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Added f{acilities in another UTC plant
now bring the size of UTC to thirty times
that in 1933. This new plant assures a
continuance of UTC's fine delivery record.
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As an organization founded on research and design ingenuity, the UTC research laboratories

are unusually fine. A continuous research and development program is maintained to improve

the quality and dependability of UTC products. In addition, customers’ problems and their
] solutions are handled by a competent staff of application engineers.
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STANDARD: Wall type resistor hugs inner
circumference of black moulded bakelite
case. Exclusive non-rubbing contact band for
quiet, smooth rotation and long life. 133"
diameter x 9/16" deep. Available single,
twin, or triple, plain or taped with cne or
two laps . . . with S PS.T., DPST. or
S.P.D.T.

MIDGET: Companion to ‘'Standard™ . . .
small size but large control efficiency. Avail-
able single, dual or triple . plain or
one, two or three taps . . . with SP.S.T.,
S.P.D.T., or D.P.S.T. Moulded bakelite case,
14" diameter,

ELF: Small, but also features the long,
straight resistor strip. Availakle plain or
tapped with S.P.S.T. Switch . . with or
without dummy lug. Switch rated 2 Amps.
125 V. Underwriter's approved. Bakelite
case 57/64" diameter, 17/32 deep (less
switch) 25/32” deep with switch.

I«

September 1911 — ELECTRONICS
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MINERAL OiL. Most
tracing papers are treated
with some kind of oil.
Mineral oil is physically
unstable, tends to'‘drift”",
never dries completely.
Papers treated with min-
eral oil pick up dust,lose
transparency with age,

VEGETABLE OIL, chem-
ically unstable. oxidizes
easily. Papers treated
with vegetable oil be-
come rancid and brittle,
turn yellow and opaque
with age.

ALBANITE
is a crystal-
clear synthet-
ic solid, free

from oil and wax, physicallyand chem-
ically inert. Because of this new sta-
bilized transparentizing agent Alba-
nene is unaffected by harsh climates
—will not oxidize with age, become
brittle or lose transparency.

VWV A
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RESISTORS ror DEFENSE

Resistors to satisfactorily meet the government's ex-
acting and unusual requirements are an old story to IRC.

Many years of close collaboration with government
agencies in the preparation of resistance specifications
and in the development of special resistor types have
been a natural result of IRC's acknowledged leader-
ship in a highly-specialized technical field.

TRy T

Today, with the tempo greatly accelerated in the tace
of national emergency, this background of specialized
experience is proving of immeasurable benefit to defense
manufacturers and their subcontractors.

It means informed engineering cooperation. It means
the availability of tested and proven resistors of the
many types required for the comprehensive defense

i program. It means elimination of guesswork and experi-
i mentation in obtaining with all possible speed the right
resistor for any particular application.

Bring your fixed and variable resistance problems to
IRC. Our engineers will be glad to cooperate.

B INTERNATIONAL RESISTANCE COMPANY

403 North Broad Street, Philadelphic, Penna. -

Loy i e &

Makers of Resistance Units of More Types, in More Shapes, for More Applications Than Any Oiher Manut'aciurer in the World.

4 September 1941 — ELECTRONICS
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Inherent in this simplified
circuit are the advantagas
of complete accessibility
without disassembly (for
every tube and soldered
joint), low power con-
sumption plus low tube
replacement cost. The fre-
quency stabilization ciz-
cuitis simple, positive, and
fast in action. Your near-
by G-E man has the com-
plete story. Or write
General Electric Company,
Schenectady, New York.

DisCRIY

HATOR

when you choose G.E.’s
SIMPLIFIED CIRCUIT

Engineers, look at this performance!

FREQUENCY
STABILITY

FM CARRIER
NOISE LEVEL

HARMONIC At 1009% modulation less than 1449 for modulating frequencies between
DISTORTION 30 and 7500 cycles.

AUDIO-
FREQUENCY
RESPONSE

GUARANTEED
PERFORMANCE CHARACTERISTICS

1000 cycles over a nermal room temperature.

Down 70 db at 100% modulation.

The a-t characteristic from 30 to 16,000 cycles is within =1 db, with or
without pre-emphasis.

MEASUREMENTS ON TYPICAL
PRODUCTION TRANSMITTERS

For weeks Station W2XOY, General Electric’'s FM proving ground. has
operated 10 hours a day within =200 cycles. Stability was measured
every hour, using G.E.’s primary laboratory standard.

Production transmitters average 72 db down at 100¢; medulation.

Actual performance based on units built to date indicates, at 100¢, modu-
lation, less than 19, harmonic distortion for modulating frequencies
hetween 30 and 16,000 cycles; less than 0.759 at 507 modulation; and
less than 0.5% at 25% modulatien.

Without pre-emphasts, about —0.3 db from 30 to 16,000 cycles; with pre
emphasis, about —0.8 db.

The performance values on the right are nol lo be cons irued as G-I+ guarantees. They represent typical measurements made
on slock transmitlers and, as such. reflect General Electric s conservative guarantee policy

GENERAL

ELECTRIC

160-15-6914
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O MEET the increased requircments of Industry and National Decfense,
Ohmite has completed a large new factory additon and greatly expanded
production facilities. The enlarged plant, devoted exclusively to the manu-

facture of quality Rheostats, Resistors, Chokes and Tap Switches, is working
radio, electronic

day and night to provide dependable units for industrial, aviation,
and scientitic applications.  Everything  possible s being done, under  present
cmergency conditions, o keep Ohmite service, as always, foremost in the teld.

Ohmite Products are veterans of service on land and seq, in the
air and on the ground, in industry and in the armed forces of the
nation. They arc available in the most extensive range of wypes and
sizes 0 mect each necd best.  There are over 1000 stock items.
Special units are produced o exact specifications or enginecred

tor vou.

If you want dependable units to safeguard the life-line of per-
formance in vour application, let the specialized, experienced

Ohmite Organization help you.

Send For Helpful 96-Page
Catalog and Manual

Wyite an  company letterbead for
Obmite  Cutalng and  Engineering
Mannal No. 40. 1t's full of rvalu-
able buformation and data.

OHMITE MANUFACTURING CO

4818 Flournoy St., Chicago, U.S.A. J

6 September 1941 — ELECTRONICS
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SY  VARNISHED TUBING &
SATURATED SLEEVING

VARNIsy
ED
SEGMETNTSAND CAMBR) ¢

Watch the unmistakable trend of leading designers and manu-
facturers toward the new TURBO in critical applications.
Notice when it is used. . . . usually in close proximity to heat,
acid, moisture and electro-chemical influences. TURBO'S
greater flexibility—a prerequisite to maximum life—promotes
safety in bending and resistance to splitting. Its inside impreg-
nation feature facilitates snaking and fishing operations, and

provides other assembly line acceleration.

Investigation of its many advantages will prove that the Swing
is definitely to TURBO—the dependable, safe insulation for

transformers, generators, motors, switchboards, etc.

TURBO a "MUST" for trustworthy insulation.

Blo{R'Mi;u, Mica Plate & Products—Varnished 0il Tubing,
Saturated Sleeving, Varnished Cambric, Tapes, Cloths & Composites

Write for new sample card with
complete list of standard sizes

ELECTRONICS — September 1941 7
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443A-1—the 1 KW that’s been labeled “tops”

by stations from coast to coast!

Designed by Bell Telephone Laboratories, it is
complete in one unit 44” wide, 39" deep, 78" high
—requires about one-half the floor space of former
1 KWs. It employs the famous Doherty Circuit for
grid hias
modulation. Tt has eoverload protection through

increased stability and efficiency —plus
magnetic circuit breakers and stabilized feedback.

You can get delivery as soon as you want il
Better ask Gravbar for details.

Wwestern Eleciric

Ask your Engineer!

NO NEED to wait for vour Western Llectric s - . ‘

DISTRIBUTORS)| .
In U. S. A.: Graybar Electric Cq...New York,
N.Y. InCanadqg and Newfoundland:
Northern Electric Co.. Ltd. In|other coun-
tries: Internatiorial Standard Electric Corp.

8 September 1941 — ELECTRONICS
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Night Wateh

Nothing unusual about this picture of syNrTu4ane: at night. Similar
activity goes on at all plants producing Bakelite-laminated for Defense.

4s in the case of other essential industries, a working dav is twentyv-
Jfour working hours. SYNTHANE CORPORATION, OARS, PENNSYLV 4ANIA.

SYNTHANE TECHNICAL PLASTICS

A — Aircraoft fairlead —machined on automatic
iy Magws) anfl e, SHEETS « RODS - TUBES - FABRICATED PARTS SILENT STABILIZED GEAR MATERIAL

B —Insulator — sawed, turned, drilled, and
milled. Baketite — B | lgminated
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PRACTICAL METHODS OF
MACHINING SYNTHANE IN YOUR OWN SHOP

¢ CIRCULAR SAWING

Ordinary circular saws commonly used in
the woodworking industry are satisfactory,
SMOOTH SAW BLADES—without any set are
generallyused.Thistype of blade canbe used
with Straight Parallel sides or can be Hollow
Ground, depending on the class of work.
For best all-round service solid Carbon Steel
blades will give best results with regard to
clean cut and no chipping.

Keep saws sharp at all times for smooth,
accurate cutting. Round gullets at the bot-
tom in sharpening to help free chips.
SPEED—Best results can be had with blades
running at an approximate speed of 13,000
ft. per minute.

T0 PREVENT CHIPPING—Dull saw will cause
excessive chipping of the edges. Chipping
is possible with a sharp saw if there is an
improper elevation of the sow above the
table. When chipping is noticed either on
the top or bottom, raise or lower saw until
eliminated.

© THREADING

Threads can be cut on a lathe or by using
taps and dies. Follow same procedure as
for brass. A small quantity of oil gives a
cleaner thread. When threading in a lathe,
fine cuts should be taken at high speed.
DIE HEADS—Self-opening die heads are
valuable for quantity production. If proper
die head is used a smooth, accurate thread
can be cut.

® GEAR CUTTING

SYNTHANE Stabilized Gear stock is readily
machined as described above.

CUTTING TEETH—The same standard cutters
and machines are used as for metallic gears,
namely, standard milling machines with in-
dex heads, single cutter automatic gear
machines, hobbing machines and gear
shapers.

® BAND SAWING

Band Sawing is the simplest method of cut-
ting SYNTHANE. Teeth should be kept sharp
at all times and properly set for different
classes of work.

SETTING—For circles the set should be in-
creased as the diometer is decreased to
provide o wider saw cut for turning the
piece. For straight cutting the set should be
just enough to provide clearance for the
back of the blade.

SIZE OF BLADE—For ordinary run of sawing
and for circles 1-1/4” and larger, a blade
1/2” wide—20 gauge thick and having 5
points per inch should be used. For smaller
circles use a blade 3/8” or 1/4” wide. For
straight sawing the width of the blade may
be increased to 1” or 1-1/4”. For extremely
heavy material, from 3” to 8” in thickness,
a blade with 3 points per inch is recom-
mended.

SPEED—BIades should operate at 5000 to
8000 ft. per minute.

FEED—Work should be advanced at a rate
of feed to allow for free cutting. Do Not
Force the Work into the Blade.
(AUTION—Keep blades sharp, properly set,
do not force; keep saw guides low and you
will never be bothered with excessive blade
breakage.

@ MILLING

Milling operations on SYNTHANE are per-
formed the same as on brass.

CUTTERS—Use standard cutting tools.

SPEEDS—High-speed steel cutters should run
at a maximum of 400 ft. per minute.

FEEDS—The feed depends entirely upon the
degree of finish desired.

Back up the material being cut with wood
or any rigid material to prevent splitting.

® TURNING AND
BORING

A round nose tool is best for a good finish.
To get an extra-smooth polished finish, cut
with the heel of the tool with very little
clearance. This is particularly true when
facing parallel with the laminations.

SPEED —When using high-speed steel oper-
ate at a maximum of 600 ft. per minute.
1500 #t. per minute can be obtained if tung-
sten carbide is used.

When boring always back up SYNTHANE
with wood or any other rigid material to
prevent burrs where the tool comes through.

® I"UNCHING

SYNTHANE can be punched either hot or
cold, according to the grade and thickness.
Special grades may be sheared and
punched cold upwards to 3/32” ond to
greater thicknesses, depending on the tem-
perature of the material ond type of die.

DIES—Punching dies are practicolly the
same as those for metals with the exception
that little clearance is allowed between the
punch and die. The holes in the stripper
plate are also a close fit to the punches.
This latter helps prevent lifting of the ma-
terial around the holes when the punches
are withdrawn,

DESIGN OF DIES—When designing a die for
hot punching allowance must be made for
shrinkage. SYNTHANE when punched hot or

warm will contract when cool, and all
punches must be made larger than the size
required. The increase in size depends on
the size of hale, thickness and punching
temperature of stock.

SPEED—For high-speed production progres-
sive dies should be used whenever possible.

SHAVING—SYNTHANE can be shaved either
hot or cold. Thickness up to 1/8” cold and
up to 3/4” hot.

SHAVING CUTTERS—For shaving SYNTHANE
first cut out the shape to be shaved, then
bevel at 45° from the edge of the shape,
leaving a knife edge at the contour.

TEMPERATURES FOR HOT PUNCHING AND
SHAVING—The degree of heat depends en-
tirely upon the thickness and hardness of
the material. Taking off the chill (120°F.) is
often enough. In some cases 200" to 250"
is advisable, especially for materials 3/32”
and heavier.

 SYNTHANE]

Bakelite — |g__| laminated

SYNTHANE CORPORATION. OAKS. PA.

www._americanradiohistorv com

Do not exceed 2757 F. as higher tempera-
tures will burn and blister as well as remove
the high gloss finish.

A piece of asbestos cloth between the hot
plate or oven floor and the SYNTHANE will
tend to heat the material evenly and slowly
without premature burning.

O AUTOMATIC SCREW
MACIIINES

SYNTHANE Rods and Tubes can be efficiently
machined on automatic screw machines at
high speeds and feeds.

SPEED—As high as 6000 r.p.m.

LUBRICANT—Under most circumstances, lu-
bricant is unnecessary, but with some opera-
tions as, for example, threading, flooding
the work with lord oil and kerosene will be
found helpful.

Diamond and Tungsten Carbide turning and
boring tools can be used to advantage.

¢ DRILLING

Drilling is not difficult, but care must be
taken to back up the hole being drilled so
that the side where the drill comes through
will be clean and free from burrs.

DRILL NIGS—Whenever the quantity will
permit, a drill jig should be used. This {ig
should be designed so that the top plate
containing the layout can be clamped
down hard on the SYNTHANE, holding it rigid
with the bottom plate of the jig. Allow drill
to run into this bottom plate. Such a design
will largely eliminate breaking out at the
bottom and lifting at the top. Drill in mul-
tiple whenever possible, with a total thick-
ness of not over 1/2".

DEEP DRILLING—Back out the drill several
times when drilling deep holes, especially
if drill is small. The average small size drill
under No. 10 will tend to run off if the hole
is much deeper than 1/2”.

DIRECTION OF LAMINATIONS—Drilling atright
angles with laminations can be done easily
with a commerciolly ground drill. When
drilling parallel with laminations the tend-
ency of the drill is to split the material. To
overcome this, increase the included angle
of the drillpoint and clamp the work se-
curely with side pressure in a vise or drill
jig. Withdraw the drill several times when
drilling parallel with the laminations.

SPECIAL DRILLS—For all practical purposes
a regular twist drill will produce accurate
and efficiently drilled pieces. However,
special drills for Bakelite can be purchased
having a steeper twist and wider fiutes.
This type provides more clearance for the
chips. Recommended for high production.

SPEED—Keep drills sharp at all times. Maxi-
mum speed of high-speed drill, 400 ft. per
minute.

COUNTERSINKING—Use either a regular
countersink or a twist drill. When a drill is
used it should have little clearance on the
point and if a chattering action is set up
the cutting point should be broken on the
inside of the flute.

TAPPING—Tap with standard taps either by
hand or machine. 200 ft. per minute is rec-
ommended.
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PREGIELY. -

WHEN you specify Dunco Relays and Timers,
you can depend on it that you’ll get the right
type for your particular application.

Throughout the years, Dunco’s reputation with
leading users has been based on its ability to
solve exacting relay problems —to produce
exactly what is required for a given application
—and to extend to them full cooperation based
on the broadest sort of experience in practically
every field where fine relays are used.

In many instances, standard Dunco units will

il

fill the bill. Inexpensive adaptations of these
standard units meet countless other requirements
—and from here Dunco engineering and manu-
facturing capabilities extend to whatever special
unit may be indicated.

Our engineers will be glad to make their rec-
ommendations without obligation. Complete new

catalog gladly sent on request.

RELAVS
TIMERS

A Complete, 2uality Line— Individuclly Adapted to Your Specific Needs
STRUTHERS DUNN, INC.,
ELECTRONICS -

1326 CHERRY ST., PHILADELPHIA, PA.

September 1941 11
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WeRe Up To Qur Ears, Too

GE’\'ERAL RADIO COMPANY has refrained from advertising its contribu-
tion to the arming of the Country through supplying equipment for the
Armed Forces for National Defense. We have accepted the added strain
upon our manufacturing facilities as a patriotic duty to the country in which
we plan and propese to be doing husiness for countless years to come: and
we have felt little inclination to burden the readers of ELECTRONICS with an

account of ithe magnitnde of our Defense husiness.

As manufacturers go, General Radio is a small organization. In normal
times we have been able to produce instruments in sufficient quantity 1o
take care of the requirements of Industry. In these emergency times. the
volume of orders received from the Government plus the priority orders
from subcontractors has sorely taxed our facilities. We have expanded in

personnel and output to the limit of our physical structure.

As a result. without a priority preference rating it is sometimes difficult for
us to fill orders. even for stock catalog items. How long this condition will

('()l]lillllt‘. no one kll()\\‘S.

We ask the forbearance of our thousands of long-time friends. We assuve
them that our engineering staff is intact and busier than ever in developing
devices and techniques for National Defense projects. which will benefit
users of General Radio instruments in the future. Many new instruments
have been bhrought up to the point of maunfacture. New instruments will
be developed constantly. At the very first sign of return to normal times

these instruments will be available in guantity, immediately.

We do hope, however, in future advertisements in this magazine to do
a thing we have been wanting to do for a long time . . . we propose to take
vou into General Radio’s plant as far as Government regulations will allow
... to describe a number of unique methods of design, manufacture and cali-

bration which, we believe, contribute in no small measure to our long-stand

ing position in the instrumentation field.

We shall try to make these advertisements of sufficient value to hold your

interest. We will welcome your comments.

GeneraL Rapio Co., Cambridge, Mass.

12

QB

September 1941 — ELECTRONICS
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PROPERTIES OF CERAMIC INSULATING MATERIALS
OF THE AMERICAN LAVA CORPORATION

The data below represents average rather than optimum values obtained on standard test pieces. While these d.

ata are typical, it is well to remember that they may vary slightly depending upor®
size, shape, and method of manufacture of the article in question and the uses to which put.

Values omitted in the table are of no importance considering the technical use of the material.

Ik M MAG IALSIMAG |[ALSIMAG IALSIMAG ALSIMAG | LAva | CAVA T TAVET ™
ITEM UNIT l Mg;agn "Lsslhs“\c"L?Q%AGrL?:;;AGFLgII IAG :ALS7‘£AAG ALZS&)ZAG L2(:)3A ‘l 222A % 190 2 182 J'GRADE =l E{!ADE M [GRADE _A.‘
| !
| ay of | cates, | Ab Titanwm dioxide materials,| 1 Nawra
TYPE OF OegceNsteatileginateva- Jeonsistias chiely o8 I e cmmy ov e B | Magnesium Consisting chiefly of Natural fired stone | fred stone
TERIAL “mcmm‘g“vgcr\ym's ! pisting chiefly | siicate rutile crystals. magnesium  sihicate. atuminum
o ! M L] | 2me03ai0, 550 1 of muite | m [ silicate
—_1 ! — — crystais. = — —— —
1 | o . TT = =% T .exT lGAlo. c o = 1 = I vs 1 vy I cx
g8 Y $2z | ®e 843 £E8% : | 3¢ ] | ¢ | £ g3 58
| & < 5% g8 | JE°F |l 2si0) | O3 | & S 83 S
2 = s I 2 = e mxmY g ] = 2 € :
l i B PO I N P B PP | & | ¢ £ s, | L
T | £xF e £¥Ts | 2% o Z& H g s ] ¥
{ e Sl =t 48 %.5 | ig S 5o |pEsE i I 5% 134 3
PREDOMINANT l e | UNLESS "R d5. | Ty ‘ EH SE8y  |SEggs 5 &2 N = 85 S £e
CHARACTERISTICS UNIERS M ozl eEE | i3 s 25=3 |zg83y z g N = 3 | 3¢ 3s 5
WISE L iEr | i% | =% sE8x S853% £ | zz | =2 2 £.5 sz e
spECI- | Zer | E8D |%ed. 3 | %.8x [§.3se | I3 i | % ike | Y s
e ©_< e - vew CEiTw I = -] T & 2R € L
Tck EE s EEE feg R g£3% 5 tE st =& gED S E 238
[ g8k | 3i2 !E-s.%; L ZE5 | 3E3 |3sii; | < | i | L 25 | 38% | sEe | s
Sacche Gravity | | 2 26 | 27 | 26 | 27 21 [ 21 [ 21 | 20 | a0 | 40 | 28 | 28 23]l
= s SRR | s I -l L.
Density | Msina 094 o8 | 0% 098 016 | 07 076 072 144 144 102 102 l 085
voume T | 1065 | 1026 | 1065 | 1026 1320 13.20 13.20 1385 | 693 6.93 976 976 1175
x
Water Absorption I . ‘L D116-39 | .08-00 : 05-00 | 10-00 ; 08-00 8.0-5.0 { 50-1.0 150-100 | 18.0-140| .05-00 o0 | 15 | 10 JBEE
’Er\emncal Resistance | | l Al room lempevature resistant to all alkalnes and acnds (excepunq hydrofiuoric acid). For specml problems consult American Lava ‘Corpovalnon :
+ |
Color | | [ white 14- Cream ] White 2 | White | Yellow Tan  [Grey-Brown*3 White | Light Brown | Tan Tan | LohtBown | Brown | Pk
1 °C. | 1450 1440 ] 1445 | 1400 1410 1430 1650 1625 1650 1650 1465 1475 [ 1600
Scftemng Temperature J F. 24735 4 2642 2624 i 2633 L 2552 2570 2606 3002 2957 L 3002 3002 2669 2687 2912
+— = T = —— i 7 — N —~]
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Saealnd fog °F. | 1832 1832 | 1832 1832 [ 2282 2282 | 2462 2372 | 1832 | 1832 2192 | 2192 l 2012
constant temp.) | | | I:l }7
+ T T 1 ] 1
| Mohs' Scale | | ! i
Hardness | Talc 1 | 75 | 15 | 75 | 715 7 | 7 [ 6 | s 8 8 6 ! 6 Y
_| Diamond 10 | ] ] | | ! | I |
- - - - - - - <.
1 ] l | 1 |
%;Z::.em 20-100° C. [ . ! | 6910~ | 63x10% | 77010 | 7300 [ 1500« | 13x0 F 35¢108 | 8.0x10¢ | 71x10-8 | 73x10« | 83x10% | B9x10< 29x10-6
of Thermal )20-600° C. | per G ] 87x10~ | 78x10- | 104x10~ | 92x10~ | 25x10- [ 28105 | 4900 | 9800% | 86x10¢ | 87x10% | 10510+ | 104x10< | 3410
1 |
Expansion 1 1 ] | | { | I
Tensile Strength T msinz | o139 | 8500 | 10000 8500 | 7500 | 1500 3500 2000 250 | 7500 [ 750 | 2000 | 2000 2500
= 4 [bs L | It i
Zompresswe Strength JICRE J D116-39 I75 000 | 85000 | 75000 | 65000 | 30000 40 000 10000 | 25000 l 80000 | 80000 20000 | 30000 20000
= = = 1 )
Moduius of Rupture | ms.inz | D116-39 20000 | 22000 | 20000 | 18000 4000 | 8000 6 000 ! 8000 | 20000 | 20000 | 800 9 000 9000
| Ch. 1 | | | | } 1
Resistance to Impact " Ib‘:”:L D256-38 | 18 | 21 18 | 20 B 09 | 09 08 24 i 24 13 1.3 14
- = —— e 2 — 1 T 1T T — — - - B = il
s R “p'e :"‘ ™ ; | o0 | o6 | 006 | 006 003 | 003 i 003 AT 005 l — | ——| o 005 003
pprox values | L i
: : . > « .
?;::Z‘é'zyj:’s o diecs v ey | YOS/l J p116-39 | 225 | 240 20 | 240 | | 10 | 100 | <100 <100 <80
JEiee allh —__1 —1- i = . ) S = =y - s, |
25°C  7T°F ~100 | >10m | 101 | S 1014 | 014 J > 1014 l > 101 f >1014 | »101 [ >0m [ >i0m > 1014 Ar > 1012
100°C 212°F o 2100 | 110 | 81x1013 | >1004 | 40x101 | 61x10'2 | 12x1011 | >101 | 98x01t | 9saon | ——— 32101
(e o ] >
Xg]sl:g:rily 300°C 572°F per  60x107 | 186100 tZ.SxIOI"' 101012 | 48x10v I 8.2¢108 7807 | 18014 | 10x0v | 20x100 | 14x10w | 57x1010 32610~
at Various 500°C  932°F c'"c‘L';‘:“’ =t 32:100 T 900106 | sax07 | 3.5:10!01 2.0x107 | 4.8x106 733105 | 95x108 | 17:06 | 17106 | 17x10F |" 2.6x108 1.7x108
femperaturesy L o 2 3100 3§ 50x105 | 42x106 | 4.8x10% 1.5x106 3.2x10 5300 | a 11107 z.mo« z5x104 1.5¢106 13x107 1.1x10%
00 L : |> | 109 | 0! RS
900° C 1652° F 10+ | 7060¢ | 68005 | 256107 | 22x103 7.0x104 10:104 | 50x108 | <1x10 [ <1x10¢ | 26x105 1.8x106 2,004
N = °C. 440 l 640 | 840 | > 1000 ] 720 600 480 >1000 | 520 520 740 > 1000 530
o °F, 824 1184 1544 | >1832 | 1328 2 | e >1832 | %8 98 134 | >8R 986
|
(60 Cycles 65 63 63 | I | — - | i .
: _| | | 3 L g 1 - at I =——
a‘;‘;’“;;;‘ 4 1000 K. C. — 62 60 60 | 58 ( 41 50 | a0 a3 1 85 8 | se | 56 7’? 53
L o1omc 0150-397 60 58 58 | 51 | a0 50 I 39 a2 [ ¢ 85 55 ss | 53
and + -
vower {60 Cycis s Nawspee] 0|1 | 2 | — 1 -~ 1 _L — | - 1 — ol —= i :
1000 K. C. % 317. 20 | o8 12 02 40 40 40 02 08 08 30 45 10
Factor RE 13A-317-F = N L | » 5 _ = i - | . . _ | | L) | — 1 T
10 M C. | and 18 ! 06 10 0 | 30 | 30 | 30 o | 08 06 25 40 9
] U.S. ArmySpec]” 19 '; § 126 | = T=——
Loss s i 71-229-D '_i ii : [ 72 —I - 13 —1 164 1 2.00 :’ 160 —— *09 - —Jr — 168 —'L‘zs — JO_
Factor 41000 K. C. % | B2 oh ES8 I B2 ¥ H B [ 160 O | =] — 6 § 2 s
10 M. C. | 108 35 58 06 | 120 | 15 | 17 | o4 | — | —— | 3 220 477
Capacity Change Per °C. | | ; | | 1 |
Between 20-80° C. | | +1.0x10~t | —6.8x10~¢ | —6.8x10~4

AMERICAN LAVA CORPORATION * CHATTANOOGA * TENNESSEE

ICHICAGO » CLEVELAND » NEW YORK «

Can also be obtained in brown (AISiMag 207) and in grey (AISiMag 206).
Can also be obtained in brown (AISiMag 210) and in grey (AISiMag 209).

el

Can also be obtained in white-grey (AlSiMag 178).

*4  Tg-value is the temperature at which one centimeter cube has a resistance of one Megohm.
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Zero temperature coefficient capacitor for use in aviation.

HE extremely rigid requirements for defense
equipment just naturally  suggest Hammarlund
capacitors. Years of experience have equipped us
with the knowledge and production facilities neces-
sary to build precision capacitors for every branch

of the communications field.

THE HAMMARLUND MANUFACTURING CO.. INC.
424-438 West 33rd Street, New York, N. Y.

- September 1941 — ELECTRONICS
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poome” pomess

PERFORMANCE CHARACTERISTICS OF LAPP
RADIO INSULATORS ARE DEPENDABLE FACTORS

Lapp’s contributions to radio broadcast engineering are recognized
as highly significant in the advance of the science. Practically every
development of antenna structure design, for example, has been worked
out with the co-operation of Lapp enginecrs. Since Lapp developments
have been wholly pionecring in nature, it has been necessary to maintain
complete testing facilities. In the Lapp laboratory is the usual equipment
for 6o-cycle electrical, mechanical and ceramic testing. In addition is
complete equipment for determining characteristics of units at radio
frequency—heat run, radio frequency flashover, corona determination
and capacitance. For mechanical testing (lower picture), a 1,500,000 lb.
hydraulic testing machine is used—for test of new designs, and for
proof-test of every insulator before shipment.

In the construction of new broadcast equipment—or the modernizing of old—the
safe bet is to specify “insulators by Lapp.” Descriptive literature on Lapp antenna
structure insulators, porcelain water coils and gas-filled condensers is available
on request. Lapp Insulator Co., Inc., LeRoy, N. Y.

/
%
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5.pAT. OFF

. DE-P-END_ABLE STABILITY
r precision equipment at high frequencies

Capacity Ranges

in Max. Negative
PRECISION laboratory tests show that

Temperature Coeff.
herently ctable

STYLE TS5D Frie Ceramicon Trimmers are in
over a wide range of temperature change. For
MIN. MAX. example, @ Style TS 5D unit with a rated zero
ocelicient of capacity changed

<8 >75 temperature €
less than 1.0% when sub

or
<10 >110 temperature change from

(+32°F. to = 212°F.).

Everything possible has been done in
designing and manu{acturing Ceramicon
Trimmers o insure the maintenance of this
STYLE TS 2A high degree of stability under all types of
mobile services. The four illustrations below
show the outstanding mechanical advantages

P80 of these units.
Ceramicon Trimmers are mad= in four
Mounting holes standard styles, shown with their capacity
for #4 Screw ranges at the left. They are available 1n three
tficients of capacity; zZero,

0005/°C. Copies of a data

lete characteristics will be

jected to continuous

0°C. to + 100°C.

Mounting holes
for #6 Screw

MAX.

or

<7 > 45

temperature coe

STYLE TS 28 —.0003/° C.and —
sheet giving cOmP

sent on request.

MIN. MAX.
<4 > 30

or ek, sturdy base " sordered connectio . |
<7 > 45 . y base \ oldered connect ns

v \..

Mounting holes
for #6 Screw ;

Mounting holes
for #6 Screw | i
.,# I
| - ‘ 1
STYLE TD2A . ‘ i I
made of dense steatite 1 prevent open circuit-
MIN. MAX. that will not fracture il ing and irsure low-loss |
(Eoch Section) when mounted tightly. l\ electrical path. |
! 4 e L o —
= - >30 completely covered track \ Vibration-proof adjustment
<7 > 45 y
| &
- b5
- |

\\
l\
with adjoining surfaces | assured by statically |
of rotor and stator i balancedrototandtutn- {
lapped optically flat. | ing torque averaging
inch pound. :

ERIE RESISTOR | B
, COR S
Po, ERIE, PAg LONDON, ENGLAND - TORONTO, C
, CANADA.
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®
Resinox s
(START)

DEFENSE PRODUCTION LINES

The entire intricate skeleton of
this new solenoid starter manu-
factured by the Industrial Con-
trol Division of the Arrow-Hart
& Hageman Electric Company
consists of just six parts,each unit
of Resinox, produced with mass
production speed and economy.
The resule: light, compact
controls that require lower watt-
age coils, use less current, oper-
are cooler...and at the same
time, have the tough, sturdy
construction that can take the
day-in, day-out beating of pres-
ent-day all-out industrial oper-
ations. Fast, easy replacement of
any of the six parts can be made
asoriginal and replacements are
held to hair-like tolerances.

Five qualities make Resinox
ideal for such assignment: high
tmpact strength, high dielectric
strength, ready adaprability to

intricate moldings, adaptability
to mass production methods,
dimensional stability.

With Resinox, Monsanto’s

phenol-formaldehyde molding
compound, you can often sim-
plify your production and at the
same time improve your prod-
ucts...trim excess weight from
your products and at the same
time add extra strength!

For complete information,
inquire: MONSANTO CHEMICAL
CompANY, Plastics Division,
Springfield, Mass. District Offices:
New York, Chicago, Boston,
Detroit, Charlotte, Birmingham, Los
Angeles, San Francisco, Montreal.

MonsaNTO PLASTICS

SERVING INDUSTRY ... WHICH SERVES MANKIND

ELECTRONICS — September 1941 17
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HIGH FREQUENCY
CONTROL 2

1. L3,

ﬂ/Vewgmiedaf,ﬂine/?qzwdacm

Designed to Meet Your Needs Now...and for Years to Come!

% Two Speakers, Co-
axially mounted.
% Built-in Frequency-

Dividing Network.

% Jensen High Fre-
guency Range Con-
trol for all-purpose
flexibility.

% Jensen “Bass Re-
flex” enclosure for
full low register.

% Beautifully styled
walnut cabinets.

Never in the history of sound reproduction have you been able tobuy
so much performance...such complete versatility...at so low a cost!
For now Jensen brings you the ultimate in general purpose repro-
ducers, with top performance so fine, so nearly ideal acoustically
that obsolescence is eliminated for years to come...yet you can in-
stantly adjust response for most pleasing results with every type of
input in use today. Ideal for professional and home use for FM-AM
reception and monitoring, transcriptions, commercial phono records
.. . for practically every moderate-level high-quality application.
Write now for Data Sheet 120 for technical descriptions and brices.
Four complete reproducer types with 12" to 15" speaker sizes, priced at

$75.25 10 $118.75 list in striped walnut cabinets. Utility cabinet mod-
els down to $64.25 list. Coaxial speakers only as low as $29.50 list.

September 1941 — ELECTRONICS
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LOW VOLTAGE TUBE...LOW INTERNAL RESISTANCE
with a 10 to 1 safety factor

More than a vear ago, Eimac announced these Multi-Unit tubes to
the industry under the statement ““A Revolutionary Change in Vac-
uum Tube Design.” They were developed in the Eimac laboratories
for the precise purpose of providing a high power, low voltage (1000
to 2500 volts) tube having an extremely low internal resistance which
would operate efficiently up to 200 megacycles In actual operation
Eimac 304 T tubes are seeing service with as much as 20,000 volts
on the plates...10 times the rated voltage. Where elsc is there a tube
offering such a safety factor? It’s just typical of Eimac’s leadership...
another reason why Eimac tubes are to be found in the key sockets
of most of the important radio transmitters throughout the world.

FOLLOW THE LEADERS T0 &~ @

ruBES

Eitel-McCullough,Inc. San Bruno, California

Export Agents: FRAZAR & CO,, LTD. + 301 Clay Street, San Francisco, Calif.

wwWw americanradiohistorv com

.

The triode units in these tubes are so nearly perfect
in design that two or more can be placed within a
single envelope. Thus, the power capabilities are
multiplied by the number of units employed. Ex-
ample: 75T having but a single triode unit has a
plate dissipation rating of 75 watts...the Eimac 152T
with two of the same triode units in a single bulb
has a plate dissipation of 150 watts and the 304T
with four of the same units has a plate dissipation
of 300 watts. All other charadteristics maintain the
same ratio. Thus, by simply re-neutralizing che trans-
mitter, these tubes may be interchanged without
altering the cfiiciency of the transmitter. Available
in both high and low Mu types 152TL and 304TL
with amplification factor of 10...152TH and 304TH
with amplification fa&or of 18.
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"V for Victory”

is a call for

. g War
ettt in BN 0 | SPEER
ines | Nazis Noted of
in n ied France fro o
Day in Occuped ¥ i raphite Anodes
W
D
s MacDONAL su
BY J_i)\:t::“‘ NEW Yomﬂ\T\N;‘ _ e:n_e ] ) . )
n sv;‘:‘“g’ Monday ng.. for |34 Use tubes with SPEER Graphite
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| ,—forma day— i .
ar Ge:;“azir { e ss“f:::;o“ e tyranny of anode-conquering heat.
ze
3 men . ¢ in _;l . . .
tal- proved & 0 jea Contine? Of all anode materials, graphite is
lgypL \Germ { (g o
oy- L firsy X C N. Y. Times the only one that heat cannot fuse

jas ' <

£

SPEER CARBON

—cannot even soften or warp.

Not only does graphite withstand
heat as no other anode material can.
but i1t also sheds heat—has many
times the relative heat-dissipating

value.

For longest service-life and power.
use tubes with SPEER Graphite
Anodes. Leading tube manufac-

turers can supply you. Write for
list and SPEER Graphite Anode
Booklet.

CO. (-

ST.M ARYS, PA.
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[rve Years of Flying
Northeast Airlines
Weather .

THERE’'S EXTRA DEPENDABILITY IN
LONGER LASTING C-D CAPACITORS

Many a proud New Englander has heard the hum Airlines for five years. Its radio engincers recognize

of “the Boston plane”™ when ground tempcrature in Cornell-Dubilier’s thirty-one years of specializa-

was as low as 20 below zero! To maintain a regular tion an ex/ra measure of dependability . . . capacitor

flying schedule. and enjoy its high safety record, in quality that can’t be matched.

Northeast Airtines weather speaks well for the per- That is why Northeast joins the chorus of Amer-

formance of radio equipment. ican air lines who praise the performance and reli-
Cornell-Dubilier capacitors have served Northeast ability of Cornell-Dubilier capacitors.

CAPA C ITORS MAY L I.'I [I K ALIKE B ] T v o« There is exira f::-r;g life, extra J'.Ini:llrr.lrmﬂ_'r' and
dependability built into €-135. Next time you specify capacitors ook for the
Carnell-Dubilier seal of expericived enghieering. And get the hidden extray
al we extra cost, Sewd Jor Catalog, Corwell-Dubilier Electric Corparation,

1006 Hamilten Bled., Sopth Plainfield, New fersey.

g
MICA - DYKANOL

ity czme/wmﬁ

SOUTH PLAIMNFIELD, s WEW BEDFORD, MASS
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BQ"ery SU
Burglar Al

=~y .'*-'.
stitutes
arms

Fire Alarms

Many times it is possible to simplify mechanisms, cut costs and
et : . improve reliability of operation by the use of direct current for con-
] ! ]"”ﬁ"ﬁ-fony trol or power circuits, or electrically operated equipment.

/
“(c'rIVIER

' And many D.C. power applications may be made more reliable,
b bk Leki 1]8 ‘ more efficient and more compact if available A.C. power is con-
t““ L"“ h"' “"E verlmlcm DI.C. l ’

The function of Mallory Rectifiers is to convert A.C. to D.C. They
are noiseless, long-lived, compact—furnished in standard capacities
or built 1o your particular requirements.

If your product requires A.C. rectification, write for the new Mallory
booklet. 1t contains a wealth of information on the selcction and
application of the proper rectifier for your need.

‘P.R.MALLORY & CO.Inc.

ALLOR

22 September 1941 — ELECTRONICS
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ELECTRONICS....KEITH HENNEY Editor.... SEPTEMBER.

1941

» WAR . .. The war that is now be-
ing fought is a metallurgical war.
Estimates indicate that 8 times as

much steel per soldier will be used in
this struggle as in the last World War.
Other metals will be used up as fast.
It can be seen, therefore, why there can
be no fooling, no wishful thinking about
this priorities business. More and
more raw materials will be diverted
from peacetime products into defense
machinery. For example, there will
probably be less than one-third the
normal quantity of copper available
for non-defense use.

Now this brings up a most important
point. This is the conservation of
metals and materials. No one can af-
ford to overlook any chance to reclaim
any existing metal, to use any allotted
metal to best possible advantage, to
find substitutes for materials now diffi-
cult or impossible to get. It seems
reasonable that bidders on contracts
for defense machinery might get addi-
tional consideration if they have a good
story on the conservation angle, as well
as price. In the long run dollars can
be created easier than basic raw mate-
rials.

On the matter of substitutes, it is
useless for an industry or an isolated
manufacturer to run to the government
for advice. Industries themselves must
find substitutes and to share the
knowledge of such substitutes through
their trade organizations, the periodi-
cals of their learned or engineering
societies, or through technical papers
like ELECTRONICS.

On its side, government must keep
awake to the problems introduced by
putting ceilings on prices of materials,

CROSS

TALK

but not on prices of labor. For example,
it is conceivable that a ceiling on steel
without a corresponding damper on
continuously rising wages for labor
would encourage a manufacturer to use
more steel and less labor.

America has not yet jelled on this
defense proposition. Too many of us
are still trying to see what we can get
out of it. We must have returns on our
money investment, we must have time
and a half for overtime, we must still
cling to the idea that this is still some-
body else’s war, not ours. We are not
yet organized and oriented in one gi-
gantic effort to save ourselves and our
system.

» INDEX Annually, in Decem-
ber, ELECTRONICS publishes an index
of the contents of the twelve-month
period. Several readers have re-
quested a cumulative index starting
from Volume 1, Number 1, April 1930,
this index to include small items ap-
pearing in Tubes at Work and other
departments., This would be a sizable
undertaking and would cost money to
assemble and to print. How many
readers would be interested at one
dollar or less?

» CENSORSHIP We have  felt
for a long time that censorship ought
to be clamped on outgoing communica-
tions from this country. Anyone listen-
ing occasionally to code on the short
waves cannot but be struck with the
volume of traffic in 5-letter and other
codes. There need not be the slightest
doubt that much information goes out
of this country daily that can be used
against our friends and against us.

www americanradiohistorv com

We need not doubt a second but that
this data had better be kept at home,
or that it will be used against us, now
and in the future.

» RECORDING NAB Engineer-
ing Committee held a meeting in late
June of engineers engaged in using or
producing transeriptions or other
records for broadcast purposes to de-
termine the advisability of effecting
certain standardization in the manu-
facture and use of such records. As
part of this work, which is to continue,
182 NAB member stations answered a
questionnaire on recording.

Of these stations 42 percent were in
favor of vertical, 37 in favor of lateral
recordings. On the question of pre-
emphasis, 58 percent were in favor,
among these stations there were 4096
hours per week of lateral transcription
broadcasting, 1512 hours per week of
vertical record use, and 1478 hours of
phonograph record broadcasting. About
30 percent of the hours per week of
time on the air represented by these
stations came from records or tran-
scriptions. The stations recorded some
695 hours per week; 90 percent of the
stations have recording equipment.

All such attempts at standardization
represent assets to the industry and
the work of this NAB committee will
produce the benefits to broadcasters
and manufacturers of recording equip-
ment that accrue to all such efforts.

»357A By an oversight credit
for last month’s cover was not included.
The good looking tube was the 35T7A
used widely in Western Electric 1—kw
transmitters.
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OH, WE'VE GOT PLENTY

No substitutes for aluminum, copper. steel, but radio industry cooperates in receiver

design to maintain essential public service.

RMA Materiel Bureau active. OPM gives

high rating to replacement tubes and electrolytics, but Army and Navy come first

HE *all out” defense activity

in which the United States is
now engaged, is a tremendous pro-
duction and distribution project. It
occupies so much of the country’s
productive capacity that few of the
many articles to which the consumer
has become accustomed are likely
to be available in the future at the
same prices and sufficiency as in
the past. This is especially true for
those industries which are not re-
garded as completely essential to
defense activities, and civilian radio
is in this classification. Consequently,
the outlook for the future for radio
manufacturers is entirely different
than any time during the history of
radio industry. There will be ample
purchasing power and demand for
civilian radio receiving equipment
but to a large extent manufacturers
will have to forego this otherwise
lucrative market in their effort to
produce items which, from the de-
fense point of view, are considered
much more urgent. Furthermore,
substitute materials and new de-
signs which conserve materials, man-
power, and production facilities will
be required for that equipment which
is produced.

At the crux of the problem is the
heavy demand for defense orders.
These have increased to such an ex-
tent that there is an insufficient sup-
ply of raw materials, productive ca-
pacity, and adequately trained per-
sonnel to meet usual civilian needs
plus defense requirements. In such
a situation, defense comes first
whether we like it or not.

This is as it should be, of course.
But OPM believes that in the case
of certain materials (aluminum,
copper, and steel, for example) there
will not be enough for even the de-
fense program in spite of the estab-
lishment of reserve pools for “emer-
geney”” use. In such a case, the dis-
tinction between defense and non-

24

By BEVERLY DUDLEY

Acting Managing Editor, Electronies

defense activities breaks down and
all effort to develop substitutes im-
mediately becomes a defense project.

That the defense program is throw-
ing a monkey wrench into the usual
radio business cannot be denied and
that it is causing uncertainty and
confusion is self evident to anyone
even remotely associated with pro-
duction. Most annoying, if not a most
serious element in the entire chain
of events, is the uncertainty of the
future for which no reasonable pre-
dictions can be made, and, conse-
quently, for which adequate plans
and preparations cannot be executed
with assurance.

Problems of the Radio Industry

The radio engineer and produc-
tion manager are trained to cope
with physical and economic laws;
for vears they have known the un-
certainty of mass markets and pub-

lic taste. Now, however, they must
also face man-made restrictions
which are sometimes issued with
startling suddenness. They must

devise new designs utilizing less of
those materials required for defense
work.

In general, radio engineers and
manufacturers are taking a con-
structive point of view toward the
situation. Under the circumstances
it appears that the radio manufac-
turing industry is doing a remark-
ably good job of not only willingly
supplving essential communication
equipment for defense purposes, but
is making every effort—with the
personnel it has for the purpose—
to supply parts and complete sets for
the coming year. Indeed, it is solely
to the ingenuity and resourcefulness
of the engineer and manufacturer
that we must entrust the mainte-

nance of existing receivers and the
supply of new and replacement
models. But even a radio engineer
can’t pull fireside chats out of the
hat indefinitely on an increasing
amount of “plenty of nothing”.
Let’s look at some of the problems
which the radio industry faces in
production of civilian sets. There is
no problem in manufacturing de-
fense equipment, for now “guns in-
stead of butter” is not a slogan solely
applied to the ‘Nazfascistitarian”
countries. The chart shows a list of
the more important components go-
ing into the manufacture of radio
receivers, together with the more
important raw materials used in
their construction. Nearly every
one of the constituent materials in
the first column is under priorities
rating, mandatory control, or is rela-
tively difficult to obtain because of
scareity. Likewise, the substitutes
for most of these constituents are in
the first column. But this is merely
a list of raw materials, it does not in-
dicate the situation with regard to
production facilities—the men and
machines to fabricate the raw mate-
rials into the finished article.
Obviously, this brief picture is not
a pleasant one. But, the sensible and
logical thing to do is to make the
best of a nasty situation and to ease
the burden as much as possible. To
that end the experiences of the Brit-
ish should be helpful, and ELECTRON-
1CS has plans for early publication of
a report on the activities of British
radio engineers and manufacturers.

RMA Activity

In this country the Radio Manu-
facturers Association has taken the
lead in solving the new man-made
problems facing the industry. Its
Board of Directors has established a
Materiel Bureau whose function is
to find substitutes for, or more effec-
tive use of, materials under priority
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ALUMINOM

YOLUME CONTROL WITH
PLASTIC CASE

COILS DSING DOMESTIC
CARBONYL

TUBES USING MICKEL
ONLY FOR CATHODES

CERAMIC CHASSIS
REPLACING STEEL

In this photograph are illustrated a number of changes which may
be found in the 1942 radio receivers to conserve labor and materials

regulations. This Bureau, with the
cooperation of the engineers of the
industry, is to undertake the prob-
lem of material utilization, not only
through substitute materials, but
also from the viewpoint of mechani-
cal design, circuit design, and
standardization, both electrical and
mechanical. It is planned that the
Materiel Bureau will cover all prod-
uct lines in which the members of

RMA are interested, such as re-
ceivers, transmitters, tubes, and
other component parts.

The RMA DMateriel Bureau has

been organized by W. R. G. Baker,
Director of the Engineering De-
partment of RMA with L. C. F.
Horle as Director of the Bureau.
The Materiel Bureau has set up
groups of specialists to deal with
specific technical problems. At pres-
ent. there are ten groups actively at

ELECTRONICS -

work. These groups, and some of the
work in progress are given below.
Group 1—Aluminum and Nickel
Bearing Magnetic Alloys. Much prog-
ress has been made in use of scrap
metal. An important consideration
is that Alnico No. 5 is of such mag-
netic properties as to require only
about one-third as much metal as
formerly. Use of this metal prom-
ises to bring permanent magnet
speakers again into the picture.
Group 2—Eleetrolytic Condensers.
Use of aluminum is reduced to a
minimum  through program of
standardization in which all avail-
able aluminum is used only for active
electrodes of minimum weight while
terminals, cases, and other non-active
parts are made of substitute ma-
terials. Physical dimensions have
also been reduced to a minimum to
conserve aluminum. The 110,000
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pounds of aluminum made available
in July for ecivilian needs have en-
abled the most urgent civilian needs
to be met.

Group 3—Receivers. Much activ-
ity has occurred in this group with
most promising developments being
in the use of metal sprayed on card-
board for interstage shielding and
tube shields, filtering with unusual
circuits and at the point where filter-
ing is required most, instead of fil-
tering the entire power supply. re-
turn to simpler and older receiving
circuits which are more economical
of material and man-power, and the
use of fibrous or ceramic materials
for chassis pans to conserve steel.

Group 4-—Receiving Tubes. Much
activity has been directed toward
elimination of nickel, and at present
it appears that tubes can be made
completely free of nickel except for
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the cathodes. Use of rare metals not
on critical list to replace common
metals which are scarce is also
planned.

Group b5 —Radio Transmitters.
Workers forming this group have
been so busy with defense orders
that little time has been available for
re-design and conservation activities.
Moreover, need here is not so impor-
tant as in other fields as radio trans-
mitters are essential for national
defense and it is felt that the broad-
casting system will be maintained
under any circumstance. Silver-
plated iron wire is being given con-
sideration for circuits operating at
ultra-high frequencies.

Group 6 — Variable Air Con-
densers. Main effort has been to
substitute steel altogether for alum-
inum and brass in tuning condensers.
Tests indicate that this can be done
if certain precautions are taken, and
that the performance of steel con-
densers is entirely satisfactory.

Group 7—Transmitting tubes. Sit-
uation is pretty much the same as
that facing Group 5.

Group 8—Plastics. Considerable
dependance is being placed on chem-
ists to avert bottleneck by their in-
genuity in manipulating molecules.
No insufficiency of materials, al-
though shortage of most efficient ma-
terials may occur. Fabrication
rather than raw materials likely to
be bottleneck if one exists.

Group 9—Paper Condensers. Pos-
sibility of paper, cellophane, or sim-
ilar dielectric on which metal is
sprayed or deposited holds promise
of being important production
method even after defense program

no longer puts pressure on radio
manufacturers.
Group 10—Loud Speakers. De-

velopment of 23-inch Rochelle salt
crystal feeding a horn appears to
have important bearing on the
speaker situation. Magnetic speakers
may be more in evidence than for
many years. Use of Alnico No. 5
indicates electromagnetic and per-
manent magnet speakers by no
means out of the picture.
ELECTRONICS has made its own sur-
vey by sending questionnaires to im-
portant manufacturers in the radio
and allied fields. The results of this
survey indicate a genuine and will-
ing cooperation on the part of nearly
all. Nevertheless many replies were
prefaced with the statement that
the conclusions and opinions were
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based on surmises, intelligent
guesses, and best judgment (un-
der the circumstances) but could not
be regarded as being too precise.
Much uncertainty was expressed and
few ventured predictions without
considerable modification of one type
or another. Nevertheless, it is be-
lieved that the general concensus of
those who participated in this sur-
vey will provide about as good an
insight of present conditions and as
good a prophecy for the future as
can be expected at the present time.
To those many individuals who co-
operated in this survey, our grate-
ful appreciation is extended.

The reason for the decrease in set
production, and the direction which
production activities for the coming
vear are likely to take, can be gleaned
from examination of what is hap-
pening to the various component raw
materials.

Plastics

Important raw materials used in
the manufacture of plastics are
phenol formaldehyde, hexamethyl
tetramine, acetone, phthalate esters,
nitric acid, cotton linters, ammonia,
cresylic acids, and cresol. Most are
on the OPM critical list so that pro-
duction is curtailed in certain cases
and necessitating allocation of raw
materials to fabricators on a sort of
rationing basis. The major problem
of both phenolic and urea manufac-
turers is the supply of formaldehyde
which is produced from methanol.
Equipment for producing methanol
can be converted to the production
of synthetic ammonia and since am-
monia is an important constituent
of explosive manufacture, the gov-
ernment requirements for explosives
have a direct effect on plastics manu-
facture. Ammonia is difficult to ob-
tain for plastics in sufficient amounts
according to one manufacturer. The
government is building new plant
capacity for ammonia and it is an-
ticipated that the formaldehyde
shortage will be alleviated when
these plants go into production in
the latter part of 1941 or perhaps
in 1942,

Plastics have been suggested as a
“grand substitute for everything
which will be short in the future.”
As a result there may be a shortage
of finished plastics due to limited
molding facilities even though the
raw materials are sufficient to meet
plastics demands, which is not cer-

tain. In fact some manufacturers
feel that the plastics irdustry will
suffer as much as other industries,
if not more, from shortages of
necessary materials due to defense
work. Other manufacturers antici-
pate that in the future preference
ratings to conserve plastics contain-
ing formaldehyde for essential uses
will be placed into effect.

Defense activities have affected
plastics output by demands on skilled
tool and die makers in the case of
molders and fabricators. The cost
of tools and dies has risen markedly,
and the only answer is to plan tools
far enough ahead to have them
when needed. Skilled tool and die
makers cannot be developed over-
night, and to this extent, shortage
of men is not being met. Lack of
raw materials is a factor with some
molders.

Sharply restricted civilian use of
synthetic resins and plastics made
directly or indirectly from formalde-
hyde is provided for in a civilian
allocation program  promulgated
August 5 by OPACS, which went
into effect August 23. The large de-
mand on plastics for defense items,
coupled with the ever-increasing de-
mand of plastics as substitutes for
materials placed under priorities at
an earlier date have caused the
shortage of plastics which made this
ruling necessary.

Senior preference for supplies of
resins made directly or indirectly
from formaldehyde for civilian use
is directed for a wide range of
industries and activities essential
to the public welfare. Given senior
preference will be technical instru-
ments, material and equipment for
scientific research and applications
in the communications industry.
Secondary preference will be given
to less essential civilian needs such
as cabinets for radio receivers, auto-
mobiles, and commercial cameras,
No preference is provided for items
in Class C. Furthermore, if substi-
tutes are available for plastics, pref-
erences will not be granted. Here
then is a case of a material, desig-
nated as a substitute, becoming
sufficiently scarce so that its use is
is restricted, thereby still further
aggravating the problem of substi-
tute seeking.

Ceramics

There is, as yet, no shortage of
raw materials for ceramic insulators,
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nor is a shortage likely, so far as can
be foreseen at present. However,
suitable insulators make use of metal
ends and fittings which may be
forged or cast of almost any metal
and these have to be machined and
supplied with various finishes and
platings. Consequently, the prior-
ities on metals enters into the con-
sideration and for this reason there
may be a shortage of finished ar-
ticles. Where reasonable priorities
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Components going into radio receiver production, and
raw materials from which they are manufactured

On August 22, OPACS announced

Condensers "
quantities. The virtual stoppage of

It is convenient to break down the

classification of condensers into vari-.

able tuning condensers, fixed mica
and paper condensers and electro-
lytic condensers. In any case the
scarcity of aluminum is an impor-
tant factor in all three types.

Electrolytic Condensers

The production of electrolytic ca-
pacitors of any type requires alumi-
pum and there is no substitute with
the exception of tantalum which is,
economically, out of the picture even
if it could be obtained in sufficient

manufacture of this type of con-
denser for civilian use affects all
radio receiving equipment and there
appear to be only four possible an-
swers to this dilemma: (1) Use of
paper condensers of less capacity,
letting hum come where it may,
(2) development of electronic filter-
ing devices, and (3) design of filters
using relatively more inductance and
less capacitance than formerly, pro-
vided the necessary copper and iron
can be obtained, or (4) convince
the government to release sufficient
aluminum.
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allotment of 23,000 pounds of alumi-
num for replacement electrolytic
condensers. It is expected that this
program will make provision for nor-
mal replacements for the last quar-
ter of 1941. Apportionment to manu-
facturers is in accordance with their
fraction of total industry dollar sales
during 1940.

Paper and Mica Fixed Condensers

Shortage of aluminum will also be
effective in reducing supply of fixed
condensers, but tin and lead foil can
be used in certain cases. Silver or
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other metallic films on thin dielec-
trics show promise of success. Pos-
sible shortages of mica and paper
may also curtail production. Short-
ages of metal fittings and plastics
may also be a factor in supply of
such condensers for civilian needs.
As a result of these scarce materials
major changes in design may be ex-
pected, and are already taking place.

Variable Tuning Condensers

One of the first radio components
to be affected by priorities was all
types of condensers.

Again, aluminum
shortage is affecting
production. Other

Coils and Transformers

Aluminum, brass, zinc, copper,
steel, all used in making audio- and
radio-frequency inductances are
under priorities. Substitutes for
these materials are impossible and
consequently there are no plans for
devising substitutes. Powdered iron
is an important material for iron-
core r-f coils and there does not ap-
pear to be a shortage of this. In fact
new plants for producing carbonyl
iron have been built with government
encouragement, within the last

magnets, speakers and headsets, the
only substitutes for which appear to
be scrap metals. The chase from one
material as a substitute, to another
substitute for the substitute is wear-
ing out some producers who feel
that it is merely a matter of time
before all materials will be under
control anyway so that the deter-
mining factor will be what point of
view Washington economic and
political leaders take with regard to
the production of any specific item.
A possible substitute is Rochelle salt
speakers for the more customary

type, and we have

not yet heard of pri-

ority ratings on this

metals are likewise
scarce. Steel, zinc
and brass could be
used as substitutes
but these are under
control. Use  of
steel throughout is

USE FIELD OFFICES

FOR PRIORITIES INFORMATION

RIORITIES Division of the OPM has established a number of
field offices to assist manufacturers in their questions and
problems relating to defense manufacturing activities.

Make in-

material.

The plan for fu-
ture production in
this field, as else-
where, is to climb on
the bandwagon of
defense production
and this may be one

the most likely pros-
pect for continued
production.

Resistors and
Volume Controls
Succinctly stated

by one manufacturer
is the situation with
respect to resistors:
“We use all of the

quiries of your regional field office on all priorities problems in-
stead of traveling to Washington.

Field offices which have been established to date, and Field
Service District Managers are:

Atlanta, Ga.............. ... ... .. John B. Reeves, 104 Marietta St.
Boston, Mass.. . ................. William P. Homans, 30 Pearl St
Chicago, Ill.............. Warren G. Bailey. 164 W. Jackson Blvd.
Cincinnati, O............. Bruce W. Burroughs, 34 East Fourth St.
Cleveland, O.. . William T. Walker, East Sixth St. and Superior Ave.
Dallas, Tex.............. James B. Crockett, Wood and Akard Sts.
Denver, Colo........... Virgil L. Board, U, S. National Bank Bldg.
Detroit, Mich...................... Walter Hall, 160 Fort St., West

Kansas City, Mo.....Clifford H. Carr, Federal Reserve Bank Bldg.

reason why no short-
ages of labor have
been reported.

At present, speak-
ers are supplied in
some cases with
minor differences
in finish and other
factors not affecting
operation of the

major critical mate-

unit. It is expected,

Los Angeles, Calif....... G. Howard Hutchins, 1151 S. Broadway
rials in our prod- New York. N. Y............. Phillip M. McCullough. 33 Liberty St. however, that be-
ucts, all of which Philadelphia, Pa............. Frederick W. Slack, 925 Chestnut St. cause of being forced
have been assigned Pittsburgh, Pa....... Charles C. Cruciger, Grant St. and Ogle Way to use of scrap
P San Francisco, Calif............. Andrew L. Kerr, 400 Sansome St.
priorities and on Seattle, Wash............... William D. Shannon, 957 Stuart Bldg. metals, the consumer
non-defense busi- St. Louis, Mo.. ...t Louis E. Crandall, 411 Locust St. will ultimately re-

ness these priorities
will serve to elimi-

ceive more expen-
sive, bulkier and less

nate production un-
less the situation is
relieved.”

Efforts are being made to find
substitutes. There appear to be no
substitutes for the ceramic spools,
eyelets and wire used in high quality
wire-wound resistors, no satisfac-
tory substitute for Bakelite cases of
volume controls. Tin or lead plated
steel may replace cadmium plated
steel parts and steel may replace
brass, although it is under control.
Raw material for molded resistors
does not appear to be a problem.

Some manufacturers are troubled
by shortage of technical and skilled
help; others not. Those who are,
are trying to train inexperienced
help to bridge the gap during the
shortage.
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several months, and domestic car-
bonyl is equal to that formerly sup-
plied from Europe according to re-
cent tests.

There are shortages of skilled and
technical labor in some plants and
this problem is not being solved. In
other plants working on defense con-
tracts there are no shortages. In
some cases deliveries are still being
made, but one manufacturer says
of the civilian consumer, “He will go
without, beginning now.”

Magnets, Speakers and Headsets

Aluminum, nickel, cobalt, copper,
steel, brass and zinc are normally
used in manufacture of permanent

efficient product. It

is expected by some

that production will
dwindle to almost the wvanishing
point by next year.

Tubes

For some reason or another, tube
manufacturers are reluctant to dis-
cuss their production problems and
the industry outlook with the free
abandon of manufacturers of other
radio components. Consequently, the
remarks under this heading must be
regarded as even more tentative than
for other sections of this report.

The difficulty of manufacturing
tubes with substitute materials
should not be minimized, especially
if little is allowed for making the
necessary changes in processing.
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Materials essential to tube manu-
facture on which there are priority
ratings include aluminum, chrom-
ium, copper, nickel, nickel alloys and
nickel-bearing steels. Aluminum is
used only in small quantities for
getters and some allotments of this
metal have been made, moreover
substitutes can be made. Nickel ap-
pears to be serious, and mercury
may be a factor in high power recti-
fiers. Wherever possible substitute
metals are being used but the list of
substitutes is increasing rapidly and
the tube manufacturer may easily
increase shrinkage when a substitute
is introduced. The number and
variety of tubes is being reduced and
some obsolete types are no longer
being manufactured. Quality is be-
ing maintained, even with substi-
tutes.

Elimination of shields, reduction
in gsize and weight of certain parts,
and similar changes can be effected
in most cases without affecting qual-
ity too adversely.

Tube engineers are in demand, for
a number of them have found their
way into Governmental service. The
gituation is being met by training
younger men. Other shortages are
being overcome by overtime work.

One supplier of phototubes has
overcome his difficulties by having
his entire production consumed for
defense problems.

Radio tube replacements will bene-
fit by allotment of metals announced
August 22 by OPACS, and intended
to meet requirements for the last

quarter of 1941. Metals released
include 36,000 1b. of nickel, 144,000
Ib. of cold rolled steel, 8 1b. of bar-
ium, 18 1b. of aluminum, 2,700 1b. of
chromium, 230 1lb. of manganese,
11,500 1b. of copper, 100 1b. of silver,
16,500 1b. of iron, 1,600 1b. of molyb-
denum powder and wire, 180 lb. of
tungsten wire and powder, 1,200 1b.
of steel wire, 3,300 lb. of tin, 2,200
Ib. of lead, 310 1b. of cobalt, 43,500
Ib. of brass and 35 Ib. of magnesium.
Tubes made with metals provided
under this program must be marked
for replacement use only.

Tube manufacturers will share in
this allotment according to their part
of 1940 industry dollar sales.

Miscellaneous Components

Copper represents a major threat
in case of phonograph motors al-
though a shortage of rubber could
prove serious. Brass, aluminum and
cadmium are also materials for
which substitutes are required. Pri-
ority ratings for such motors would
be so far down on the list as to be
meaningless. Some manufacturers
experience shortage of skilled labor
due to defense activities. Tool and
die makers are needed most. Efforts
have been and are being made to
standardize designs and conserve
materials and new designs are being
shelved but unless some materials
are released the production of phono-
graph motors in 1942 will be seri-
ously curtailed.

Steel, brass, nickel and cadmium,
all under control, affect hardware

for radio sets. Likewise there is
shortage of fabricating facilities
such as automatic screw machines.

Instrument makers report virtu-
ally all of their essential materials
under priority regulation so that
only orders carrying priority ratings
can be accepted. Other customers
will have to wait their turn or pay
premium for overtime. Shortage in
help is being overcome in at least
one plant by holding training classes
in the plant, for which the worker
is paid. Plastics are being consid-
ered as substitutes for metals where-
ever possible. Defense makes such
heavy demands that it is question-
able whether consumers will be able
to purchase electrical instruments;
at least this is the present outlook.
Standardization has been found of
considerable help.

Aluminum, copper and permanent
magnets employing steel and nickel
are important items in sound record-
ing for which there are no substi-
tutes. Glass and to some extent steel
and paper may be used for aluminum
in records as a base for records.
Electrical workers are adequate but
there is a shortage of skilled ma-
chine shop labor.

Consumers will pay higher prices
and will eventually receive inferior
products, with higher prices al-
ready in effect. Dealers will have an
immense potential market which will
be difficult or impossible to supply,
according to one manufacturer of
sound recording equipment.

(Continued on page 96)

INDUSTRIAL SUPPLIERS REQUIRE CUSTOMER COOPERATION

N connection with a plan to bring under priority control all

products manufactured in advance of sale (i.e., for stock) OPM
officials point to a danger confronting all branches of industry.
The flow of tools. supplies, and equipment, which every plant
must have in order to maintain production, is threatened unless
the producers of such items are given priority consideration for
Before priority can be given,
have evidence
products will be used for defense, and accordingly. they require
the following information from their customers: (1) Items which
are to be used for defense purposes should be so indicated on
the order. (2) a monthly notarized affidavit from the customer
stating the percentage of defense sales to total sales made by

their purchases of raw materials.
manufacturers of such items must

the customer.

These requests are being made now by the supply manufac-
turer, his sales staff, or by the industrial distributors who repre-
Because many customers have
stocks on hand, they have been indifferent or hostile to such
requests, but consumers for industrial supplies are helping them-
selves in filling out such requests by assuring flow of needed
products for defense orders which they manufacture.

sent him in the various territories.

that their

]. Identity all defense orders.
place with your supplier, either distributors or manufacturers,
as a defense order using thereon the contract. project or prefer-
ence rating which covers the particular work for which this
material is required.

The industrial buyer should protect himself as much as possi-
ble by taking the following four steps:

Stamp each defense order you

2. If . such identification is impossible, analyze your sales by
determining the percentage of your previous month’s total dollar
sales volume which was delivered to defense buyers.

3. Obtain analysis of your sales by submitting to your cus-
tomers the standard approved form of affidavit prepared by the

Priorities Division of the OPM.

be supported.
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4. Users of industrial supplies should obtain the highest possible
percentage figures by accurate means of analysis which can

By following this procedure, the manufacturer of industrial
supplies is assured that he may obtain the required amount of
raw materials to manufacture new products for defense orders
in advance of receipt of an order for his products.
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ELECTRONIC INTERLOCKING

An electronic method is used to automatically prevent howling caused by acoustic feed-
back in an intercommunicating system. Part of the signal of the active channel is used

to reduce the screen grid voltage of the other amplifier tube and thus lower its gain below

the howling point to permit normal conversation without switching

TATED in a simple manner the

problem of office and factory
intercommunication systems may be
said to be a method of conducting
normal conversation between two
persons who may be in different
offices or who may be separated by a
comparatively long distance with the
requirement that the method be
simple, reliable and relatively inex-
pensive. The logical and straight-
forward answer would seem to be to
place a two-channel sound system be-
tween the two offices. However, when

this is done we are rather forcibly
reminded of an old acquaintance,
acoustic feedback. When the voice
is radiated from the loudspeaker
with enough power for comfortable
listening several feet away, it is
picked up by the microphone, ampli-
fied and transmitted back to the
original station where the same
thing happens. In a very short time
this vieious circling results in a sus-
tained howling with which most of
us are familiar.

A number of methods have been

Fig. 1—Circuit diagram of the intercommunicator.
resistance coupled amplifier and a signal in one channel acts through a
system of diode rectifiers to kill the operation of the other channel
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Each channel has a

By
HAROLD J. McCREARY

Consulting Engineer
Chicago, 1i1.

used to eliminate this howling. They
range from a switch at each unit
which is flipped whenever the person
wants to change from talking to
listening or vice versa, to very elab-
orate and expensive automatic
methods using electron tubes and
relays. In one system the ‘talk-
listen” switch has been replaced by
a voice operated relay. The results
have been somewhat unsatisfactory
due to clipped sounds, that is, sounds
used to operate the reiay are partly
lost during the time of operation of
the relay. Next came the time delay
circuits so that the sounds did not
reach the relay contacts before the
relay contacts closed. Some such pro-
posed systems use 40 or 50 vacuum
tube or rectifier elements and this,
of course, is unwieldy and imprac-
tical. Another common solution is to
just eliminate the loud speaking fea-
ture at one end by installing a hand-
set or ordinary telephone.

Preventing Acoustic Feedback

Something similar to this problem
of acoustic feedback causing sing-
ing has been encountered in long
line telephone work. Here it is due
to electrostatic coupling or non-uni-
form lines so that electrical echoes
result. Voice operated magnetic type
relays were developed to short out the
electrically generated echoes. As
time went on more and more equip-
ment was added to the voice operated
relays until a new system of equip-
ment called a Vodas resulted.
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for INTERCOMMUNICATORS

Commercial model of the automatic intercommuni

cator.

Fig. 2—Simplified diagram of the
circuit which controls the potential

of the screen grid of the 6]7

An article entitled *“The Vodas’ by
S. B. Wright of the Bell Telephone
Laboratories in the A.I.LE.E. Journal
of August 1937 summarizes what he
considers to be possible ways to pre-
vent singing as follows:

The switches are used to call other stations

The experimental

1. The terminal can normally be
blocked in one direction and con-
nected through in the other.

2. Both directions of transmission
can normally be blocked and activ-
ated in either, but not both directions
by the voice waves.

3. The circuit can remain activ-
ated in the last direction of speech
and blocked in the other direction.

Electronic Interlocking

Unfortunately this article did not
include in this list the method which
I use so let us call it No. 4 and
state it as follows:

4, Both directions of transmission
are normally activated, but the total
gain or loss of both transmission
channels plus the acoustic loss be-
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model of
eliminates the necessity of operating a switch to talk or listen

“i{

gy

the intercommunicator which

tween the transmitter and loud
speaker of each station is kept at a
constant value, or below a certain
value which may be designated the
howl level. The transmission effici-
ency is then inereased in one channel
and decreased in the other by the
same amount and at the same in-
stant.

Furthermore, when methods 1, 2,
and 3 are built around the old voice
operated magnetic type relay, which
is somewhat inflexible, there are in-
herently lost and clipped sounds when
the metallic contacts open or close.
All these difficulties are overcome in
the new system of electronic inter-
locking which uses method No. 4.
Incidentally, this scheme of electronic
interlocking as applied to the solu-
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tion of this problem is very flexible
and practically every element is in-
dependently adjustable in its func-
tion although there are no mechani-
cal moving parts. Furthermore, it
can be made operative for each vibra-
tion, or a group of vibrations as
desired which no magnetic relay can
follow. In the system described here
gain in the used channel, and the
corresponding decrease of gain in the
other channel, are inserted in the
system after the first few vibrations
of the speaker. The listener could
not actually hear the very first vibra-
tion alone even if the volume level
were a maximum due to the fact that
the nervous system cannot sense any
phenomena before the sound nerves
begin to function. Since the elec-
tronic interlocking system is capable
of functioning and does function
during this period when the ear is
getting ready to hear the objection-
able trouble of clipping and lost syl-
lables is absent in this system. Like-
wise it is true that the first vibration
is actually reproduced although the
next few succeeding vibrations are
reproduced at successively higher
levels until the fixed level of gain
is reached, so that the very first
vibration does contribute towards
getting the ear ready to hear. The
loss of vibrations or syllables on the
actual instruments is so small it can-
not be discerned by the most critical
so that the system operates and is
practical without any loss of intel-
ligibility. The improvement over
mechanically operated relay systems
of clipping speech is very marked,
and speech is free from metallic ring.

Acoustic Treatment

It has been pointed out that the
gain in both channels plus that be-
tween loudspeaker and microphone
at each station must be below a cer-
tain value which is called the “howl
level.” Hence, it is obvious that the
greater the acoustic loss between
microphone and receiver of one sta-
tion the greater can be the normal
gain of the two amplifiers in the
two directions. It is apparent that
the more effective the acoustic treat-
ment at each station, the higher this
normal gain can be in both directions
and the less can be the gain shifted
automatically from one channel to
the other for satisfactory loud-
speaker intercommunication. How-
ever, it has been found possible to
make the electronic interlocking sys-
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tem work very satisfactorily under
the very worst possible acoustic feed-
back conditions.

Amplifiers

The component parts used in the
construction of the amplifiers are
familiar to all electronic engineers
and are in no respect unusual.

The circuit diagram is shown in
Fig. 1. A 6J7 tube is resistance
coupled to a 25L6 tube in each of
two amplifier circuits working in
opposite directions. Each amplifier
is standard with the exception that
some energy from each of the out-
puts is fed to the control system and
also the second grid of each of the
6J7 tubes is used for control pur-
poses. It is perhaps worth noting
that the driving grids of the 6J7
tubes both have two sources of bias-
ing potentials. They are biased by
a cathode resistor to ground (R, or
E.) and likewise by a constant grid
voltage to ground supplied by a
potential divider R..

The Control System

The second grid of either one of
the 6J7 tubes is connected to a net-
work and the elements of a 6H6
tube in such manner that a positive
potential is supplied to this grid
when no sounds are being trans-
mitted. This grid may be thrown
more or less positive when sounds
are transmitted depending on which
channel is active. The potential of
the second .grid of the 6J7 tube is
raised to a certain fixed positive
value very quickly when sound is be-
ing transmitted principally by that
channel. The fixed positive value to
which it is raised is determined and
limited by another 6H6 tube whose
plate is connected to the 6J7 second
grid and whose cathode is connected
to the desired fixed positive limiting
potential. The potential of the second
grid of the 6J7 tube is lowered to a
certain fixed positive or negative
potential instantly, when sound is
being transmitted principally by the
other channel. The fixed positive or
negative value to which this 6J7
second grid is lowered is determined
and limited by another 6H6 tube the
plate of which is connected to the
desired fixed limiting potential.

In order to clarify action of this
circuit refer to drawing of Fig. 2,
a simplified diagram of the circuit
for controlling the potential of the
second grid of the 6J7. It consists of

three branch circuits. In the center
branch, which is of high impedance
and filtered, there is a fixed positive
potential of say 1.5 volt represented
by battery 1 and in series therewith
is an element 2 which normally is
neutral but may produce or tend
to produce 150 volts of negative
potential when the other channel is
active. Also in series is an element
3, which may produce or tend to pro-
duce 150 volts of positive potential
when the channel of the 6J7 shown
is the principal carrier. It is ap-
parent that 150 volts is considerably
more than required either positive
or negative, but it is also apparent
that the voltage which actually tends
to result on the grid is the algebraic
sum of the voltage 1, 2 and 3. This
resultant voltage is highly filtered
and applied through a high imped-
ance to the grid as shown in the dia-
gram.

In addition to the center branch
of the circuit is shown two other
branches in which 5 is a battery,
which would place a positive poten-
tial of 15 volts on the grid, but due
to the rectifier tube 6 no current
would normally flow. Likewise 7 is
a battery which would place a nega-
tive potential of 1 volt on the grid
but due to rectifier 8 no current
can flow. Now assume that the chan-
nel containing the 6J7 tube is very
active and unit 3 tends to generate
150 volts positive. It is obvious that
the grid cannot go more positive than
battery 5 or current will flow through
the rectifier 6 in its normal direction
50 that there is a tendency to charge
the battery 5. Similarly when 2
generates 150 volts negative it is
obvious that the grid cannot go more
negative than battery 7 or current
will then flow through rectifier 8 in
its normal direction so that there is
a tendency to charge the battery 7.
Since the elements 5 and 6 of one
circuit and 7 and 8 of the other are
of low impedance, they definitely
place limits to the voltage of the
grid of +15 volts and —1 volt or
whatever other limits are desired.
When neither channel is active the
voltages of 2 and 3 soon become zero
and the grid then floats at the inter-
mediate voltage of battery 1. The
impedance of the rectifiers in the
reverse directions however are prac-
tically infinite so that the voltage of
the grid between the limits of +15
and —1 is unaffected by the limiting
tubes.
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New, Sensitive, and Inexpensive
Gas Control Tubes

Hot cathode tetrodes of high sensitivity and stability offer improved operation for circuits

controlling power up to 65 watts. High input impedance makes these tubes particularly

well suited to direct control by phototubes

HE use of a grid in hot-cathode

gas-discharge tubes for controll-
ing the initiation of the discharge is
well-known and a variety of such
tubes employing grids are available.
Most of these are quite large, are
capable of passing considerable cur-
rent, and, in general, are relatively
expensive. It has been apparent
for some time that a small tube hav-
ing uniformity and stability of con-
trol characteristics, high sensitivity,
and low cost would find wide appli-
cation. With this in mind, two
tubes of novel design have been
developed and are now available as
the RCA-2050 and the RCA-2051.

Structurally these tubes are the
same, the difference being in the gas-
filling and processing. Before the
constructional features are des-
cribed, however, it will be well to
consider the general subject of sen-
sitivity of a grid-controlled gas-
discharge tube: as well as other im-
portant points which determine the
design.

The grid in a tube having a nega-
tive control characteristic takes no
part in aiding the initiation of a
discharge but serves solely to hold-
out or prevent the discharge which
would normally occur between a
cathode and a positive anode. To
prevent a discharge, the grid is made
sufficiently negative so that no elec-
trons can flow from the cathode,
through the grid opening, into the
anode region. This condition is the
same as bias beyond cut-off potential
for a like tube exhausted to a high-
vacuum. As the grid is made less
negative, the retarding field at the
cathode decreases until a potential
is reached where electrons from the
cathode can just begin to get
through the grid into the anode re-
gion. This potential corresponds to

By W. ENDRES BAHLS and C. H. THOMAS

RCA Manufacturing Co.,
Harrison, N. J

the cut-off point for the equivalent
vacuum tube. These electrons are
accelerated by the field from the
anode and initiate a discharge by
means of ionizing collisions with gas
molecules. The grid voltage change
between the off and the on potential
is very minute and, in this respect,
all gas control tubes can be said to
have a high sensitivity.

For many tubes, however, it is
usually not feasible to bias them
close to the control potential (criti-
cal voltage) during inoperative
periods, because instabilities in the
tubes, fluctuations in supply voltage,
or shifts in characteristics during
life are apt to trip the tube. It is,
therefore, necessary to bias the grid
more negative than the ecritical volt-
age, and then to apply a sufficient
signal to the grid to overcome the
additiomal bias when it is desired to
start the tube. It follows that the
more stable and uniform the tubes
can be made, the closer they may be
biased to the eritical voltage, with
an increase in apparent sensitivity.

Since the grid of a negative-con-
trol tube collects no electron current
up to the point of initiation of a
discharge, it should be possible to
employ large values of resistance in
the grid circuit. This is desirable for
phototube applications because a
small change in current through a
large resistor in the grid circuit, as
controlled by the illumination on the
phototube puts a large signal voltage
on the grid, and the overall sensi-
tivity of the resulting circuit is
then high. The use of high values
of grid resistance is also desirable
in many other types of circuits, as
it limits the ion current flowing to
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the grid after a discharge is initi-
ated and is, therefore, effective in
isolating the control tube from the
circuit preceding it. Such isolation
is often essential to provide satis-
factory operation of some circuits.

For satisfactory operation with
high values of grid-circuit resist-
ance, the composite of all grid cur-
rents should be negligible and con-
stant as compared to the current
from the external source which is to
actuate the tube. The total grid cur-
rent should be negligible because all
current flowing through the grid re-
sistor tends to put a voltage on the -
grid which must be counteracted
with more grid-bias voltage; it
should be constant in order that the
same minimum value of signal can
always start the tube. For d-c oper-
ation, the various factors which de-
termine the composite grid current
include: gas ionization either inside
the electrode structure itself or be-
tween exposed leads inside the tube,
produced by the high voltage be-
tween grid and anode; leakage
across insulating members between
¢rid and anode, and between grid
and cathode; electron flow to the
¢grid when its potential is near or
greater than cathode potential; and
electron emission from the grid if its
temperature becomes high enough,
or if it is illuminated by light which
would cause photo-emission. For a-c
operation, the additional factor of
capacitance currents, principally be-
tween anode and grid, which flow
through the grid resistor must be
included. This last factor is usually
not considered as a separate item in
a discussion of grid currents, but it
is of considerable importance and
often accounts for some of the
peculiar results obtained in grid-
current measurements.
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A circuit commonly used for the
determination of grid currents is
shown in Fig. 1. The dashed resistor
and capacitor shown represent the
leakage resistance, R, and capaci-
tance, C,, respectively, between grid
and anode inside the tube, across the
tube base and socket, and between
the anode wiring and the grid lead
connecting the grid resistor to the
grid. Leakage resistance and capaci-
tance between the grid and cathode
are shown as the dashed symbols
R. and C, respectively. (If the im-
pedance of the capacitor and resistor
between grid and cathode are of the
same order of magnitude as between
grid and anode, they may be neg-
lected in most computations, as they
cause only minor corrections). R,
is the resistance in the grid circuit,
E.. is the grid-supply potential, and
e. is the actual grid potential at any
instant.

A common method of measuring
grid current is as follows: With an
alternating voltage of some definite
value for the anode-supply voltage
and the grid resistance zero, the grid
voltage is first adjusted to such a
value as to permit conduction, and
then decreased until the tube will
just fail to conduct. The value of
grid voltage at this point is recorded
as V. A value of grid resistance,
R,, of from one to ten or more meg-
ohms, is then placed in the circuit
and the same procedure is repeated.

The value of grid voltage at which .

conduction stops for this condition
is recorded as V, It.is then stated
that the grid current
i, = (Vi — Vo)/R,

This definition of grid current is
useful for comparisons between
tubes, or as a production check of
the quality of a particular tube type.
Technically, it is of very little value
since it lumps the effect of many
different factors, and can not, there-
fore, be used for the calculation of
performance of circuits other than
the one for which the measurements
were taken. For this reason the
above definition will not be used in
this article; instead, each component
of grid current will be treated sep-
arately.

One of the important components
of grid current is that due to grid-
anode coupling by means of the
leakage resistance, R,, and capaci-
tance, C,. Although R, may be very
high and C, small, the coupling may
be sufficient to account for a good
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Fig. 1—Schematic wiring diagram for determining flow of grid

current in a gas tube

Fig. 2—Typical operating voltage wave forms for gas tube operated from alternating

current.

Conduction takes place during that part of the cycle when the plate is

positive and the grid voltage is more positive than the control curve

many volts across the grid resist-
ance, if the resistance is high. Be-
cause of the capacitive nature of the
coupling, the current leads the anode
voltage. The effect of this com-
ponent of grid current, which in-
creases proportionally to the anode-
supply voltage, is illustrated in Fig.
2. The anode-supply voltage is rep-
resented by e, and the control
potential for each particular anode
voltage is shown as the *“control
curve”. The grid-supply voltage,
E... is so adjusted that the true grid
potential, e., is just sufficient to
cause the tube to fire.

The a-c component of the grid
potential is due to anode-to-grid
coupling and leads the anode poten-

tial by an angle of ¢ electrical de-
grees. The grid potential, e., be-
comes sufficient to fire the tube at
angle # and conduction occurs over
the remainder of the positive half-
cycle of anode potential. Conduction
starts before the peak of the cycle of
anode voltage as a result of the grid-
anode capacitance coupling.

It can be shown that the angle by
which the coupling grid voltage
leads the anode voltage is approxi-
mately

¢ = tan'! Ra,/ X.

H*

where No =
7r-

7 = frequency of the supply voltage.
It can also be shown that the angle 6
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TYPICAL CONTROL CHARACTERISTICS

TYPE 2050
Ep=6.3 YOLTS

Fig. 3—Sectional drawing showing the con.
struction of gas tetrodes.

Numbered parts

are described in the text

Fig. 4—Typical control characteristics of the
type 2050 for various values of plate, con-
trol grid. and shield-grid voltage

for conduction is approximately

§ = tan™t < - n%) @)*

where n = slope of the control char-
acteristic. (For most gas control
tubes, 7 is negative).

The only way that a tube can be
made to start at the peak of the
cycle is to have X, = = (C, = 0) or
Rs; = 0, although when C, is very
small departure from the peak is not
great until R, becomes large. The
grid-bias voltage at starting is
greater than the control characteris-
tic would indicate is necessary for
the peak anode voltage, because the
anode-grid coupling current flowing
threugh the grid resistor must be

X,
R.

counteracted. The additional bias
needed is approximately
A Ea=
V2 E, [ . n Ry sin (6— @) ]C‘)*
- | sin 6-—F— -1
7 X, sin 6

where K, — rms anode voltage.

In order that this voltage should
be as low as possible for a given
value of grid resistance, K, should
be as large as possible, and C, should
be as small as possible. If the pre-
viously described definition for grid

* Since these equations uare approximate.
their error may be appreciable for very high

values of grid rexistance. The equations ap-
ply to the circuit of Fig. 1.

ELECTRONICS

current were used, then the com-
ponent of grid current, due to anode
coupling, might logically be defined

A E.
&
that, if this were done, grid current
would appear to be a function of
grid resistance, a condition of course
which is not in keeping with our
usual ideas of current. Actually, the
grid current produced by anode
coupling is an alternating current,
and both its magnitude and phase
must be known to be of any value
in circuit calculations.

In the foregoing equations, only
grid current due to anode-to-grid
capacitance and leakage resistance
coupling has been considered. An-
other path for current from the
anode to the grid is through the gas.
Normally, some ions and electrons
produced by extraneous causes, such
as cosmic radiation, are present in
the anode-grid region of the tube.
The electrons will be accelerated to-
ward the anode by the high field
between the grid and anode. If these
electrons make many collisions with
gas molecules in traveling along
their paths, a considerable amount
of ionization by collision can occur,
and a fairly large current to the
grid can result. This current will

as (is = It will be obs'erved
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flow through the grid resistor to
produce an tR drop which must be
compensated for by additional grid
bias. Even with the use of low
values of grid resistance, this gas
current is undesirable as it is the
preliminary step to cold-cathode
breakdown of the gas between grid
and anode and its presence indicates
that the allowable limit of voltage
for either the positive or negative
half-cycle of anode voltage has
nearly been reached. It is, therefore,
essential to insure that the tube
design is such that only a minimum
number of ionizing collisions are
made. The number of possible colli-
sions can be decreased in two ways,
namely: (1) by decreasing the gas
pressure so that an electron in
traveling a given path will find fewer
molecules to collide with, or (2) for
a given gas pressure, by decreasing
the length of path that an electron
must travel before reaching an elec-
trode.

Too great a reduction in gas pres-
sure is undesirable, as the tube drop
in potential then must become
higher during the conduction cycle
in order to produce sufficient ioniza-
tion to neutralize space charge. The
most desirable method of insuring
low gas current is to select a struc-
tural design in which all field lines

-
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between the anode and the grid are
as short as possible. The gas pres-
sure can then be made as high as is
consistent with the voltage rating
of the tube.

Tube Construction

The unique design of the RCA-
2050 and RCA 2051 has made possi-
ble the incorporation of the many
desirable features suggested by the
above analysis. Figure 3 is a cut-
away drawing of these tube types.

The cathode is the conventional
oxide-coated type, indirectly heated
by means of a 6.3-volt, 600-ma fila-
ment. It is located on one side of the
stem and is shown as 3 in the figure.

The anode is located on the other
side of the stem and is indicated as
7 in the cut-away drawing. It con-
sists of a small, flat plate and is sup-
ported entirely by a heavy lead in
the stem. A glass sleeve or pant leg
8 which is part of the stem, com-
pletely surrounds the anode lead, and
extends up through the mica. The
sleeve completely insulates the anode
lead, externally to the tube structure
proper, from all the tube elements
and the other leads. It insures that
there will be no gas discharge leak-
age current between the anode lead
and any other elements, and also in
providing a long surface leakage
path Dbetween the anode and any
other elements keeps the grid-anode
resistance (R,) very high.

Fig. 5—Grid current characteristics of the
control grid of the 2050 after gas discharge

TYPICAL CHARACTERISTICS

TYPE 2050
Eg=6.3 VOLTS
SHIELD-GRID VOLTS=0

. 5
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Surrounding the anode and cath-
ode is a metallic shield 5. A partition
having a slot aperture 6 separates
the anode from the cathode and di-
vides the shield structure into two
compartments. The shield is nor-
mally at cathode potential and serves
several different functions. Nearly
all lines of force emanating from the
anode end upon this shield or mica
shields 1 which close the end of the
shield structure 5. The length of any
of these field lines is short, so that
few ionizing collisions will be made
in this region, and gas leakage cur-
rent will be kept low. Nearly all the
gas current which does flow through
this region goes to the shield instead
of the grid and consequently, pro-
duces no voltage drop in the grid
resistor. The shield partition, by its
location, is very effective in raising
the control ratio of the tube. It is in
reality a grid electrode (shield
¢grid) ; a change in the starting po-
tential can be obtained by shifting
its potential.

The control grid is the small elec-
trode on the cathode side of the
shield partition. It forms a slot aper-
ture of some depth and in alignment
with the shield grid aperture 6. The
control grid is almost completely
shielded from the anode by the shield
grid. This arrangement reduces the
grid-to-anode capacitance of the elec-

within the tube still further, a trans-
position of the leads is made so that
the cathode lead comes through the
stem between the grid and anode
leads, partially shielding them from
one another, and thus reducing the
grid-to-anode capacitance.

As may be seen from <he draw-
ing, the grid is a small electrode.
The use of a small grid is made pos-
sible by the shielded structure and
is desirable in that the capacitance
of the grid to other elements is
small, and in that the ion or electron
current collected by the grid during
the discharge is small.

Two micas are used at the top of
the mount and two at the bottom of
the mount. The micas labeled 1 are
coated with a conductive coating and
complete the electrical shielding of
the structure. They are electrically
connected to the shield grid 5 and 6.
These shield micas do not support
the cathode and grid, this function
being performed by insulating micas
2, one above the top shield-mica, and
another underneath the bottom
shield-mica. The shield-micas act as
guards to prevent sputtered material
or evaporated barium from the cath-
ode depositing on the insulating sup-
port micas and building up leakage
between the grid and cathode or
shield-grid. Thus, the grid-cathode
resistance (R.) is high initially and

trodes proper to a minimum. To remains so throughout life.
carry this capacitance shielding All parts are punched or pre-
Fig. 6—Voltage-current characteristics of the
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formed, and are designed for quick
and easy assembly. The micas space
and self-align the parts, and insure
a high degree of uniformity of the
characteristics between tubes.

Characteristics and Ratings

The control characteristics for the
RCA-2050 are shown in Fig. 4. The
potentials given are the potentials
at the electrodes and therefore rep-
resent the true control characteris-
tics. As was previously mentioned,
the grid control characteristic can
be shifted by applying different po-
tentials to the shield grid.

It is not recommended that high
values of grid resistance be used
when the control-grid voltage is
more positive at starting than about
minus one volt, for then an electron
current from the cathode flows
through the grid circuit. This cur-
rent can be as much as 5 to 10
microamperes depending upon the
voltages on the wvarious electrodes.

After a discharge has initiated,
the grid collects either positive ions
or electrons from the discharge, de-
pending upon the grid potential. The
magnitude of this current is indi-
cated by the grid-current characteris-
tics after breakdown. Figure 5
shows this characteristic for the con-
trol grid; and Fig. 6, for the
shield grid.

The characteristics

of only the

2050 are shown. The control charac-
teristics of the 2051 are very similar
except that the curves at the low
anode voltages bend over at a higher
value than for the 2050. This is be-
cause the ionization potential of the
argon gas which is used in the 2051
is higher than for xenon which is
used in the 2050.

Tube ratings and other data are
given in Table I.

TABLE I — RATINGS of 2050 and 2051
Heater voltage. .. .. .. 6.3 volts
Heater current. . ........ 0.6 amp.
Heating time............. 10 sec.
Grid-anode capacity....... 0.02 upf
Other control grid cap... .. 3.8 upf
2050 2051

Pk. fwd. voltage. . 650 350 max.
Pk. inv. voltage. . 1300 700 max.
G, voltage. . ... .. 0 0 volts
Peak value I,*. .. 500 375ma. max.
Average I,... ... 100 75 ma. max.
Tube voltage drop 8 14 approx.
Grid resistor 0.01 0.01 min.

in megohins 10 10 max.

Averaged over period of not more than
30 seconds.

Stability of Characteristics

For proper design of circuits
using gas-control tubes, it is im-
portant to know how stable the char-
acteristics of the tubes are from
cycle to cycle, and over long periods
of time. Tests made over periods of
a few hours with both the 2050 and

Fig. 7—Variation of breakdown voltage throughout the life of

the tube.

This value is about 0.9 volt for the 2051 and about

0.3 volt for the 2050
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the 2051 show no noticeable change
in the control characteristics. This
has also been verified by tests with
a cathode-ray oscillograph. These
show the starting voltage from cycle
to cycle to be very uniform.

However, continuous operation of
the tubes at maximum rated current
causes a shift in the control charac-
teristics to become apparent in a
few davs. The rate and amount of
this change is not always the same
but varies somewhat from tube to
tube. The rate and amount of the
shift is also dependent upon the load
current, being greater for larger
values of load.

If the grid control voltage for
maximum rated anode voltage is
plotted as a function of time of op-
eration at maximum rated pea<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>