve more than twice the gain of a conventional 6BEB6 circuit

oscillator voltage is used as a
variable.

Qince the voltage gain is in-
versely proportional to Af and the
two vary with oscillator voltage,
the product of these two terms
serves as a convenient means of

comparison between the two sys-

WWW-americanradiohistorv.com

tems. The last column of the tabu-
lation in Fig. 1B indicates the ratio
of A.Af, for the new system to
A, Af, for the conventional system.
These values center about a ratio
of 2 to 1, which is predicted from
the theory.

As a further check and compari-
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son, the new frequency-conversion
method was compared with the con-
ventional method when using a
single tube. Data for a conven-
tional single-ended mixer circuit is
given in Fig. 2A, and correspond-
ing data for the new circuit in Fig.
2B. The ratios are again approxi-
mately 2 to 1.

The foregoing data were ob-
tained with the suppressor grid
operating at zero d-¢ bias rather
than the grid-leak bias that is usu-
ally employed. Operating the grid

e RFC

RFC

RFC
_? i
()
L

FIG. 3—Balanced and unbalanced oscilla-
tor circuits employing new gain-doubling
technique

at zero bias results in a much
greater peak ¢, and thereby in-
creases conversion transconduct-
ance. If sufficient oscillator voltage
is impressed, the plate current is
swung into saturation and g, ap-
proaches the ideal value of approxi-
mately 32 percent of the peak g¢...

Isolation

Another interesting aspect of the
circuit is the isolation it offers to
signals that tend to pass through
the mixer tube at the intermediate
frequency. Isolation exists, since
any signal on the No. 1 grid pro-
duces modulation of the same phase
on the screen and plate currents,
and will cancel out in the push-pull
i-f transformer. This action makes
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FIG. 4—Characteristic curves for No. 3 grid of typical experimental pentode

it somewhat difficult to align the
i-f by the usual manner of placing
the i-f signal on the signal grid of
the mixer tube. In this case the
signal can better be placed on the
oscillator grid. The degree of iso-
lation is determined by the degree
of balance in the primary of the i-f
transformer and by the transcon-
ductance from signal grid-to-plate
relative to the transconductance of
signal grid-to-screen.

In a pentode we are mainly con-
cerned with shot-effect noise and
partition noise. The former is due
to time-varying emission from the
cathode, and the latter is due to
random distribution of cathode cur-
rent to the positive electrodes in
the tube.

Noise Suppression

Assume an ideal pentode in
which partition noise does not exist.
Assume also that there is a push-
pull connection between plate and
screen, and that the screen and
plate currents are precisely equal.
The noise in the plate and screen
would then be of equal magnitude
and identical phase, disregard-
ing transit-time effects. With a
perfect output transformer, there
would be no noise output from the
tube, because of cancellation within
this transformer.

Now, imagine another ideal pen-
tode in which no shot-effect noise
exists, but in which partition noise
does exist. In this tube any noise
variation that takes place in the
plate circuit must be accompanied
by an equal and opposite noise vari-
ation in the screen circuit, since
space current is perfectly constant.
Thus, if this push-pull connection
has in some way doubled the effec-
tive transconductance, the equiva-
lent noise resistance of the tube has
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riot changed since the effective noise
has also been doubled.

The pentode mixer circuit pre-
sented here is actually the com-
bination of these two ideal cases.
It therefore has somewhat smaller
equivalent noise resistance in the
circuit than does a conventional
mixer, since the shot-effect noise
has decreased while the affect of
partition noise remains unchanged.

Converter Tube

In conjunction with this work on
the mixer circuit, a program was
also carried out to combine this cir-
cuit into a converter tube that per-
forms the functions of mixer and
local oscillator. In this converter,
the outer space current oscillations
that exist between the outer ele-
ments of a multigrid tube are uti-
lized. The resulting converter cir-
cuit gives four times the voltage
gain with 30 percent less cathode
current relative to the 6BE6 con-
verter. The equivalent noise re-
sistance of this converter was be-
low 18,000 ohms, which is less than
one-tenth that of the 6BES.

The tube characteristics most de-
sirable for the oscillator are those
of a pentode whose No. 3 grid-to-
plate transconductance is relatively
high. This No. 3 grid is used as
the control grid, and the plate or
screen as the oscillator anode.

The oscillator may be either the
balanced or unbalanced type. In
the balanced oscillator, shown in
Fig. 3A and 3B, the plate-screen
coil is center-tapped to r-f ground.
This oscillator is suited to a bal-
anced-type circuit since the current
variations, as caused by No. 8 grid
modulation, are 180 deg out of
phase in the plate and screen. The
plate voltage holds the same phase
relationship to the controlling grid
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voltage as it does in a conventional
oscillator.

For unbalanced operation, either
plate or sereen may be grounded to
r-f as in Fig. 83C. Since the screen-
plate current is nearly constant, the
oscillations are confined to the
outer space of the tube.

The No. 3 grid characteristics
for a typical experimental pentode
are shown in Fig. 4A. The nega-
tive resistance characteristic en-
countered above 10 volts tends to
enhance oscillations. To find the
required grid-driving power, a sine
wave can be impressed on the sup-
pressor grid and a time plot of cur-
rent obtained from the grid charac-
teristics. The product of instan-
taneous voltage and grid current is
shown in Fig. 4B. A peak swing of
10 volts is used because this value
produces plate current cutoff and is
in accordance with characteristics
that follow. The average power
may be obtained by integrating the
instantaneous power curve. The re-
sulting average power is three mil-
liwatts, which is very low and
normally will be less than the asso-
ciated circuit losses.

Converter Design

It is possible to calculate the
tickler coil impedance required for
a particular application. Suppose
an oscillator is to be built at 20 mc
in which a tickler coil is placed in
the plate circuit to excite a tuned
circuit connected to the No. 3 grid,
and a total driving power of 15
milliwatts is required. The avail-
able exciting power is proportional
to the external voltage drop, or in
this case the reactive drop across
the tickler coil. Then P it =
I oL = 15 X 10° The effective
plate current for the development
tubes used is approximately 4 ma.
The required tickler coil impedance
is then oL = 15 x 10*/(4 x 10®%)®
= 938 ohms.

These outer space current oscilla-
tions may readily be obtained from
a pentode as used in Fig. 5 and 6,
and the application of a signal to
the No. 1 grid will result in a
simplified converter. In each cir-
cuit, a tickler coil is placed in series
with the i-f transformer primary
to provide feedback to the No. 3
grid, which is tuned to the local
oscillator frequency. In Fig. 5 the
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screen is grounded for r-f. Figure
6 represents a similar circuit in
which the i-f is connected in push-
pull between the screen and plate,
and results in increased conversion
transconductance. The circuit of
Fig. 5 is most useful in narrow-
band applications, since the plate
resistance in converter use is much
larger than the effective plate-
screen resistance. Conversely, Fig.
6 is more applicable to wide-band
circuits.

The above circuits are operated
with zero d-c bias on the suppressor
grid. This type of operation is de-
sirable since greater conversion
transconductance will result owing
to the larger peak plate current. A
grid-leak bias on the grid of the
oscillator is not necessary with the
outer space current oscillator, as it
would have little effect on the aver-
age current.

It is desirable that the peak
swing be sufficient to produce plate-
current saturation during the posi-
tive excursion of the local-oscillator
cycle, and plate-current cutoff dur-
ing most of its negative excursion,
since these are the desired charac-
teristics for maximum conversion
transconductance.

Comparisons

The most important character-
istics of a converter-type tube are
probably (1) conversion transcon-
ductance, (2) plate resistance, (3)
noise, (4) isolation between signal
and oseillator circuits, which is in-
dicative of antenna radiation, (5)
voltage gain as a function of wide-

range tuning, and (6) automatic
volume control, which indicates the
cutoff characteristics of a particu-
lar tube and any undesirable detun-
ing effects. These characteristics
will be discussed in connection with
a comparison of the new high-gain
pentode converter circuit of Fig. 5
and a conventional 6BE6 frequency
converter for the same narrow-band
application (550 to 1,600 ke).

Before making comparative
measurements, the oscillator volt-
age on the No. 3 grid was measured
as a function of tuning. The oscil-
lator voltage varied from 19 volts
at 1,006 ke (the low end of the os-
cillator range) to 66 volts rms at
the top frequency of 2,056 kc. This
wide range of oscillator voltage is
undesirable from the viewpoint of
oscillator radiation, hence a series
R-C circuit was used to load the
oscillator. Values of 10,000 ohms
and 6.8 upf discriminate against
the higher frequencies as desired
to keep the range of oscillator volt-
age between 11 to 19 volts rms,
which is within the practical limits
of most converters.

Comparative sensitivity values
are given in Fig. 5. With the ex-
perimental type pentode, the com-
ponents were tuned for each indi-
vidual measurement. The voltage
gain was measured from the signal-
generator terminals to the secon-
dary of the i-f transformer. The i-f
transformer used was designed as
an output transformer, and conse-
quently had closer coupling than
that usually found in input i-f
transformers. With the conven-
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tional circuit, plate and screen volt-
ages were 100 volts, and the signal
grid was biased to —1.5 volts. The
circuit was optimized for voltage
gain.

The comparative data shows that
greater than twice the voltage gain
can be obtained with the pentode
with 30 percent less cathode cur-
rent., The increased voltage gain
results from the increased con-
version transconductance.

The conversion transconductance
of the experimental pentode was
approximately 1,200 umhos. This
conversion transconductance is eas-
ily determined for this type of
operation by measuring the g, of
the signal grid with +10 volts on
the suppressor grid, and taking 30
percent of this g,, value as the con-
version transconductance. This is
accurate to within a few percent.

The eflective mixer plate resist-
ance for the new type of operation
is approximately three times the
value measured for the tube as an
amplifier. This value was 350,000
ohms for the development tubes
used, as contrasted with 1 megohm
for the G6BE6. The conversion
transconductance of the 6BE6 is
475 pmhos.

Oscillator Radiation

Radiation back to the antenna
from a converter tube depends on
the capacitance and space charge
coupling between the oscillator grid
and the signal grid. In the circuit
of Fig. 5, oscillator currents are
confined to the outer space of the
tube so there is little or no space-
charge coupling. The capacitance
from the signal grid to oscillator
grid of the tube under these condi-
tions is approximately 0.10 puf,
while the corresponding capacitance
for the 6BE6 is 0.15 puuf. The rela-
tive eoupling values from the oscil-
lator to the signal grid at signal
frequencies of 550, 1,000 and 1,550
ke are 0.01, 0.07 and 0.13 re-
spectively for the 6BE6 and 0.01,
0.05 and 0.21 for the pentode.

The space-charge coupling within
the tube acts with a 180-deg phase
shift relative to the direct capaci-
tive coupling voltage. In most con-
verters, these effects are controlled
so that they are approximately
equal on the broadcast band. This
is the reason that the coupled volt-
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FIG. 6—Wide-band version of new converter circuit

age ig slightly less with the type
6BE6 in spite of the fact that its
capacitance and space-charge cou-
pling are greater.

AVC Action

The action of an ave voltage on
the signal grid of the experimental
pentode changes the oscillator amp-
litude as well as the signal-grid g.,.
This gives accentuated ave action,
and may require a very remote cut-
off characteristic for proper oper-
ation. Since extensive bias will
ultimately result in a reduction of
oscillator grid g, to the point
where oscillations will cease, ex-
tended ave application (1,000 to 1
reduction of gain) is not possible
in this new converter.

In conjunction with ave, it is im-
portant to consider the amount of
frequency shift that results from
its application. To obtain this
relative measurement, the gain of
the two systems was decreased by
the same ratio, and the frequency
shift of the oscillator section was
measured. The results indicated
that the frequeney shift was com-
parable in the two systems, but in
opposite directions; the frequency
of the 6BE6 converter decreased
with decreasing gain and the fre-
quency of the new converter in-
creased with decreasing gain.

F-M Converter Circuit

Modifications needed in the new
converter circuit to meet the re-
quirements of the f-m band are
given in Fig. 6. The relatively wide
bandwidth permits the use of a
push-pull i-f and derives increased
gain. At 100 mec the voltage gain
from the grid through a double-
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tuned i-f transformer is 27.5. (The
calculated gain of the 6BE6 under
similar conditions is one-fourth this
value.) The center of the i-f band
is 10.7 mc and the bandwidth at the
half-power points is 350 kc. The
frequency drift of this oscillator
circuit was compared with that of
a triode in a Hartley circuit and
found to be nearly equal. The con-
verter had less frequency shift as
a funetion of filament voltage, but
more as a function of supply
voltage.

Conclusions

Increased gain can be obtained
by using a pentode tube as a con-
verter, with the signal applied to
an inner grid and the No. 3 grid
used as an outer space current local
oscillator., Four times the gain of
the type 6BE6 may be obtained by
using this less complicated tube,
with 30 percent less cathode cur-
rent. Simple tube construction,
high conversion transconductance
and low noise characterize this con-
verter. The Sylvania type 5636
and SN1007B tubes are suitable for
this application.

The author acknowledges the
valuable assistance of B. F. Tyson
and James Cooper who supplied
measurements that confirmed the
theory outlined here and John B.
Grund of Sylvania’s Emporium di-
vision, whose measurements in
practical circuits contributed
greatly to this project.
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L.ow-Reilection
PICTURE TUBES

Face plates is first etched, either chemically or by liquid-honing abrasive-blasting method,
to produce light-diffusing characteristic. Plates thus etched are then treated with hydro-
fluoric acid to restore transmission loss introduced by first etch

By G. S. SZEGHO,

HE HIGH OPTICAL QUALITY in-

herent in metal cathode-ray
tube face plates has turned out to
be more of a drawback than a
blessing.

When these tubes were first in-
troduced, glass tube manufacturers
took steps to equal their face-plate
quality by chromium plating and
polishing the molds, with the result
that both types today are prone to
specular reflections. These reflec-
tions of external light sources in
a room are more noticeable because
of the dark glass now almost uni-
versally used in face plates.

Early Attempts

Attempts to reduce undesirable
reflections by methods already em-
ployed in treating optical instru-
ments have met with little success
for various reasons. For example,
one-quarter-wavelength thick films**
are difficult to mass produce. More-
over, such films are quite fragile
and give a characteristic purple tint
since they are actually designed for
a minimum reflection at only one
wavelength, usually 5,550 A, which
is the peak of the human eye sen-
gitivity curve. Skeletonized layers,
in which the constituents of the
glass are etched out on the surface
by hydrofluoric acid to leave only a
film consisting largely of silica,’

ELECTRONICS — January, 1951

The Rauland Corporation
Chicago, Illinois

are also corrective for only one
wavelength and have some residual
reflected color.

For picture tubes one can resort
to other solutions to reduce reflec-
tions, such as a polarizing filter
combined with a quarter wave re-
tardation layer in front of the tube
face. These filters, in addition to

M. E. AMDURSKY and W. 0. REED

the expense involved, absorb an ap-
preciable portion of the useful
light and the residual reflections
are also tinted. Another possibility
of reducing reflection involves scat-
tering the light, and lacquer coat-
ings have been tried to achieve this
result.* However, these coatings are
not durable and in most cases they

Television picture taken from I12-inch metal tube. Reilected image of fluorescent
lights from untreated porfion of face plate shows advantage of process

Wwww.americanradiohistorv.com
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Chemical Process with Acid Treatment
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FIG. 1—Resolution test charts photographed through face plates having front surfaces treated by the two methods described and sub-
sequently etched in hydrofluoric acid for periods of time indicated. Photomicrographs (approximately 125 microns square) below show

are too diffusive, thus impairing
the quality of the transmitted
image.

New Method

The method described in this
paper when adequately controlled
has none of the aforementioned dis-
advantages. The surface of the
plate is first etched either chem-
ically or by a liquid abrasive-blast-
ing method known as liquid honing.
The latter is a process in which the
plate is subjected to a high pressure
spray of abrasive particles sus-
pended in water. Either of these
processes creates a surface having
a light-diffusing property, which re-
duces the specular reflection but
also tends to deteriorate the quality
of the transmitted image. The
etched plate is then subjected to a
treatment in hydrofluoric acid,
either by dipping or spraying, until
the transmitting characteristics are
restored to the extent required by
test resolution patterns. The result
of this processing is shown in the
accompanying photograph, which
shows a television image as seen
through a face plate only one-half
of which is treated in the described
manner. The untreated half clearly
illustrates how the reflected image
of fluorescent light tubes, for ex-
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processed suriaces

ample, can obliterate the trans-
mitted picture information.

In Fig. 1 there are a series of
resolution patterns as photographed
through face plates which have
been surface-etched by chemical
means and liquid honing, respec-
tively, and then subjected to hydro-
fluoric acid for varying lengths of
time. From these photographs, it is
apparent that control of the acid
bath is necessary to preserve the
image quality of the transmitted
picture. In each case reading left
to right, the first plate is considered
to be unresolvable; the second is
just resolvable, and the third is
quite acceptable.

In order to investigate the sur-
face strueture of the treated face
plates, photomicrographs of these
same samples were taken and are
shown. As the acid treatment is
continued on any particular sample
from a point of minimum reflection
and maximum diffusion, the hill-like
structures increase in diameter and
become more flattened. The acid
tends to dissolve the roughened
edges and smoath out the surface
to some extent. The surfaces etched
by chemical means are much more
uniform and give a greater number
of and smaller hills for the same
transmitting and reflecting quali-
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ties than those etched by the me-
chanical method. Tests made with a
surface analyzer also indicate that
the chemical etch provides a much
more uniform surface.

Reflection Characteristics

The reflection characteristics of
these treated face plates have been
studied quite extensively. Plates
treated by the chemical etch method
always exhibit a minimum reflec-
tion point before being subjected
to acid, whereas in the case of
liquid honing, the surface may be
lightly etched, then brought to this
minimum value by the acid treat-
ment. This action of the acid can be
seen in Fig. 2A, which is a plot of
reflectivity as a function of acid
treatment time. The reflection is
specular before the minimum is
reached and of a diffuse nature
from that point on.

Measurements were made with a
Weston photocell having a Viscor
filter in a reflectometer built for
this purpose. A collimated light
beam is reflected from the surface
under study at an angle of 35 de-
grees to the normal. A typical sur-
face after being lightly liquid-honed
has a reflection of 50 percent of
that from the two sides of a conven-
tional filter-glass face plate, or ap-
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proximately 3.5 percent in terms of
100 percent from a perfect reflector.

It should be remembered that the
combined reflection from the two
surfaces of a clear glass face plate
is approximately 9 percent. The fil-
ter-glass face plate now in general
use has around 25 percent absorp-
tion, the reflection from the back
surface is thus reduced to 2% per-
cent and the total from both sur-
faces to 7 percent.

Although still quite transparent,
the liquid-honed surface has a misty
appearance which produces a some-
what diffuse transmitted image
quite objectionable for television
applications. With subsequent acid
treatment, however, the specular
reflection decreases and the diffu-
sion of transmitted light increases
until the aforementioned minimum
point of reflection is reached.

With further acid treatment the
reflected light becomes almost en-
tirely diffuse and the transmitted
light becomes more specular. This
behavior may be explained by the
fact that the acid attacks the glass
selectively wherever the surface
has been broken and tends further
to roughen the surface. After a
period of time corresponding to the
minimum on the curve, the acid be-
comes trapped and only the crests
or high spots are attacked, thus
producing a smoothing effect. This
explanation is partially borne out
by the fact that the negative slope
of the curve is much steeper than
the positive slope, indicating that
the relative areas of roughened sur-
face to smooth surface are much
greater after the point of minimum
reflection has been reached than
before.

Limits on the residual refiection
have been experimentally correlated
with the resolution desired and the
thickness of the plate. The resolu-
tion of a transmitted image in con-
tact with the back surface of the
treated plate is inversely propor-
tional to the thickness. Further-
more, as the plate resolution in-
creases, the reflection increases. In
order to maintain high picture
quality, these treated plates must
resolve at least 2.2 lines per mm
which corresponds to approximately
4.5 television lines per mm, or a
definition of approximately 850
lines on a 12%-inch tube raster. It
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has been found that metal tube face
plates which will give this resolu-
tion have a minimum reflection of
21 percent of the combined reflec-
tion from the two surfaces of an
untreated filter-glass face plate
which, as explained above, would
correspond to approximately 1.5
percent of the total incident light.
For all-glass tubes where the thick-
ness across the face may vary from
1 to § inch, a minimum reflection of
35 percent must be tolerated to
achieve the desired resolution.

Additional Tests

Several tests were made on com-
pleted television tubes having low-
reflecting faces. It was found that
there is no decrease in luminance
from treated face plates as meas-
ured normal to the tube. There is,
however, a slight falling off as the
angle of observation is increased.
This directional effect of various
types of tube faces now in produc-
tion is compared in Fig: 2B. It
is evident that the plates treated
by the liquid-honing process are
slightly more directional than those
treated by the chemical etch. This
is due to the fact that the former
gives a heavier etch, and more at-
tenuation is to be expected as the
light passes obliquely through it.
Tests to determine whether or not
any color shift is introduced by the
etching process have proven that
there is no effect either on the axis
or at large angles of observation.

50
s ==a
5 30 >
e 20
& 10 IL

oLl |

[+ 50 100 150

(A) TIME IN SECONDS

5 60
70% {55 oD 700
y S O:g‘«‘;n,,.,ﬁ X ‘
£ RS o0°
g0l LG ‘
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It is interesting to note that
tubes with treated face plates ap-
pear to be mechanically stronger
than those with untreated face
plates, judging by pressure tests
performed on both types of tubes.
Similar experience has been re-
ported in the manufacture of in-
candescent glass bulbs where acid
treatment followed abrasion.’

Thus far treatment of the outer
surface alone has been considered,
the inner surface remaining spe-
cularly reflective. In order to reduce
or mask the reflection from the in-
ner surface to a negligible amount,
the outer surface treatment must
progress farther than desired. This
reflection also can be eliminated by
the low-reflection treatment of the
inner surface. For a given reflectiv-
ity, the outer surface diffusion can
therefore be made much less with a
consequent improvement in the
quality of the transmitted image.
Of the two processes mentioned, the
liquid-honing is more suitable for
application to the finished tube, in
which case only the outer surface is
made diffuse. The chemical abrasive
process can equally well be applied
to the face plate before sealing it to
the metal cone and, therefore, metal
tubes can be easily fabricated with
both surfaces treated, with the in-
herent improvement in resolution.

Tests show no loss of contrast
for low-reflection treated tubes
under normal viewing conditions.
With intense external light, how-
ever, the residual light scattered
back to the viewer has the effect of
lowering the contrast ratio. But,
multiple reflections within the glass
are actually reduced by the com-
bined abrasive etch and polishing
treatment.

The authors are indebted to
Joseph A. McCormick of the Dear-
born Glass Company for his co-
operation and persistent efforts in
the successful development of the
chemical etch process mentioned
above.

REFERENCES

(1) John Strong, On a Method of De-
creasing the Reflection from Nonmetallic
Substances, Jour. Opt. Soc. Amer.,, p 73,
Jan. 1936.

(2) K. B. Blodgett, Use of Interference
to Extinguish Reflection from Glass, Phys.
Rev., 55, p 891, 1939.

(3) F. H. Nicoll, Low Reflection Films
on Glass by an Improved Chemical
Method, RCA Rev. p 440, Sep. 1949.

(4) Steadman, U. S. Patent 2,419,177.

(5) Pipkin, U. S. Patent 1,687,510.

99


www.americanradiohistory.com

ADJACENT-CHANNEL

FIG. 1—Desirable selectivity curve is shown at A. The curve of a conventional
Motorola receiver is shown at B

HE FREQUENCY SPECTRUM avail-
Table for radio communications
remains the same but the need for
new channels is ever increasing as
the number of applications and the
number of users of electromagnetic
waves increases. The problem of
obtaining more useful channels is
particularly acute in television and
in mobile communication systems.

One solution to this problem
would be to go to higher frequen-
cies where more bandwidth is avail-

able. Some services such as radio
relays and other point-to-point
radio communication could be

transferred to frequencies above
200 megacycles, but this is not
necessarily the case with the mobile
service. In this service the require-
ment of line-of-sight is not often
fulfilled and so the ground wave
must be relied upon. Such a wave
is not propagated well even at fre-
quencies as high as 200 megacycles
and shadow effect becomes more
and more pronounced as the fre-
quency increases.

On the other hand, in thickly
populated cities the waveguide ef-
fect of the streets may cause, at
higher frequencies, considerable
condensation of electromagnetic
waves, usually accompanied by
pronounced standing waves. In
this special case, higher frequen-
cies may be well suited for com-
munication, but in general, mobile
communication systems should
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operate in the region below 200
megacycles. For this reason, closer
channel spacing and the ability to
use adjacent channels are both very
important in the mobile service.
The receiver design principles to
be outlined were first applied to
receivers for the mobile service,
and for this reason an f-m receiver
working in the 152 to 162-me band
has been chosen as an example, al-
though the principles are by no
means limited to this field and could
be applied with equal benefit to any
a-m, f-m or television receiver.

Requirements

For successful adjacent-channel
operation, a sufficient rejection of
the unwanted signal should be
achieved at the edge of the adjacent
channel. The receiver should ac-
cept the band of frequencies re-
quired by the received signal and
its modulation sidebands without
appreciable attenuation. There-
fore, a rather rapid transition from
no attenuation to full attenuation
has to occur. This transition has
to occur within the so-called guard-
band which is an unused narrow
band between channels in which no
modulation exists. Figure 1A
shows a desired practical shape of
selectivity curve, The ideal square
selectivity shape is not practical
because it has two discontinuity
points and infinitely steep sides.
The performance of such a square
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ly the top of the curve is not wide
enough and the sides of the curve
are not steep. It takes the whole
adjacent channel, not just the nar-
row guardband, before substantial
attenuation is obtained. In addi-
tion, the shape of this curve de-
pends greatly upon the tuning of
the individual circuits and it will
vary from day to day due to change
in temperature.

The minimum receivable signal
can be easily determined from the
theoretical noise and the noise fig-
ure of the receiver. For example,
for a 40-kc¢ bandwidth f-m police
receiver, the theoretical noise is
equal to KTB or 4 X 10 x 40 X
10° watts, or 158 db below a watt.
Assuming the practical noise figure
of a receiver to be 12 db, the noise
level will be 146 db helow one watt
or 0.35 microvolt at the 50-ohm an-
tenna input cable. A carrier giv-
ing 20-db quieting will, in this case,
be of the order of 0.5 microvolt,
which may be considered the weak-
est usable signal.

The strongest unwanted signal
which can be rejected by the re-
ceiver depends greatly on the de-
sensitization and intermodulation
characteristics of the receiver. By
desensitizing we mean the phe-
nomenon occurring when a strong
signal decreases the total gain of
the receiver., This is generally
caused by the grid voltage on one
or more tubes swinging into the
positive region and thus building
up additional bias or loading the
grid tuned circuit (or circuits) by
grid current.
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REJECTION RECEIVER

Desensitizing by strong local stations just outside desired-frequency guardbands, as well
as intermodulation and spurious responses, is minimized by concentrating selective
elements largely ahead of amplification. Hermetically sealed passive bandpass filter is

heart of system

Strip receiver chassis, one filter and complete mobile unit

which incorporates some of the design techniques described

Situations frequently arise, par-
ticularly in mobile communication
practice, where a police car, for
example, has to receive messages
from a remote station, or another
police car, while it is operating in
the close vicinity of the transmitter
of a taxicab company, which may
be on the adjacent channel. Under
such conditions many receivers are
completely desensitized or blocked
by this high-level signal.

The amount of unwanted signal
which can be tolerated depends
greatly on the receiver construc-
tion. In an average receiver, the
first r-f tube has a grid bias of the
order of 0.7 volt, and this would be
the peak voltage acceptable, the
rms value being 0.5 volt. Assum-

FIG. 4—Stages of a mobile receiver employing the design dis-
cussed in the text » Je-- - 5%

FIG. 2—Block diagram of new receiver using the passive band-

pass filter

ing an input tuned circuit step-up
ratio of 5 to 1, a 0.1-volt signal at
the antenna input is all that can
be tolerated. This means that the
selectivity that can be expected in
the receiver is 0.1 volt to 0.5 micro-
volt or 106 db. Practically, most
receivers have a much lower limit,
because they build up the gain be-
fore selectivity, which is obtained
in the last i-f stages.

Intermodulation

Another problem resulting from
crowding of the spectrum is inter-
modulation. If there are two strong
transmissions on frequencies f==Af,
and f==2Af, where f is the receiver
frequency and Af is the channel
spacing (or some multiple there-

FIG. 3—Cutaway view of passive filter and a complete cased
unit for a receiver

of), then the second harmonic of
the first transmission will be gen-
erated in the receiver because of
nonlinearities in the amplifying
tubes, usually the mixer stage and
possibly the r-f stage. This sec-
ond harmonic, whose frequency is
2f-=2Af, will beat with the fE2Af
transmission and create a beat note
of frequency f. Once frequengy f
has been created in a receiver, no
amount of selectivity of the i-f cir-
cuits can prevent interference.
This interference may be weak, 80
that it merely opens the squelch in
the absence of a desired signal,
causing annoyance, or it may be so
strong as to completely block the
receiver. If the signals on adja-
cent channels are properly spaced
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frequency-wise, a very small non-
linearity in receiving tubes is suf-
ficient to create a pronounced inter-
ference, and consequently the inter-
modulation will exist with signals
much weaker than necessary to
desensitize the receiver.

The spurious responses of a re-
ceiver, such as image frequency, or
frequencies obtained by beating
with some multiple of the local
oscillator ecrystal frequeney (if
crystal and multipliers are used),
are not exactly connected with the
adjacent-channel operation prob-
lem. It is nevertheless good prac-
tice to keep them down, since, with
the present crowding of the spec-
trum, strong transmission at any
frequency should be expected. If
the selectivity of the receiver is
such that it rejects a transmission
on the adjacent channel 100 db
stronger than the desired signal,
then, consistently, all the spurious
responses should be 100 db down.

Band-Pass Filter

A design illustrated in the block
diagram of Fig. 2 features:

Separation of selectivity and am-
plification.

Placing all  selectivity-determi-
ning elements in front of the am-
plifier stages.

Obtaining a suitable (approach-
ing a square top) selectivity curve
by wusing passive band-pass filter
technique at a swuitable low fre-
quency.

Design of an input cireuit, in
front of this filter, consisting of
one or more frequency converters
with a minimum emount of ampli-
fication (consistent with good sig-
nal-to-noise ratio) and maximum
spurious rejection.

The passive band-pass filter is
the heart of the receiver and can
be built by using several coils and
capacitors in constant-K and M-
derived sections. The center fre-
quency of the filter can vary from
50 ke to some 20 me, depending on
the particular application (a-m,
narrow-band f-m, wide-band f-m or
television). The filter can be made
with sharp enough slopes to assure
at least a 100-db rejection at the
edge of an adjacent channel.

The top of the filter response
curve could be made very flat but,
to obtain desired phase character-
istics, the corners of the curve
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should be reasonably rounded.
Such a filter gives a stable and
permanent performance since once
the filter is factory adjusted and
sealed there is no need or possi-
bility of readjusting it in the field,
and therefore the selectivity char-
acteristics of the receiver remain
constant. Should the need arise
to change the width of the channel,
or the selectivity characteristics, a
simple exchange of the filter will
permit this, since the filter is the
only factor determining selectivity.
Also, in television practice, the
curve obtained by the filter can be
of any desired shape, and as per-
fect a vestigial operation as may
be required for good video recep-
tion can be had by properly de-
signing the filter.

To illustrate how such a filter
may be constructed, Fig. 3 shows
a complete factory-sealed and ad-
Justed filter used in a mobile com-
munications receiver, and also a
cut-away view. The coils of the
filter are adjusted by iron slugs
and then are sealed completely in
compound, so that they will never
change their characteristics. This
particular filter is composed of
fifteen coils arranged in more or

WwWwWwW.americanradiohistorv.com

less conventional constant-K and
M-derived sections.

Receiver Input

The head end starts with an an-
tenna matching circuit followed by
an r-f stage. The well-known
cascode circuit can be used for
maximum  signal-to-noise ratio.
The selectivity should be sufficient
to reject the image frequency by
about 100 db. Since the filter fol-
lowing the head end works on a
relatively low center frequency, the
image frequency is usually too close
to the desired frequency. There-
fore, in general, in f-m receivers
two converters are used, one con-
verting to a 5 to 10-mc first i-f,
and the other to the filter fre-
quency. In this way, sufficient
image rejection can be obtained by
using two or more loosely coupled
tuned circuits in both r-f and first
i-f stages.

The gain of every head-end stage
should be held at a minimum con-
sistent with good signal-to-noise
ratio. If most of the noise is gen-
erated by the first tube and not by
the antenna circuit, as often hap-
pens in vhf receivers, it means that
the voltage gain between the first
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tube grid and the secend tube grid
should be approximately three, as-
suming that the same amount of
noise is generated by both tubes.
In this way the second tube will add
only approximately five percent to
the noise voltage of the first tube
because the resultant noise is the
square root of the sum of the
squares of the voltages. This will
practically not affect the signal to
noise ratio.

From the second tube on, the
gain should be unity since it is
better to take some slight increase
in noise voltage (roughly five per-
cent per tube) than to amplify the
signal and risk desensitizing and
intermodulation. If one of the
front-end tubes generates more
noise than the first r-f tube, the
gain in front of this tube has to
be adjusted upwards accordingly.
The low gain requirement permits
use of several under-coupled cir-
cuits, thus converting extra gain
encountered in the plate circuits
into additional selectivity necessary
for image and other spurious re-
jection. This also permits limiting
the radiation of the local oscillator
from the antenna since the under-
coupled circuits will effectively pre-
vent the local oscillator energy
from penetrating into the antenna.

The design of the mixer stage
requires  particular attention. Low
noise and minimum of distortion
to signal and oscillator voltages are
required since distortion produces
the second harmonic which is es-
sential for intermodulation.

An example of a mobile com-
munication receiver is shown in
the block diagram of Fig. 4. The
schematic of the front end of this
receiver is presented in Fig. 5.

The antenna circuit gives a volt-
age step-up of about 5. The r-f
amplifier consists of a twin-triode
cascode circuit with four under-
coupled circuits as a plate load.
The cascode circuit may be used as
an r-f stage in place of a pentode
but its advantages are less pro-
nounced at lower frequencies and
the complications connected with
its use are not always warranted.

The first mixer uses cathode in-
jection and is designed for a mini-
mum of distortion. The first i-f
congists of two pair of double-tuned
undercoupled circuits, with the

ELECTRONICS — January, 1951

gain of the amplifier adjusted to
just overcome the insertion loss of
the tuned circuits. By using
high-Q@ tuned circuits and high
first-mixer gain, or possibly by
using another sealed filter in place
of tuned circuits, this amplifier
tube can be omitted. The second
mixer is conventional, to change
the center frequency from 5.5 mc
to the 455-ke filter frequency.

The construction of the amplifier
which follows the filter is not criti-
cal. No selectivity is required, and
therefore resistance-coupled stages
can be used although, sometimes,
single-tuned stages provide better
gain and stability. The total gain
required is rather high but since
the frequency is low no special
problems are encountered. A typi-
cal amplifier is shown in Fig. 6.
This four-stage circuit operates at
455 ke with an overall gain of about
120 db.

The output portion of the re-
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ceiver follows the amplifier and
consists of any conventional detec-
tor, or limiter and discriminator,
followed by an audio amplifier. Its
design need not differ from usually
used techniques, although in f-m
receivers, because of the very low
filter and amplifier frequency, spe-
cial circuits such as a frequency
counter or slave multivibrator
could be used in place of the dis-
criminator.

Conventional Receiver
Performance

When the gain and the selectivity
of each stage of a conventional re-
ceiver is known, curves similar to
those shown in Fig. 7 can be
drawn. The abscissas of this draw-
ing show convenient points at
which the signal can be measured,
such as antenna input, r-f grids,
mixer grid, and all grids of the fol-
lowing stages. The ordinates show
the signal strength at various
stages. The 0.5-volt signal was
arbitrarily chosen as 0-db level,
since this is the maximum signal
which can be tolerated by most re-
ceiving-type tubes.

Curve A shows the receiver
noise. It is about —110 db at the
first r-f tube since noise equivalent
to 1.75 microvolts on the grid was
assumed to be generated by this
tube. This noise is amplified by
the successive stages and finally it
has an amplitude sufficient to satu-
rate the last limiter (10 volts or
plus 26 db assumed). A weak 0.5-
microvolt, or —120-db, desired sig-
nal (curve B) can likewise be
traced through the receiver. Curve
B will be essentially parallel to, and
will lie above, noise curve A.

Assume a somewhat stronger
signal of 500 microvolts, or —60 db,
on the adjacent channel, curve C.
Qince the signal is off frequency,
the gain of each stage for this sig-
nal will be less by the amount of
selective rejection by that stage.
Unfortunately, the first stages of
the conventional receiver are never
very selective.

Curves of Fig. 8 show the rela-
tive selectivity of an antenna stage,
an r-f stage, a first i-f stage, a
second i-f stage, and the total selec-
tivity of one conventional receiver
measured. Resonance of the an-
tenna tuned circuit is generally
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very broad and the off-frequency
signal will be amplified about the
Same amount as the on-frequency
signal. Thus curve C of Fig. 7 runs
parallel to curves B and A between
the antenna and the first r-f grid.
The same is true for the r-f stages
if the disturbing signal is close by
in frequency, and so curve C is
practically parallel to curve B up
to the i-f stages.

Curve C exceeds the zero-db level
at the second mixer stage, and some
serious desensitizing will occur at
this stage. If the signal is on an
adjacent channel, and is accom-
panied by another one on the next
to the adjacent channel, a serious
intermodulation will oceur, prob-
ably at the second-mixer grid even
if the signal should be wesak enough
not to cause desensitization. The
intermodulation is very detrimen-
tal, and if stronger than the de-
sired signal, will completely ob-
scure it. The desensitization, if
moderate, is not necessarily com-
pletely detrimental to reception as
some additional gain is generally
available, especially in f-m re-
ceivers and a-m receivers with age.
The most common result of moder-
ate desensitization is deterioration
in signal-to-noise ratio in f-m re-
ceivers and cross modulation in a-m
receivers.

One more thing should be men-
tioned about receivers with dis-
tributed gain and selectivity, name-
ly, the dependence of selectivity on
the strength of the applied signal.
If a receiver could receive a weak
desired signal, say 0.5 microvolt, in
the presence of an undesired off-
frequency signal, say 60 db strong-
er, it may be unable to do so for
desired signals of an order of 5
microvolts for two reasons. One
reason is that the signal 60 db
stronger than 5 microvolts may
now completely desensitize the re-
ceiver to the point where one tube
is biased off. The other reason in
f-m receivers is that the last i-f
stages, which contribute most to
the selectivity, are now saturated
and will not contribute to the selec-
tivity of the receiver.

New Design Performance

The noise and signal curves for
our new receiver are shown in Fig.
9. The noise (curve A) is ampli-
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fied only by the first r-f stage and
is kept at this slightly higher level
up to the filter. Amplification is
necessary so that the noise contri-
bution of other tubes may be in-
significant. The desired signal
(curve B) runs parallel to the noise
curve, The big difference is shown
in the off-frequency signal, curve C
(as compared to curve C, Fig. 7).
This signal is only slightly ampli-
fied in the first r-f stage, then it is
slightly weakened by the following
stages because they are adjusted to
unity gain (for the desired signal)
and have some selectivity, and
finally is completely rejected by the
filter (100 db or more) and drops

wWwWw.americanradiohistorv.com

below the noise level before being
amplified. The unwanted signal is
never permitted to desensitize the
receiver, and hits the first mixer
grid at a relatively low level so
that intermodulation, which most
often takes place there, is lower
than in conventional receivers.
Even a much stronger signal of
35,000 microvolts (curve D), which
would be ordinarily completely
detrimental, barely . exceeds the
desensitizing level at the mixer
grid.

The intermodulation curves show
marked improvement despite the
fact that no special means of im-
proving linearity and decreasing
intermodulation were used. Inter-
modulation curves of the first new
receivers are shown in Fig. 10,
Curve B is for signals 120 ke and
240 ke away at 160 me. Curve 4
shows the intermodulation of the
old Motorola receiver for compari-
son. Curve C is for the new re-
ceiver when the separation was de-
creased to 60 ke and 120 ke. This
curve could not be duplicated on
the old receiver because of insuf-
ficient selectivity.

For all curves, the coordinates
are in decibels above an arbitrary
zero level. This zero level was
chosen as the power of a desired
signal which is just sufficient to
give 20-db quieting of the receiver.
In this case it was 0.5 microvolt.
The ordinates give the power level
of the f==Af signal and the abscis-
sas that of the f==2Af signal. Each
curve is the locus of points for
which 20-db quieting, due to inter-
modulation, was obtained. The
curve is linear over the greater
portion of its length but curves at
the ends where either of the two
signals reaches a certain level. This
effect is due to desensitization. The
level of the f==Af signal has to be
relatively stronger than that of the
f=2Af signal. This is to be expect-
ed since efficient generation of the
second harmonic of the f==Af is
necessary for intermodulation.

Gratitude is expressed to D. E.
Noble, Vice-President and Director
of Research of Motorela Inc., under
whose direction the project was de-
veloped, and to James Clark, who
made most of the laboratory meas-
urements and constructed a suc-
cessful laboratory model.
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Solenoid Motor Control

Position of idler roll, raised or lowered by continuous strip of material moving toward
wind-up roll, varies the direct current flowing through a saturable reactor in thyratron

motor speed control circuit

ARIABLE speed 1is required

when a wind-up roll as used
for cloth, wire or strip metal is
driven from its center shaft. For
automatic control of this speed, a
small solenoid may be used, with its
accessory electronic unit, to furnish
the speed signal to the motor-arma-
ture circuit of a Thy-Mo-Trol elec-
tronic drive.

In Fig. 1, the armature of a sole-
noid is moved when a dancer roll is
raised or lowered by a continuous
strip or web of material passing
onto a wind-up roll driven by motor
M; in this way the material is
wound under constant tension. As
the roll becomes larger, the motor
speed must be decreased if material
is received at nearly constant rate.

If the roll pulls the web faster
than it is supplied, the web raises
the dancer roll, withdrawing the
solenoid armature; this movement
increases the current in both triode
sections of V, so that more voltage
is produced across R,. Part of this
voltage is used as a speed signal for
the electronic drive; it raises the
grid voltage of V,, increasing the
voltage across R.. This lowers the
V, grid potential and decreases the
direct current in the saturable re-
actor SX, increasing its impedance.

The a-c windings of SX are in a
phase-shifting bridge with R, to
vary the phase of the a-¢ voltage
applied to the grid transformer T..
Ag the direet current in SX de-
creases, thyratron tubes A and B
are phased off (fired later in their
half cycles of anode voltage) so
that the motor armature receives

From a forthcoming book by the author
to be published by McGraw-Hill Book
Co., Inc., entitled ‘“‘Electronic Motor and
Welder Controls”.
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Application Engineer
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Apparatus Dept.
Detroit, Mich.

less voltage. This reduces the
motor speed so that the web holds
the dancer roll and the solenoid
armature at a new position; the
whole circuit becomes a closed-
cycle system that regulates the
solenoid and the motor speed to
match the increasing size of the
roll.

Tube V, acts as a full-wave recti-
fier to produce a d-c voltage across
R,. Although V, is a high-vacuum
tube, its grid circuits include a
phase-shifting network comprising
R, and the solenoid coil, connected
across power transformer sec-
ondary S, so as to produce out-of-
phase a-c voltage across R. and R..

The solenoid acts as a variable
inductance. Withdrawing the ar-
mature decreases the solenoid in-
ductance, letting more alternating
current flow through its coil.

As the solenoid armature is with-
drawn, the a-c voltage across R.
becomes more nearly in phase with
the anode voltage of the left-hand

section of V,; similarly, the a-c volt-
age across R, becomes more nearly
in phase with the anode voltage of
the right-hand triode section. This
increases the plate currents of both
triode sections, so that more elec-
trons flow from the centertap of
S, through R,, producing a pulsing
d-c voltage across R.. This is fil-
tered by capacitors (not shown) in
the electronic drive to make term-
inal A of R, more positive.

As terminal A rises in voltage
and increases the current of V., less
current flows in V, and the d-c
winding of SX, so that the thyra-
trons of the motor control system
fire later and apply less voltage to
the motor armature. The motor re-
ceives constant field current
through other tubes not shown.

Top speed of the motor is set by
the speed control potentiometer in
the electronic drive. Even with no
voltage across R,, the grid voltage
of V. cannot be lowered below the
speed control slider potential.

MATERIAL TO BE WOUND- -
/

WIND-UP ROLL DRIVEN

1,2 MINIMUM-SPEED
CONTROL
20,000

SOLENOID

ACCESSORY =

ELECTRONIC MOTOR CONTROL

FIG. 1—Circuit of the electronic motor speed control and method of commecting
solenoid attachment that is actuated by the dancer or idler roll
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TELEVISION
PICTURE FIDELITY _

By
MILLARD W. BALDWIN,Jr.

Bell Telephone Laboratories
Murray Hill, New Jersey

HAT IS MEANT by picture
fidelity in standard home tele-
vision ?

The answer ought to be in the
published standards on television,
but a search of the IRE Standards,
the RMA Standards and the ASA
Standards shows only lists of fac-
tors that are said to affect picture
fidelity. What it is, they don’t say.

This lack of a published stand-
ard definition illustrates that pic-
ture fidelity involves something
more than the simple physics of
image formation, something more
than the transmission system that
connects the lens of the camera to
the screen of the picture tube. That
something more, that vital factor
that standardizing committees can’t
agree on, is perception.

Perception opens the door to a
better understanding of picture
fidelity, by explaining how the tele-
vision viewer, looking at his pic-
ture tube, sees what is before the
lens of the distant camera.

In audio, fidelity is defined as the
degree with which the output of a
system accurately reproduces the
essential characteristics of the in-
put. Extending this to television, it
might be said that fidelity is the
degree with which the picture on
the screen of the receiver accu-
rately reproduces the essential char-
acteristics of whatever is in the
field of view of the camera.

It will simplify our thinking, to
limit consideration of fidelity to

system.

PERCEPTION

The psychological factors which affect the excellence of a television image are
here reviewed by one of television’s outstanding engineers. Baldwin's classic study
of the sharpness of television images, performed in 1939, freed the tv art from a
servile attitude toward the equalization of vertical and horizontal resolution. In
this brief paper he treats matters, not ordinarily considered by the engineers,
which must be kept in mind to achieve maximum performance from a television

cases of live pick-up under con-
trolled conditions, ignoring for the
moment such things as spot news
and sporting events, and the use of
motion picture film at either end
of the system.

The list of factors that the stand-
ards say affect picture fidelity is
comprehensive, and includes 14
items, most of them self-explana-
tory. The list follows:

(1) Number of scanning lines

(2) Number of frames and fields per

second

(3) Percentage of time allotted to

blanking

(4) Geometric distortion

(5) Aspect ratio

(6) Focus

(7) Interlace

(8) Highlight brightness

(9) Brightness range
range)

Black level (d-c insertion)
Transfer characteristic
tone characteristic)
Resolution (resolving power,

definition)

Electrical response (gain and
phase vs. frequency, band-
width, or transient response)

Noise and interference

(contrast

(half-

(14)

To use the list, a standard test
chart, a flat card with geometrical
figures and gray scales, is placed
before the camera. Equipment
which is well adjusted in all 14
items often turn out pictures of
all degrees of fidelity.

The standard list covers the
physics of image formation rather
completely (except for the spectral
response of the camera tube, which
might be added as a 15th item).
However, three things that are
missing from the standard list are:

(1) Studio techniques
make-up, scenery)
(2) Home viewing situation
surroundings, lighting)

(lighting,

(size,

—The Editors
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(8) Capacity of the individual ob-
server to look at the picture
and see what is not there

The key to picture fidelity is in

these three missing factors. Im-
agine what would happen if the
observer could see what really takes
place on a picture tube—a flicker-
ing spot of light moving repeatedly
over a flat screen, downwards at
about 30 miles an hour, sidewards
at about 3 miles a second. If he
saw that, there would be no tele-
vision.

Perception Process

As a reproduction, a television
picture lacks four things:

(1) Continuity (flicker, line crawl,
stroboscopic effects)

(2) Size (not life size)

(3) Color

(4) Depth (distance)

These four things are the essen-
tial characteristics of the input.
They are not transmitted, as such.
They are contributed by the ob-
server out of his own experience,
without conscious effort, without
appreciable delay. This act of con-
tributing is a part of the process
of perception. We all perceive by
the same process, yet individual
perceptions of a given picture or
object do not always agree, because
our individual experiences and
skills at learning and recognizing
are seldom the same.

The observer does not see the
flickering spot dashing over the
screen of the picture tube but he
sees familiar objects (people,
rooms, tables, windows), and he
sees these objects in motion. He
sees them as good solid objects,
rounded where they should be
rounded, and arrayed at different
distances from him. He sees dis-
tance as a separate thing in the
picture, and size as a separate
thing, and illumination as a sepa-
rate thing. These are his habits
of vision, the facts of visual per-
ception.

The practical consequence is that
high fidelity is not automatic in
television. It requires the skill and
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Consideration of the various factors involved in the physics of image formation on a
television picture tube, and discussion of inherent limitations and attributes of the

overall system and its production techniques

ingenuity of camera men, electri-
cians, set designers, make-up men,
sound men, and the whole produc-
tion staff. At the receiver it re-
quires favorable viewing condi-
tions, not too much stray light, not
too mueh image structure due to
pairing or interference, not too
much specular reflection from the
tube face, and so on. In addition to
these things that cannot be stand-
ardized, high fidelity requires a
proper equipment line-up with re-
spect to the 14 items in the list.

Consider some of the mechanical
limitations of the present television
system, and how these limitations
interfere with picture fidelity. The
most obvious limitation is that the
system has, in effect, only one eye.
This isn’t as serious as it sounds,
because binocular vision is by no
means essential to the perception
of depth and distance, as we shall
see presently. However, when a
two-eyed observer looks at a one-
eye picture on a flat screen, he may
receive conflicting cues to depth
and distance, especially if his at-
tention is drawn to the flat screen
by line structure, or noise, or sur-
face reflections. The next time you
see a noisy picture, notice how little
depth it has.

Another system limitation is in
angular field of view. The natural
field is about 160 degrees wide by
120 degrees high, without moving
head or eyes. An image orthicon
camera, with a 50-mm wide-angle
lens, has a field 36 wide by 27 de-
grees high, and if the 135-mm
medium-angle lens is used, the field
is only 138.5 wide by 10 degrees
high. The camera sees a great deal
less than an observer in the studio.
In particular, it never sees the
main sources of illumination but
puts them all outside the field, so
that the shadows they cast may ap-
pear rather artificial and extreme.

Field of view is a limitation at
the receiver, too. If you sit 4 feet
away from a 10 or 12-inch receiver.
the picture field is again only 13.5
wide by 10 degrees high, as com-
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pared to your natural field of about
160 by 120 degrees. Your eyes
adapt to the room light, not to the
picture, and because you don’t
adapt to the picture, brightness
changes in it may tend to appear
rather extreme.

A final system limitation is the
lack of mobility of the camera lens,
both in focus and in rotation. The
camera focus does not follow your
line of sight the way the focus of
your own eyes does. A fuzzy back-
ground in television stays fuzzy no
matter how hard you look at it,
quite unlike what happens in direct
vision. Then again, when the cam-
era moves, the lens moves rigidly
with it, quite unlike what happens
to your eyes when you move around.
At slow speeds you seem to move
about with the camera, but let it
move a little too rapidly and you
find yourself stationary while the
background goes whizzing by.

These three system limitations,
the use of a single lens, the re-
stricted fields of view, and the lack
of mobility in the lens, all conspire
to interfere with picture fidelity by
introducing conflicting cues and
artificial appearances.

There are some 10 cues to depth
and distance; 8 of them are monocu-
lar cues, only 2 are binocular. You
are so accustomed to these 2 binocu-
lar cues that vou are usually com-
pletely unaware of them. The first
is double images—objects in your
line of sight and remote from your
point of regard always appear dou-
ble if you think about them. This
cue never occurs in television. The
second is different images in the
two eyes, a completely unconscious
effect. In television this is a con-
flicting cue, since by means of it
vou may be able to see that the pic-
ture is indeed flat.

The remaining 8 cues to depth all

work fine with one eye, or with
one camera lens.
(1) Overlap—near object overlaps

far one. (Life, Jan. 16, 1950,
for example.)

(2) Motion parallax —near object
moves against you, far one
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moves with you. This cue re-
sults only from camera motion.
There can be no motion paral-
lax in the flat image on a pic-
ture tube.

(3) Size—nearer object is the larger.
The Zoomar lens utilizes this
cue to distance. A Zoomar shot
is not as realistic as an actual
dolly shot because there is no
motion parallax with the
Zoomar.

(4) Relative sizes of familiar objects.

(5) Places where objects rest on the
floor—the nearer the object, the
lower is its resting place.

(6) Brightness — nearer object is
brighter.

(7) Highlights and shadows—reveal
contours and fine texture.

Highlights and shadows are
often not seen as such, but as
shape and illumination sepa-
rately.

(8) Linear perspective. Man walking
away actually subtends a
smaller visual angle, but he is
perceived as of constant size
and increasing distance.

These 8 monocular cues to dis-
tance are all used by the studio
technician to build fidelity into the
television picture. Some, like over-
lap, require no skill at all. Others,
like motion parallax and linear per-
spective, succeed in proportion to
the experience and ingenuity of the
studio crew. The use of highlights
and shadows to create roundness
and depth is an art.

The impression of distance is
often enhanced by using short-focus
lenses to exaggerate the perspec-
tive. An image orthicon picture,
taken with a 50-mm lens, has cor-
rect perspective when viewed at
only 2 times the picture height.
One of the rewards of sitting fur-
ther back is an increased illusion
of depth in the picture.

A new definition of picture fidel-
ity is proposed. In television, pic-
ture fidelity is the degree of per-
fection reached in creating the
illusion of motion, the illusion of
size, and the illusion of depth.
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Static

Magnetic Memory

By MARSHALL KINCAID

Harvard Computation Laboratory
Harvard University
Cambridge,

Mass.

JOHN M. ALDEN

New Products Director
Alden Products Co.
Brockton, Mass.

Prototype model of a 100-core static magnetic memory unit for use in the Mark IV
computer at Harvard Computation Laboratory is composed of four vertically stacked
banks of magnetic cores

ARGE-SCALE digital calculating
Lmachines have made many
valuable contributions to fields in
which the information handled is
both extensive and complex. Typi-
cal applications have involved the
solution of complex engineering
and mathematical problems, such
as the evaluation of Fourier series,
the numerical solution of differen-
tial equations, and the solution of
linear systems.

The machines used in this type
of large-scale information handling
are characterized by high cost;
in many cases, they represent ex-
penditures of one-quarter of one

108

million dollars.

Progress made in this field has
stimulated thinking concerning the
possible application of less costly
electronic computers to problems of
information control and data-hand-
ling encountered in daily operation
of business and industry. The high
level of interest is indicated by the
suggested application of computers
to automatic continuous auditing,
accounting and inventory systems,
and automatic vending machines.

Less costly, less complex and
practical machines for this type of
business and industrial use cer-
tainly do not have to await ultimate
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and

ROBERT B. HANNA

Technical Sales
Alden Products Co.
Brockton, Mass,

perfection of ultrahigh-speed tech-
niques. Operating speeds of the
order of 30 ke, entirely practical at
the present time, are sufficiently
high to make machines of this type
valuable, Furthermore, many of
the necessary techniques and com-
ponents for the design and manu-
facture of machines for medium-
speed business use are either now
available or becoming available.

Magnetic Material

One of the newest components,
called the Static Magnetic Memory,
should permit substantial advances
to be made in the improvement of
computing machinery for business
and industrial applications. The
development of this device is an
outgrowth of a discovery by
German scientists during the last
war of permanorm 5000Z, a mate-
rial that has a rectangular hyster-
esis loop of low coercive force. A
similar material known as Delta-
max is now produced in this coun-
try by Allegheny Ludlum Steel
Corp. Howard Aiken of the
Harvard Computation Laboratory
foresaw the possible use of such a
material, because of its two stable-
state characteristics, as a means of
information storage in large scale
digital computers. His basic idea
has been implemented and carried
out during the past two years by
the work of Dr. An Wang and Dr.
Way Dong Woo.

The device provides permanent
information storage comparable
to magnetic drum storage, but
independent of mechanical mecha-
nisms. A variable information
handling rate is available ranging
from zero to 30,000 pulses per
second, with probable future in-
creases in the present upper limit.
Pulse storage is provided without
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for Low-Cost Computers

Magnetic material having a rectangular hysteresis loop provides information storage

independent of mechanisms, variable data-handling rate up to 30,000 pps and pulse

storage without power. Aids in design of computing machines for business use

power being required.

The static magnetic memory
operates essentially as a magnetic
trigger pair, which requires no
vacuum tubes to maintain position.
The trigger-pair action depends on
the state of the core material being
represented by a point at either the
top or bottom of the hysteresis loop,
as in Fig. 1. This necessitates the
use of a core material whose hys-
teresis characteristics approximate
the ideal square loop, shown in
Fig. 1.

Hysteresis Curve

The hysteresis curve of Delta-
max, Fig. 2, shows that this mate-
rial is quite suitable for this appli-
cation, due to the rectangularity of
its loop. Because of the flat top
and bottom of the loop, once the
core is saturated in a given direc-
tion, further application of current
pulses that tend to saturate the iron
in the same direction will cause no
further change in flux, and there-
fore will not produce any pulses in
the output winding of the core.
However, the first current pulse of
an opposite polarity that occurs will
cause an extremely large change in
flux, thereby producing a pulse in

the output winding. The presence
or absence of a pulse is thus deter-
mined by the previous history of
the iron core.

With several cores connected as
in Fig. 3, the state of the preceding
core ean be transferred from that
core to the next, provided suitable
rectifiers are added to the basic
circuit to prevent the backward flow
of current. Rectifier 1 allows the
curreat produced in the output
winding of the first core to enter
the input winding of the second
core, and prevents any flux gener-
ated in the.input winding of the
second core from returning to the
output winding of the first core.

Rectifier 2 allows all current
provided by the output winding
of the first core to enter the
second core and provides a path for
the current from input winding of
the second core to be dissipated in
the resistor instead of upsetting the
first core. By alternately pulsing
the advance windings of even and
odd-numbered cores the state of any
core relative to the hysteresis loop
(Fig. 1) may be transferred to the
succeeding core. Typical pulse pat-
terns of this operation are shown in
Fig. 4.

Single magnetic cores are shown in the center and at the right, at left is a pair of
cores. The hollow rivets permit stacking
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FiG. 1—Ideal hysteresis loop
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FIG. 2—Hysteresis loop of Deltamax
core material

Magnetic tape, magnetic drums,
acoustic delay lines and other de-
vices all accomplish a similar stor-
age function. In this device, after
information has been once stored,
the cessation of power leaves the
stored information  unaffected.
Furthermore, signal regeneration is
unnecessary, for the device can con-
tinually store and circulate the
pulses without attenuation. Funda-
mentally, the static magnetic mem-
ory differs from functionally similar
devices in that it accomplishes pulse
storage by electrical means without

109


www.americanradiohistory.com

employing complex vacuum-tube
circuits, in a manner completely in-
dependent of the mechanical opera
tion found in some of the other
storage devices.

The static magnetic memory de-
vice has already proved useful as a
means of storing information, as a
means of transferring information
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FIG. 3—Delay-line circuit of two cores
per digit
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FIG. 4—Flux versus time curve in the

two-core circuit. At (&), information

1010111010 is displayed at a rate of

2.5 kc. At (B), information 0011101010
is shown at 25 k¢
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FIG. 5—Advance winding pulsing by
means of tube plates. Evennumbered
core advance windings are all in series

O\Twwc STATION
STATIC
L] MAGNETIC

MEMORY

PULSE
SYSTEM

FIG. 6—Method of transferring high-
spced pulses on magnetic tape to a
slow-speed pulse system
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between systems of different pulse
rates, as a counter in which any
configuration of pulses may be
counted or circulated, and as a
means of transferring information
from serial form to parallel form,
or vice versa.

Storing Information

Whenever a time delay of any
length is necessary between incom-
ing pulse information and its later
use, this device can continuously
cycle or dormantly store the infor-
mation pulses without attenuation
until output is required. In its
storage function it is particularly
significant that the device requires
no power to retain previously stored
pulses.

Power interruptions or neces-
sarily prolonged periods between
input and output of pulsed com-
mands or data thus do not impose
limits on the storage function of
the static magnetic memory for
power is necessary only to pulse in-
formation in or out of the device.

One group is using these devices
as a means of storing 16-digit deci-
mal numbers. The number is de-
termined by the presence or
absence of a pulse. The static mag-
netic memory is involved in the re-
lay eircuit of a multiplier capable of
obtaining a 46-digit product of two
23-digit factors. The equipment
was constructed by the staff of the
Computation Laboratory of Harv-
ard University as an auxiliary to
the IBM Automatic Sequence Con-
trolled Calculator, usually known
as the Mark 1.

The single elements may also be
assembled in such a manner that
the two advancing windings are
pulsed from the plates of tubes,
thereby transferring the numbers
in or out of a given register. A
simplified schematic illustrating
this arrangement is shown in Fig.
5. Any pentode type that will de-
liver 150 ma peak plate current will
operate satisfactorily. At a lower
repetition rate, however, more
turns of wire may be added to each
core and correspondingly smaller
tubes may be used.

Systems of Different Pulse Rates

A second broad group of applica-
tions of the static magnetic mem-
ory involve its use as a transfer
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medium between systems of differ-
ent pulse input and output speeds.
This means that the device operates
essentially as a speed transformer.
Pulse input speeds of the order of
25 ke in some cases might be of
little value if output could not be
effected at a much slower speed, as
for example, to operate mechanical
printing devices or telegraphic in-
struments. This function combined
with its storing ability allows the
coupling of medium-frequency puls-
ing systems to devices of much
lower operating speeds and vice
versa.

A system employing magnetic
tape (Fig. 6) illustrates the value
of a linking medium between Sys-
tems of different pulse rates. While
recording on the tape a pulse rate
of 10 ke, for example, may be very
desirable, yet output to typewrit-
ers, solenoids or relays is imprac-
tical at this speed. However, this
process can be made entirely feasi-
ble by means of a rapid input
pulsed into the static magnetic
memory and pulsed out at the de-
sired slower speed.

Conversely the same is true: a
relatively slow input from punched
cards or some mechanical source
may be read out of the static
magnetic memory at a higher speed
appropriate to magnetic recording
on tape. Wherever it is desirable
to use a relatively high input
speed to the device while a differ-
ent output rate suitable for a
mechanical operation is required
later, (or the reverse of these con-
ditions), this device can find many
valuable applications.

Use as a Counter

The static magnetic memory pro-
vides a means of accurately record-
ing pulses at rates up to 25,000 per
second. In this application the de-
vice employs no complex vacuum-
tube circuits, requires power only
for circulation and none for storage
of pulses, and imposes no restric-
tions because of inherent fragility.
The unit may be applied to counting
operations ranging from those
using rapid electronic pulsing
mechanisms to those of lower speed
machine operations.

To be used in this manner the
static magnetic memory uses as its
input a single information pulse.
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The number of advancing pulses
that have been applied to the device
is determined from the core loca-
tion of the input pulse. For ex-
ample, by using three units of 10
cores each and placing one pulse in
each unit, the pulse in the first ring
of 10 will operate a second ring of
10, which in turn can operate any
other familiar counting device. An
arrangement of this sort is shown
in Fig. 7, in which an input of
25,000 pulses per second fed into a
series of three units of 10 cores
each operates a mechanical count-
ing device at a rate up to 25 pulses
per second.

Use of the static magnetic
memory for counting purposes al-
lows a peak counting rate of 25,000
pulses per second, in its present
form. Any configuration may be
cycled continuously by the device,
and at this speed its value to decade
counters, monitoring operations,
and pulse control application in
general is apparent.

Changing Information

An additional application of this
device lies in its ability to change
the form of input or output pulses.
In certain instances, because of the
particular circuit conditions in-
volved, it is highly desirable for
operation to be in either serial or
parallel form. For example, large-
scale digital computers utilize input
information in both a serial and
parallel manner. Furthermore,
some means is necessary whereby
the parallel output of a computer
can be shifted to the serial form
required if the information is to be
recorded on magnetic tape. Hence
the value of the device is its capa-
bility of changing input or output
pulses from one form to the other.

By connecting gating circuits to
every other core that makes every
pulse obtainable through the unit
(Fig. 8A) information may be in-
troduced and transmitted in either
a serial or parallel manner.

Complete eight-core unit mounted on a 20-pin plug-in base

A gating circuit for this purpose
is shown in Fig. 8B. Since each
core can have an output of approxi-
mately 10 volts, satisfactory opera-
tion of the circuit is accomplished
by using a type 6AS6 tube. By the
addition of special windings to the
cores of the device, the output volt-
age can easily be increased to a
magnitude of 80 volts. This is
sufficient voltage to bias and fire a
typical 2D21 thyratron in a reason-
ably short time, and leads to relay
operation such as that used in the
Harvard multiplier previously men-
tioned.

Production

A major problem in the manufac-
ture of this device involved the de-
velopment of special techniques and
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methods for handling, processing
and controlling the expensive and
fragile core material. For example,
difficulty was encountered in main-
taining proper curvature in Delta-
max strips 0.001-inch thick, so that
the essential hysteretic character
of the material would remain unal-
tered. In addition, inherent fragil-
ity of the material necessitated
painstaking handling. For these
reasons an almost shadowless light-
ing bench was designed and built,
at which specialized assemblers
work in rotating short periods.

Unit assembly is simplified and
made rapid by the design of indivi-
dual cores. A central tubular rivet
in the individual unit allows them
to be stacked about a central rod
into lines of any feasible length,
from a small 8core unit up to 34
and 100 core banks. Adaptation to
the particular circuit requirements
thus has been anticipated, while
ease of interconnection is provided
by means of simple jumper connec-
tions between accessible solder
terminals. The manufacturing de-
sign also incorporates the advant-
ages of plug-in unit construction,
by the addition of a 20-pin plug-in
base.

The authors wish to acknowledge
the valuable help and co-operation
given by Howard Aiken, Director
of the Harvard Computation Labor-
atory, Harvard University, Cam-
bridge, Mass.
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SYNCHRO DATA
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eliminates 180-degree ambiguity

By JEROME CORWIN and SAMUEL ADLER

Signal Corps Engineering Laboratory
Fort Monmouth, New Jersey

NE SERIOUS LIMITATION to the
Ouse of multi-synchro sampling
systems for industry is the ambig-
uity introduced by the occurrence of
null voltages dt both zero and 180-
degree displacements. The circuit
described eliminates this 180-degree
ambiguity factor, and enables a
single receiving unit to sample the
outputs of a number of synchro
transmitters.

The receiving unit contains one
synchro differential for each syn-
chro transmitter. These synchro
differentials are  mechanically
coupled to the shaft of a motor
which rotates them from a fixed
reference position in a prede-
termined direction and at a given
speed. As each synchro differential
comes within two degrees of the
angular position of its correspond-
ing synchro transmitter, to which it
is coupled electrically, a single one-
tube circuit operates a relay which
causes the synchro data to bhe
sampled at that point. The sampling
process is repeated as each synchro
differential reaches a position cor-
responding to its transmitter.

The circuit eliminates ambiguity
by employing two synchro voltages
whose amplitude envelopes are dis-
placed 90 degrees. The amplitude
of one of these voltages is used for
switching when the angular differ-
ence is within two degrees of zero
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FIG. 3—Switching circuit serves a number of synchro combinations
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or 180 degrees (which is approxi-
mately equivalent to two volts in
synchro voltage) ; the phase of the
other voltage is used to differentiate
between the zero and 180-degree
positions by having its phase com-
pared to that of a reference voltage.
The reference voltage is the synchro
excitation voltage.

Figure 1 illustrates the switching
arrangements for sampling three
synchro transmitters. The motor
control can be any one of a number
of devices which will start and stop
the motor or cause the motor to
slave the synchro transmitter if an
additional synchro control trans-
former and a servoamplifier are
available. The synchro transformer
is coupled and indexed in the same
manner as are the synchro differ-
entials; however, only one trans-
former is required for each data
receiver unit.

Synchro Voltages

In order to explain how the two
synchro voltages are obtained, the
transfer of synchro voltage data
from one synchro transmitter to the
switching circuit is described. Syn-
chro excitation is supplied to the
transmitter whose output windings
send data to the synchro differen-
tial. The output of the differential
is connected to a Scott-T type re-
sistor network® which supplies the
two desired synchro voltages whose
amplitude envelopes are displaced
90 degrees. It should be noted that
these voltages are identical in ampli-
tude and form, and that they re-
verse 180 electrical degrees in phase
at each null-voltage point. If a
special resolver synchro were avail-
able having a delta-wound stator
and a dual-wound rotor with coils
spaced 90 degrees apart, the Scott-T
network would not be necessary.

The two synchro voltages have
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SWITCHING CIRCUIT

One-tube circuit enables a single receiving unit to sample the outputs from a number of

synchro transmitters automatically and without the ambiguity caused by the appearance

of null voltages at both zero and 180-degree angular displacements

been designated as the gate voltage
and control voltage and Fig. 2 illus-
trates the angular relationship be-
tween phase and amplitude for a
revolution of the synchro transmit-
ter with respect to its synchro dif-
ferential. The choice as to which
voltage is gate and which is control
is completely arbitrary. It can be
seen from these curves that at one
null-voltage position of the control
voltage, the gate voltage has maxi-
mum amplitude and is 180 electrical
degrees out of phase with the refer-
ence voltage; while the other null-
voltage position occurs when the
gate again has maximum amplitude
but is in phase with the reference
voltage. Although the phase rela-
tionship illustrated is true theoret-
ically, actually there is electrical
phase shift of the excitation volt-
age caused by the synchros and the
Scott-T network. A simple phase-
shift network compensates for the
shift and gives the desired phase
relationship.
Switching Circuit

The switching circuit developed
was designed around a single 6SN7
and a standard two-speed servo
switching relay,” as shown in Fig.
3.

The first half of the tube is used
to differentiate between the two
null-voltage positions of the synchro
transmitter. The gate voltage is
fed to the grid, after the proper
amount of electrical phase shift,
and the reference voltage is fed to
the plate through a 2-to-1 isolation
transformer. When the gate volt-
age is in phase with the reference
voltage the first half of the tube
conducts, thus supplying bias to the
grid of the second half of the tube
by current flow through R.. This
grid bias is sufficient to keep the
second half of the tube conducting
over the major portion of the time
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during which the gate voltage is in
phase with the reference voltage.

The control voltage is fed directly
to the grid of the second half of the
tube. Since only the amplitude of
this voltage determines conduction,
and since the gate voltage is avail-
able over a wide angle, no electrical
phase shift is required on the con-
trol voltage. When the second half
of the tube conducts, it energizes
the relay which does the actual
switching required for sampling.
Switching occurs only when this re-
lay is de-energized.

When the control voltage ampli-
tude is less than two volts and the
gate voltage is in phase with the
reference voltage (this is equivalent
to an angular difference of 180=+=2
degrees), the cathode circuit of the
first half of the tube supplies suffic-
ient grid bias to keep the second
half of the tube conducting. This is
shown in Fig. 2 as false zero. The
relay remains energized and no
switching occurs.

The control voltage is again below
two volts at an angular difference
close to true-zero degrees. Here the
gate voltage is 180 electrical degrees
out of phase with the reference volt-
age, thus the first half of the tube
cannot conduct and no bias is sup-
plied to the second half of the tube.
Since the control voltage is below
two volts and no grid bias is avail-
able, the second half of the tube is
cut off and the relay is de-energized.
Switching occurs at this point
which is the true zero.

Components

The detail component design of
the circuit is based on the use of the
simplest types available in order to
keep the size and number of com-
ponents to a minimum while obtain-
ing reliable operation. Component
values and descriptions are indi-
cated on the circuit diagram. Re-
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sistors R, R,, and R, form the Scott-
T resistor network for 90 degrees
envelope shifting. Variable R, is
adjusted for accurate 90-degree
shift. Resistor R, and capacitor C.
are used to make up for the elec-
trical phase shift caused by the syn-
chros and the Scott-T resistor net-
work. A phase shift of approxi-
mately 45 degrees is required to
bring the gate voltage in phase with
the reference voltage.

Transformer T, is a standard 2-
to-1 isolation transformer used to
supply plate reference voltage to the
first half of the 6SN7. Resistor R,
sets the proper grid-bias voltage on
the second half of the 6SN7 when
the control voltage drops below two
volts and the first half is conduct-
ing. The switching relay contains
a full-wave dry disk rectifier and a
d-c relay coil. A standard power
supply capable of supplying 20 ma
at 250 volts furnishes B+ voltages
for each switching circuit.

Voltage and current measure-
ments have indicated that all com-
ponents are operated in their safe
region. The switching circuit does
not load the synchro data circuit,
and the synchro wave shape has
only a slight amount of distortion
which will not affect the accuracy
of the one-speed data used. The
phase-shift network used to com-
pensate for synchro electrical phase
shift was satisfactory for the
sampling method used; however,
adjustment may be required if the
transmission medium introduces a
different amount of phase shift. The
circuit is stable and not critical in
adjustment or operation nor are any
special components required.

REFERENCES

(1) Service Manual, TM 11-1524, War
Department, 1946.

(2) I. A. Greenwood, Jr.,, J. V. Holdam,
Jr., and Duncan MacRea, Jr., “Electronic
Instruments,” Chapter 12, Radiation Lab-
oratory Series, McGraw-Hill Book Co.,
Inc., 1948.
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IMPROVED VERTICAL

MIXED VERTICAL
SYNC SYNC
INPUT OUTPUT

PULSE

DIFFERENTIATING | AMPLITUDE = anve
tPLIFIER &
NETWORK SELECTOR
LIMITER

By ROBERT C. MOSES

Sylvania Electric Products Inc.
Flushing, New York

FIG. 1-—Block diagram of system for producing steep-fronted pulses

HORIZ SYNC PULSES _EQUALIZING PULSES VERTICAL SYNC PULSES EQUALIZING PULSES
v r 1T e

{A) COMPOSITE SYNC INPUT

SELECTION LEVEL

(8) AFTER DIFFERENTIATION

(C) AFTER AMPLITUDE SELECTION l

(D) AFTER AMPLIFICATION AND LIMITING —
FINAL VERTICAL SYNC SIGNAL

FIG. 2—Waveforms of compasite sync input and changes produced by the system

Table I—Operating Characteristics

Input Pulses Output Pulses
Amplitude 40 v, peak 55 v, peak
Polarity positive positive
Rise time 0.8 usec 0.9 usec
Decay time 0.7 usec 1.1 usec
Pulse width 27 and 5 usec 4.8 usec
Pulse flatness better than 2%,
Keying frequency 60 cps
Repetition frequency 31,500 pps 31,500 pps
Number of pulses 6
Threshold level 17.5 peak sync input

Interference components 1.5 v, p-p, approx

on pulse baseline

www.americanradiohistorv.com

HE RELATIVELY POOR perform-

ance of vertical sync circuits is
indicated by the difficulty often en-
countered in obtaining accurate and
stable interlace free of drift, line
pairing and the necessity for fre-
quent and critical adjustment of
television receivers.

With a few exceptions, present
vertical sync circuits are essentially
unchanged from those used in re-
ceivers of prewar vintage. Many
of the shortcomings of these sys-
tems come about as a result of the
method used for segregation of the
vertical sync pulses from the com-
posite sync signal. Almost without
exception, this is performed by re-
sistance-capacitance integration or
equivalent means.

Integration with a resistance-
capacitance network having a time
constant suitable for complete
elimination of the horizontal pulses
produces a slowly rising serrated
wavefront which reaches its maxi-
mum amplitude in approximately
190 microseconds. Because, with
sync pulses of this shape, the trig-
gering point of the vertical deflec-
tion oscillator is not positively de-
termined with respectto time, stable
and carefully controlled operating
conditions of the latter are re-
quired if accurate interlacing is to
be maintained.

Improved Rise Time

A material improvement in both
vertical sync stability and interlace
performance would result were the
triggering pulses steep-fronted and
of fairly large amplitude. More-
over, if a circuit responsive only
to pulses of greater than a certain
duration were placed between the
sync clipper and the vertical deflec-
tion circuits, both horizontal pulses
and short-duration noise pulses

January, 1951 — ELECTRONICS


www.americanradiohistory.com

SYNCHRONIZING SYSTEM

Positive interlace, freedom from line pairing and increased moise immunity without
critical adjustments result from use of large-amplitude steep-fronted pulses for vertical

synchronization. The pulses are derived from a simple circuit containing a germanium

diode and a single triode

occurring during the field scanning
interval would be rejected and the
noise immunity of the entire sys-
tem improved.

The circuit to be described per-
forms the functions of pulse
segregation, amplification, limiting,
and sharpening, to yield a series
of large-amplitude, steep-fronted
pulses in rigidly controlled phase
relationship to the transmitted ver-
tical sync signal.

Theory of Operation

Figure 1 shows a block diagram
of the improved sync system, while
Fig. 2 indicates the significant
waveforms drawn against a relative
time scale.

Part A of Fig. 2 is a section of
the standard sync signal at a time
corresponding to the end of one
interlaced field, and shows the last
two horizontal sync pulses, twelve
equalizing pulses and six vertical
sync pulses. The approximate dura-
tions of these pulses are 5 pusec,
2.5 usec and 27 usec respectively.

The mixed line, equalizing, and
field sync pulses are applied in posi-
tive polarity to a resistance-capaci-
tance differentiating network hav-
ing a carefully chosen time con-
stant. The network passes with
negligible attenuation the leading
and trailing edges of all pulses.
Charge storage in the capacitor
during the pulse interval, however,
introduces an appreciable droop in
the flat top of each pulse, and causes
the trailing edge to undershoot the
pulse base line. It can be shown
that the amplitude of the under-
shoot is a function of both the
width of the applied pulse and the
time constant of the network.

For a single-stage resistance-
capacitance network, the amplitude
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of the undershoot may be expressed
by:

|4
E=V—[ et/R(.‘]

where E = amplitude of pulse
undershoot, V = amplitude of ap-
plied pulse, ¢ = width of applied
pulse in psec, RC = time constant
of network in ohms-uf, and ¢ =
2.71828, the base of natural
logarithms.

For a cascaded network contain-
ing n identical stages,

v to a close
Fov- [(e t/w)ﬂ}‘—’] mation

The equations relate the ampli-
tude of the pulse undershoot to
that of the applied pulse, and are
strictly valid only where the net-
work is driven from a zero-imped-
ance generator, and is terminated
by an infinite impedance.

In a practical case, the source

and terminating impedances may
vary over wide limits. Use of a
cascaded multistage network re-
duces the effect of variations in the
former by making the output wave-
form less dependent upon the char-
acteristics of the generator.
+ The composite syne signal is
passed through a two-stage resist-
ance-capacitance network, each
stage of which, neglecting the term-
inating impedances, has a time con-
stant equal to the width of one
vertical sync pulse or 27 usec.

The effective constants of the
network are then such that the
undershoot amplitudes become

E,=(V —0.136V) = 0.864V for the
27-usec vertical pulses, and

E, = (V — 0.705V) = 0.295V for the
5-usec horizontal pulses

where E, is the amplitude of the
undershoot developed across the
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final resistive element. For con-
venience in terminology, these
undershoots may be called inverse
pulses.

The ratio of amplitudes of the
inverse vertical to inverse horizon-
tal pulses is approximately 2.9 to 1.
For equalizing pulses and noise
pulses of duration shorter than 5
usec, this amplitude ratio is in-
creased.

Amplitude Selector

The output of the resistance-ca-
pacitance network consists of posi-
tive-going  high-frequency com-
ponents of the applied sync signal,
together with the inverse vertieal,
inverse equalizing, and inverse hor-
izontal pulses in the opposite polar-
ity. This waveform, shown in
Figure 2B, is applied to the cathode
of a biased diode amplitude selector.

The cathode of the amplitude
selector diode is maintained at a
fixed positive potential with respect
to its anode, and is nonconductive
both for positive-going input sig-
nals and for negative signals of
small amplitude. The positive
cathode bias is adjusted to be some-
what greater than the peak ampli-
tude of the inverse horizontal
pulses. The latter, together with
the inverse equalizing pulses and

MIXED SYNC 35V
30 TO 50 v
PEAK POSI
TIVE-

VERTICAL
SYNG QuUT
PUT

95 VOUTS
PEAK

POSITIVE
POLARITY

o

8

——it
pF F

x

FIG. 3—Complete circuit contaings «a
crystal diode and triode tube
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any short-duration noise pulses, are
therefore rejected by the diode.

During the vertical sync pulse
interval, the higher amplitude in-
verse vertical pulses developed by
the network drive the diode into
conduction. As shown in Fig. 2C,
a series of six steep-fronted nega-
tive pulses occurring in time coin-
cidence with the trailing edges of
the applied vertical syne pulses ap-
pear at the anode of the amplitude
selector diode. These have dura-
tions approximately equal to the
width of the serrations in the verti-
cal sync block, 4.7 usec, and a recur-
rence rate of 31,500 pps, twice the
line scanning frequency.

Pulse-Width Gate

From the above discussion, it is
apparent that the combination of
the R-C network and amplitude se-
lector function as a pulse-width
actuated gate, developing pulses at
its output only when the input
pulse duration exceeds a certain
fixed value. Particularly effective
pulse-width diserimination is ob-
tained if the applied pulses are
squared and amplitude stabilized,
as ig generally the case in a prac-
tical receiver application.

The negative-going inverse ver-
tical pulses at the anode of the
diode are applied to the input of a
triode pulse amplifier, the operat-
ing conditions of which are such
that pulse limiting and sharpening
takes place. Because the grid is

returned through a high resistance
to the plate supply, it assumes a
very slightly positive potential with
respect to the grounded cathode.
This assures conduction of the tube
in the absence of signal.

With the grid slightly above
ground, a very eflective clamping
action takes place at the input of
the pulse amplifier. The grid is
prevented from being driven more
positive, thus assisting materially
in rejecting any positive-going
high-frequency syne pulse com-
ponents which may leak through
the amplitude selector. At the
same time, the d-c axis of the pulse
is restored and held rigidly near
ground potential.

Since the peak amplitude of the
inverse vertical pulses applied to
the pulse amplifier is more than
sufficient to drive the grid to cutoff,
the final inverted output pulses at
the plate are squared and sharply
clipped at the same level. The tube
therefore acts as a limiter in both
positive and negative directions.

The pulse train of Fig. 2D be-
comes the final vertical synchroniz-
ing signal, the amplitude of which
may be made as large as desired,
and the rise time of which is
limited only by the bandwidth of
the preceding video amplifiers and
sync auxiliaries of the receiver.

Circuit Details

Figure 3 shows the complete
schematic diagram of the system.

Beoes 3

5V

+50V .

R -I-CS
o 10

5600

L~~~ TNT-12AU7 ETC

PEAK

A +135 vV
R, 30,000 APPROX

[,

BLOCKING 0SC &
SYNC SAWTOOTH GENERATOR
VERT
HOLD
CONTROL
VERTICAL
DEFLECTION
C _J OUTPUT
. L
3,200
ZIMEC __0SC PLATE
HEIGHT CONTROL SURRLY

FIG. 4—Typical vertical blocking oscillator with addition of vertical sync pulse
separator
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Capacitors C, and C,, together with
resistors R, R, and R, comprise the
two-stage differentiating network.
The values of these components are
such that each stage of the network
has the required 27-usec time con-
stant. Resistors R. and R; also
serve as a voltage divider across
the B supply, and maintain the
cathode of the amplitude selector
diode at a suitable positive poten-
tial.

The amplitude selector is a type
1IN54 germanium diode. This type
is characterized by high forward
conductance together with unusu-
ally high resistance in the reverse
direction, that is, with the cathode
positive. Materially improved oper-
ation of the circuit is obtained with
a germanium diode in this position,
since the extremely low interelec-
trode capacitance of 1-puf greatly
reduces feed-through of undesired
high-frequency components existing
at the output of the differentiator.
In addition, the increased conduct-
ance afforded by the germanium
diode provides a substantially
higher pulse amplitude across the
relatively low grid-cathode imped-
ance of the pulse amplifier. This
improves the limiting action of the
latter at low signal levels.

The circuit constants have been
selected for a supply voltage of 4135
volts, and an input pulse peak amp-
litude of 40 volts. Inasmuch as re-
sistors R. and R; provide a positive
bias of 15 volts at the cathode of
the amplitude selector diode, the
circuit as a whole has a threshold
of operation somewhat above this
level of input synec pulse. Since up-
ward of 30 volts are generally avail-
able at the output of the final sync
amplifier, this threshold lies con-
siderably below the video level at
which a picture having satisfactory
contrast is obtained.

Triode V. operates as a pulse
limiter and sharpener, with a volt-
age gain of slightly over five times.
The relatively low plate load re-
sistance, 5,600 ohms, affords ade-
quate amplifier response to pulses
having rise times as short as one
microsecond.

Although a substantial improve-
ment in pulse rise time could have
been effected by inductive peaking
in the plate circuit, this was not
considered sufficiently advantage-
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ous to warrant the additional cir-
cuit complication.

Connection to Oscillator

Figure 4 is the schematic dia-
gram of a typical vertical deflection
circuit of the blocking-oscillator
type, together with the wvertical
pulse separator system described.
The preferred method of connection
between the two is shown. The
secondary of the blocking oscillator
transformer T, is effectively a part
of the plate load of V,, and acts to
further shape the sync pulsss as
well as to retain their sharp lead-
ing edges.

Because the plate resistance of
V. in parallel with its load resist-
ance represents an effective imped-
ance of only a few thousand ohms
in series with the a-c grid return of
the oscillator, including the pulse
amplifier as a portion of the oscil-
lator circuit in no way affects
normal operation of the latter. In-
jection of sync in this manner
offers the further advantage of ex-
treme simplicity.

Sync Amplitude

The peak amplitude of vertical
sync pulse developed at the plate of
V. depends upon the effective sup-
ply voltage at the junction of R and
R,. Although a maximum of 55
volts of sync is available if R, were
omitted, it may in some cases be
found that more satisfactory opera-
tion of the blocking oscillator itself
will be obtained with peak sync
amplitudes of 10 or 15 volts.

The network consisting of C, and
R; provides a means of adjusting
the output pulse amplitude without
affecting the pulse rise time; R,
and C, also supply a measure of
decoupling at the plate of the pulse
amplifier. The time constant of
this network should be long with
respect to the fleld repetition
period, and in general should be not
less than 0.05 second.

With component values indicated
in Fig. 4, the pulse amplifier oper-
ates at a quiescent plate voltage of
35 volts and a plate current of 2.9
ma. Under these conditions, the
tube develops between 12 and 15
volts of sync pulse across the plate
load, and requires but 4 volts of
negative swing at the grid for com-
plete limiting.
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FIG. 5—Waveforms produced at designated points in the circuit

Pulse segregation with a system
of this type has several additional
advantages. Vertical synchronizing
with pulses whose leading edges
have a large time rate of change
greatly minimizes interlace insta-
bility and eliminates the necessity
for critical adjustment of the verti-
cal oscillator frequency during and
after warmup. The resulting ac-
curacy of synchronizing is not
nearly so dependent upon maintain-
ing a constant amplitude of applied
sync pulses as is that obtained with
the usual R-C integrator system.
This is because the shape of the
final triggering pulse is completely
independent of the input pulse
amplitude over a very wide range.
Rigid control of the latter is not so
essential.

Integrator sync systems require
that conditions before and after
transmission of the broad-topped
vertical sync pulses in the com-
posite sync signal be identical for
odd and even line fields. This neces-
sitates the insertion of two groups
of six equalizing pulses. Because
the method of pulse segregation
described does not depend upon
integration, the equalizing pulses
are unnecessary. This suggests
that a degree of simplification could
be effected in the composite sync
signal.

An improvement in noise immun-
ity in the vertical sync circuit may
be realized, because short-duration
noise pulses which occur during the
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fleld scanning interval will affect
the circuit in exactly the same man-
ner as normal horizontal sync
pulses and will be rejected by the
amplitude selector. Such noise re-
jection increases the vertical sync
stability of the receiver under ad-
verse noise conditions, and virtu-
ally eliminates frame splitting and
picture roll.

Operating Data

The major electrical operating
characteristics of the circuit are
shown in Table I. Figure 5 shows
scale waveform tracings taken at
significant points throughout the
system. These were obtained di-
rectly from a Tektronix model
511-A wide-band oscilloscope. To
permit more accurate measure-
ments, resistor R, of Fig. 4 was
temporarily shorted out, allowing
maximum amplitude of output
pulse to be developed.

All data are taken with a simu-
lated sync signal consisting of
keyed 27-usec and 5-usec pulse
trains. The pulse repetition fre-
quency and keying frequency are
31,500 pps and 60 cps respectively.

Measurements were made with a
plate supply voltage of 135 volts
and the total current was 10.7 ma
with R, removed.

The author acknowledges with
thanks the valuable assistance of
M. C. Pease of Sylvania Electric
Products Inc. in the preparation of
this paper.
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Stereo Television for Remote Control

By H. R. JounstoN C. A. HERMANSON

and H. L, HuLL

Remote Control Engineering Division
Argonne National Laboratory
Chicago, Illinois

ANIPULATION of objects ' in

three-dimensional space re-
quires that depth perception be in-
corporated into any scheme used to
view and control the means of
manipulation. Ordinary two-di-
mensional television is not satisfac-
tory for working with radioactive
materials at a distance because the
ability to judge depth is almost
entirely lacking.

In the development of stereo tele-
vision for the purpose a standard
DuMont television pickup chain was
employed. This equipment was
modified so that two different lines
of approach to the problem could
be explored. One approach is the
time-division method and the other
the simultaneous method.

The time-division method used a
mechanical rotating shutter and an
optical system consisting of full and
half-silvered mirrors. The left and
right-eye images were sequentially
projected onto the photo-cathode of
the television camera tube. This
system was abandoned because of
image carryover and flicker.

In the simultaneous method
finally adopted, the stereoscopic pair
of images are transmitted simul-
taneously instead of sequentially.

This article is based on a paper pre-
sented at the 1950 National FElectronics
Conference. The Conference paper will
appear in the Proc. NEC.

120

The two images are placed side by
side in the same space normally
occupied by a single image in
standard two-dimensional television
picture transmission.

Two variations of the simultane-
ous method have been tried. The
first variation used a single lens
and a beam splitter attachment at
the camera. This scheme was
dropped in favor of a two-lens ar-

FRONT SURFACED
7/ MIRROR
FT-
LEFT-EYE IMAGE 7 Lens
RIGHT- EYE IMAGE - LEFT-EYE
‘ ,r’—vq_ ___VIEW OF 08UECT
L
~SILVERED RIGHT-
ANGLE PRISM
j'm il
CAMERA TUBE: g RIGHT-EYE
; \ VIEW OF OBUECT
LIGHT BARRIERJ ; ™
LENS
MIRROR

FIG. 1—Setup of the first version of
the twin-lens system for the camera

rangement illustrated herewith.
The twin-lens system was found
to be superior to the beam splitter
because the optical quality of the
individual images was greatly im-
proved and the image overlap in the
center was reduced. Figure 1 shows
a diagrammatic sketch of the twin
lenses and mirrors that were used.
In the first version of the twin-
lens system, two 105-mm lenses
were mounted three inches between
centers. The lenses were arranged
so that they would be slightly
rotated about a vertical axis and
be converged on a nearby object.
At the receiving end of the sys-
tem, the two images appear side by
side on the face of a standard pic-
ture tube. The right-eye view is on
the left side and the left-eye view
on the right side as the observer
views the face of the receiving tube.
See Fig. 2. This transposition of

Smgle tube stereo-television viewer monitoring the pouring of a liquid by a
mechanical master-slave manipulator
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images is due to the geometry of
the optics used.

Two polarizing filters whose axes
of polarization are at right angles
to each other are placed immedi-
ately in front of the images on the
cathode-ray tube. An observer
wears a pair of polarizing spec-
tacles so oriented that the right eye
is permitted to see only the right
eve image and the left eye sees only
the left eye image. In addition, a
pair of 10-degree glass prisms are
placed in front of the eyes to enable

CROSSED POLAROID

RIGHT-EYE IMAGE
VIEWING S’PECTACLES 4

/128 CRT

! loocLass PRISMS

‘OBSERVER LEFT-EYE IMAGE

CROSSED POLAROID FILTERS

FIG. 2—Single-tube viewer for the first
version of twin lens system

the observer to fuse the two pic-
tures into a single three-dimen-
sional image of the objects in front
of the camera.

The use of glass prisms by the ob-
server requires that his attention
always be directed to the television
screen since every other object in
view appears double. Severe eye
strain and mental discomfort result
when the attention is directed to the
hands in an attempt to operate
switches or other devices.

A rotation of only 5 degrees of
the observer’s head about a hori-
zontal axis perpendicular to the
center of the viewing tube is suf-
ficient to cause loss of stereo.

In the second twin-lens camera-

arrangement, the offective distance
between viewpoints is variable
from five to seven inches. The mir-
rors were made adjustable for both
distance between viewpoint and for
convergence,

Another method used to view the
three-dimensional television pic-
tures makes use of two television
picture tubes. These tubes are ar-
ranged at right angles to each other
and a semi-transparent mirror is
placed at 45 degrees to both tubes.
See Fig. 8. Crossed polarizing filt-
ers are placed in front of each pic-
ture tube and the observer wears
crossed polarizing spectacles. Both
images of the stereo pair appear on
the tubes but by means of position-
ing controls and masks, the right-
eye picture is placed in the center
of one tube and the left-eye picture
in the center of the other tube. The
observer is enabled to see the three-
dimensional image by observing one
image by transmission through the
semi-transparent mirror and the
second image by reflection.

The twin-tube stereo-viewer is
by far the more desirable because
the observer is required to use only
a pair of polarizing spectacles. The
super-position of the two images is
accomplished by the use of the half-
silvered mirror and the positioning
controls of the television viewers.

Since no prisms are used, the
observer may look from the viewing
screen to other objects in the room
such as controls and switches with-
out danger of severe eye strain as
in the first method. Also this
method permits considerable trans-
lation and rotation of the head of
the observer before the stereo illu-
sion is lost. Several persons may

HALF - SILVERED

MIRROR - POLAROID
CROSSED ; ~FILTER
POLAROID;
V4R : =
(]
[} 1 Sy i
RIGHT-EYE % S LEFTSEYE
IMAGE " £ IMAGE ’
IN CENTER || IN CENTER

B |__ ]

FIG. 3—Two-tube viewer has no prisms
and provides best picture

easily observe the stereo image at
the same time.

A considerable amount of non-
linearity in the sweep circuits could
be tolerated without serious impair-
ment of the stereo-illusion. Slight
differences in the sizes of the two
images could be reconciled by the
brain with some fatigue involved.
In was found however, that appreci-
able vertical displacement of the
images could not be tolerated.

Approximately 60 percent of the
light of the image is lost in the first
polarizing filters; 60 percent of the
remaining light is then lost in the
half-silvered mirror and another 10
percent of the light is lost in the
polarizing spectacles. This results
in a loss of approximately 85 per-
cent of the total light available.

The picture tubes are 12% inches
in diameter and have aluminum-
backed screens. To obtain the re-
quired increased brilliance, an ac-
celerating voltage of 12,000 volts is
applied. A well-regulated high-
voltage supply is essential in the
twin-tube viewer so that the size of
the image does not change when
brightness and contrast controls are
adjusted.

Operation of Electrodynamometer Instruments Through Amplifiers

MILLIAMETER,
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Circuit of direct-coupled power amplifier for operation of an electrodynamometer
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By W. G. HOOVER

Associate Professor
Department of Elecirical Engineering
Stanford University
Stanford, California

USE of direct-coupled vacuum-tube
amplifiers to drive electrodynamo-
meter instruments is worth consid-
ering from the standpoint of sensi-
tivity. Under proper conditions,
amplifiers stabilized with large
amounts of negative feedback can

provide the required power with
(Continued on p 159)
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ermetically Sealed

FULLY APPROVED FOR JAN USES
.o« NEW COMMERCIAL TYPES

S
QG kM

POWER AND PRECISION RESISTORS

‘The only complete line of hermetically sealed wire wound resistors on the
market today, Sprague Ferrule Terminal Koolohms offer types, sizes, and
resistance values for every power or precision resistor need. Operating
voltages range from milli-volts to kilovolts; resistance values from 0.5
ohms to 1,000 megohms. Fully protected by Sprague glass-to-metal seals,
these ferrule terminal Koolohms will withstand the most severe salt water
immersion and temperature shock tests. These standard Sprague resistor
types meet all applicable JAN Specifications. Similar types with even higher
power ratings are available for commercial applications where severe
thermal shock is not a factor. For cemplete description and rating data,
write for Catalog No. 100E.

SPRAGUE ELECTRIC COMPANY « North Adams, Mass.

ELECTRONICS — Janoary, 1951
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WOUND WITH
CERAMIC INSULATED
WIRE

ILLALALLL
T

KOOLOHM lay=- winding
turns cannot “swim' or
short. Insulation has a di-
electric strength of 350
volts per mil, at 400°C.

AAANAY
&M@\AM

KOOLOHM interleaved
winding —Resistors are
avoilable hoving negligible
inductance, even at VHF.

-

Section of KOOLOHM wire
with ceramic insulation re-
moved to show contrast
between bare and insu-
lated wire. This flexible,
heat-proof insulation is
actually applied to the
wire at a temperature of
1000°C.
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THE ELECTRON ART

Edited by JAMES

High-Definition Black-and-White Television System..............
Sb-Cs, Ag-Cs,O-Cs Phototube Characteristics
A Novel Pressure-Measuring Method
Resistance-Coupled Amplifier Bandwidth
New Accuracy in Speed-of-Light Measurements
Ratio and Product Control by Shield-Grid Thyratrons

D. FAHNESTOCK

High-Definition Black-and-White Television System

A NEW high-definition system for
black-and-white television has been
suggested by R. B. Dome of the
General Electric Company. Present
monochrome receivers may receive
high-definition transmissions with
definition equal to that obtainable
with present standards, but the
addition of four tubes to the circuit
will provide upward of 50 percent
increagse in horizontal detail. All
precision equipment is located at
the transmitter. The resultant pic-

ture is free from dot structure,
since no sampling is employed.

The new system is based on the
fact that the eye is not as suscep-
tible to flicker in small areas as it is
to flicker in large areas. The normal
video band is divided into two
approximately equal portions. The
low-frequency portion is transmit-
ted in regular 60-cps sequence, as
in present-day monochrome trans-
missions, but the upper section of
the video band is used only on

odd fields for the transmission of
picture detail normally transmitted
by present transmitters on both
odd and even fields. The superhigh
video band of frequencies added by
the new system is transposed in
frequency to fit the upper section
which can be radiated and is trans-
mitted on even fields. This repre-
sents an increase in horizontal reso-
lution from the present 350 lines to
525 lines.

The block diagram of Fig. 1
shows the transmitter for generat-
ing the required signal. The camera
output passes through three filters
which divide the 0 to 5.3-mc signal
into three sections, 0 to 1.6, 1.0 to
3.8 and 3.44 to 5.3 me. The low
portion is continuously amplified.
The middle-band amplifier is keyed
on alternate fields and its output is
connected in parallel with the out-
put of the low-frequency amplifier.
The high range, carrying the super-
fine detail, is fed to a suitable
mixer-transposer to which is also
fed a continuous wave of 15,750
cycles. The difference frequency of
these signals is selected by a filter
that passes 1.6 to 3.44 mc—the 1.6-
me comes from the 5.3-me end,

TO SYNG SEPARATOR
AND SCANNING
O camena L0533M0 LIJ CIRCUITS < _
0\ - TO PICTURE 0-1.6 MC 0-1.6 MC
TRANSMITTER R!'FF'» "%SR; 1
_F, -
MODULATOR Be e . |.on‘/L :/EASS _ AMPLIFIER |y
I SOUND
[ l BLANKING 1 CIRCUITS
LOW-PASS BAND-PASS BAND-PASS —p—r{ BLANKING
FILTER FILTER FILTER | o AND SYNC 0-1.6 MC
0-1.6MC 3.4-53MC 10-3.8MC Cp—  MIXER
——I 1 KEY
\ 6.890625MC 1 4 1.0~ 3.8 MC 1.0-38MC  10-5.3MC
MASTER MIXER~ BAND-PASS KEYED POWER
OSCILLATOR| [ TRANSPOSER] AMPLIFIER - ™ FILTER [ 1] amPLIFiER PP aMPLIFIER [~
[ d A 4
; 16-344MC [, 0y 0-5.3 MC
1
FREQUENCY BAND-PASS ” In 3.445 NARROW ]
DIVIDER FILTER [T AMPLIFIER g MC BAND-PASS
12 FILTER
A
1 D- C KEYING
3.4453125 MC — 0 S RN
] 344MC e
FREQUENCY SQUARE-WAVE |2 AMPLIFIER 5.3 MC
DIVIDER GENERATOR AMPLIFIER AND AMPLIFIER
1:875. 30cPs DOUBLER
43,9375 60CPS e.esmct
cPs PULSES .
BLANKING L6 MG
FREQUENCY [ 31.5KC PULSE [ BAND-PASS BAND-PASS
MULTIPLIER GENERATOR | SYNC FILTER [P{OETECTOR ™ e [aa-
53MC

FIG. 1—Block diagram of circuits that are

to utilize Dome system of high-definition black-and-white television
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added to transmitter
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FIG. 2-—Normal pictures are received by conventional receiver.
Addition of four tubes increases horizontal detail by 50 percent
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Laboratory Instruments
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FM SIGNAL GENERATOR
Type 202-B

The Type 202-B FM Signal Generator is specifically
designed to meet the exacting requirements of

% television and FM engineers working in the fre-
quency range of 54 megacycles to 216 megacycles.
Following are some of the outstanding features of
this versatile instrument:

RF RANGES: 54-108, 108-216 mc. #* 0.5% accuracy.
Also covers 0.4 mc. to 25 mc. with accessory 203-B
Univerter.

VERNIER DIAL: 24:1 gear ratio with main frequency dial.

FREQUENCY DEVIATION RANGES: 0-24 kc., 0-80 ke.,
0-240 ke.

AMPLITUDE MODULATION: Continuously variable
0-50%, calibrated at 30% and 50% points.

MODULATING OSCILLATOR: Eight internal modulating

frequencies from50cyclesto 15 ke. available for FM, AM.

RF OUTPUT VOLTAGE: 0.2 volt to 0.1 microvolt. Out-
put impedance 26.5 ohms.

FM DISTORTION: Less than 2% at 75 ke. deviation.

SPURIOUS RF OUTPUT: All spuricus RF voltages 30 db
or more below fundamental.

If you have an FM or television instrument requirement,
let us acquaint you with full particulars and technical
data concerning the Type 202-B FM Signal Generator
and Type 203-B Univerter.

DESIGNERS AND MANUFACTURERS OF THE Q METER
FREQUENCY MODULATED SIGNAL GENERATOR

[
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+ QX CHECKER
BEAT FREQUENCY
GENERATOR AND OTHER DIRECT READING INSTRUMENTS

for TELEVISION

Type 202-B
FM SIGNAL
GENERATOR

Frequency Range

54-216 mc.

Additional coverage from
0.4 to 25 mc. with accessory
UNIVERTER Type 203-B

UNIVERTER
Type 203-B

AVAILABLE AS AN ACCZSSORY is the 203-B
Univerter, a unity gain frequency converter which,
in combination with the 2(¢2-B instrumert, prcvides
the additional coverage =f commonly used inter-
mediate and radio frequencies.
R. F. RANGE: 0.4 mc. to 25 mc. (0.1 mc. to 25 me. with
no carrier deviation).
R. F. INCREMENT DIAL: == 23D ke. in 10 ke. incremerts.
R. F. OUTPUT: 0.1 microvolt to 0.1 volt, = 1 db. A so
approximately 2 volts meximum {uncalibrated).

OUTPUT IMPEDANCE: Approximately 60 otms at 0.1
volt jack, 470 ohms at 2 vzt pin jack.

BOONTON ‘RADIO (>, [
BOONTON-N-J- U-S-A-\__€ *c}@(“«‘d/a};’( ‘;\:,‘_’
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while the 3.44 beat is derived from
the 3.44 end beating with the
15,750 carrier. Thus inversion, as
well as transposition of the super-
highs has been accomplished.

At the output of the filter, a
3.4453125-mc wave is added for use
at the receiver in retransposing.
The 1.6 to 3.44-mc band is amplified
by a third amplifier and combined
by addition with the 0 to 1.6 and 1
to 3.8-mc bands. The 1.6 to 3.44-mc
band is keyed on during alternate
fields when the 1 to 3.8-mc ampli-
fier is turned off. The combined
signal is combined in a blanking
and sync mixer to form a composite
television signal which is then fed
to the modulator of the conventional
television transmitter.

The transmitted pulse generator
chain includes a master oscillator
at 6.890625 mc from which is de-
rived the 3.4453125-mc signal and
sync for a standard transmitter
pulse generator, Transition keying
is made during the vertical blank-
ing period.

Receiver Circuit

The only receiver change appears
in the video amplifier. A typical
circuit block diagram is shown in
Fig. 2. The video detector output
isfed through three filters. The first
passes the 0 to 1.6-mc band which is
common to both odd and even fields.
A second filter passes frequencies
from 1 to 8.8 mec. These fre-
quencies are keyed by an amplifier
and combined with the low fre-
quencies to feed the picture-tube
gun,

A side circuit, connected at the
output of the 1 to 3.8-mec filter, is
tuned to the transposing frequency
of 3.445 me. This signal is ampli-
fied, doubled to 6.890625, and fed
to a detector-modulator. The d-c
output from this detector is fed to
the keyed amplifier so that when
3.445 is present, the keyed amplifier
is keyed off.

The third filter connected to the
video detector passes 1.6 to 3.4 mc
and this band is fed into the 6.89-
me detector-modulator, The out-
put of this detector contains a dif-
ference band of 3.44 to 5.3 me. This
band is passed by a filter which
rejects the 1.6 to 3.4-me¢ band and
the 6.89-mc carrier and any traces
of the 3.445-mc carrier which may
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have passed the other filters. The
output of the 3.44 to 5.3-mec filter
is amplified by a video amplifier and
applied in parallel to the 1 to 8.8-mec
amplifier output.

The extra functions may be ac-
complished by the addition of four
tubes, a 6AS6, 12AX7, 12AU7 and
6SF1T.

The high-definition signal can be
transmitted over any 4-mec channel.

When used with a 2.7-mc¢ channel,
no improvement is possible under
the system described, but it is
possible to add some terminal
equipment to transmit an apparent
3.84-mc signal over a 2.7-mc chan-
nel through the use of the system.
Tests have proved the feasibility
of subdividing the video-frequency

Sbh-Cs, Ag-Cs,0-Cs Phototube Characteristics

SEVERAL MONTHS AGO, (August,
1950, p 132), there appeared in
Backtall a letter from a reader in
Eastern Europe suggesting a de-
sign for a phototube containing a
semitransparent Sb-Cs and a
Ag-Cs.0-Cs surface. Two engineers
of the Rauland Corporation, S,
Pakswer and W. O. Reed, undertook
the investigation of the idea and
built a model of the tube as sug-
gested in the proposer’s diagram
which  accompanied his letter.
Their findings are presented in the
curves and text which follows. We
quote from their letter to the in-
ventor whose name has been with-
held at his own request.

“In the August issue of ELEc-
TRONICS you published a letter con-
cerning a phototube which con-
tained a semitransparent Sbh-Cs
and a Ag-Cs,0-Cs surface. We
processed a tube constructed ac-
cording to the drawing on page
132 (again reproduced in Fig. 1),
and made measurements on it, some
of which are presented in the en-
closed graphs.

“In I'ig. 2 are shown the current
readings in the common anode lead
and in the Ag-Cs.0-Cs lead, the
anode being held at 4 300 volts

FIRTST
\ CATHODE]
SECOND /7 N
CATHODE., - r
s
S
LIGHT
-
—
COLLEC
g
e — =i
L =

FIG. 1—Two-cathode phototube sug-
gested by Eastern European reader in
Backtalk letter
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spectrum in the manner herein
described,.
P S—— ey
. g5 2
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§ | | ‘ ‘ f+01 8
zos! [-0 %
a -0t ‘;
<0 y 029
z | T =
=4
(=3 EY
QOA’ | i =
ch CURRENT IN ANODE LEAD 55 (o
o2 ! 53
| o (é
1 | 33
0 20_ 80 120 160200 240
VOLTS ON Ag-Cs, O-Cs ELEGTRODE l

FIG. 2-—Current readings in common
ancde lead and in Ag-Cs.O-Cs lead of
proposed combination phototube

and a variable positive potential
being supplied to the second
cathode. With both cathodes at the
same potential the anode lead regis-
ters the combined photoemissive
currents. Raising the potential at
the second cathode, this cathode
starts collecting some photoelec-
trons from the Sh-Cs surface; at
still higher positive potentials the
Ag-Cs.0-Cs surface starts emitting
secondary electrons and the current
reverses itself. This consideration
is substantiated by comparison of
curves B and C in Fig. 3, which are
drawn to the same scale (the other
two curves being shown on other
scales). Curve B had been taken
with both cathodes at the same
potential, curve C at a condition
shown by the arrow in Fig, 2. It
can be seen that the maximum in
the blue green is less pronounced in
curve C, corresponding to some loss
of photoelectrons from the Sb-Cs
surface.

“Curve D in Fig. 3 represents the
response of the Sb-Cs surface alone

(Continued on page 190)
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NITEA. BAANCE

B 41110

for Bridge Measurements of Imedance

serweeN 10 anp 165 Mc

Direct - Reading Resistance Range O to 200 OHMS —
independert of frequency except for small
corrections.

Direct-Reading Reactance Range 0 te =230 OHMS at
100 Mc — inversely proportionai to frequency.

Coaxial Adapter Supplied for Measurements on Coaxial
Systems —eliminates errors frow: connecting leads
and from residual :erminal cagacitance. Stand-
ing-wave ratio of wnknown cocxisl system un-
affected by terminal capacitance of bridge.

HE new Type 1601-A V-H-F Bridge brings to
the v-h-f frequencies a means for measurements
of impedance of antennas, lines, networks and com-
ponents, having the same accuracy and simplicity of
measurement enjoyed by users of the popular G-R low-
frequency Type 916-A R-F Bridge.
With this bridge the range of conventional bridge
techniques is extended to 165 Mc. It is equally suited to
measurements on coaxial-line systems as on lumped
parameter circuits.
It is designed for direct-reading measurements of rela-
tively low impedances, but measures high impedances
indirectly and equally well.
For resistance measurements the accuracy is (2% +
1 Q), subject to correction for inductance in the capa-
citor used to measure the resistance. A correction chart

GENERAL RADIO COMPAN

920 S. Michigan Ave., Chicago 5 1000 N. Seward St., Los Angeles 38

90 West St., New York 6

ELECTRONICS — January, 1951

The Type 1601-A V-F-H Bridge set up to measure the antenna of
WOCBS-TV on the Chrysler Building, New York City. The antenna
consists of 16 radiating elements. Measurements of the impedance
variation ef an individual element over the operating frequency band
aa well as impedance measurements of the whole array were made
easily and accurately.

is supplied with the instrument. The ohmic portion of
the accuracy statement varies between 0.1 and 1.0 ohm.
For reactance measurements the accuracy is = 5% +
2 Q). The ohmic uncertainty varies between 0.1 ohm
at 100 Mc and 2 ochms.

This bridge is especially suited to measurements of
resistors, capacitors, inductors, transmission-line net-
works and antennas.

Cambridge 39,
Massachusetts
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NEW PRODUCTS

Edited by WILLIAM P. O’BRIEN

Industrial Lab Equipment Highlights New Devices . . . Wide
Selection of Miniature and Weatherproof Components Will Aid
Armed Forces Needs . . . Forty-Three Catalogs and Bulletins
Are Offered for Engineers Mobilizing for Greater Production.

Multicoupler Amplifier

PLESSEY INTERNATIONAL Ltp., II-
ford, Essex, England, Type PV.14
antenna multicoupler wide-band
amplifier permits the operation of
up to 10 communication receivers
within the 2 to 20-mc range from
one common antenna system with-
out loss of strength of individual
signals or cross-modulation effects,
It consists of an amplifier preceded
by a high-pass filter attenuating in-
coming signals below 2 me, which
feeds ten cathode follower stages de-
signed to work into 75-ohm unbal-
anced loads.

Oscillograph-Record Camera
ALLEN B. DU MonT LABORATORIES,
INc., 1000 Main Ave., Clifton, N. J.
A new oscillograph-record camera
provides, in one minute, a complete
record of an oscillograph image.
No darkroom facilities are required
and waveform comparison is imme-
diate. Designed specifically for ap-
plication with any standard 5-in.
c-r oscillograph, the camera em-
ploys the Polaroid-Land process for
delivering a finished print at the
termination of each completed ex-
posure or set of exposures. Lens
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aperture is f:2.8. Size of print is
21 x 3% in.

Signal Generator

AIRCRAFT RapI0 CORP., Boonton,
N. J. Type H-14 signal generator
was designed for complete testing
of vhf airborne omnirange and
localizer receivers in aireraft or on
the bench. The unit has a fre-
quency range of 108 to 118 me.
Its r-f output for ramp checks is
1 volt into a 52-ohm line and for
bench checks, 0 to 10,000 uv.  Also
available is an a-f output for bench
maintenance and trouble shooting.
Price is $885.

Time Delay Generator

THE RUTHERFORD ELECTRONICS Co.,
37243 So. Robertson Blvd., Culver
City, Calif. Model A2 time delay
generator will produce variable
time delays ranging from 0.4 usec
to 100,000 psec. Five delay ranges
are provided, giving a full scale
reading of 10 usec on the lowest
range and progressing by decade
steps to the highest range. The

www.americanradiohistorv.com

blocking oscillator output pulse is
0.5 psec wide. The multivibrator
output pulse width is designed to
permit easy viewing on a synchro-
scope and is a function of the delay
range in use.

Universal Chassis

AVION INSTRUMENT CORP., 121 E,
24th 8t., New York 10, N. Y., has
designed a universal -electronic
chassis for use in servomechanisms,
pulse and flip-flop circuits, analog
computers and similar devices. Up
to eight subminiature tubes can be
mounted and wired. The complete
assembly mounts in a metal case
filled with a special potting com-
pound which provides mechanical
support for the components, ample
heat dissipation and protection
from tropical or arctic conditions.
The chassis is designed to operate
in temperatures ranging from —50
C to +80 C. Ft meets specification
An-E-19 with respect to condition
of altitude, humidity and vibration.

Insulating Devices

TEFLON PRODUCTS DIVISION, UNITED
STATES GASKET Co., P.0. Box 93,
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~ TELANSERPHONE'S
~ “AIRCALL” FINDS
"HIM QUICKLY, SURELY,

3 DEPENDABLY
'THANKS TO THESE

" -
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SUBMINIATURE
..v @TUBES .

G

Raytheon
Subminiature
Tubes

have exactly what it takes
for applications such as
this. They're rugged, long
lasting, generally more de-
pendable and efficient

This ingenious little device puts the ; than their large tube coun-
finger on the “doctor, lawyer or mer- terparts.

chant chief” wherever he may be, indoors or out, within a twenty- Raytheon Subminiatures fit
five mile radijus. He simply presses the button, holds the “Aircall” standard sockets or convbe
to his ear for a moment while it gives off broadcast call numbers, ::Ld:i:::’n or welded into
headed and terminated by call letters in a different voice. If his ’

number comes up he simply calls the Telanserphone office from Raytheon Subminiaturesare
the nearest phone and is given the message. In this way he is never standard the world over —

more in use than all other

missing— never out of touch with his office, hospital, home or makes combined.

what not. Will electronic wonders never ceasc!

This chart glves you at a glance the cheracteriitics of repr Ive Raythean e Tubes
Mutvat

Type No. Remarks Moximum  Naximum Filamant Conduct-  Power TYPICAL OPERATING CONODITIONS

Diameter Lengih Or Heater ance Output Pite Screnn Grid
HWEATER CATHODE TYPES " Inches Inches  Vaolts Me. umhos MW Volts Ma, Volts Ma. Voins
CK$702/CK605CX  Characteristics of $AKS 0.400 1.5 .3 200 5000 120 120 2.5 Rk = 200
CK5703/CK608CX  Triode, UNF Osclllotor, % watts at 500 M¢ 0.400 1.5 o 200 5000 120 o Rk = 220 RAY THE o N
CXS5704/CK606BX  Diode, equivalent 1o one-half 6ALS 0.315 . S 1300¢ d
CKS744/CKE19CX  Triode, High mu. 0.400 - o 200 4000 250 d Rk= 500 MANU FAC TU RIN (¢]
CX5784 Characteristics of 6AS6 0.400 o 200 120 S 120 s -2.0
CK5829 Similor fo 6ALS 0.300x0. 400 5.0 pec section

PeAMENT TTPES ' ' COMPANY

1AD4 Shielded RF Pantode — high Gm 0.300x0.400- C C 3.0 45.0

CK371AX i0 ma, Filament electrometers tube, 0.285x0.400 .5 . 10 0.20
g = 2x10-1 amps.

CRS73AX Triode, high fraquency output .300x0. 400 o o 200 J ~4.0
CKS74AX Shieided Pantode RF Amptifier .290x0.390 25 0. 20

CK36Y2 Output Pentode 0.285x0.385 o g 50 b 3 o . -6.25
CX$474/CKS56AX  Triode, UNF Osaillator for radio wie 0.300x0. 400 o o . -5.0
CXS#77 /CK568AK  Triode, UNF Osciligtor for radie ue 0.300%0.400 o . 80 . -6.0
CRS67B/CKS69AX  RF Pentode 0.300x0. 400 5 o 50 . . . °

CK38697 /CKE70AK Electrometer Triode Max. grid current
5x10-1% amps, 0.285x0.490 . 20 . 3.0

CKS78S High voltoge rectifier 0.285x0. 400 . . 15 0. Inverse. peak 3500 volts
YOLTAGE REGULATORS

CK5783 Voltage reference tube —like 3451 0.400 Operating voltage 83. Operating current range 1.5 10 3.5 ma.
cxs7e7 Voltage regulator 0.400

o« ® "®w ®

Oporating voltage 100. Operating current range 5 10 25 mo.

{V¥oltage Gain Ratio.
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Camden, N. J., is now fabricating all
types of Teflon insulators (spacers
for coax cables, inserts for coax
connectors, beads, and so on) for
high-voltage, high-temperature,
high or ultrahigh-frequency service
in tv transmitters, radio, radar and
other electrical equipment. These
tetrafluoroethylene resin insulators
have a power factor less than
0.0005, and a dielectric constant
of 2.0 over the frequency range
measured to date. Teflon is service-
able throughout a temperature
range of from below —9%0 F to
+500 F.

Magnetron

Rapio Corp. oF AMERICA, Harrison,
N. J. Model 2J50 magnetron is of
the internal-resonant circuit type
intended for pulsed oscillator serv-
ice, such as radar, at a fixed fre-
quency of 8,825 me. It has a maxi-
mum peak power input rating of
260 kw. When operated with a
peak anode voltage of 12,000 volts,
the 2J50 is capable of giving a peak
power output of 45 kw at a duty
factor of 0.001.

Coax Line Terminations

NEW LONDON INSTRUMENT Co.,
P.O. Box 189, New London, Conn.
Illustrated above are 50-ohm termi-

130

nations for coaxial transmission
lines featuring low standing-wave
ratios from d-¢ to over 3,000 mec.
Fittings are type N, especially de-
signed for minimum reflections.
The units are useful for testing
cables, slotted lines, r-f bridges,
sweep generators and random noise
sources. Price is $11.30.

Miniature Relay

THE HART MrG. Co., Hartford,
Conn., has developed a new aircraft
type, hermetically sealed, miniature
4-pole double-throw relay. It is
built to withstand shocks up to 50
G and to operate in temperatures
ranging from —65 C to +200 C.
Displacing only 1.5 cu. in. and
weighing but 8.5 oz sealed with a
dry, inert gas, pressure filled, the
new relay has variable mounting
arrangements. Contact ratings are
2 amperes, 28 volts, d-c; 2 amperes,
115 volts, a-¢, 400 cycles. Overload
rating is 12 amperes, 28 volts, 20
seconds.

ULF Rejection Filter

KrOHN-HITE INSTRUMENT Co., 580
Massachusetts Ave., Cambridge,
Mass., announces model 350-A vari-
able ultra-low frequency rejection
filter that provides either a rejec-
tion band in which the gain falls
at a rate of 24 db per octave or a
sharp single frequency null. High
and low cutoff frequencies of the

www.americanradiohistorv.com

rejection band are independently
and continuously adjustable over
the frequency range from 0.02 to
2,000 cps. A sharp null may be ob-
tained at any frequency between 0.1
and 500 cps. Gain is within 3 db of
unity at one octave above or below
the null frequency. The unit is
especially useful for vibration
studies and electromedical research,
for geophysical and seismological
instrumentation, and in conjunc-
tion with any 1-f phenomenon in-
volving selective amplification.

Beam-Power Amplifier Tube

GENERAL ELECTRIC Co., Syracuse,
N. Y. Type 6W6-GT beam-power
amplifier tube is designed for use
in the audio output stage of tv and
radio receivers. Maximum ratings
of the tube include: peak positive
pulse plate voltage, 1,000 volts;
peak negative pulse grid No. 1
voltage, 200 volts; plate dissipa-
tion, 10 watts. Heater voltage, a-c
or d-c, is 6.3 volts; heater current,
1.2 amperes.

e 3 SR

Voltage-Regulated Power

Supply

KEPCO LABORATORIES, INC., 149-14
41st Ave., Flushing, N. Y. Model
131 power supply features a high-

(Continued on p 212)
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7('/!4&' with
attractive resale
discounts

Ferat with 3
liberal discounts
to professional users

—enabling radio stations, recording studios and —and a nation-wide
educational institutions to save as much as

33%9% on the cost of magnetic tape.

AR,
ol with &4 >

supercalendered e -
kraft paper base

“Perol with
all-aluminum
7-inch reels

— providing maximum smoothness of texture
and minimum noise, without the use of fillers
which tend to come out or stiffen the paper.

70!46 to offer
. paper base tape
Fenot with in 2500 and 5000

black oxide tape

: foot rolls
on plastic base

— offering highest fidelity of recording and re-
production for machines designed to use a
high coercive-force oxide.

cooperative sound-equipment distributors in
principal cities from coast to coast.

—mechanically strong, light in weight, and
permanently free from warping or twisting
even under adverse conditions.

— permitting maximum economy for profes-
sional applications where premium quality
recordings are not required.

Here’s What These
9

Have Done for You

. . . to lower the cost and improve
the quality of magnetic recording tape

“Penal with
red oxide tape
on paper base

i/
‘5%

i

e

— offering recordists a high-quality tape de-
signed to match the characteristics of the vast
majority of recorders, at lowest possible cost.

network of helpful,

7&‘245 to give extra footage
on standard

size reels
i
1] ]
i i

s

g (1]

Audio’s “full meas-
ure” of 1250 ft., 2500
ft., and 5000 ft. give
4% more tape on every
reel.

Y 4% more tape '

“Peérnsl to produce a

constant output tape

—made possible by Audio’s specially designed
coating machinery which controls coating thick-
ness to within 5 millionths of an inch.

7&'&44' fo guarantee output
uniformity of

-
a splice-free
=+ 1 db for 2500 ft. reel 2500 1 m
. 10
o
-T_ —to guarantee that the
- tape is all one piece, with

1, db from reel to reel

in 2500 ft. size the entire length.

These “Firsis” are proof of the centinuous research
and development that keeps Audiotape foremost in the
field. They are the result of more than a decade of
experience — by the only company specializing solely in
the manufacture of fine recording materials — both tape
and discs.

That’s why you can always look to Audio for the
latest developments in the recording art. A trial order
of Audiotape will speak for itself. Or send today for a
free 300-foot sample. $Trade Mark

ELECTRONICS — January, 1951

7M to produce

absolutely no splices in

Fenat

to develop the
safe-handling : & ,
package for professional-size rolls

— permitting tape on hub to be transferred to
or from turntable without danger of spilling —
and simplifying the attachment of side flanges.

T T T T T T T T —

| AUDIO DEVICES, INC. ;
1 444 Madison Ave.,, New York 22, N. Y. l
| Please send me a free 300-foot sample reel of [ plastic base or |
| [3 paper base Audiotape. |
| |
1 <3 PPN

] AME 1
T COMPANY . . e e e :
|

L LT T T TS —— (
Voemyls. ..o, cav. B o . o JABET0RT - 5 STATE. ..ot A
e e e B
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NEWS OF THE INDUSTRY

Edited by WILLIAM P. C'BRIEN

Navy Needs Technicians

CURRENT military action in Korea
has resulted in a large increase in
over-all activity at the Naval Air
Development  Center (NADC),
Johnsville, Pa. The NADC is now
accepting applications for engineer-
ing and other technical positions
from high-grade engineering, scien-
tific, and mechanical personnel with
education, training or experience in
the fields of aeronautical, machani-
cal, electrical or electronics engi-
neering, physics, mathematics,
biology and clinical psychology. It
is also seeking engineering drafts-
men and laboratory mechanics who
have considerable experience in

aeronautical, electrical, electronic
or mechanical drafting or shop
work.

Under the management control
of the Bureau of Aeronautics, the
NADC performs development fune-
tions in the fields of aircraft elec-

RTMA

g .

Ray F. Sparrow

Larry F. Mady

Waher Evans

E Ahcholer Robert C: Tt 1. M. Stach paie

1.5 Ikt

H. C Bomii

H. 3. Mofimun

Sharemaa

tronics, pilotless aireraft, aviation
armament and research and devel-
opment in aviation medicine per-
taining fo the centrifuge.

Positions  currently
salaries offered and
required are as follows:

Electronics engineer, GS-18 ($7,-
600-88,600). Development, opera-
tion and maintenance of analog
computer.

Physicist, GS-13 ($7,600-$8,500).
Magnetic detection.

Electronics engineer, GS-12 ($6,-
400-57,400). Sonar development.

Electrical engineer, GS-12 ($6,-
400-$7,400). Design and adminis-
trative experience as applied to air-
craft systems.

Physicist, GS-12 ($6,400-$7,400) .
Sonar development,

Physicist (Electronics), GS-12
($6,400—$7,400). Design experi-
ence in adopting electronic methods

available,
experience

Latest Color TV Receiver

One of three esperimentak color TV
receivers demonstrated by RCA in
December is shown above. It contains
43 tukes, uses the latest tricolor picture
tube containing about 600,002 phosrhor
dots for higher definition and has new
red ond blue phosphors for better
brightness. Also demonstrated was
a standard 16-inch black-and-white re-
ceiver, converted for color by insert-
ing a tri-color picture tube, @ new de-
flection yoke and other circuits contmin-
ing 13 additional tubes. Since the RCA
system is compatible, the received color
pictures were shown side by side with
standard black and white receivers

Board of Directors for 1930-1951
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to solving physical problems.

Physicist (Light), GS-12 ($6,-
400~$7,400). Design and develop-
ment in field of light.

Electronics engineer, GS-11 ($5,-
400-$6,400). Flight control sys-
tems, antenna and specialized sys-
tems for radio-controlled aircraft
and associated equipment; test and
evaluation of electronic components
and test equipment; radar develop-
ment; aircraft or similar control
devices; test and evaluation of de-
velopmental airborne search and
attack equipment.

Physicist, GS-11 ($5,400-$6,400) .
Sonar development; radar develop-
ment; electronic option in test and
evaluation of developmental air-
borne search and attack equipment.

Electronics engineer, GS-9 ($4,-
600-$5,350). Installation of radio
telemetering gear in pilotless air-
craft, design or selection of special
components and establishment of
data—reduction calibrations; coun-
termeasures equipment; radar de-
velopment ; missile guidance control.

Physicist, GS-9 ($4,600-$5,350).
Optics.

Inquiry regarding the above posi-
tions should be made by letter
addressed to the Industrial Rela-
tions Officer, U. S. Naval Air Devel-
opment Center, Johnsville, Pa., or
by personal visit to the NADC.

.First TV in Canada

THE LATE John D. Woodlock,
VEZHE, former assistant director
of O’Sullivan College in Montreal,

JAN. 10-12: Second High Fre-
quency Measurements Con-
ference, sponsored by AIEE,
IRE and NBS, Hotel Statler
and Dept. of Interior Audi-
torium, Washington, D. C.

JAN. 22-26: AIEE Winter Gen-
eral Meeting, Hotel Statler,
New York, N. Y.

MarcH  5-9: ASTM Spring
Meeting and Committee Week,
Cincinnati, Ohio.

MEETINGS

Ceonvention, Hotel Statler,

New York.

May 23-24: Fifth National Con-
vention, American Society for
Quality Control, Hotel Cleve-
land, Cleveland, Ohio.

JUNE 18-22: ASTM Annual
Meeting, Atlantic City, New
Jersey.

JUNE 25-29: AIEE Summer

General Meeting, Royal York
Hotel, Toronto, Ontario, Can-

MaRr. 19-22: IRE Annual Con- ada.
vention, Hotel Waldorf As-
toria and Grand Central AuG. 28-SEpPT. 8: Eighteenth
Palace, New York City. British National Radio Show,
Earls Court, London, Eng-
APR. 30-MAY 4: SMPTE Spring land.
transmitted television signals 250 watts. Later, propagation

recently from his home in Iberville,
Quebec, Canada, using equipment
designed by J. R. Popkin-Clurman,
reported in August 1950 ELEC-
TRONICS. Iberville is located about
28 miles north of the American
border and 32 miles from the city
of Montreal.

The transmitting equipment was
on the air continuously from Sept.
1 to 5 using a carrier frequency of
53.51 mc (6-meter amateur band).
Standard tv receivers modified by
shifting the local oscillators down
from channel 2 were used for field
tests.

The transmitter radiated 25
watts peak and was fed into a VEE-
DX type RD-13-A rotatable array
mounted 90 feet high. Effective
radiated power was estimated at

tests were made with an erp of 5
kw.

Strong signals were received at
Lacolle, Quebec, by VE2AMO, 21
air miles distant and at several
places in the city of Montreal. The
blanking bars were received at
Lavaltrie, Quebeec, by VE2SV,
approximately 51 miles distant,
with a faint picture visible.

The effective resolution of the
pictures up to eight miles was
better than 325 lines.

Signal Corps News

THE SIGNAL CENTER at Fort Mon-
mouth, N. J., has over 700 vacan-
cies for civilians who can qualify

(Continued on p 246)

Equipment used in recent amateur tv transmissions showing the rf portion of the transmitter, monitoring set, and phototube and
video amplifier chassis facing test transparency on face of the transmitting crt
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The important reasons behind the steadily increas-
ing demand for Sylvania TV Picture Tubes are:
(1) high quality performance, (2) broad national
recognition.

Sylvania’s picture tube experience includes lead-
ership in 4 specialized fields . . . all basic to TV pic-
ture tube production. These are radio, electronics,
lighting, and phosphors.

A Sylvania tube engineer, for example, invented
the famous lon Trap now generally adopted, un-
der special Sylvania license, by other leading pic-
ture tube makers.

Sylvania’s 25 years of lighting research, includ-
ing advances in phosphors and filamentary wire
techniques and coatings, has also contributed to
the outstanding clarity and long life of Sylvania
picture tubes.

Popular TV show tells millions

Set owners are being kept informed of Sylvania’s
leadership by the big, popular television show,
“Beat the Clock,” on CBS-TV. Every week this pro-
gram emphasizes Sylvania’s unique background

‘and the fine quality of all Sylvania products, thus

assuring you that Sylvania picture tubes are an
added selling aid to the sets you manufacture.

New folder, giving complete descriptions and
ratings of all Sylvania TV Picture Tubes is yours
for the asking. For your copy address: Sylvania
Electric Products Inc., Dept. R-1101, Emporium,
Penna. Sylvania Representatives are located in all
foreign countries, Names on request.

SYLVANIA*ELECTRIC

RADIG TUBES; TELEVISION PICTURE TUBES; ELECTRONIC PRODUCTE; ELECTRORIC TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS: PHOTOLAMPS; TELEVISION SETS
ELECTRONICS — January, 1951 135
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NEW BOOKS

The Theory and Practice of
Industrial Research

By Davip BeNDEL HERTZ. McGraw-
Hill Engineering Management Series,
McGraw-Hill Book Co., New York,
1950, 354 pages, $5.50.
THIS BOOK deals with the “applica-
tion of the methodologies of scien-
tific disciplines in industry” and
the necessity for efficient use of the
limited reservoir of creative ability.
It defines research as the “applica-
tion of human intelligence in a
systematic manner to a problem
whose solution is not immediately
available”. The author recom-
mends that a research direétor be
given the prime responsibility to
attempt to solve all the problems
turned over to him. He recom-
mends a tight organization, with
specific problems planned in detail
in advance and preliminary esti-
mates on what is to be done.

It is unfortunate that the author

did not use the word ‘‘development”
instead of ‘“‘research’” because his
suggestions would have been at
least somewhat more applicable.
However, no attempt to distinguish
between basic or applied research
or development is carried through
the discussions. The policies which
he recommends are not in accord-

RELEASED THIS MONTH

Electrons and Holes in Semiconduc-
tors; William Shockley: Van Nos-
trand; $9.75.

Fundamentals of Acoustics; L. E.
Kinsler and A. R. Frey: Wiley:
$6.00.

Micro-Wave Measurements; H. M.
Barlow and A. L. Cullen;: Mac-
millan; $6.00.

Traveling Wave Tubes: J. R. Pierce:
Van Nostrand: $4.50.

TV and Other Receiving Antennas:
A. B. Bdiley: Rider: $6.00.

ance with those practiced in pro-
ductive  research organizations
where creative work is done.—
WaLbo H. KLIEVER, Director of
Research, Minneapolis-Honeywell
Regulator Co.

Principles and Applications
of Waveguide Transmissions
By G. C. SOUTHWORTH, Bell Telephone
Laboratories. D. Van Nostrand Co.,
Inc., New York, 1950, 689 pages, $9.50.
THE AUTHOR of this book is inter-
nationally known as one of the
pioneers in waveguide work and one
of the outstanding authorities in
this field. A book written by him
should be expected to be, and is in
fact, outstanding in many respects.
As the title of this book states,
both principles and applications of
waveguide transmission are dis-
cussed. Most of the emphasis is
placed on the applications and this
book will be invaluable to all de-
velopment engineers employing or
developing microwave components.

Seldom in the experience of this re-
(Continued on p 140)

BACKTALK

This Department is Operated as an Open Forum Where Readers
May Discuss Problems of the Electronics Industry or Comment
Upon Articles that ELECTRONICS has Published

Video on Tape

DEAR Sirs:
I'M AFRAID I can’t quite agree with
John Boyers’ conclusions (see Back-
talk, and the Editorial page of
ELECTRONICS, June, 1950) that any-
thing so plebeian as a direct ap-
proach to the problem of recording
video frequencies on magnetic tape
is obviously impractical. To be
sure, the application of new prin-
ciples to the problem is most desir-
able and logical, but the cost of
doing the job by the “brute-force”
method is not as fantastic as it
may Sseem.

The calculation presented by Mr.
Boyers is the first one everyone

136

makes, of course. However, the
cost given ($1,275.00 for a fifteen-
minute recording) 1is somewhat
high since, in the quantities that
any large user buys tape, the net
price for the material would come
to about $760.00. If the tape were
used only 100 times (and re-use
of the tape is one of the objectives
in developing a new system), the
cost per use would be only $7.60.
At the present time, television
recordings are made on 16-mm and
35-mm film. The cost of a fifteen-
minute print (neglecting entirely
the negative costs) is about $15.00
and $50.00 respectively. These films
are reproduced once in the city to
which they are sent and then de-

www.americanradiohistorv.com

stroyed. So, even using an ele-
mentary approach to the recording
problem, magnetic recording of
television programs would result
in a 2 to 1 saving over 16-mm costs
and better than a 6 to 1 saving in
35-mm costs. When it is considered
that well in excess of 200 hours (or
800 quarter-hours) of release points
are used every week by each net-
work, the potential savings are seen
to be substantial. I don’t think that
the approach is as “obviously” im-
practical as Mr. Boyers concludes!

HowaArp A. CHINN
Columbia Broadcasting System, Inc.
New York, N. Y.

ItIs to Laugh

DEAR SIR:

YOur “Cross Talk” column in the
June 1950 issue under the heading,
“Landlord” illustrates perfectly the
comic aspect of what passes for
engineering these days. The refer-

ence to Alpine, however, while quite
(Continued on p 262)
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MANY MANUFACTURERS of C / / 6[
eveian

ELECTRICAL EQUIPMENT

are finding our PHENOLIC TUBES

CLEVELITE* and are the first choice of the Radio and Television Industries!

COSMALITE* For example, CLEVELITE* is the proper choice for Fly-

back and High Voltage Transformers.

spirally laminated It insures perfect satisfaction.
Furthermore, CLEVELITE’S high dielectric strength . . .

low moisture absorption . . . strength, low loss and good

paper base phenolic

tubi ts thei . . ; . . :
St machineability meet widely varied requirements and give

most exacting fine performance.
PROMPT DELIVERIES are available through our large

production capacity.

requirements.

Available in diameters, Inquiries invited . . . Samples gladly sent.

7.CLEVELAND CONTAINERG =

6201 BARBERTON AVE. CLEVELAND 2, OHIO

PLANTS AND SALES OFFICES ot Plymouth, Wisc,, Chicago, Detroit, Ogdensburg, N.Y., Jamesburg, N. J. ::' =
ABRASIVE DIVISION af Cleveland, Ohio g
CANADIAN PLANT: The Clevelund Container, Canada, Lid., Prescott, Ontario

wall thicknesses and

lengths to meet endless

adaptations.

REPRESENTATIVES

] NEW YORK AREA R T. MURRAY, 614 CENTRAL AVE, EAST ORANGE, N. 4

What are your requirements? NEW ENGLAND R, S. PETTIGREW & CO,, 968 FARMINGTON AVE
WEST HARTFORD, CONN.

CANADA WM T, BARRON, EIGHTH UNE, R £, CAKVILLE, ONTARIO
*Trade Marks
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Mutti-channel

4

138

eatile

telegraph Al or
telephone A3.

g similar to these —

Components
conservatively
rated. Completely
tropicalized.

Model 446 transmutter operates on 4 crystal-
controlled frequencies (plus 2 closely spaced
Sfrequencies) in the band 2.5-13.5 Mes (1.6-2.5
Mes available). Operates on one frequency at a
time; channeling time 2 seconds.” Carrier power
350 watts, AI or A3 AM. Stahility .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 volis, 50/60 eycles. single phase.
lfausen’alively rated, sturdily constructed. Con-
plete techuical data on request.

Reg, U. S.

High stability (.003%) under

normal operating
conditions.

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

Consultunts, designers and manufacturers of stendard or special
electronic. meteorological and communications equipment.

RERONAUTICAL COMMUNICATIONS EquipmEnT, Inc.

3090 Douglas Road, Miami

Cost less when made by

7

/ MULTI-SWAGE

The economy way to get

a million small parts

Examine the tubular metal parts shown here twice
size. If you use anything similar . . . in large quan-
tities . . . important savings can be yours. Send
us the part and specs. Our quotation will show
why the Bead Chain Company’s MULTI-SWAGE
Process has long been known as the most economi-
cal method of making electronic tube contact pins,
terminals, jacks and sleeves. And, why more and
more users of mechanical parts (up to 14" dia. and

to 2” length) employ our facilities. WRITE

for Data Bulletin.

THE BEAD CHAIN MANUFACTURING (CO.,

Tr.Mark 88 MOUNTAIN GROVE ST., BRIDGEPORT 5, CONN.

33, Florida

=
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' CHECK LIST

of selected titles in
{ the M.I.T. RADIATION
| LABGRATORY SERIES

AAAuAA A ATAAAAA A A A At A A A A A 4

1. WAVEGUIDE HANDBOOK

| Vol. 10. Edited by N. MARCUVITZ, Poly-
| technic institute of Brooklyn. 428 pages,
37.50

Presents in compact form all currently
available theoretical data and some experi-
mental data on the properties of microwave
transmission lines, microwave circuit ele-
| ments (obstacles, windows, discontinuities,
bends, junctions and couplings) and of some
structures, such as cavities, which may be
considered as composites of these.

|
|

| 2. PROPAGATION OF SHORT
| RADIO WAVES

Vol. 13. Edited by DONALD E. KERR.
| Johns Hopkins University. 729 pages, $10.00

This volume treats the phenomena associ-
ated with the propagation of short rzdio
waves between terminal points, whether
they be the radar antenna serving a dual
burpose or the antennas of a communica-
tions svstein. Emphasizes methods of plan-
ning experiments and of analyzing results.

3. THEORY OF SERVOMECHANISMS

Vol. 25. Edited by H. M. JAMES. Purdue
Univ.; N. B. NICHOLS, Taylor Instrument
Co.; and R. S. PHILLIPS, Univ. of
Southern Calif. 375 pages, $5.00

4. PULSE GENERATORS

Vol. 5. G. N. GLASOE, Rensselaer Poly-
technic Institute; and J. V. LEVACQZ,
Johns Hopkins Univ. 737 pages, $9.00

5. MICROWAVE RECEIVERS

Vol. 23. Edited by S. N. VAN VOORHIS,
Assoc. Professor of Physics, Univ. of Roch-
ester. 611 pages, $8.50

6. TECHNIQUE OF MICROWAVE
MEASUREMENTS

Vol. 11. Edited by C. G. Montgomery, As-
sociate Professor of Physics, Yale Uni-
versity. 937 pages, $10.00

7. YVACUUM TUBE AMPLIFIERS

Vol. 18. Edited by GEORGE E. VALLEY,
JR., M. L. T.; and HENRY WALLMAN,
M. I. T. 733 pages, $10.00

SEE THESE BOOKS 10 DAYS FREE

‘_--_-----l-__---‘
I McGraw-Hill Book Co., Inec.,
| 330 W. 42nd St., New York 18 I
Send me book(s) corresponding to num- I
I bvers encircled below for 10 days’ exami-
nation on approval. In 10 days I will remit |
l for book(s) I keep, plus few cents for
I delivery, and return unwanted book(s) 1
postpaid. (We pay for delivery if you
l remit with this coupon; same return I
privilege.) '
i 1 2 3 1 5 6 7 I
[I Name . ... e el 8 NAN e OB l
I A Aress] oiiada a's T WL AP Wb eVl
i ¥ |
' City masm. ; ....Zone... State....... |
' CoOMN O NVARAMI T Tal o .cxad ¥ P . s '
j Fosition .............. ... .. ... L1351 ]
This offer applies to U. S. only. l
L------—_--——---
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RELAYS BY GUARDIAN

RESOLVE IN 1951 <o improve your products . . . especially radio,
armament and power units coming under government contract. Let
Guardian, No. 1 supplier of improved electrical controls, produce single
units or complete control assemblies for you . .. in quantity. Guardian
GOVERNMENT APPROVED CONTROLS will insure smooth, sat-
Screw Terminal isfactory performance.

SAmES WAl The Series 335 D. C. Reley shown above, is typical of Guardian units built to the
rigorous standards of aviation relays. Furnished open, or with a variety of

HERMETICALLY SEALED housings.
New Hermetically Sealed Relay catalog 5-H is yours for the asking.

R : h e
Sedes 220 A.C. Series 695 D.C. Series 610 A.C.—615 D.C.
Write— ASK US TO MAKE SPECIFIC RECOMMENDATIONS. NO OBLIGATION,

GUARDIANRYELECTRIC

1625-A W. WALNUT STREET CHICAGO 12, ILLINOIS

A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY

s Series 210 A.C.—215 D.C.

Series 595 D.C

ELECTRONICS — January, 1951 139
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AMPHENOL RF CABLES

Because of its flawless transmission of RF
signals, AMPHENOL Coaxial Cable is pre-
ferred by electronics men everywhere.
Closer tolerances, flexibility and extreme
low-loss make AMPHENOL Coax and
Twinax the most demanded cables on
the market.

! e AMPHENOL TWIN-LEAD

Servicemen and installers of TV and FM an-
tennas name AMPHENOL Twin-Lead the most
reliable twin-lead available. Unaffected by

extreme heat or cold, AMPHENOL Twin-Lead

with weatherproof brown polyethylene di-

electric resists the harmful effects of ultra-
violet rays, oil, chemical or gas fumes and

= salt air.

AMPHENOL Multi-wire Remote Control
Cable for low voltage applications is
recognized as the most efficient and de-
pendable cable made. Recommended for
all circuits up to 28 volts, the wires are
easily separated and stripped and brown
polyethylene insulation provides excellent
protection against weather.

AMPHENOL REMOTE CONTROL CABLE "

AMERICAN PHENOLIC CORPORATION

1830 SO. 54TH AVENUE « CHICAGO 50, ILLINOIS
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. EICO x1T1s

and INSTRUMENTS

320K SIG. GEN. KIT $19.95
Wired $29.95

New 950K COND.-RES. COMP,
. BRIDGE KIT $19.95 wired $29.95

Harry R. Ashley, President of EICO, inspecting the use of
the EICO Model 425 Oscilloscope and Model 221 Vacuum
Tube Voltmeter at one of the important alignment positians
on the Emerson television production line, New York plant.

For Laboratory Precision at Lowest

VS vom K 51495 Cost—the Leaders Look to FICO!

Wired $17.95

OR electronics test equipment, there’'s no tougher proving ground

than the factories where TV sets are made. There's where the New 221K VTVM KIT $23.95
pace is fastest, precision requirements the highest, costs the tightest Wired $49.95
—and day-after-day dependability an absolute must.

In both the giant New York and New Jersey television plants of the

=0 Emerson Radio & Phonograph Corporation — at the many critical
LS constant-duty testing positions along the production line — EICO
145K $1G. TRACER KIT $18.95 instruments stand guard. For Emerson has found that for speed. accur-
B Wired $28.95 acy and trustworthiness, at lowest cost, EICO instruments always
E deliver the fullest measure of value.
Fs e From coast to coasl, in one leading TV factory after another, this is
L HV PROBE the experience — this is the proof of EICO superiority — that is
i (Wired only} $6.95 " repeated again and again. The top-flight TV set makers have dis-
. e covered and over 50,000 servicemen have learned — that for the
et RF industry’s greatest instrument values, at the industry’s lowest costs —
" PROBE KIT $3.75  t's EICO!
| Wised' 32 Be sure look i i i
e you look at the EICO line before you buy any higher-priced
| equipment! Each EICO product is jam-.-packed with unbelievable
E ; (-5 SMC value. YOU be the judge — compare EICO at your local jobber today
CRYSTAL — and SAVE! Write NOW for free newest Catalog 1-E.
. New 425K 5 SCOPE KIT $39.95
E Wired $69.95
d = A Wew 625K —
" New 315K DELUXE SIG. GEN TUBE TESTER KIT $29.95 360K SWEEP GEN. KiT $2995 ELECTRONIC INSTRUMENT CO., Inc.
KIT $39.95 Wired $59.95 Wired $44.95 Wired $49.95 276 NEWPORT STREET, BROOKLYN 12, NEW YORK
ég Prices 5% higher on West Coast. Due to unsettled conditions, prices and specifications are subject to thange without notice. © 1950, Electronic Instrument Co., Inc.
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—that a PILOT LIGHT
CAN IMPROVE YOUR PRODUCT

.« . add attraction — safety — service ?

M@

THIS MAY BE THE ONE \
Designed for low cost NE-51 Neon

— what lamp to use
— how to use it

— what it will do

— what it will cost

e Built-in Resistor e Patented

e U/L Listed e Rugged
Catalogue Number 521308 — 997
for 110 or 220 volts.

SAMPLES
for design purpose
NO CHARGE

NEW, Write for the
"HANDBOOK OF PILOT LIGHTS.”

Write us on your design problems.

The DIAL LIGHT COMPANY of AMEBICA
Foremost Manufacturer of Pilot Lights.
900 BROADWAY, NEW YORK 3, N. Y. TELEPHONE SPRING 7-1300

CONTINUOUSLY VARIABLE
DUAL -HEAVY DUTY
REGULATED DC SUPPLIES

V FEATURES

 DUAL regulated out-
puts, continuously
variable, 0 to 600
volts,

v Maximum current
200 milliamperes
each, or 400 com-
bined.

v Regulation better
than .59,.

v 6.3 volts AC at 10
amperes center-
tapped.

v Ripple voltage less
than 10 millivolts.

v Stabilized bias sup-

ply. v Request Bulletin No. 53 for Detalied Specifications

MODEL D6 POWER SUPPLY

Dual Output . .. Heavy Duty

CO2eg02¢ ELECTRONI

NFC, GO

206 S.W. WASHINGTON ST., PORTLAND4, ORE.," U.S’A.
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You can depend on Lewis
for your spring needs — whether
job-designed or made to specifica-
tion — for Lewis has the experi-
ence, facilities and know-how
essential to designing and manu-
facturing practical springs, wire-
forms and television coils at
practical prices. Highly efficient
methods and techniques of manu-
facturing developed by Lewis per-
mit economical, high production.

Lewis Engineers, long ex-
perienced in spring design and
application, can help you select
the right springs for the job —
springs that past experience has
proved most economical and
efficient for the exact use.

Lewis Spring Engineers wel-
come the opportunity to discuss
your spring, coil, or wireform
requirements without obligation,
Call or write today.

LEWIS SPRING & MANUFACTURING €O.

2656 West North Avenue, Chicago 47, IIl.

=SPRINGS

THE FINEST LIGHT SPRINGS AND WIREFORMS
OF EVERY TYPE AND MATIRIAL

January, 1951 — ELECTRONICS
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MODELS F AND G PRECISION
SINGLE-TURN POTENTIOMETERS

Feature both continuous and limited me-
chanical rotation, with maximum effective
elecirical rotation. Versotility of designs per-
mit a wide variety of special features.
F—3-5/1s" dia., 5 wotts, elecirical rotation
359° —resistances 10 to 100,000 ohms.
G—1.5/16" dic., 2 walts, electrical rotation

S w8

A B [

MODELS A, B, & C HELIPOTS

A—10 turns, 46’ coil, 1-13/16" dia., 5 watts—
resistances from 10 to 300,000 ohms,

B—15 turns, 140° coil, 3-5/16"" dia., 10 watts
—resistances from 50 to 500,000 ohms.

€3 turns, 13-1/2" coil, 1-13/16" dia.,, 3
watts—resistances from 5 to 50,000 ohms.

LABORATORY
MODEL HELIPOT
The ideal resistance
unit for use in labora-.
tory and experi-
mental applications.
Also helpful in cali-
brating and checking
test equipment. Com-
bines high accuracy
and wide range of
10-turn HELIPOT with
precision adjustability of DUODIAL. Avail-
able in eight stock resistance values from
100 to 100,000 ohms, and other values on

MODELS D AND E HELIPOTS

Provide extreme accuracy of control and ad-
justment, with 9,000 and 14,400 degrees of
shaft rotation.

D—25 turns, 234" coil, 3-5/16" dia., 15 watts
—resistances from 100 to 750,000 ohms.
€—40 turns, 373" coil, 3-5/16" dia., 20 watts
—resistances from 200 ohms to one megohm.

MODELS R AND W DUODIALS

Each model availoble in standard turns-ratios
of 10, 15, 25 and 40 to 1. Inner scale in-
dicotes ongular position of HELIPOT sliding
contact, and outer scole the helical turn on
which it is located. Can be driven from knob
or shaft end.

R—2' diameter, exclusive of index.
W—4-3/4" diameter, exclusive of index. Fea-

356°—resistances 5 to 20.000 ohms. special order. tures finger hole in knob to speed rotation.

For many years The HELIPOT Corporation has been a
leader in the development of advanced types of potentiom-
eters. It pioneered the belical potentiometer—the potentiom-
eter now so widely used in computer circuits, radar equip-
ment, aviation devizes and other military and industrial
applications. It pionzered the DUODIAL*—the turns-indicat-
ing dial that greatly simplifies the control of multiple-turn
potentiometers and other similar devices. And it has also
pioneered in the development of many other unique po-
tentiometric advancements where highest skill coupled with
ability to mass-produce to close tolerances have been im-
perative.

FOR PRECISION
POTENTIOMETERS

come fo

. In order to meet rigid government specifications -on
- i these developments—and at the same time produce them
economically—HELIFOT* has perfected unique manufactur-
ing facilities, includig high speed machines capable of wind-
l | ing extreme lengths of resistance elements employing wire
even less than .001” diameter. These winding machines are
further supplemented by special testing facilities and po-

tentiometer "know-Fow™ unsurpassed in the industry.
So if you have a oroblem requiring precision potentiom-
eters your best bet is 1o bring it to The HELIPOT Corporation.
A call or letter ouctlining your problem will receive im-

mediate attention!

*Trade Marks Registered

3-GANGED MODEL A HELIPOT AND
DOUBLE SHAFT MODEL € HELIPOT

All HELIPOTS, and the Model F Potentiometer,
can be furnished with shoft extensions and
mounting bushings ot each end to facilitate
coupling to other equipment.

The Meodel F, and the A, B, and C HELIPOTS
are available in multiple assemblies, ganged
at the factory on common shofts, for the con-
trol of associated circuits.,

MULTITAPPED MODEL B HELIPOT AND
&6-GANGED TAPPED MODEL F

This Madel B Helipot contains 40 taps, placed
as required at specified points on coil. The Six-
Gang Mode! F Potentiometer contains 19 oddi-
tional taps on the middle two sections. Such
taps permit use of padding resistors to create
desired non-linear potentiometer functions, with
advantage of flexibility, in that curves can be
altered cs required.

' CORPORATION, SOUTH PASADENA 2, CALIFORNIA
ELECTRONICS — January, 1951 143
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Low in Cost — Smalf in Size — Dependable
in Performaiuce — AC or DC

G

.I"'.,-:ic-l'!'ﬁf-*’h" For radio

transmitter panels

For television
screen enlargers

gas engine
generators

ja

i

4 For automatic
. furnaces

N ADDITION R-B-M General

Purpose Relays are used on
X-Ray apparatus, permanent
wave machines, wire record-
ers, automotive radio tele.
phone communication equip-
ment, vending machines, coin
operated phonographs and
many other applications,

fet aircraft
preheaters

What is your relay problem?
Write Dept. F-1today for Bulletin 570
R-B-M DIVISION ESSEX WIRE

Logansport, Indiana TN
=

CORP.

) |
MARUAL AHD MAGRETIC ELECTRE COKTROLS — FOR AUTODMOTIVE INDESTEIAL, COMMUNICATION AND ELECTRONIL USE 9
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NEW BOOKS {continued)

with in detail. Here again, material
previously unpublished or available
only through patent literature is
supplied. Parabolic antennas and
lens antennas are also dealt with, in
somewhat less detail. In this chap-
ter particular mention should be
made of not only the section on
horns but also that on corner reflec-
tors, an important subject not
usually covered in textbooks.

The eleventh chapter deals with
tubes capable of operating at micro-
wave wavelengths., The section on
microwave amplifiers is particu-
larly interesting. Information not
previously available on circuits us-
ing the microwave Western Elec-
tric tube type 416A is also given.
Descriptions of the multigap veloc-
ity variation tubes (which used to
be known during the war as Samuel
tubes) are given. Magnetron oscil-
lators are also dealt with in reason-
able detail; some basic information
is given on traveling-wave tube
amplifiers and TR and ATR tubes.

The twelfth chapter, on modula-
tion and demodulation, contains,
besides some other very useful in-
formation on converters, a sum-
mary of a theory on frequency
conversion by crystals which is
published here for the first time
and which is attributed to A, B.
Crawford.

In conclusion, this book contains
a very complete summary of appli-
cations of waveguide components,
suggests new ideas and points the
way to future progress in the micro-
wave field. —E. G. FUBINI, Super-
vising Engineer, Airborne Instru-
ments Laboratory, Mineola, N. Y,

Survey of Modern Electronics

By PAUL G. ANDRES. John Wiley &
Sons, Inc., New York, 1950, 522 pages,
$5.75,

IN THE PREFACE to this book on
electronics the author states that
it is intended for use in a survey
course in electronics for electrical
engineering students who have not
yet begun to specialize in power,
communication or any other field.
The emphasis throughout the book
is very frankly on the description
of electronic devices by words and
pictures rather than by mathe-
matics. The many applications of
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It was the first day of the World
Series. A big razor manufacturer had
paid some $800,000 for the rights to
televise the games. It was the third
inning—and the Yankees and Phillies
were tied 0 to 0. Millions of fans were
glued to their sets when—pfft!—three
million sets went black, and for twenty
minutes there was no game insofar as
television was concerned! What
happened?...1 don’t know—that's for
the sponsor and the broadcasting com-
pany to decide. But you can bet your
bottom dollar that it was some little
thing—Iike insulation at a vital point
—that caused the breakdown!

In electrical insulation, the price of
failure is severe— product breakdown,
rejects, lost time and labor.

That's why you ind BH “649” Fiber-
glas Tubing and Sleeving in equipment
that must not fail —jet planes, elec-
tronic equipment, engines. Manufac-
turers of home appliances and industrial

S

“It happened in the 3rd inning...

equipment, who insist on BH 649", get
this same high measure of protection
for their tough insulation problems.

In BH “649” they get an insulation
that is toughened against abrasion, will
not support combustion. Stays supple
after baking 12 hours at 300°F. Does
not crystallize at —67°F. Unaffected by
grease and oil. Speeds production be-
cause it cuts without fraying, spreads to
cover knobs and terminals.

BH «649” is one of a family of BH-
insulations, cach designed to meet par-
ticular conditions in service. Give us a
few facts about your requirements —
product, temperatures, voltages. We
will furnish production samples for
testing.

Address Dept. E-1
Bentley, Harris Manufacturing Co.
Conshohocken, Pa.

3
| .\

._-f ; G4

EEVINGS

41

*BH Non-Fraying Fiberglas Sleevings are made by an exclusive Bentley, Harris process (U. S. Pat. No. 2393530). “Fiberglas’ is Reg. TM of Owens-Corning Fiberglas Corp.
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STANCOR |

TRANSFORMERS

Specified as

original components
by the biggest radio
and TV set makers
in the industry.
They have to

be good!

WRITE.
inquiries promptly answered

STANDARD TRANSFORMER CORPORATION
3578 ELSTON AVENUE, CHICAGO 18, ILLINOIS

Per
o ’;':'s'f-‘nfMagnetProbIems
1mple L. Lf You Have- |
V' Quality Magnets o |

For 49
facjl ,'t,-esytears Thom

Magaet prople

ms,

Thomas & g

. inner .
ESlgn el]g]n
e and A €ers work
magner f, Producti, or
ay, Or your appl; o

THOMAS & SKINNER Steel Products Company
1120 East 23rd Street - Indianapolis, Indiana [}
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Top-Flight
Business

':///

|

TWA’s new, fast, all-cargo **Sky Merchant*’
Fleet speeds your shipments to important
markets in U. S. and overseas.

Experienced shippers know the smartest
way to ship is via dependable TWA All-
cargo “Sky Merchants.”

Direct routes and connections serve
more than 60 important market centers
in the U. S. All-cargo flights overseas
every week end, as well as frequent
flights direct to London, Frankfurt, Paris,
Zurich, Geneva, Milan, Rome.

Check these
outstanding advantages:

1. Save shipping time.

2. Obtain faster, wider distribgtion.

3. Replenish stocks practically over-
night.

4. Reduce risk of pilferage, damage,
less.

5. Save costs on crating and insur-
ance.

6. Receive carefyl, dependable
handling of all shipments by

TWA cargo specialists.

Andremember,TWA service meets
the urgency of every emergency.

Make a memo—NOW —to phone TWA
(Trans World Airlines) for information,
rates, schedules, quick pick-up service.
Request interesting folder from Cargo
Sales Manager, TWA, 60 East 42nd
Street, New York 17, N. Y.

N\

Al TWA fiights carry
Air Mail and Air
Cargo.

-

TRANS WORLD AIRLINES
U S8  -FUROPE-AFRICA-ASIA
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silicone
rubber

pC.

please addres®
ior Sales Divey
pintsfield, Mass:
A

=
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ot inquird
General

' GENERAL &

es to Capac
flectric €O

bapacitors

sealed
for Life
with G-E

Iy

SILICONE— the amazing new synthetic that made headlines when
General Electric brought it out—is back in the news again. For
today, G-E small capacitors, up through 5000 volts, are hermetically

sealed with G-E silicone rubber bushings or gaskets.

This means that your new G-E capacitor is sealed positively, per-
manently—for maximum life. For silicone seals by compression
alone, without the use of adhesives. It will never shrink, loosen or
pull away—it remains elastic at any operating temperature a capaci-
tor will ever meet. It is impervious to oils, alkalies and acids. Its
dielectric strength is permanently high and it is not easily damaged
during installation for it has a flexibility that withstands mechanical

and thermal shock.

This exclusive G-E feature—designed to surpass established in-
stallation requirements—makes General Electric capacitors finer
and more dependable than ever before. Apparatus Dept., General
FElectric Company, Schenectady 5, N. Y.

Silicone-rubber bushings, permanently elastic and [:;]
formed to close tolerances, seal themselves by
compression to the capacitor cover. They are used
with capacitors 1500-v d-c, or 660-v a-c, and
lower. Silicone rubber gaskets with plastic or
porcelain stand-offs are used for higher voltages.

) ELECTRIC

407172
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]

IMPROVEMENTS IN THE

BAllANTINE BATTERY OPERATED

ELECTRONIC VOLTMETER

Achieving a tenfold increase in sensitivity, higher input
impedance, improved low frequency response and sub-
stantial reduction in size and weight.

VOLTAGE RANGE:

100 microvolts to 100
volts in 6 decade
ranges.

INPUT IMPEDANCE:
2 megohms shunted
by 8 mmfd on high
ranges and 15 mmfd on
low ranges.

FREQUENCY RANGE:

2 cycles to 150,000
cycles.

ACCURACY:
3%, except 5% below
‘ 5 cycles and above
100,000 cycles.

® Available multipliers in-
crease the voltage range to
1,000 or 10,000 volts.

® Available precision shunt
resistors permit the meas-
urement of AC currents from
1 ampere down to one-
tenth of a microampere.

® Features the well-known
Ballantine logarithmic volt-
age and uniform DB scales.

@ Battery life over 100 hours.

® Can also be used as a flat pre-amplifier MODEL 3028
with @ maximum gain of 60 DB. Be- si “ s 1oy
iz 6% x 7" x 12%",
cause of the complete absence of AC Weight: 14 Ibs.
hum, the amplifier section will be found Price complete with cover and
extremely useful for improving the sen- batteries: $215.
sitivity of oscilloscopes.

For further information on this Voltmeter and the Ballantine Model 30G Volt-
meter, Wide-Band Voltmeters, Peak to Peak Voltmeters and accessories such as
Decade Amplifiers, Multipliers, and Precision Shunt Resistors, write for catalog.

 BALLAVIINE LABI]MT[IR[ES N @

100 FANNY ROAD BOONTON N J il
B e

148

WwWWwW.americanradiohistorv.com

NEW BOOKS (continued)

electronics treated include a num-
ber which are not to be found in
other texts of this general level
some interesting examples are the
sections on Electrical Detearing
and Precipitation, The Mass Spec-
trometer, Metal Detectors and The
Electroencephalograph.

This broad treatment would cer-
tainly serve to arouse an interest in
the field of electronics in the minds
of electrical and other engineering
students who have not begun to
specialize. Although there is some
gap between the elementary treat-
ment of such subjects as the triode
amplifier and the associated applica-
tion example—an automatic pilot in
this case—the excellent problems at
the end of each chapter would serve
to fill in if they were properly used.

Electrical engineering students
are often plunged into the detailed
study of the elements of electronic
circuits in their junior or senior
year without being provided with
reasons for the importance of these
elements. A survey course based
on a book such as this would help
to explain why the more detailed
and more mathematical studies
which follow are necessary.

A goodly number of references
are given at the end of each chapter,
and the index appears to be quite
complete.—VINCENT C. RIDEOUT,
Assoc. Prof. of Electrical Engineer-
inyg, Univ. of Wisec.

Father of Radio

The Autobiography of Lee de Forest.
Wilcox & Follett, Chicago, 1950, 500
pages, $5.00.

ANY DISBELIEVERS of the idea that
the way to succeed is to try, try
again had better read this story of
“old Doc” and become converted.
For this is an incredible story of
success and failure, one following
the other, time after time through-
out the first fifty years of a man’s
life and of the life of wireless and
radio. Success in invention; failure
in exploitation. It is the story of
the unfinanced inventor, one gifted
not only with technical ability but
with great dreams; a story of the
troubles such inventors have. All
sorts of troubles; finances and the
lack of them; unscrupulous associ-
ates; lawyers; stock salesmen;
great companies with great funds;
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NEW UBES for

Pulse Modulator Applications

BIGH YOLTAGE—HIGH VAGUUM '“'!DE‘

Taese.qew United Graphite Anode Diodes have been developed
1o fulfill the mportant aims of the Armed Services

program for dec*eased size . .

. increased ruggedness

. . and inecreased reliability of Electron Tubes.
Complete :echnical data sent on requast.

Type 3177

Max. Binen.:
Heizht  7-3/8”
Diameter 2-1/16”

Ratines:

Ef 5.0 volts

{3 10.25 amps.

25 kv
300 ma

Max. Dinen.:
He ghi 8-3/4”
Dizmeter 2-5/16”
Ratimgs:
Ef 5.0 volts

If 10.3 amps,
" y epx 25 kv

lo 300 ma
; ib 1.5 amps.

oniren SRV E=

SINCE 1934
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1.50 amps.

i

O Type 578
a | Mazx. Dimen.:
Beight 6-1,"2"
Dameter 2-5, 16~

r | volis

.0 amps.
2 - kv
ma
| Cma

Tipe 3B24W

MWax. Dimen.:
Height 4-1/2°
Jiameter 1-9/15%"

Ratiags:
=f 5.8 volis
f 3.8 amps,
epx 20 kv
o 68 ma
j J 308 mia

ELECTRONICS, 42 Spring Street, Newark 2, N.J.

www americanradiohistorvy com

Iye 576

Ratings:
Ei 5.0 volts
Max. Dimen.: epx 25 by
Height  7-1/2" Ic 500 ma

Diameder 2-5/16 ib 2.5 amps.

Type 3B29

Mac. Dimen.:
Height 3-3a”
Deameter 1.9°16”
> Ratings:

-tﬁ b9 2.5 wolts
+ e If 4.75 anps.
T epx 16 kv

lc 65 ma
Rl it 250 ma

177

It 14.0 amps.
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Save Time, Save Money . . . Use Rogan’s Interchangeable

COMBINATION KNOBS

Wide Selection Available From Stock Molds . . . No Tool Charge . . . Fast Delivery

RB-1000 Escutcheon RB-1000 Used in Combination

Bronded with RB-31 Kncb
Illustration shows two of the many combination branded
Write knobs from Rogan‘s huge selection. Available from stock
For New with assorted markings readily adaptable to electronic and

Bulletin 104
Showing How
Rogan Knobs

other related equipment. Can be furnished in matching or
contrasting color combinations, Supplies from stock molds,

Can Help no tool charge. Fast delivery, low cost. Send for complete
Solve Your details.

{1 2504 IRVING PK. BLVYD.
Problems ROGAN BROTHERS  &tigo!s, P idd

Compression Molders and Branders of Plastics

SAVES TIME
AND COSTS

SCIENTIFICALLY
DESIGNED

to meet Modern
Production Methods
in the fields of

Radio * Television * Telephone °* Telecommuni-
cations * Railroad Signalling * Automotive Industries
Can Manvufacturing * Machinery * General Electrical Work
Aeronoutics and many others,

SAFE! SPEEDY!! EFFICIENT!!!

SUPERSPEED WHITE FLASH Activated Rosin Cored Solder comes in
different diameters and alloys—YOU CAN SELECT THE SOLDER TO

GIVE MAXIMUM EFFICIENCY AT THE CORRECT TEMPERATURE—FOR
THE YOUR JOB—or—we make it to fit your requirements,

FLUTED Check these Important Features:
W Activoted rosin flux insures maximum ‘wetting’’ and spreading
CORE # No dry or high resistonce joints, No risk of corrosion.

4 Economical. Goes further. Gives more joints per pound of
—-stellote in section—con- solder.
tains o fluxing medium of Y% Foster. Operators solder more joints.
unrivaled efficiency close to Y Cuts down rejects
periphery of the solder at % Non-hygroscopic residue of high dielectric strength
six points. It permits in- # No unpleasant odor.
stantaneous *‘wetting’’ and % Complete continuous core.
fluxing at correct tempera-
ture, ond obviates dry ond Write to our U. S. Representative for samples
high resistance joints. technical literoture, and prices. Stocks maintained J

in Rochester for immediate delivery to all points

Manwfaciwred Selely by U, §. Ropresaniafive

H. J. ENTHOVEN | MAURICE H. ESSER

& SONS LTD. |Dept A 113 N. WATER STREET
LONDON, ENGLAND | ROCHESTER 4, NEW YORK
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PHYSICISTS

And

SENIOR RESEARCH
ENGINEERS

POSITIONS NOW
OPEN

Senior Engineers and Physi-
cists having outstanding
academic background and
experience in the fields of:

Microwave Techniques
Moving Target Indication
Servomechanisms
Applied Physics
Gyroscopic Equipment
Optical Equipment
Computers

Pulse Techniques
Radar

Fire Control

Circuit Analysis
Autopilot Design
Applied Mathematics

Electronic
Subminiaturization

Instrument Design

Automatic Production
Equipment

® Test Equipment

® Electronic Design

¢ Flight Test
Instrumentation

are offered excellent work-
ing conditions and opportuni-
ties for advancement in our
Aerophysics Laboratory.
Salaries are commensurate
with ability, experience and
background. Send informa-
tion as to age, education,
experience and work prefer-
ence to:

NORTH AMERICAN AVIATION, INC.

Aerophysics Laboratory
Box No. K-4, 12214 S. Lakewood Blvd.
DOWNEY, CALIFORNIA

January, 1951 — ELECTRONICS
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i FOR USE IN
SUCH FIELDS AS
‘ ‘ AVIATION
T ASTRONOMY
l z BALLISTICS
; HIGH-SPEED PHOTOGRAPHY
VISCOSITY MEASUREMENT

3 . NUCLEAR PHYSICS
ACCURACY: 1 PART IN 100.000 (OR BETTER) .0019 TELEMETERING
RADIATION COUNTING
FLUID FLOW
GHEMICAL REACTION
NAVIGATION
dards IXOUSTAAL RESEARCH LABS
The ‘controlling unit of these frequency stan a; 4 \CCURATE SPEED CONTROL.
is a bi-metallic fork, temperature-compensaic’
and hermetically sealed against humidity and vari-

ations in barometric pressure.
related equipment, accurate sp
trols are afforded by mechanica

tical or optical means.

When combined with

eed and time con-
|, electrical, acous-

our mamufacture are used exten-

ts of
Instruments ment departments on

TYPE 2001-2. BASIC UNIT

sively by industry and govern i e
. o 1 \re conirol. ;

such pl‘eCJs'on wOl‘k as bOl'l'\b S|gh*s an Frequencies, 200 to 1500 cycles.

. . Dividers and Multipliers available

may beu our eng! for lower and highér frequencies.

Miniaturized and JAN construction.

Whatever your frequency problems
Output, 6 volis.

neers are ready to coopera“e.

tails, please specify the

ting further de \
Wirea e ¥ information is desired.

Type Numbers on whica

TYPE 2005. UTILITY UNIT
consists of Type 2001-2 and
booster to provide 10 watts at
110V 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.

YYPE 2111. POWER UNIT 580 Fifth Avenue New York 19, N. Y.,
50 w OU*PU*; 0_110 v at 60 CYC- OPERATING UNDER PATENTS OF THE WESTERN ELECTRIC COMPANY
Input, 50-100 cyc., 275 W,
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THEY CHOSE

152

THE FIRST CHOICE OF RADIO ENGINEERS

FIDELITY

FLEXIBILITY

In rack or console, or in its really portable cases,
the Magnecorder will suit every purpose. PT6
Series shown is the most widely used profes-
sional tape recorder in the world, and is.avail-
able with 3 speeds(334, 7%2,”15”) if preferred.

Lifelike tone quality, low distortion meet N.A.B.
standards — and at a moderate price! PT63
Series shown in rack mount glso offers three
heads to erase, record, and play back to mon-
itor from the tape while recording.

o T

. INC.

positive timing and pushbutton
Series shown in complete console model is also
available for portable or rack mount. For out-
standing recording equipment, see the complete
Magnecord line — PT6, PT63 and PT7.

WRITE FOR NEW CATALOG

Magnecord, Inc., Dept. EB-1
360 N. Michigan Ave., Chicego 1, IlII.

Send me latest catalog of Magnecord

FEATURES

PT7 accommodates 102" reels and offers 3 heads,

control, PT7

i i t.
360 NORTH MICKIGAN AVENUE ExJiEmeR
CHICAGO 1, ILLINOIS ST
Address. ..o
City. Zone._ . State

www.americanradiohistorv.com

NEW BOOKS (continued)

marriage; troubles with those who
did not believe.

In the first half-century of anyv
art or science as big as electronies
there is bound to be much that is
exciting, tawdry, good, bad, sad,
joyous. Of all these, Doc had his
share. But he always had hope.
There is scarcely any technical
phase of electronics in which de
Forest did not make an important
mark; and of the major aspects of
electronics as we now know it, he
was way out a head of the proces-
sion. His efforts to establish and
maintain wireless telegraph sys-
tems here and abroad, his first use
of the electric knife in surgery, his
broadcasting of voice and music be-
fore the present brood of crooners
began drooling, his early work with
sound-on-film, the story of the tele-
phone repeater, of electronic musi-
cal instruments and of much more
—all this is in Doc’s book in his
own words.

From the nontechnical stand-
point, de Forest’s love of musie, of
poetry and of the classics or his
prowess as a mountain climber may
be news to those who know so well
his technical deeds; but there is no
doubt about the value of these ex-
tra-curricular activities to him.

To the end the “father of radio”
believes that better service could
have been made of at least one part
of his contributions—broadcasting
—and there are millions of former
avid listeners who will agree with
him.

This is an interesting and often
inspiring story.—K.H.

High-Speed Computing
Devices

BY THE STAFF OF ENGINEERING RE-
SEARCH ASSOCIATES, INC., tneluding
C. B. ToMPKINS, J. H. WAKELIN AND
W. W. STiFLER, JR. MeGraw-Hill
Book Company, New York, 1950, 451
pages, $6.50.

THIS BOOK is quite well written and
should be of great interest to any-
one concerned with computing ma-
chinery, particularly digital type
computers. The material is pre-
sented in such a fashion that it
could be successfully used as a first-
course textbook for graduate stu-
dents interested in digital comput-
ers. The basic fundamental con-
cepts of machine computation are

January, 1951 — ELECTRONICS
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4 NOW OFFERS

a New Gauge for Highest Vacuum

ERODE CuRBENT

O

"PRITE s
RTINS, Y UL

BRINGS YOU 3 BIG NEW FEATURES

Increased Sensitivity of the Circuit. Now the lowest scale division repre-
sents 2 x 10~° mm. Hg. The highest vacua can be easily and accurately
measured, particularly the difficult range below 107 mm. Hg.

New Direct-Reading Seale. The negative exponent of the number of
millimeters of mercury is read on the range selector and the coethcient
is read on the dial gauge

Heavy-Duty Avtomatic Relay protects maximum life of the VG-1A
lonization Gauge Tube. A conrtact point at the end of the needle swing
automatically operates the relay to turn off the ionization tube filament
and close an external circuit.

For prices or more complete information, write: Distillation Products
Industries, Vacuum Equipment Department, 727 Ridge Road West,
Rochester 3, N. Y. (Division of Eastman Kodak Company)

By @
h_EJ gj_iiz"ﬁ/‘ high vacuum research

and engineering

Also ... vitamins A and E... distilled monoglycerides ... more than 3300 Eastman Organic Chemicals for sciemce and indusiry

ELECTRONICS — January, 1951 153
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YARIAN MICROWAVE ENGINEERING

« » adds a new broadband waveguide-output klystron

Designed for high-power laboratory and antenna measurements as well
as for use as a stable transmitter tube in fixed and mobile service, the
new Varian X-21 Klystron covers the frequency range 9100 to 11,000 mec.
It is illustrated at right above. The two resonant cavities are integral
and have self-contained feedback. Output mates with standard UG/39U
flange for %- by 1- by 0.050-in. waveguide. Low microphonic construction.
Weight, 4% oz.

Typical Operation: Frequency, 10,000 mc; beam voltage, 1270 v;
beam current, 98 ma; power output, 59 w; load VSWR, less than 1.1.

Two tunable waveguide-output reflex klystrons for the frequency
range 8100 to 17,500 mc, the Varian X-12 and X-13, left and center in the
illustration. Widely used for transmitter service and as local and
bench oscillators as measurement power sources. Single screw tuners
cover entire frequency ranges.

Typical Operation: X-12 X-13
Frequency, mc 16,000 10,000
Beam Voltage 600 400
Beam Current, ma 50 48
Reflector Voltage 280 575
Power Output, mw 25 230
Load VSWR, max 1.1 11
Modulation Bandwidth, mc 50 30
Temperature Coefficient,
mc per deg C, max 0.25 0.25

Now in production, two new klystrons for television service. Varian X-17
covers the range from 1990 to 2100 mc with 5 watts minimum power output.

Varian X-26 Klystron group covers 5850 to 8200 mc with 0.5 watts minimum

power output.

99 washington st.

associales san carlos, calif.
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NEW BOOKS (continued)

quite clearly presented. The authors
have done a particularly good job
in breaking down a complex subject
into simple terms such that one
with only a reasonable technical
background will have no difficulty in
following the material.

It is somewhat disappointing,
however, that the authors did not
include more information on ana-
log-type computers. The book con-
sists of seventeen chapters and only
one is devoted to analog computers.
Furthermore, most of this chapter
deals with analog computers in the
most general terms only. Some de-
tails of the differential analyzer are
given but less than one page is de-
voted to the large, modern general-
purpose analog computer such as
the Anacom at Westinghouse and
Northwestern University and the
California Institute of Technology.
There is no discussion of modern
analog techniques nor of the basic
procedures used to derive analogies.
The bibliography on analog com-
puters is incomplete, A number of
the classic analog papers presented
during the past 10 vears are not
mentioned.

For those interested in digital
type computers only, the book pre-
sents much valuable and interesting
material.—D. L. WHITEHEAD, Engi-
neer in Charge, Analog Computing
Laboratory, Westinghouse Electric
Corp.

Industrial Instrumentation

By DonNnaLD P. ECKMAN. John Wiley
& Soms, Inc., New York, 1950, 396
pages, $5.00.

AS AN introduction to the science
of measurement for engineering
undergraduates, this book reviews
one by one the principles of various
methods of measuring and sensing
employed in industrial processing
and manufacturing. Though em-
phasis is on the method rather than
the mechanism, important practical
details are stressed wherever pos-
sible.

Although electronic equipment is
not specifically covered, practically
all of the information in this book
is essential for intelligent applica-
tion of electronic controls in in-
dustry, since each control system
must start with measurement of a
variable. An appendix of tables,
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jTr“uarc EgRin:
of DetachaBIe Cham...S wc:uysI
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In every possible kind of test—tensile, impact, shock,
speed—detachable chain made with Truarc Rings out-
performs chain equipped with cotter pins! That's what
Atlas Chain & Manufacturing Co., Philadelphia, dis-
covered, after pioneering chain with Truarc E-Rings.

Improve your own product with Truarc Rings! Wher-
ever you use machined shoulders, collars, cotter pins,
bolts, nuts, screws, snap rings...a Truarc Ring will do
the job better: improve performance, cut unit cost,
save space and weight, eliminate parts, permit use
of stock sizes, eliminate skilled labor operations,
simplify maintenance.

Truarc Rings are precision-engineered. Quick and
easy to assemble, disassemble. Give a never-failing
grip. Can be used over and over again,

Find out what Truarc Rings can do for you. Send your
blueprints to Waldes Truarc engineers, for individual
attention, without obligation.

Waldes Truarc Retaining Rings are available for immediate delivery
from leading ball bearing distributors throughout the country.

‘lmprdve Performance

- e . \ = e - 2 =
i G - : : e S

- i T e e
w@% = o

A

e

1. STRONGER. Average 30% higher static thrust
strength than cotter pins. Resilient E-Ring reinforces links
against exceptional side stress—resilient spring is most effi-
cient means of damping vibration.

2.GREATER SHOCK RESISTANCE. Higher shock
strength ratios than cotter pins, due to greater contact surface
plus spring reaction for damping moment of shock. Circular
movement of ring in groove relieves shock surface loadings
—instead of resisting rigidly as with cotter pins in fixed holes.

3. HIGH SHOULDER. High effective bearing shoulder

extends practically all around pin, and is geometrically per.
fectly proportioned to link diameter.

4. RE-USABLE. No part of E-Ring fatigues and breaks
off, as with ends of re-used cotter pins. Ring removes easily
with screwdriver.

5. REDUCES ACCIDENTS. Does not protrude to catch
onto clothing. No sharp-pointed ends to produce electrical
brush discharge and resultant fire and explosion hazard in
mines and mills.

. L X N _ N _F N _B N N N N B B _§N N §N 3§ _J N |

_SEND FOR NEW CATALOG B l e

] Waldes Kohinoor,.Inc., 47-16 Austel Place ;

1 Long Island City 1, N. Y, |

\I Please send selector guide catalog (4K-W) I‘

} WALDES | on Waldes Truarc Retaining Rings. |§

i I

) l Name lJ

— 1 i

{ Title |

0 l./— ; i

| Company. 1

REG, U.S PAT, OFF. I ﬂ

RETAINING RINGS | e A m

WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK I city Zone State % |

WALDES TRUARC EETAINING RINGS ARE PROTECTED BY THE FOLLOWING PATENT NUMBERS: U.S. PAT. 2,382,948; l

2.42D.921: 2, 411,761; 2.487.803: 2.487,802: 2,491,306 AND OTHER PATS, PEND, y N N N ¥ N N ¥y _F _F_F_§N §F _§ _¥§F ¥ §_§N _§N_N§N_ ]I
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THE NEW
TURNER

MODEL 50D DYNAMIC
FOR TV - AM - FM

Recording + Broadcast
Public Address

MODEL 50D
DYNAMIC FOR
TV - AM - FM
Recording

Broadcast : —
Public Address B

The crown jewel of dynamic microphones. See it, handle
it — use it on highest quality recording, public address or
broadcast work. New beauty, new styling, new utility and
new performance make the Turner Aristocrat the finest of the
fine. Use it anywhere, indoors or out — in hand, on stand,
suspended, or concealed in stage settings. The Aristocrat is
quickly and easily detached from ball swivel coupler for hand
use. Non-directional polar pattern picks up sound from any
direction. Equally effective for individual or group pickups
with wide range, high fidelity reproduction of voice or music.
Its high output dynamic generator requires no closely associ-
ated auxiliary equipment for outstanding results. Built of finest
materials with flawless workmanship, each unit is laboratory
calibrated to insure specification standards. . . . Write for
complete derails.

SPECIFICATIONS

FREQUENCY RESPONSE: 50 to 15,000 c.p.s. flat within + 2% db.

OUTPUT LEVEL: 56 db below 1 volt/dyne/sq. cm.

IMPEDANCE: 15, 200, 500 ohms or high impedance.

POLAR PATTERN: Essentially non-directional in any position.

MOUNTING: Ball and swivel type, filts in any direction. Standard
5" — 27 thread.

CABLE: 20 ft., high quality rubber covered, two conductor shielded
cable with Connon quick-disconnect plug.

THE TURNER COMPANY

905 17th Street N. E,, . Cedar Rapids, lowa
IN CANADA: Canadion Marconi Co., Montreal, P.Q., and Branches
EXPORT: Ad. Auriema Inc., 89 Broad Street, New York 4, N. Y,

@ %‘“fﬂ/éﬂ&f BY TURNER
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NEW BOOKS (continued)

dealing mostly with temperature
measturement since this is the com-
monest type of instrumentation,
adds to the reference value of the
book for all engineers. Questions
and problems after each chapter
add to the value as a text both for
colloges and for home study.—J. M.

THUMBNAIL REVIEW

MAGNETIC RIGCORDING LYot-191Y.
Bibliography Series No. 1, John Crerar
Library, 86 E. Randolph, Chicago, 60
pages mimeographed, $2.00. Compiled hy
Carnmen Wilson, chief, Technology De-
partment, to meet requests for material
on magnetic recording. References have
been supplemented by descriptive annota-
tion or abstract wherever titles were not
selfexplanatory. References tn outstand-
ing patents are included. Arranged chron-
ologically and ecross-indexed by authors
and by subjects.

RCA RECEIVING TUBE MANUAL
RC-16. RCA Tube Department, Harrison,
N. J., 320 pages, $.50. New edition cov-
ers over 460 receiving and picture tubes,
brought up to date by revisions and ex-
pansions. Technical data sections include
new material on calculation of power out-
put, load resistance and distortion, ca-
thode-follower data, and high-voltage and
safety  considerations for kinescopes,
Many new audio amplifier and receiver
cireuit cdesigns have been added.

NOMOGRAMS OF COMPLEX HYPER-
BOLIC FUNCTIONS. By Jorgen llybner,
Professor at Royal Technical University
of Denmark. Available from Scandinavian
Book Service, 620 W, 158th St.,, New York
(in English), 1947, 35 pages plus charts
and diagrams, $4.80. Large, accurately
printed nomograms give accuracy com-
parable to 5-place tables and a computing
machine. The charts present the sinh
and cosh functions as rectangular func-
tions of a rectangular variable, and the
tanh function as a polar function of a
rectangular variable. Additional material
in the text makes it in some respects a
('lom])endium of transmission line and filter
theory.

TABLI FOR USE IN THIE ADDITION
Ol COMPLEX NUMBIRS. By Jorgen
Rybner and K. Steenberg Sorensen. Avail-
able from Scandinavian Book Service, 620
W. 158th St., New York (in English),
1948, 95 pages, $4.00. IFacilitates calcu-
lations with complex numbers by making
possible their addition or subtraction in
polar form.

TIELEVISION SERVICING. By W. H.
Buchsbaum. Prentice-Hall, Inc.,, New
York, 1950, 340 pages, $5.35. Written to
aid in training technicians in television.
Part I covers receiver theory; Part II
deals with installation and alignment;
Part III serves as a troubleshooting
guide.

STRUCTURAL PLASTICS. By H. C.
Engel, C. B. Hemming and I. R. Merri-
man. McGraw-Hill Book Co.,, New York,
1950, 301 pages, $4.50. First seven chap-
ters deal largely with properties of
plasties, mwlding procedures, sandwich
constructions and structural adhesives,
but the last chapter—Radonies and Micro-
wave Windows—is definitely of interest
to electronic engineers. This analyzes the
broad problem of providing antenna cov-
ers, also called radomes and microwave
windows, that are as transparent as possi-
ble to the radio waves they are designed
to pass. Four basic radome solutions are
presented—the thin wall, thick wall,
double thin wall and sandwich, and a de-
sign procedure is given,
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““"How can | save, in order to trim
the price of this set another $2.50?"

THE answer, Mr. TV-set Designer, is simole: G.E.’s 6BNG
gated-beam tube. It replaces three tubes and associated
components, serving as a combined limiter, discriminator,
and audio-amplifier.

G6BNG cost is right in line with other receiving types. You
get three tubes’ performance, yet you pay for only one!

Ask for Bulletin ET-B28, which tells the -ull story of this
amazing G-E economy tube, also charts its >erformance. Or
if you prefer to discuss the 6BNG in person,
an experienced G-E tube engineer gladly
will call on you. Wire or write Electronics e
Department, General Electric Company, 3 ,j"mm',,':‘,,‘,:’
Schenectady 5, New York. )

\

) ELECTRIC

/ 181-K1
=

GENERAL
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P AMERICAN 'I'EI.EVISION PICTURE 'I'UBES

"REFLECT THE QUALITY OF
AMERICA’S FINEST RECEIVERS

/ The history of the contributions of American Television
{ engineers reads like the history of Television itself.

Qur enginéers are credited with hundreds of ‘‘Firsts”’—the first
amplifier tube, the first telecasting, the first interlaced scanning
and, more recently, the first to develop the “Eyesaver” principle
for picture screens—the high contrast, non-halation screen that
has been widely adopted by the industry.

American Television is a “House of Fundamentals.” Qur “know- |

how" is constantly devoted to the further development of Tele-

AMERICAN TELEVISION, INC. vision in all its phases.

The American Television Picture Tube is a great product of a !

great company. Make it your first choice—always!

AMERICAN TELEVISION

520 PLYMOUTH CT., CHICAGO 5, I1LL.

MANUFACTURING DIVISION o

THE STORY OF AMERICAN TELEVISION IS THE HISTORY OF TELEVISION

158 January, 1951 — ELECTRONICS


www.americanradiohistory.com

TUBES AT WORK
(continued from p 122)

sufficient sensitivity and accuracy.

An amplifier was constructed us-
ing the circuit shown. The ampli-
fier is designed for operation of a
Weston model 370 a-c and d-c milli-
ammeter, an instrument of the elec-
trodynamometer type with a stated
accuracy of 1 percent of full scale.

The amplifier is direct coupled
throughout and makes operation
possible on d-c¢ as well as a-c. It
maintains the combination useful
as a transfer means between alter-
nating and direct voltages.

The input voltage range of 1.5 to
300 v full scale is covered with a
voltage divider made up of wire-
wound precision resistors of 0.1
percent accuracy. The input re-
sistance is 1,000 ohms per volt. For
the ranges of 0.75 down to 0.15 volt
full scale, reduced amounts of feed-
back are used with a fixed input re-
sistance of 1,500 ohms.

The input voltage between grid
and cathode of the first stage of
amplification was measured as ap-
proximately 0.0039 v for full scale
deflection of the milliammeter. For
input voltage ranges of 1.5 to 300 v,
the output of the voltage divider is
1.5 v. The feedback voltage is cor-
respondingly about 1.496 v. The re-
quired feedback resistor is then
1.496/15 x 10™® or approximately
99.7 ohms. Accuracy of scale cali-
bration thus depends mainly on the
accuracy of adjustment of the feed-
back resistor. For a 0.15-v input,
the feedback voltage is 38 times
the net grid-cathode input voltage.

Advantages of D-C Coupling

The use of d-¢ coupling in a high-
gain amplifier brings with it prob-
lems of drift and zero adjustment
but much higher values of negative
feedback are allowable. Elimina-
tion of coupling capacitors or
transformers between stages pre-
vents phase shifts giving sufficient
positive feedback at certain fre-
quencies to cause oscillation. The
use of a large amount of negative
feedback reduces drift and sensitiv-
ity to power supply variations to
nearly a negligible amount. Some
drift has been noticed during
warmup on the lowest voltage
ranges (where the feedback is re-
duced) but is easily compensated

ELECTRONICS — January, 1951

For Accurate Inspection Of Difficult Shapes
The Kodak Contour
Projector, Model 2 |
Shows... "

DEEP RECESSES b

SURFACE DETAILS

CONTOURS

Few objects are too small or complicated for complete inspection
under magnification with the Kodak Contour Projector. Deep
recesses and surface details, illuminated from the projection system
itself, stand out sharply and in natural color.

With unmatched versatility, it can be switched instantly from
surface illumination to silhouette projection, or a combination of
both. Any of six magnifications from 10X to 100X is available at
the turn of a dial without refocusing. Your operator can work rap-
idly and efficiently, unhampered by the usual hoods or curtains.

Large parts? Sure! With a full 8" between lens and objectand 634"
from object to lamphouse at all magnifications, there’s plenty of
room. The lamphouse pivots to accommodate long parts. And the
stage has 4" of easy, precise travel, vertically and horizontally.

If you have an inspection or measuring problem
where speed, accuracy, and convenience are impor-
tant, it will pay you to investigate the Kodak Con-
tour Projector. The coupon below will bring you a
new booklet giving detailed information.

EASTMAN KODAK COMPANY A

Industrial Optical Sales Division
Rochester 4, N, Y.

Please send your booklet on the Kodak Contour Projector. : o
NAME (Please print) p

COMPANY e

ADDRESS _ o % K@ (ﬂ@k
ary ZONE

STATEc e e
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MINIATURE RELAYS
FOR AVIATION’'S TOUGHEST JOBS

These little hermetically-sealed d-c re-
lays are specifically designed for aviation con-
ditions involving high shock and vibration,
elevated temperatures and high altitudes. A
completely new magnet structure permits
greatly reduced size with improved depend-
ability. Three available types are for operation
up to +-85°C., +160°C. and +-200°C. respec-
tively, thus matching specific aviation service
requirements. Write for S-D Data Bulletin 2410.

STRUTHE

i

Multipole Types, Too!

In addition to the single-
pole units illustrated,
Struthers-Dunn produces
thése hermetically-
sealed aviation relays in
types up to 6 poles and
having the same exact-
ing characteristics.

STRUTHERS-DUNN, INC., 150 ﬁ.IIIBth ST., PHILADELPHIA 7, PA.

BALTIMORE o BOSTON o BUFFALO » CHARLOTTE © CHICAGO o CINCINNATI
CLEVELAND o DALLAS o DETROIT o KANSAS CITY o LOS ANGELES
MINNEAPOLIS ¢ MONTREAL » NEW ORLEANS o NEW YORK s PITTSBURGH
ST. LOUIS @ SAH FRANCISCO ®» SEATTLE @ SYRACUSE TORONTO
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TUBES AT WORK (continued)

Amplifier and electrodynumometer-type
milliammeter set up for operation

by the zero adjustment shown.

Regulated power supplies were
found advantageous for stabilizing
the low input voltage ranges and
for maintaining high accuracy for
l either polarity of d-c input voltage.
A high degree of regulation is not
required, but an improvement over
| the natural power supply regula-
tion (for d-c input voltages and cor-
responding plate current changes)
and changes due to a-c line voltage
i variations is desirable.

A troublesome problem in the
initial development of the amplifier
was the effect of conductive grid
current in the first stage. With low
plate and grid bias voltages, a
small but significant grid current
may flow because of ionized gas in
the tube or the initial velocity of
electrons emitted from the cathode.
This effect varies with electrode
voltages, heater temperature, and
the particular tube of a given type.

A current of 1 ra  flowing
through the 1,500-0hm grid to
cathode voltage-divider resistance
would cause an error in the input
voltage of 0.1 percent. It is im-
portant to keep the plate potential
of the first stage high enough to
maintain the grid current at a low
value, even at the expense of loss
of gain in a voltage divider to sup-
ply the grid of the next stage.

The inherent gain of the ampli-
fler is so great that it is difficult to
adjust without feedback. However,
by adjusting one or two stages in-
dependently, finding proper input
and output d-c potentials, and then
connecting all stages together along

| with the feedback loop, correct op-

eration may be obtained.,

Performance and Applications

The combination described may
be used also to measure current in
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® You may not recognize the
object pictured above. It is the
first grid cylinder for a cathode
ray tube gun structure, photo-
graphed from an unusual angle.
The hole is only .040"" in diameter
- —and the grid itself is deep drawn
in one piece to save unnecessary
welding and assembly operations
by TV tube manufacturers.

This is tubing technology in
operation. It is an example of
Superior’s superiority in electronic
research, production know-how

and facilities, and metallurgy. It is
one product of hundreds pioneered
for the electronic industry by
Superior.

You may already be one of
our valued customers and friends
—nearly all electronic manufac-
turers are. If small Seamless or
tWELDRAWN tubingcanhelpany-
where in your product Superior
can help you. To find out how,
write Superior Tube Company,
2500 Germantown Avenue, Norris-
town, Pennsylvania.

Which Is The Better For Your Product . . .

SEAMLESS...? The finest tubes that
can be made. Standard production is
010’ to .12177 O.D. inclusive, with
wall thicknesses of .0015’’ to .005"".
Cathodes with larger diameters and
heavier walls will be produced to cus-
tomer specification.

TREG. U. S. TRADEMARK—SUPERIOR TUBE COMPANY
*MFD. UNDER U. S. PATS. SUPERIOR TUBE COMPANY

ELECTRONICS — January, 1951

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

All in a Day's Work—Chemical Labora-
tory continually samples raw materials;
cheeks and controls quality from suppliers.

Sized and Shaped for TV—Hundreds of
tubular parts are produced h? »” -erior
from WELDEAWN Type?3® (.812)
stainless steel.

Space and Time—188.000 square feet—
over 4 acres—for developing, producing,
and testing small tubing...plenty of

space . . . and people who take time to give
you a good product and good service.

= :.-EA” analyses 1020 "ﬁ_' 2.D.
Zertain Gaolyses (L35 max. wollf Up to 1%" O.D.

7

£

Electronic Products for export through Driver-Harris Company, Harrisom, New Jersey « Harrison 6-4800
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A Complete Runge of
Hermetically Sealed Units

for prototype electronic
equipment and pilot runs

¢ POWER TRANSFORMERS
FOR CAPACITOR AND
REACTOR INPUT SYSTEMS

® BIAS TRANSFORMERS
® FILAMENT TRANSFORMERS
® FILTER REACTORS

¢ AUDIO TRANSFORMERS
IN 3 RANGES: FULL FREQUENCY
PUBLIC ADDRESS & COMMUNICATIONS

THE™ W WAILABLE FOR TODAY’S
IMFun. Ni“NEED. CHICAGO Hermet-
ically Sealed Transformers meet all
requirements of Grade I, JAN-T-27
specifications for Class A operation.
Designed expressly to fill transformer
requirements for military airborne,
marine, and ground communication
equipment, as well as for use in trop-
ical and sub-zero climates. Ideal for
a wide range of application, particu-
larly in research and development
work, prototype equipment and
pilot runs. The complete range of
CHICAGO JAN-T'-27 units is available
for quick shipment from stock.

)
et FOR IT

e e —

* QUICK SERVICE FROM STOCK

JAN-T-27

Hermetically Sealed

Transformers

Meets JAN-T-27 Specifications

L. Alternately heated and chilled for 20
cycles {20 days} temperature range from
+65°C to ~10°C, 90% humidity. Also
tested for 5 cycles from -55°C 10 +-85°C.

2. Immersed in hot and cold brine at
temperatures of 75°C 1o 0°C.

3. Subjected to severe vibration on shake
table for 20 periods of 15 minutes each.

4. Given a pull test on all terminals, from
«all directions, of 5 Ibs. or more for 30-
second .intervals,

5. Tested on each winding at twice rated
a-c voltage and frequency.

B Tested for insulation resistance in ex-
cess. of 500 megohms throughout heat-
and-cold cycles.

7. Tested for corona discharge at volt-
ages 14 times operafing voltage of
transformers.

8. Capable of operation in 65°C am-
bient temperature wifth temperature rise
not exceeding 40°C.

9. Operated 48 hours with 12% over-
load at rated ambient temperature.

NEW EQUIPMENT TRANSFORMER CATALOG

Have the tull details at your finger-tips on CHICAGO’S New Equip-
ment Line—covering alt JAN-T-27 units as well as famous Sealed-in-
Steel transformers engineered for every application and geared to
touay's circuit requirements. Write for your free copy of this im-
portant catalog today, or get it from your distributor.

CHICAGO TRANSFORMER

DIVISION OF ESSEX WIRE CORPORATION
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TRADE MARK REG
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TUBES AT WORK (continued)

a shunt. The 0.15-v range is par-
ticularly useful in this case.

Another possible application is in
the measurement of low values of
power. Provided a non-inductive
resistor is used for feedback, the
large amount of feedback employed
insures a very accurate phase rela-
tion between input voltage and out-
put current. Amplifiers of this type
might be used to drive potential,
current, or both circuits of electro-
dynamometer voltmeters to meas-
ure accurately very small amounts
of power.

Amplifiers of this type may be
used to drive thermal instruments.
The attendant advantages may be
increased sensitivity and a much
wider input ecurrent or voltage
range than generally available in a
single instrument.

Several particularly useful appli-
cations of this type of amplifier to
the measurement of slowly varying
or sub-power-frequency quantities
have come to the author’s attention.
Since the amplifier is d-c coupled, it
has no low frequency limit.

Wien Bridge as
Frequenecy-Shift Servo

By Jack YEISER

Field Engineer
Philco Corporation
Philadelphia, Pa.

USeE of a Wien bridge as a fre-
quency discriminator in servo ap-
plications makes it possible to em-
ploy a standard two-gang variable
capacitor as the rebalance element.
The low inertia of the capacitor as
compared to moving-iron or slide-
wire elements results in rapid
response of the system.

The instrument was constructed
as a recording frequency meter for
the purpose of recording tele-
metered information appearing as
an audio tone with frequency vary-
ing between 45 and 150 cyecles.
Sensing is provided by taking ad-
vantage of the 180-degree phase
shift which oceurs as the bridge
passes through a null.

A breadboard assembly was used
with two standard 12-watt public-
address amplifiers corrected for
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DRUG STERLIZER CONTROL - i MUNITIBNG FURNACE SONTROL ; ARTWARE KILN CONTROL

|

PLASYIC MOLDER CONTROL

THE kind of control instrumen: which industry calls on-off or 2-posi-
tion is not only the oldest fo-m of automatic regulator, >ut is one which
many manufacturers still use instezd of rore advanced types, for simple
requirements.  Usually, the instrument merely closes the valve when
temperature reaches the conmol pomt, and opans valve again when tem-
perature falls below point.  The question of whether such on-off action
is best for the given case can of course be settled by using the instrument
with the best, most useful features. Here are some which L&N On-Off
Controllers offer:

1. Instruments may be Recording Controllers with either strip-chart
or round-chart, or Controllers with no charts at all.

2. Instruments can operate at high or moderate speed; can be located
regardless of machine vibration, building tremors or distance from process.

3. Controls are outstandingly dependable because they “balance”
temperature against a standard.  Intermediate bearings and springs can-
not increase, decrease or otherwise influence accuracy or sensitivity.

4. Low maintenance assured by machine-like design and construction.

5. More than 1000 standard ranges. Specials are available, but sel-
dom needed.

Tell us your problem and we will send further information. Write
either to our nearest office or to 4979 Stenton Avenue, Philadelphia 44, Pa. et T totics

'I MEASURING INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS - HEAT-TREATING FURNACES

Jrl. Ad ND4-33(3)

THESE instruments are fully
automatic; need no standardiz-
ing; are ideal even for hard-to-
get-at or difficult lccations.

ELECTRONICS — January, 1951 163
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with WORKSHOP parabolic antennas

A well-known western railroad anticipates very substantial savings on

over 100 telephone lines to be replaced with a microwave system using
Workshop parabolic antennas. This is consistent with the performance of
many other installations where WORKSHOP parabolics are used.

The Workshop is the only organization which offers a complete
production and engineering service on parabolic antennas. Our wide
range of types, sizes and focal lengths meet all the requirements of: ——
(1) Multi-Channel Communication Point-to-Point Relay — (2) Television
and Facsimile Relay — (3) TV, FM and AM Studio-to-Transmitter Link.

PARABOLAS — Precision-formed aluminum reflectors.

MOUNTINGS — Various types of aluminum reinforced mount-
ings can be supplied with all antennas.

R. F. COMPONENTS — Precision machined and heavily
silver plated. Critical elements protected by
low-loss plastic radome.

PATTERN and IMPEDANCE DATA — A series of
elaborate measurements of both pattern and
impedance are made to adjust the settings for
optimum performance.

POLARIZATION — Either vertical or horizontal
polarization can be obtained easily by a simple
adjustment at the rear of the reflector.

ENGINEERING and CONTRACT SERVICE — If
your product or service requires high-frequency
antennas, get in touch with the WORKSHOP.
As the pioneer and acknowledged leader in this
field, we can help you. Be it research, design,
or production, our highly-skilled staff,
backed by the finest laboratory equipment in
the industry, can solve your antenna problem
with @ minimum of time and expense. Write,
or phone Needham 3-0005. No obligation.

WORKSHOP
ANTENNAS

Aeronautical Ground Station
For aircroft communi-
cations — omnidirec- test,
tional,

Directional and Bi-Diregtional
Far palice, highway

patrel, railway, foras-
try, wvtilities, oil felds.
Beacon
For fire, police, taxi-
cab, ond private fAest
communicotions.,
TY, FM and Amateur

The WORKSHOP ASSOCIATES, Inc.
Specialists in High Frequency Antennas

135 Crescent Road, Needham Heights 94, Massachusetts
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| TUBES AT WORK

(continued)

MECHANICAL LINKAGE
e —————— P
TO PEN AND 1
DAMPING
DASHPOT

g )

! t

| |
‘WIEN BRIDGE f

; 2; priase :

SEAVO
MGTOR ,

v @ 30

COMMUNICA-
TIONS
RECEIVER

L

20000 s )
—”LZT\‘/TEE SERVO
REBALANCE AMP
CAPACITOR L

Breadboard assembly for Wien bridge
used as a frequency discriminator in
a servo system

zero phase shift employed as servo
amplifiers. The input grid resistor
of the bridge amplifier is discon-
nected to prevent bridge unbalance.
Transformer T, is a balanced
shielded type with a one-to-one ra-
tio and zero phase shift over the
range of frequencies employed. Bal-
ance resistor R, is adjusted for best
null.

Oil dashpot damping is used and
overshoot is negligible for full pen
deflection on a 3-inch strip chart
with 5-cps excursions.

The Wien bridge follow-up cir-
cuit could also prove useful as the
receiving servo in radio control sys-
tems. The accuracy and stability
of the bridge make its use as an
accurate frequency meter promis-
ing.

TV Receiving Antenna
Measurements

By KEnDRICK H. LIPPITT

Chief Engineer
Technical Appliance Corp.
Sherburne, N. Y.

TECHNICAL information regarding
antenna arrays is needlessly con-
fused by the maze of conflicting
performance figures published by
some manufacturers.

Measurements made on television
receiving antennas using the sys-
tem of the Technical Appliance
Corp. result in a gain figure which
takes into consideration not only
the true gain of the antenna but
also the mismatch loss which occurs
into a 300-ohm load.

In this system, the voltage de-
veloped across the terminals of a
folded dipole terminated in a 300-
ohm load is compared with the volt-
age developed across the terminals

January, 1951 — ELECTRONICS


www.americanradiohistory.com

reliable - efficient

ELECTRONICS — January, 1951



www.americanradiohistory.com

MINIATURES AND
SUBMINIATURES

The MRB-3 miniature dynamic receiver and microphone has
excellent wide-range frequency response characteristics, main-
tainec flat by the Patented Permoflux acoustical damping
method. Utilizes a self-formed voice coil. Sensitivity—115 db
in 6 oc coupler with 1 m.w. input. Overall diameter 1" —
height Vis". Can be supplied with miniature input or output
transformers in any impedance.

T1 and T2 Transformers — and Chokes — These sub-
miniature units provide power efficiency from 80-90% with
high woltage breakdown characteristics and extremely low
suscepribility to electrolytic deterioration. Frequency response
is +2 db from 100 to 8000~. Impedances up to 200,000
ohms and windings with inductive reactances up to one
megohm. Ideal for use with Permofiux microphone-receiver

units and headsets.
STANDARD
HIGH FIDELITY
SUPER HIGH FIDELITY

[
gt
DYNAMIC HEADPHONES

ar: world famous and quality-recognized products of

Permoflux Corp. Sturdy and comfortable, they are built to
withstend excessive shock, high humidities and a wide range
of temperatures without impairing their high efficiency and i
dependable performance. Patented acoustical damping pro- DHSI7
vides a flat frequency response to 4500 in standard models CAA Approved
and th-ough 10,000~ in Super High Fidelity models. Unpar-
alled in performance for broadcast studio, aviation, labo-

ratory, and audiometer work.

ROYAL
EIGHT '’
Compares
with any

12" speaker

This average laborato-

PEIFORMANCE CURVE
ry response curve of the

_PEIMOFLUX ET8H |
-— | Permoflux 8T-8-1proves

=]
PERMA

“SOUND IN DESIGN™

PERMOFLUX CORPORATION

87-8-1
Eight-Inch
Speaker
with the
Blve Cone

that it compares with the
finest speakers regard-
less of size or price.

RESPONSES 1N DO

4900 W. SRAND AVE., CHICAGO 39, ILL. * 236 S. VERDUGO RD., GLENDALE 5, CALIF.
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TUBES AT WORK

(continued)

All-channel type transmitting antenna
in test position

of the antenna array being tested,
also terminated in a 300-ohm load.

Thirty feet of standard 300-ohm
twin-lead line connect the standard
folded dipole and the array under
test to the measuring voltmeter. A
plug arrangement is used at the in-
put to the voltmeter so that neither
of the two transmission lines can
be connected.

The voltmeter used is an RCA
type 301B, a high-frequency field-
intensity meter. It has a linear
measuring system and is suffi-
ciently stable for gain measure-
ments. The input circuit of the
meter was designed to have an im-
pedance of 300 ohms by means of a
General Radio bridge, type 916A,
and a standing-wave line. For chan-
nels 7 to 13 special equipment was
built with linear scales.

The zone in which the array is
placed for measurement and the
half-wave dipole used for reference
are not subject to exactly the same
signal intensity. Therefore, a tele-
vision program can not be used to
measure the gain of an antenna ar-
ray because the 6-mc signal level
changes as picture detail varies.

A signal generator with stable
output connected to an all-channel-
type transmitting antenna is the
best source of signal for this type
of measurement. It is tunable to
any frequency within its range and
sends out a signal with a narrow
bandwidth. In this way the per-
formance of the antenna over the
6-mc band or over a series of bands

January, 1951 — ELECTRONICS


www.americanradiohistory.com

G/GAN/7C

Each tiny El-Menco CM-15 capacitor performs at maxi-

mum efficiency regardless of climate or critical operating con-
ditions. Before leaving the factory, it is tested for dielectric
strength at double working voltage—for insulation resistance
and capacity value. Every gem-sized El-Menco capacitor
meets and beats the strictest Army-Navy standards. That’s
why you can always depend on this tiny condenser to give

gigantic performance in your product.

CHEIPIRINIATURE SAPEEITOR A COMPLETE LINE OF CAPACITORS TO

Actual Size 9/32” x 1/2" x 3/16" MEET EVERY REQUIREMENT
For Television, Radio and other Electranic

Applications.
2 10 420 mmf. cop. ot 500v DCw. THE ELECTRO MOTIVE MFG. CO., Inc.
2 to 525 mmf. cap. ot 300v DCw. WILLIMANTIC CONNECTICUT
Temp. Co-efficient + 50 parts per million

per degree C for most Write on your firm letterhead for

capacity values. Catalog and Samples.
6-dot color coded.
MOLDED MICA <. MICA TRIMMER

CAPACITORS

FOREIGN RADIO AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WITH OUR EXPORT DEPT. AT WILLIMANTIC, CONN. FOR INFORMATION.

ARCO ELECTRONICS, INC. 103 Lafayette St., New York, N. Y.—Sole Agent for Jobbers and Distributors in U. S. and Canada
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GET You

—

o7 ut us.aR.

DOWN, BILL.... TAKE IT T0 TENNEY

o

', ture—~Humidity Chamber was built

This Tenney Variable Tempera-

to run high temperature, humid-
ity, and mildew-resistance tests

§ (Groups 10, 30 & 70) on aircraft

| electronic equipment and com-

- ponents under 41065-B. Specified

range from 60° F. to 200° F,

£ = Relotive humidity 20% to 95%.

% ¥ Sizes from 3 cu. f. to walk-in

B

rooms.
% w
e S T, ¥l ..\){ SR e . ot L
“Take it to Tenney” is sound advice
when you’re faced with a testing problem. For
years Tenney has specialized in designing and build-
ing testing equipment to meet the strictest specifications for sand and
dust, low temperature, high altitude, liquid immersion, salt spray and
many other conditions. Absolutely accurate simulation of changing
conditions can be obtained through the use of Tenney program control
apparatus. Tenney engin