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Pioneering in development of
the frequencies of the future

Even as Amperex engineers distinguished themselves by exclusive developments
in the design and structure of ultra-high frequency transmitting tubes . . . so are
they now intent upon exploring the infinitely higher frequencies.

While these improvements originating in our research and engineering depart-
ments are entirely restricted to military operations, they will be released, in due
time, for broadcast, industrial and electro-medical application.
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PHOEN!X DEFIES
MOISTURE GHOSTS

Your hands are never dry. Perspi-
ration stains ordinary tracing
cloth, producing opaque spots, or
“‘ghosts,” that show on blueprints.
Water splashes make even more
disagrecable stains.

PHOENIX Tracing Cloth with-
stands actual immersion in water
Sor more than 10 minutes at a time
without 1!l effects! Perspiration will
not stain it!

PHOENIX LESSENS
SMUDGE GHOSTS

- The improved surface of
PHOENIX Tracing Cloth permits
you to usc harder pencils (SH and
6H) and 1o get sharper lines with
less tendency to smudge.

Result: Cleaner tracings and
blueprints.

PHOENIX REDUCES
ERASURE GHOSTS

Ordinary tracing cloths become
scarred when erased. Erased spots
produce ghosts on the blueprints. -

PHOENIX has a durable draw. >
ing surface that reduces working =~
scars to a minimum,

REG. U.S PAT. OFF.

TRACING CLOTH

for pencil and ink

HERE’'S A TRACING CLOTH
proofed against

MBISTURE GHOSTS

Perspiration stains and water marks hold no terrors for this im-
proved tracing cloth—and it holds pencil smudges or evasure scars
at a minimun. Now you can have clean tracings, in pencil or ink,
free from these untidy “ghosts” that reproduce on blueprints!

The secret of this amazing performance lies in a remarkable
new process that defies moisture, and gives PHOENIX an unus-
ually durable working surface. You can use harder pencils with
this improved cloth and get sharper lines with less tendency
to smudge. Even 6H pencil lines show clearly, and reproduce
strongly! Erasing does not mar the drawing surface; crased areas
take pencil smoothly—and ink without feathering. The new
white color and increased transparency provide excellent draw-
ing contrast and produce strong blueprints.

Let PHOENIX speak for itself on your own drawing board.
See your K&E dealer, or write for a gencrous working sample

and an illustrated brochure.

EST. 1867

KEUFFEL & ESSER CO.

NEW YORK - HOBOKEN, N. J.
CHICAGO - ST. LOUIS - SAN FRANCISCO - LOS ANGELES - DETROIT - MONTREAL
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‘Whitest

"How can we keep instrument dials from discoloring?’’ That's a
question to which industry has wanted an answer for years. Today
the answer is ready.

Make this test for yourself—Take an ordinary instrument
dial and one of the new Westinghouse permanent white dials. Place
them overnight in an oven heated to 300° F. Then look at them.
That is how they will look after approximately two years of service
in the average plant. Other destructive conditions, such as exposure
to corrosive fumes of excessive humidity, as may be experienced
in many instrument applications, will have a similar effect. The
Westinghouse dial will stay white because all Westinghouse in-
strument dials are faced with a plastic-base material, which resists
the effects of time, industrial fumes, heat and moisture.

Accurate readings are easier—and panel appearance is
neater when the dials are white. The jet-black characters, printed
by a special process or hand marked, do not flake or fade.

This is only one example of the special steps we take to make
our instruments the best you can buy. Detailed information on
other features, including nonblunting pivots, nonaging springs,
permanent magnets, and tubular pointers, is in our Bulletin 3013.
Address Westinghouse Electric & Manufacturing Company, East
Pittsburgh, Pa., Department 7-N. 40334




in heat

in humidity

INDUSTRY'S MOST COMPLETE LINE OF QUALITY ELECTRICAL INSTRUMENTS

s 24

Y

»
o . e
“ 5.35 is an attractively styled For flush mounting on small pan- g)n'lanle s‘w":hbo‘lrds w};el'ﬁ" * High visibility in a switchboard
switchboard instrument for projec- els Type V-35 is an instrument of GATL 0] UgtX ) LG/ UCHRE YD instrument is one of the features
tion mounting on medium sgize attractive design. Accuiacy within round 'yp‘:}:n.}"“mg'.":hw"}:‘ high of this KA-25 with flush-mounted ¢
panels. Accuracy within 2¢, 2490 accuracy, Ine Jype o is fhe answer. case S'i inches square. Accu.

racy is 145

The 'lrype A recorder with low first
cost, low maintenance unit gives good PC.135
Ao . o5 g 3 , a through type current
service in a variety of applications. transformer gives 1 through 250
amperes in primary, 5 amperes in
secondary.

TA Industrial Analyzer—in one case all the instruments
needed for complete a.c data in any industrial plant.
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APPARATUS FOR

ELECTRICAL MEASUREMENTS

Some of the SHALLCROSS Products...

* Ayrton Universal Shunts
*Ratio Boxes

*Accurate Wire Wound Resistors
(1 ohm to 10 million ohms)

* Standard Resistances
(0.0025 ohm to 1,000 Megohms)

*Secondary Standards

* Multi-Resistance Standards

*Megohm Decade Resistance Standards
* Potentiometers—Decade Type

*Decade Resistance Standards
(Heavy Duty)

*Megohmmeters

*Percent Limit Bridges

*High Voltage Measuring Apparatus
*Wheatstone Bridges
*Kelvin-Wheatstone Bridges
*Bonding Testers
* Milli-ohm-meters

*Decade Resistance Boxes

*Telephone Transmission Testing
Equipment

*Kilovoltmeters
°Fault Location Bridges
* Ground Resistometers

°*Rotary Selector Switches

(Solid silver contacts)

CONSULT US ON YOUR INDIVIDUAL PROBLEMS. OUR SPECIALTY

IS DESIGNING AND BUILDING SPECIAL APPARATUS.

ENGINEERING + DESIGNING - MANUFACTURING
INSTRUMENTS - RESISTORS * SWITCHES

COLLINGDALE, PENNA.
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Constant Voltage
. . . . undistorted

SOLA Constant Voltage Transformers are famous for
low distortion . . . Now available in units that deliver an
almost Perfect Sine Ware* . . . A regulated source of
Constant Voltage, free from harmonic distortion . .. A
Jinal solution to vour voltage regulation problems.

Harmonic Analysis*

Primary 115 Volts 60 Cycles
Harmonic Full Load No Load
3rd 0.56%, 1.319,
5th 0.51 0.56
! Tth 0.21 0.67

What is vour problem?

SOLA ELECTRIC COMPANY
2525 CLYBOURN AVE., CHICAGO, ILL.

|

TRANSFORMERS
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CERAMIC TUBULAR
FIXED CAPACITORS,

Bulletin 597 describes the CENTRALAB CERAMIC TUBULAR Fixed

Capacitors with controlled temperature sensitive characteristics.

Centralab Ceramic Trimmers feature capacity ranges and stabili-
ty, the equivalent of air trimmers, plus a saving in space and
weight. Write for bulletins that supply full Ceramic Trimmer data.

Always specity Centralab —
whether for ceramic prod-
ucts . . . Fixed Resistors . . .
or Volume Controls .

CENTRALAB

DIV. OF GLOBE-UNION INC,
MILWAUVUKEE WISCONSIN

CERAMIC TRIMMERS

2 MOUNTING HOLES
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1

-
I
0?2
o:
™S
‘g
>

8 June 1942 — ELECTRONICS



One thing above all others makes Formica the valuable material it is
in so many industries — electrical, mechanical, aviation, chemical, and
that is: once a Formica part is installed it remains unchanged almost
regardless of conditions. It really stays put!

When you build a part of Formica you can challenge the elements to
do their worst and they won't accomplish much.

Changes in temperature do not alter its dimensions appreciably.
Humidity or lack of it leaves it untouched. Electrical currents can't push
through it because it is an excellent insulator for high or low frequency
currents. No atmospheric condition, anywhere in the world, can cause
it to corrode, or roughen and destroy its surface, because it is inert
chemically . . . The Formica data book tells this story in terms of
precise engineering tests. Send for it.

ORMICA

THE FORMICA INSULATION COMPANY

4628 SPRING GROVE AVENUE CINCINNATI, OHIO

ELECTRONICS — June 1942 9



LET DUNCO SOLVE YOUR

ELA

PROBLEMS

The NEW DUNCO CATALOG
AND RELAY DATA BOOK

We sincerely believe this is the
finest, most helpfu!, and most com-
plete volume of its kind ever
issved. Contains 48 pages, pro-
fusely illustrated with photos, dia-~
grams and charts. Write for
your copy today,

10

STRUTHERS DUNN, INC., 1326 CHERRY ST., PHILADELPHIA, PA.

QUALITY UNITS, TAILOR-MADE
TO FIT YOUR APPLICATION

Don’t engineer ""around’ Relays and Timers !
Don’t waste time and effort trying to utilize
units that almost meet your requirements!
Come to Dunco where one of the nation’s
largest relay businesses has been built solely
on the ability to supply exactly the right relay
or timing device for the job—tailor-made to
fit your specifications like a glove. Dunco
engineers will gladly cooperate in solving
your relay problems.

June 1942 — ELECTRONICS



.Anode™ and
Cathode™ Sleeves
for the Electronics
Industry...

sk SUPERIOR SEAMLESS + SUPERIOR PATENTED LOCKSEAM AND SEAMLESS

SUPERIOR TUBE COMPANY, NURRISTUWN PENNSYLYANIA T"BIbé

Tubing from 3" OD down. . .SUPERIOR %ﬂ;.\'oum essinvariousanalyvses. W ELDRAWN d]]w:v Welded and drawnStainless.

BRAWN % Welded and drawn “Monel” and “Ine 1, SEAMLESS and Patented LOCKSEAM Cathode Sleeves

ELECTRONICS — June 1942




1. LOCK-IN LOCATING LUG — also acts as

shield between pins

2. NO SOLDERED CONNECTIONS —c!l welded
for greater durability

3. SHORT, DIRECT CONNECTIONS — fewer

welded joints —less loss

4. ALL-GLASS BASE —low loss and better

spacing of lead wires

5. NO GLASS FLARE — unobstructed base

for internal shielding

6. IMPROVED MOUNT SUPPORT — ruggedly

mounted on all sides

7. GETTER LOCATED ON TOP—shorts elimi-
nated by separation of getter material
from leads

8. NO TOP CAP CONNECTION — overhead

wires eliminated

9. REDUCED OVER-ALL HEIGHT — space

saving

FOR ACTIVE
MILITARY
SERVICE!

S battle lines lengthen, as
American military might
fans out over the globe, radio
becomes an increasingly vital
artery of our communications
system.

So naturally, radio tubes must
be stronger, more solidly built,
better able to ¢take it”’ than
cver before.

Look at the cross-section of the
Sylvania Lock-In, shown in the
accompanying diagram. Note its
nine outstanding features. Then
you’ll understand why our
armed forces are relying, in
growing measure, upon the un-

flagging dependability of this

SYLVANIA great tube.

SYLVANIA LOCK-IN TUBE
L RADIO TUBE DIVISION

HYGRADE SYLVANIA CORPORATION

New York City EMPORIUM, PA. Salem, Mass.
Also makers of HYGRADE Incandescent Lamps. Fluorescent Lamps and Fixtures

& June 1942 — ELECTRONICS



AIMING

FIRING
SIGHTING

BOMBING

Qﬁ @EE&Y@ by GUARDIAN

¥ Swing the turrets! Aim! Fire! And, aircraft guns resp
trols by Guardian. Sight! Bomb! It's the order of the day. Guardian

stands ready for any assignment that will help to preserve the

«American Way"” of life.

Certified by all branches of the war department . . - Guardian
invites inquiries for samples of Government Approved Controls for
the jobs you are doing today « .- for those new designs that must

excel tomorrow. Write—wire—phone.

GUARDIAN

1625 WEST WALNUT STREET

LARGEST LINE OF RE

ELECTRONICS — June 1942

ond to con- X GUN SWITCH HANDLES

& REMOTE FIRING EQUIPMENT
& TURRET CONTROLS

% RADIO CONTROLS

& NAVIGATION CONTROLS

% AIRCRAFT CONTROLS

% BOMB RELEASES

% SOLENOID CONTACTORS

[ELECTRIC

CHICAGO, ILLINOLS

LAYS SERVING AMERICAN {NDUSTRY

"bbl R



14

. ey

200

] holc. Tcmmu s chaice of +1
57 stray

TYPE RL, 14 Watt, Non- inductive, ‘.Slwdnd lulumﬂ
140/0, Muomum tesistance ohms
diam, x ‘2" high_Mounting-hole ouglv «nm 1o
clul 6 32 sctew, Tarminals <18 Tivmud coppet wire

TYPE KL, 14 Watt, Non-inductive, Standard tolerance
‘é 00, Mlximum resistance 500,000 ohms, Size .
diam. x 14" long, Mounting by’ Qumlmls. Terminals
218 1L coppet wite 114

TYPE DL, 1 Watt, Noh-indiictive Standerd lolmncc
14070, Moximum resistance 1 Mcgohm 2
am, x %" high, Mounting-Hole !luroush «Me- to
;*ar a-z: screw, Terminals 618 Tinned copper wire
1

TYPE WL, 1 Watt, Standard tolerance 1 0/0, Maxi-

mum lcm‘mcc 50000 “ohms ,rSixc 357 diam. x 17

! Is—Strap 015"
bnci by %" wiJc tinned coppet . . . Light with high
mlshnce, 3 populn type for uimlono use.

g
Sa0LSISds
 ANAWARIENI

TYPE AL, 4 Watt, Inductively wound, Standard toler-
ance 3 00, Maximum resistance 80,000 ohms, Size

Iy dism. x 1" long, Mounting by terminaly or center
hole, Tarminals 18 Tinned copper wire 113" long

itedniigisng

SHO ST IN

TYPE AC, 5 Watt, l»du:uvely wound Sh\ndard Tolet
ance 3 O/O Mnnmum resistance 50 000 ohms, Size

Ty “diam. x1" * long, Mounlingv ¥ terminals or center
8 Tinnad copper wire &1

Specializing in
WIRE WOUND
RESISTORS

If space and weight are factors in
your design, check the maximum re-
sistances of these wire-wound resist-
ors against their dimensions which
are indicated by the rule. Specializ-
ing in wire-wound resistors, the type
with which it is possible to obtain
high resistance in minimum space
with minimum weight, we have stand-
ardized these and other units in order
to give you the price advantage of
mass production.

As specialists, moreover, we have the
experience and equipment to meet
your resistor needs whether or not any
of our standard units can be used.

Write today for file catalog with
prices . . . and if your resistor prob-
lem is unusual, by all means, get our
advice and quotations.

INSTRUMENT
RESISTORS GO.

25 Amity Street
LITTLE FALLS . . . N. J.

MICA CARD, Type HN, Standard tolerance
29%, 30 Wat, Maximum resistance 50,000
ohms, Size 115" wide x 34" long x %" thick,
Mounting Insulated eyelet to clear 6-32 screw,
Terminals Tinned copper lug. Ideal for limited
space Iymg close to panel or wall.

a0
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Which would you pick to keep

DEAD-FISH DONALD OR FIRM-FINGERED PHIL?

For a good grip, no matter
how hard the going, you’d
take Firm-Fingered Phil . . . or
the Phillips Recessed Head
Screw.

Long after you would have
given up on a slotted head
screw (or it would have given
up on you), you can still turn a
Phillips Screw. The metal won’t
ream out . . . the driver won’t
slip out . . . and you won'’t give
out. Result: a much tighter fas-
tening that will withstand all
vibration.

a fastening TIGHT?

Meanwhile, you've been sav-
ing time, because Phillips
Screws are driven faster —
especially when the fastening is
awkwardly located. In many
cases, pneumatic and electric
powerdrivers can be used, since
there is no danger of driver
slippage or split screw heads.

Taking an average, you can
save 50% by switching from
slotted head to Phillips. That’s
balf the time . . . and balf the
cost. Order from any of the
firms listed below.

oy Aesemilés. . J1H
gt i Germs PIllIS ==czsse> SCrews
-

WOOD SCREWS ¢ MACHINE SCREWS ¢ SHEET METAL SCREWS ¢ STOVE BOLTS
SPECIAL THREAD-CUTTING SCREWS ° SCREWS WITH LOCK WASHERS

Order stronger, cost-cutting Phillips from any of these sources

American Screw Co., Providence, R. |, New England Screw Co., Keene, N.H.

The Bristol Co., Waterbury, Conn. The Charles Parker Co., Meriden, Conn.

Central Screw Co., Chicago, Il Parker-Kalon Corp., Ngw York, N.Y.

Chandler Products Corp., Cleveland, Ohio P, ket Screw Co., R,

Continental Screw Co., New Bedford, Mass. Pheoll Manufacturing Co., Chicago, Il

The Corbin Screw Corp., New Britain, Conn, Russell, Burdsall & Ward Bolt & Nut Co., Port Chester, N.Y.
international Screw Co., Oetroit, Mich. Scovill Manufacturing Co., Waterbury, Conn.

The Lamson & Sessions Co., Cleveland, Ohio Shakeproof Inc., Chicago, Il
The National Screw & Mfg. Co., Cleveland, Ohio  The Southington Hardware Mfg. Co., Southington, Conn.
Whitney Screw Corp., Nashua, N.H.

16 June 1942 — ELECTRONICS



Photo by U.S. Army Signot Corps

How a Shot in the Dark Finds Its Mark

A—=Square tube coil form sanded to size;
flanges milled, sawed and broached.

B—Insulating twbe, sawed, drilled, reamed,
and milled.

C~—Sawed, milled and drilled terminal panel.

HE destruction of enemy planes at night

is dependent upon electrical teamwork.
Efficient work of battery units and the
reliability of the communications between
them require a dependable insulation.

Synthane's combination of physical and
electrical properties makes it as useful in
war as in peacetime production. Among
them are excellent electrical insulating char-
acteristics, light weight, structural strength,
ease of machining and resistance to corro-

SHEETS - RODS - TUBES - FABRICATED PARTS

Bakelite

sion from solvents, water, many acids and
salts.

As an aid to essential industries, some
of which are using Synthane for the first
time, and as a help to peacetime planners,
the information on the back of this adver-
tisement may prove helpful. We'll be glad
to supply additional information if you'll
write us.

Plan your future with plastics.
SYNTHANE CORPORATION, OAKS, PENNA.

SYNTHANE TECHNICAL PLASTICS

SILENT STABILIZED GEAR MATERIAL

laminated




STANDARDS OF QUALITY FOR

SYNTHANE BAKELITE-LAMINATED SHEETS

BLACK figures are actual test values; BROWN figures are RELATIVE values

for use in comparing grades—100 indicates the most favorable relative value.

. ) ) ) (2) Dielectric Strength 3) 3) 3) 4) Recommended
Tensile Transverse Compressive Short-Time  Step-by-Step Power Dielectric Dielectric % Water Impact Temperatures for
G R A D E Strength Strength Strength Test Test Factor Constont | Loss Factor | Absorption | Strength Punching
*
Pounds per Square Inch Volts per Mil, (.0017) At 1,000,000 Cycles T
X 12,500 21,000 35,000 700 500 .050 5.5 .27 4.0 Cold to 145"

Hot to 345"

XX 8,000 16,000 34,000 700 500 .040 5.0 .20 1.3 Cold to 1435°
Hot to 345"

XXX 7,000 15,000 32,000 650 450 .03¢2 48 a5 1.0 Hot to 146"

(Simple shapes,
compound dies only)

XP 8,000 15,000 22,000 700 500 .045 5.0 .22 3.0 Cold to 14¢”
Warm to 15"

XXP 8,000 16,000 25,0(_)0 700 500 .040 5.0 .20 1.3 Cold to 145"
Warm to 15"

XXXP 7,000 15,000 25,000 650 450 .027 45 19 1.0 Warm to 143,"
Hot to 342"

C 9,500 20,000 38,000 200 120 10 1.0 .10 1.7 Cold to 14¢"
Hot to 346"

CE 8,000 17,000 36,000 500 300 .055 55 .30 1.2 Cold to 145"
Hot to 345"

L 9,000 20,000 35,000 200 120 10 1.0 .10 1.4 Cold to 1/4¢”
Hot to 3/4¢"

LE 8,500 19,000 37,000 500 300 .045 5.0 .29 .90 Cold to 143;"
Hot to 345"

ALL VALUES ABOVE REPRESENT MINIMUM AVERAGES FOR STANDARD GRADES.

METHODS FOR TESTING SYNTHANE

1. Tests were made at room temperature, approximately
925 deg. C., following the American Society for Testing
IMc;le!iuls Method D-229-39. All thicknesses vp ta 1 inch,
ncClusive.

MACHINEABILITY OF
SYNTHANE SHEETS

*Temperature Standards for Punching.
Cold is room temperature, not under 60° F.

i Warm is 120°F. to 150°F.

2. Tests were made under oil an 4" thickness, according ta

A merican Society for Testing Materials Method D-1 49(-4081’).

3. Tesis were made ot a frequency of 1,000,000 (30

cycles, according to American Society for Testing Mate- Bakeli‘e B laminated : ° o
rials Method D-150-41-.T. All thicknesses up to 1 inch, Hot is 175° F. to 250° F.

Inclusive,

4. Tests were made on pleces 3" x 17 x %" thick, according s" NTHANE C ORPOR ATION TA" grades of Synthane may be easily sawed,
to the American Society for Testing Materials Method 4 .

D.299-39 alter immersion in water for 24 hours ot approxi- OAKS., PENNA. drilled, turned, milled, etc. See Synthane
mately 25 deg. C. plus or minus 2 deg. C. (For grades C, -

CE, L, LE, 4" thickness was vsed.) REPRESENTATIVES IN ALL PRINCIPAL CITIES folder on machining.



OU CAN HEAR VICTORY ... in the
Yvibrant speeches of the President
contrasted to the “intuitive whining
of der fiibrer ... in the defiant roar of
American industry geared to all-out
production ... in the swift, sure trans-
mission of vital radio messages to
which Cornell-Dubilier contributes ca-
pacitors that are as infallible as thirty-
two years’ and two World Wars’ expe-
rience can make them.

Today manufacturers must have high

MORE IN USE

ELECTRONICS — June 1942

priority orders to enjoy C-D’s finer
performance. But when the war is won,
C-D capacitors will again be available
to all industry, and C-D's extra de-
pendability, which makes it the most
widely used capacitor in the world
today, will assure more hours of capa-
citor use per dollar for industry to-
morrow.

Cornell Dubilier Electric Corpora-
tion, South Plainfield, New Jersey; New
England Division: New Bedford, Mass.

Cornel! Dubilier Capacitors

MICA o PAPER o OYKANOL o WET & DRY ELECYROLYTIC CAPACITGRS

TODAY THAN

MICA TRANSMITTER CAPACITORS

Copied, imitated,..but never duplicated.

Type 6 Mica Transmitter Capacitors in
moulded cases are designed for a wide
variety of radio frequency applications,
where size and weight must be kept at a
minimum. They are specially suited for
use as grid, plate, coupling, tank and
by-pass units. The type 6 is one of the
smallest types employing the Dubilier
patented series-stack construction, per-
mitting their use on higher r.f. voltages.

OTHER

MAKE
19
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HARDWICK, HINDLE

BLUE RIBBON RESISTORS

The immediate acceptance and widespread use of
our Blue Ribbon Resistors exceeded our expecta-
tions. Designed on modern lines, compact, efficient
and tough,—they offer more than just higher watt-
age ratings for unit space required.

The resistance wire is accurately wound on a
Steatite core and the ends are brazed to terminals
of any of our numerous types. Standard mounting
is by means of an aluminum thru-bar which is in
contact with the entire internal surface of the
ceramic core. This thru-bar distributes heat uni-
formly along its entire length,—eliminating hot
spots normally found in tubular resistors with con-
ventional mountings.

Our mounting studs are riveted to the ends of

PATENT PENDING

the thru-bar, and tend to conduct heat to the
mounting surface —they are designed also as spacers
when two or more units are stacked. This resistor
and its mounting form an integral unit. Blue
Ribbon Resistors cannot rotate or loosen. They are
easily mounted in a minimum of space. They are
the last word in ceramic core-vitreous enamel
construction and design.

Intermediate taps, adjustable contact bands,
non-inductive winding, non-standard lengths and
ratings.

There are important exclusive advantages in
other types of resistors and rheostats made by us.
Please consult us.

HARDWICK, HINDLE, Inc.,
Newark, N. J., U. S. A.
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PZ-100-QD Dual variable transmitting
condenser. 9000 V. spacing. Normal airgaps
to 1/; inch.

TC-100-UD Dual variable transmitting
condenser. Normal maximum airgap .294
inches. !/5 inch airgap available in 80 mmf.
single or 40 mmf{. dual.

HZ-100-ZD Dual fixed transmitting con-
denser. I/ inch airgap 100 mmf. per section.

A-7220 Micro-capacitor bridge adjuster.
Typical of the manyspecial components that
are produced to customer specifications.

CARDWELL <5 CONDENSERS

Specified and used generously in practically every type of communications equipment
from the lowest power transmitters to the highly complex controls of frequency checking

devices, CARDWELLS have never failed to justify their selection.

THE ALLEN D. CARDWELL MANUFACTURING CORPORATION

83 PROSPECT STREET BROOKLYN, N. Y.
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MTHIKE

; > o o
Wm STARTS WITH

LITTLE THINGS « « « AS LITTLE AS .000001”

Surface smoothness (height, depth, pitch of each irregularity)
is accurately measured to a millionth of an inch . .. precision
at its finest . . . by the Brush Surface Analyzer.

The movement of the diamond stylus is amplified up to 100,000
times and immediately recorded on a moving paper chart
for permanent reference.

Readily operated anywhere by plugging into a 110 volt,
60 cycle, A.C. line. BRUSH

7.-'#..0‘ VS Al

PROD UC -

BRUSH DEVIFIOFPMENT CO.

3311 PERKINS AVENUE . . CLEVELAND, OHIO

June 1942 — ELECTRONICS



FACILITIES FOR
_ PROMPT QUANTITY PRODUCTION -

TRANSFORMERS:
Power up to 2 KVA. Modulation . . Audio

CHOKES

COILS: Paper Layer or Bobbin Type
AUDIO and NOISE FILTERS
POWER SUPPLY UNITS

OSCILLATOR TRANSFORMER ASSEMBLIES: Which Include Transform-

400 CYCLES ers for Transmitters and Receivers
Inductance held to ¥ of 1%

To Signal Corps, Air Corps,
Navy Specifications . . ..

COMPLETELY ENCLOSED
SHIELDED TRANSFORMER

VN SIONITY P
3D HIWHOISNYY
IVHINA

TRANSFORMERS UP
TO 2 KVA. IN CAST
IRON HOUSINGS

i

POWER TRANSFORMER
Hermetically sealed to pass salt water
immersion tests

CHOKE

Db SEND DRAWINGS AND
SPECIFICATIONS
FOR SPEEDY
QUOTATIONS TO

| 4 ~
GENERAL TRANSFORMER CORPORATION

1252 WEST.VAN BUREN. STREET MONROE 4472 CHICAGO, ILLINOIS
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@ Graphite Anodes for transmission and
rectifier tubes are America's Answer to the call for
equipment that can give as well as take.

SPEER Graphite Anodes cannot warp, fuse or blow under
any possible overload. They help keep tubes gas free,
release rare metals for other uses.

Both the armed and the armorers of our Nation have
learned that anodes mean graphite, and graphite ST. MARYS, PA.

means SPEER. CHICAGO - CLEVELAND - DETROIT
® Graphite Anode Booklet and list of tubes A T IYORKEIRITASOURGH

with Speer Graphite Anodes sent on request. @ 27

ELECTRONICS

CARBON COMPANY
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dens lives are safer

/

UYianhs to aiailable National Vidoanized Pibre

doing yeoman service in civilian defense.

One outstanding use is in Protective
Helmets. It is ideally suited for this applica-
tion because of its lightness in weight (one-
half that of aluminum) but more importantly,
because it is tough! It has the remarkable
property of absorbing impact blows and dis-
tributing their forces over so wide an area
that injury is prevented. Protective Helmets
made of National Vulcanized Fibre withstand
without fracture the impact of an eight-pound
ball dropped six feet! And they stubbornly

NATIONAL VULCANIZED FIBRE is

NATIONAL VULCANIZED FIBRE COMPANY

resist wear and abrasion. National Vulcanized
Fibre is daily replacing hard-to-get metals and
plastics. Our engineering and research facili-
ties are available to you on any problem.
Wire, phone or write us.

Available Natianal Vulcanized Fibre naw being
used extensively far

e

Wi LMI NG T o N ‘ D E L A W A R E You can use this Hand-
book profitably. Write
for free copy today.

Offices in Principal Cities




The molding of telephone hand-

sels may seem far removed from

your manufacturing operations.

Yet it may be of direct impor-

“... withstood wear and fear  tance, as an example of the prob-

of civilian wse...." lems you may encounter in using
plastics for war production.

What happened when the hand-
set used in homes and offices had
to be adapted to service in the
“  rerained its lustrous  Oignal Corps? Molded from phe-
finish .. " nolic plastics,the standard hand-
set was sufficiently strong to
withstand the wear and tear of
everyday civilian use, and it re-
tained its lustrous finish despite
constant handling,.

“the Signal Corps required

, Jut 1l ignal rps required
extra durability . . . By 1e Signal Cory i

3 Weyd “BAKELITE” PLASTICS

/ LITERATURE ON “DO’'S” AND

“DON'T’'S"” OF PLASTICS... Helpful

technical booklets containing data on

types and forms of BAKELITE plastics,

and the most efficient methods of fab-

rication. This literature will helr you
)

to choose the right plastic for eac

job,
save time and avoid errors.




"specifications . . . called for
another type of material . .."

Ly

". .. high impoct plastic re-
quired higher pressures .. ."

4
“study. .. avoided errors that
might have slowed produc-
tion . .."
4

extra durability, to meet much
more exacling service require-
ments. Specifications were
changed, calling for another type
of phenolic molding material
providing much greater resist-
ance to shock. Use of this high-
impact plastic made it necessary
to build stronger molds, to with-
stand considerably higher mold-
ing pressures. This, in turn,
brought about important modi-
fications in molding technique.

This careful study of problems
relating to plastics materials, de-
sign, and fabricating techniques
avoided manufacturing errors
that might have slowed produc-

RESISTANCE is now the prime

selecting plastics for strategic service!

"prevented waste of valu-
able plostics materials”

tion and wasted valuable mate-
rial. As a result, production is
maintained at a high level, and
the molded handset provides
satisfactory field performance.
BAKELITE CORPORATION

Unit of Union Carbide and Carbon Corporation

30 East 42nd Street, New York, N. Y.

GET “HEADQUARTERS H

ON PROBLEMS RELATING

TO PLASTIC MATERIALS,
DESIGN, AND

FABRICATING TECHNIQUES

ELP”

ia-‘uw
1A ddAdnd

HEADQUARTERS Can Help You Speed Production and Conserve Strategic Materials

2 GEARING OUR LABORATORIES TO
YOURS . . . Bakelite Laboratories offer a
two-fold service. They are ready to help
you utilize present plastics in war pro-
duction. They will also develop new
formulas to help solve the problems of
highly specialized requirements.

3 FIELD WORK ON "FRONTLINE"
JOBS... Located at important industrial
centers throughout the nation, Bakelite
Field Engineers are ready to give prompt
service to manufacturers engaged in war
¥roduction. Fully qualiﬁeﬁ, they can
requently solve production problems on
the spot.
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Here is something new for the"Son of Heaven”

OMETHING new under the sun?

Yes, sir!/—lots of new products
to speed up the drive against the
Japs ...

New parts like this (for the time
being their use cannot be revealed)
are made possible by the use of
INSUROK Precision Plastics. This
part is but one of many new war-
designed products developed by
Richardson Plasticians.

Because Laminated INSUROK
can be machined to close tolerances

28

with existing equipment, it facili-
tates sub-contracting—saves other
critical materials for other impor-
tant uses. Molded INSUROK, too,
is serving with the air, land and sea
forces because of its versatility and
ability to meet the problems of the
hour better, faster.

The Richardson Company, Melrose
Park, 1ll.; Lockland, Ohbio; New
Brunswick, N. ].; Indianapolis, Ind.
Sales Offices: 75 West St., New York
City; G. M. Building, Detroit.

INSUROK and the experience of Richardson
Plasticians ore helping war products pro-
ducers by:

1. Increasing output per machine-
hour.

2, Shortening time from blueprint to
production.

3. Facilitating sub-contracting.

'/ 4. Saving other critical materials for
other important jobs.

5. Providing greater latitude for de-
signers.

6. Doing things that “‘can’t be done.”

7. Aiding in improved machine and
product performance.

June 1942 — ELECTRONICS
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" |t takes TOoP QUALITY armam:nte
to build Uncle Sam’s War machin
b3

in
a TOP QUALITY drawi 9 .

it takes

pencil to designit .-« " 2

The choice of pencil crattsmen everywhere

WINNER 7/ TONE

DRAWING PENCIL

% Bearing the A. W. Faber name, famous for 181
years

b3
!
%
Z4
v
%5
b 3

&

ﬂ

rd
()
Z
L © .
E: % America's highest-priced drawing pencil

% America's standard of drawing pencil excel-

lence

Besides the 4 Freedoms we are fighting for,
there are 4 other freedoms vital to that
vast army of pencil men, who conceive and
design Uncle Sam’s mammoth equipment
for all-out War:

1. Freedom from Scratching

2. Freedom from Smudging

3. Freedom from Flaking

4. Freedom from Gritty Hard Spots

Although”the better part of two centuries is
back of the FABER name, we don't ask you to
take our word for the excellence of WINNER
Techno- TONE. We will gladly send you two
FREE samples of any degree you desire. Sim-
ply write on your letterhead, stating your
position.

NEWARK,

N.]

Ao i
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PROTECTION

The Army tank shown above is provided with
extra protection against almost any War haz-
ard. In the same manner, every GAMMATRON
tube is designed and built to give extra protec-
tion against circuit hazards which would cause
ordinary tubes to fail. Full tantalum construc-
tion,improved GAMMATRON pumping methods
make failure due to internal release of gas impossible.
Sturdy mechanical construction prevents handling
breakage and provides low internal inductance forbet-

ter UHF performance. Get in touch with your nearest

GAMMATRON sales representative for further details.

GAMMATRON SALES REPRESENTATIVES

Wash., Ore., Idaho, Mont.
MARSH AGENCIES
104 Battery Street
Seattle, Washington
Mo., Kansas, Nebraska
H. A. ROES
2017 Grand Avenue
Kansas Ciry, Missouri
Ind., Ohio, Kentucky
W. E.McFADDEN

New York State
W.F.SEEMAN
523 Ellicott Square
Buffalo, New York
Pa.,Va.,, W.Va,, Md.
Wash,,D.C,, Del.,, N.J.
S. K. MACDONALD
1334 Arch Street
Philadelphia, Pennsylvania

Maine, N.H., Vt., Mass.

Minn.,N.D., $.D., Wis.
KENNEDY SALES CO.
2362 University Ave.
St. Paul, Minnesorta

1Hinois, Wisconsin
RALPH M. HILL
GORDEN GREY
1 North Crawford Ave.
Chicago, Illinois

915 Montrose Ave., Bexley Conn., R.1. Tenn,N.C, S§.C,, Ala.
Columbus, Ohio TRADE CONTACT a., Fla.

Michigan—W.B. SWANK CORPORATION HOLLINGSWORTH
610 Blaine Avenue 25 Huntington Avenue & STILL

Detroit, Michigan Boston, Massachusetts  Norris Bldg., Atlanta, Ga.

Calif., Nevada, Arizona
E.P. DEMAREST
1630 South Flower Street
Los Angeles, California
‘Texas, Okla., Ark., La.
M.B.PATTERSON & CO.
434 Allen Building
Dallas, Texas

HK1054

TYPE

MAX. POWER
OUTPUT
3000 WATTS

New York City,New Jersey
D.R.BITTAN SALES
0., INC.

53 Park Place
New York City, N.Y.

ez aurn
GAMMATRONS of course!

30
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Anaconda’s Central West plants still have unfilled capacity on
magnet wite and coil production. .. for war work. In addition
to these facilities, they have experienced personnel to help solve
problems you might have with this phase of manufacture.

Here is an opportunity to release your time so that it can be
devoted to other important problems. Our sales offices, located
in all principal cities, are near you. Call

today. A representative will be glad to bA
discuss your problem. from
GENERAL OFFICES: 25 Broadway, New York City Ty adtmatl
CHicaco OFFICE: 20 North Wacker Drive symbolizes the best ef-
A - forts of modernresearch
Subsidiary of Anaconda Copper Mining Company_ and production.

Sales Offices in Principal Cities

@9 : a

({

These Improved Insulations
Are Now Available
Nylon —Vitrotex —and Formvar

The commercial development of Nylon
and Vitrotex insulations is in part the result
of Anaconda research . . . research that
continues with redoubled effort produc-
ing new products for war work. Of course,
when peace comes, the benefits of this re-

search willbe readyforindustry everywhere.
42263

ANACONDA WIRE & CABLE COMPANY

ELECTRONICS — June 1942
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LECTRONIC Laboratories design and build Vibrator-Type Power Supplies for:

L__—1IGHTING . . . Both Fluorescent and “Black Light” are Electronic Powered!

2 3

MERGENCY Power for radio and electrical devices!

— Vital at Airports! Lighthouses! Coast Guard! Telephone Exchanges!
1

OMMUNICATIONS . . . Marine, Police, Amateur Radio Networks

ﬁ — depend on Electronic Power Supplies!

ANKS! Jeeps! Walkie-Talkies! Planes! PT-Boats!

—These are but a few of Electronic’s military applications! 6

ELIABILITY proven daily by Allied Armed Forces!

: —frequencies absolutely constant and stable!
4
— UNCE-SAVING Electronic Power Supplies are trusted flight companions
—-V— —in both military and civil aircraft.

5

LN_JEW current capacities! NEW flexibility in input and output voltages!

NGENUITY and Resourcefulness are outstanding characteristics of the . . .

7
8

USTOM Engineering Service which Electronic invites YOU to use.

1. Operates electric razors in trains and planes. 6. Ounce-saving unit for "Black Light” on planes.
2. Portable source of 110 AC power. 7. AC and DC input and output FM Power Supply.
3. More important than the bombs in o bomber. 8. 12-Volt Heavy-Duty Power Supply, Output 425 Volts
4. Controlled variable frequency for most exacting at 225 Milliomperes.
timing requirements. The above illustrates typical types of Electronic Canverters.

Recent military applications not included.

5. Battery-operated 400-watt AC Transmitter-Receiver
Power Supply. ELECTRONIC LABORATORIES, Inc., INDIANAPOLIS, INDIANA

=)= power supp’“es remember [|E(T]



If your design calls for a resistor
INVESTIGATE “GLOBAR” CERAMIC RESISTORS

LOBAR Ceramic Resistors are non-inductive and in the types whose characteristics are briefly outlined

have excellent radio frequency characteristics. below. To conserve your time and to assist you in
They are rugged, have liberal overload capacity andare - selecting the resistor best suited to your purpose our
not affected by humid atmospheres. Standard terminals long experience in specialized resistor manufacture is
consist of metallized ends; permitting neat, orderly at your service. Send us full details of your require-
assembly in fuse clips or other types of mountings. ments and your problem will have our immediate
Globar Resistors are available in many shapes and sizes consideration.

GLOBAR BRAND CERAMIC RESISTOR CONDENSED SPECIFICATIONS

*Normal )
Resistance *Overall Rating Maximum
Type Length Diameter Per Inch Watt Watts Per Volts Per
Of Length Rating Sq. Inch Of Inch Of
Radiating Length

Surface

Min| Max| Min, Max. |Min.| Max

VL R VAR IR T: o B PSl I 25 15 Vi | 54 1 watt 400

ohms | megohms| watt | watts

e | 1t 18| Y| 17 | 5 15 | Y | 54 1 watt 400

ohms | megohms| watt | watts

wex”| v | 187 | %em | 17 | 1 | 1000 | V4 | 150 | 2% watts Seé

ohm ohms watt | watts Note

» These ratings may be substantially increased by artificial cooling

1. Type “A” has comparatively Straight Line Temperature-Resistance and
Voltage-Resistance Characteristics.

2. Type “B” has Negative Temperature-Resistance and Voltage-Resistance
Characteristics.

3. Type “CX" has a slightly Positive Temperature-Resistance Characteristic.

4. Other resistor types are available for specialized applications.

5. Globar Brand Resistors are usually furnished with plain metallized ends
for fuse clip mounting, but may also be supplied with wire leads if desired.

6. NOTE: Type “CX" Resistors have a low specific resistan¢e and cannot
be subjected to voltage stresses permissible with Types ““A” and “B”. The
maximum allowable voltage is that voltage required to yield the maxi-

mum wattage rating for this type of resistor.

% CERAM/C RESISTORS

BRAND
Globar Division THE CARBORUNDUM COMPANY Niagara Falls, N. Y.
(Carborundum and Globar are registered trad ks of and indi fi by The Carborundum Company)
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WARD LEONARD CONTROLS
We are proud that Ward Leonard Controls
developed during the past fifty years, now
contribute their part in increasing safety,
comfort and efficiency of men in service.

The flyer turns the knob on the little by air service in spite of its minute
Ward Leonard Rheostat and just the right  dimensions and extremely light weight.
degree of comforting heat surges through  This is but one of the many special con-
his flying suit. It is not an ordinary com- trol devices that Ward Leonard is pro-
- mercial control but one that has the ducing in quantities to serve national

ruggedness and dependability required defense.

'WARD LEONARD

RELAYS - RESISTORS « RHEQSTATS

Electric control SAWLZ devices since 1892,

WARD LEONARD ELECTRIC COMPANY, 32 SOUTH STREET, MOUNT VERNON, NEW YORK
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STEATITE

TEN QUESTIONS...AND ANSWERS

111 127 IMPORTANT INFORMATION TO ANYONE
CONCERNED WITH DESIGN OR PRODUCTION
OF ARMY OR NAVY RADIO EQUIPMENT

o

What is Slealile? trance insulators, bulk-head insulators, streamline

Steatite is the term applied to a certain type of low- entrance insulators, ete, For production of such

A. loss ceramic. 1t also applics to the principal raw pieces in Steatite, Lapp facilities are almost un-
material from which such a ceramic is made. limited.

+  What are the uses of Slealile? Q. What are Lapp qualificalions for Slealile production?

Lapp enginecers have four years' experience in the

Its low-loss characteristics make it almost necessary
peculiarities of Steatite production. Shrinkage, glaz-

for radio-frequency circuits. Tube socket bases,

>

switch parts, coil forms, standoff insulators, bowl ing and firing problems have been solved. Complete
insulators, rod antenna insulators, etc., are picces testing facilitics in the Lapp laboratory include a
in regular use. radio frequency generator (with range up to 3,000 Ke

and 40,000 volts) for making heat runs, corona tests
and flashover determinations. By maintaining a close
check on radio frequency characteristics—diclectric
constant, power factor, puncture strength, etc.—
lapp can assure performance characteristics of
finished pieces.

Is there a shorlage of Slealife?

The raw materials of Steatite are available in great
abundance. In fact, the Lapp supplicr of Steatite tale
reports his business substantially reduced, due to
reduction in output of non-war ceramics. Facilities
for the production of finished pieces of certain types
are not suflicient to fill the requirements of the armed
forces.

>Oo P>O

What can’t Lapp make?

Lapp has limited facilities for pressing, and is not
equipped to make small close-tolerance picees.
Whal of hardware?

For piecces requiring sanding and cementing into
hardware, Lapp methods are perfectly suited. (This,
like the production of a large volume of heavy Stea-
. , . . L tite picces, fits right into normal Lapp insulator
What is Lapp's parl in lhe supplying of Sleatite? production methods.)

Lapp facilities are available for the production of a
large volume of Steatite, in certain types of picces.

'3

In whal sorl of pieces does this shortage exist?

Small close-tolerance pieces (tube socket  bases,
switch parts, coil forms, ete.) require a precision
manufacturing technigue for which facilities are not
casity amplified.

or Lo

>
>

I's)

What should you do when you need Stealile pieces?
Such picees as can capably be produced by Lapp
should be ordered from Lapp. Other Steatite Manu-

> O

What sorl of pieces is Lapp equipped lo make?

>0

Steatite in larger pieces—that do not demand close facturers, thus released from this part of the load,

« tolerances—picces that can be made by extrusion, will be free to incrcase production on those
formed by turning, throwing, plunging or casting, are pieces which they alone can manufacture efficiently.
producible by regular Lapp processes. These include Such a program will reduce the over-all shortage of
standoff insulators, rod antenna insulators, bowl en- Steatite, and will accelerate the war effort.

LAPP INSULATOR COMPANY, INCORPORATED +* LEROY, N. Y.
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WILL REVEAL
NEW=_—"

AmerTran modulation
transformers and re-

oil - i d
type, for large broad-
cast transmitters,

AmerTran RS plate
transformers and re-

type, for all large
installations.

AmerTran W plate

and medium installa-
tions,

AmerTran transformers are manufactured to meet your

exact electrical and mechanical requirements.

36

War-born improvements in design

and construction will bring you
even better AMERTRAN Products . . .

N

AmerTran is in the thick of the fight now, on war
production . . . and under the stress we are develop-
ing improvements that we cannot now reveal. But
some day the complete story will be told . . . and the
better transformers we are shipping to those with
priorities today, for wartime production, will be avail-
able for all to use. Improved designs and manufac-
turing methods, born under the spur of necessity—
will bring you even better AmerTran products than
those you know now . . . will still further confirm
the leadership that AmerTran has gained and held
during the past 41 years in the communications field,
in electronic and radio applications. While the war
lasts—plan ahead! Plan for the peace boom with
AmerTran improved transformers.

actors Tor il smatt AMERICAN TRANSFORMER COMPANY, 178 Emmet St., Newark, N. J.

Manufactured Since 1901 at Newark, N, J.

June 1942 — ELECTRONICS



NORTH DAKOTA

MINNESOTA

'

.
MINNEAPOLIS

WISCONSIN
SOUTH DAKOTA

wictican i

MILWAUKEE

N
'

CHICAGO

ol

ILLINOIS

C ENGINEERS spotted in this territory

give correct application assistance

\

I
to

Macallen Mica Products — Vartex Var-
nished Cloth and Tapes —Varslot Com-
bination Slot Insulation — Varnished Silk
and Paper — Fiberglas Electrical Insula-
tion— Dolph Insulating Varnish —Man-
ning Insulating Papers and Press Boards
—Slot Wedges—Dieflex Varnished Tub-
ings and Saturated Sleevings— National
Hard Fibre and Fishpaper — Phenolite
Bakelite — Adhesive Tapes — Asbestos
Woven Tapes and Sleevings — Cotton
Tapes, Webbings, and Sleevings—and
Other Electrical Insulating Materials
Used in the Manufacture and Repair of
Electric Motors, Transformers, and Other

Factories and shops located in this area have the
advantage of IMC engineering service. IMC in-
sulation engineers get around. They know how to
apply insulation products . . . time and material
saving methods of application . . . which you may
find valuable when put into practice in your plant.

APPLICATION ASSISTANCE
ON NEWER MATERIALS

They are especially helpful in the efficient appli-
cation of some of the newer insulating materials
available today. This service is yours for the asking.
Werite to us and we’ll arrange to have the IMC en-
gineer in your district call atonce. In the meantime,

Electrical Apparatus.

specify and order IMC products. Phone or write

to nearest office. Shipments can be made.

HEADQUARTERS FOR INSULATION MATERIALS

INSULATION MANUFACTURERS
CORPORATION

Specialists in Electrical Insulation

CHICAGO oSCIRE, CLEVELAND
565 West Washington Blvd. % 1105 Leader Building
Telephone Central 7320 A Tupurad Telephone Cherry 5338
Representatives in
MILWAUKEE DETROIT MINNEAPQLIS PEORIA
312 East Wisconsin Avenue 11341 Woodward Avenue 316 Fourth Ave., South 309 Kellogg Avenue
Telephone Daly 5359 Telephone Townsend 8-2577 Telephone Main 8653 Telephone 4-7887

s DISTRIBUTORS IN OTHER PRINCIPAL CITIES m
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Here the pivot for a WESTON instru-
ment is being scrutinized for exact
dimensions by the projection mi-
croscope, after meeting all other

“How is it possible for WESTON so0 success-
fully to forestall friction in instrument
bearings when the combination of design
factors is so critical?”

First let’'s look at these factors. The
bearing may measure only g/g2 in. dia.
The tiny steel pivot, supporting a mov-
ing coil weighing only 1/100 ounce, may
have a point several times sharper than
the finest needle. The static pressure be-
tween them will exceed 20,000 Ibs. per
square inch; and the starting torque may
only be the result of minute energy pro-
duced by a few microamperes. Yet that
pivot must swing frecly perhaps millions
of times during the life of an instrument!

Here, again, the answer is to be found
in basic WesToN design, and WEesToN con-
trol of cvery step in instrument manufac-
ture. Despite their extreme fineness pivot
points for example, are formed to a true
sphere ... then the pivots are heat treated

nstrument piv«»i/

by an exclusive process to the exact hard-
ness degree that resists crushing or mush-
rooming under the tremendous pressures
involved. The “V” bearing, too, is care-
fully checked for precise dimensions and
flawless surface by a special optical method
which insures perfect operation of pivot
and bearing.

But supplementing these and other
WestoN methods is the skill of instrument
craftsmen who have acquired the “know
how™ through years of instrument spe-
cialization ... to whom the term "friction-
free” is ever an ideal capable of achieve-
ment. For only through specialization can
the superior techniques be developed, the
“know how" be acquired, the ideal be so
closely achieved . . . to insure that instru-
ments provide the accuracy and dependa-
bility so typically WEsTON . . . Weston
Electrical Instrument Corporation, 618
Frelinghuysen Avenue, Newark, N. J.

LABORATORY STANDARDS .., PRECISION DC AND AC PORTABLES ... DC, AC, AND THERMO SWITCHBOARD AND PANEL INSTRUMENTS

+ + +» INSTRUMENT TRANSFORMERS

« SENSITIVE RELAYS . . . SPECIALIZED TEST EQUIPMENT . . . LIGHT MEASUREMENT AND

CONTROL DEVICES . . . EXPOSURE METERS . . . AIRCRAFT INSTRUMENTS . . . ELECTRIC TACHOMETERS . . . DIAL THERMOMETERS
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W“{W OHMITE resisrance unirs

MEET TODAY’S CRITICAL REQUIREMENTS

Controlled High Humidity
Chamber for all types of

Humidity Tests
\ .

Measuring Inductance with
A Radio Frequency Bridge

Machine for Rotation Life Tests

Wﬁheosht And Tap Switches
[/ i

G€.\~lm quality and extra dependability

have always been an integral part of
Ohmite Resistance Units. Electrical and
physical fitness for heavy-duty service in
exacting applications are built-in from
the very beginning. Research, engineer-
ing, testing, production and inspection
all work together to make Ohmite Prod-
ucts always a little begter.

As a result Ohmite Rheostats, Resist-
ors, Chokes, Tap Switches readily meet
today's requirements. They are widely
used for military, clectronic, scientific
and industrial purposes.

The wide range of types and sizes makes
it easier to meet each need. Many stock
items. Units produced to government
specifications or specially engincered for
you. Let Ohmite engineers help you.

Pyrometer Measurement of the
Temperature of a Rheostat
in o New Device

—-—
——
——

Engineers’ and

Buyers’' Guide

SEND FOR 96-PAGE CATALOG AND ENGINEERING MANUAL No. 40
Write on company letterhead for complete guide in the selection and application of
Rheostats, Resistors, Tap Switches, Chokes, Attenuators. Especially helpful today
to engineers, production executives and purchasing departments. Contains useful
engineering data, reference tables, dimension drawings, illustrations and a manual
of resistance measurements.

OHMITE MANUFACTURING CO., 4818 Flournoy St. * Chicago, U.S. A.
Foremost Manufacturers of Power Rheostats, Resistors, Tap Switches

ELECTRONICS — June 1942
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InTotal War, Microphones
are weapons — for planes,
tanks, and ships. These weapons are being built to new
and higher standards.

Very important in the development of Microphones, is
the accurate measurement of output level and frequency
response. In measuring Microphones, the ideal medium is
a free field without interference from atmospheric elements,
outside noises, or reflections fromn nearby objects.

To achieve this goal, a special new room has been de-
signed at Shure Brothers with a large area of sound absorb-
ing surfaces. All four walls, floor and ceiling are covered
with thick layers of sound insulation and sound absorption
materials. The floor is provided with an open grill to offer
good support without affecting the sound absorption prop-

Main Sound Roor at Shure Brothers'

erties. The room is completely shielded to avoid electrical
disturbances. The high fidelity sound field is measured by
means of standard Microphones calibrated at the U. S.
Bureau of Standards. Electrical equipment for measure-
ment purposes is located outside the room. In this room,
the response of Microphones is measured with extreme
accuracy.

In addition to close tolerances in output and response,
Shure Microphones must survive electrical and mechanical
tests which are far more destructive than any conditions
they meet in actual service,

Millions of lives may depend on a Microphone.
Shure Engineers know this. Shure Microphones are
made to do their part.

Send for Booklet No. 172M. It describes Super-Cardioid perform-
ance and the latest Shure Broadcast Microphone, the Super-Cardioid.

SHURE BROTHERS

Designers and Manufacturers of Microphones and Acoustic Devices

225 West Huron Street, Chicago, Illinois
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GENERAL CERAMICS
INSULATORS

RUSH is a badly overworked word in these days of 1942

but it still calls for extra efforts in our plant. That is one reason
why we have made a number of new friends in recent months.
Other reasons include increased plant facilities; the latest produc-
tion methods, under constant laboratory control; and, finally,
intelligent service backed by broad experience.

GENERAL CERAMICS and STEATITE CORPORATION

Keasbey, New Jersey

% GENERAL
CERAMICS COMPANY >
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Serving with
the Armored Force. ..

The tanks are coming . . . rolling forts that “‘go anywhere’” and give
itas well as they take it. And in the thick of things, wherever direct
current is required from an A. C. source, I. T. & T. Selenium Recti-
fiers are proving they can take it, too.

For all practical purposes these rectifiers are unaffected by dust or
moisture, shock or vibration. They have no moving parts to wear
out or cause failure at crucial moments. Electrically and mechani-
cally stable, they are efficient over the wide temperature and atmos-
pheric ranges met in different fields of combat.

Consulting engineering services available for specific requirements,
Addpress Rectifier Division for descriptive bulletins.

Ceseral Offices: 1008 Passsic Ave.
East Nowark, New Jersey
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Here is a LIE DETECTOR for SPRINGS

SPRING NEWS

When the heavy DC current passes
axially through the cross section of
the specimen a circular magnetic
field is produced. The action of the
currentisonly instantaneous, so that
the magnetic field disappears when
the magnetic reluctance is uniform
throughout the cross section. liow-
ever, any break in the circular path,
such as would be produced by a seam,
creates a bipolar permanent field at
that point. Fine iron powder dusted
on to the specimen will be held in
place only where this fieid exists.

y/ IRE used in making springs is usually

subjected by reliable spring makers to a
number of tests . . by Hunter, for example,
to a tensile test, twist test, bend test, hard-
ness test—and many others. Yet even these
tests do not reveal a category of defects
known simply as “seams”. The detection
of seams involves a scientific method known
as Magnaflux inspection. Sketchily, the
procedure consists of magnetizing the

spring, powdering with iron “dust”, and
inspection. This method is used to test
samples of wire, for “jump”’ inspection of
springs, and occasionally for 100% inspec-
tion. A lot of fuss to make over a spring?
Not at all. Hunter makes such tests to
catch flaws and learn why they occur, to
aid in improving materials, to deliver the
best springs scientific manufacture can pro-
duce for you.
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HUNTER

HUNTER PRESSED STEEL COMPANY, LANSDALE, PENNA.




GETTING DOWN F©- CASES

WHILE a good looking instrument case,
such as those shown here, may be an
outward indication of instrument quality, it is
by no means the final evidence.

The real measure of instrument quality lies
deep inside —in the instrument movement
proper. This is the real “works” — where ac-
curacy and stamina take their beginning. And
right here is where you'll find the answer to
the outstanding success Simpson Instruments
have won in just a few years.

The Simpson movement is the basically-
better full bridge type, with soft iron pole
pieces. The soft iron pole pieces distribute
magnetic flux more evenly — make the move-
ment inherently more accurate to begin with.

The two bridges, at top and bottom, lock the
moving assembly always in perfect align-
ment, for lasting accuracy. Springs are care-
fully selected, tempered and tested—magnets
heat treated for permanence — pivots com-
pletely Simpson‘made, specially processed for
strength and hardness—all hand crafted into
a balanced, practically frictionless, construc-
tion that achieves an extremely high torque to
weight ratio.

If your requirements are essential enough
to give you the right to buy instruments, they
are essential enough to rate the best. Examine
the works of any Simpson Instrument, criti-
cally, and you will see why, to so many dis-
criminating buyers, best means Simpson.

SIMPSON ELECTRIC COMPANY, 5212 Kinzie St. Chicago, Ill.
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INSTRUMENTS THAT STAY ACCURATE
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ERIE CERAMICONS

8¢ U.S. PAT. OFF.

ER'E RES'STOR manufactures a group of compo-
nents, illustrated above, that meet the exacting require-
ments for war-time electronic equipment. Erie Resistors
have all-round excellent operating characteristics. Sup-
pressors prevent the interference of ignition system
noise in surrounding radio receivers. Erie Silver Micas
are superior condensers with inherently stable capacity.
Ceramicons and Ceramicon Trimmers are widely used to

ERIE RESISTOR CORP., ERIE,

ELECTRONICS — June 1942

PA. LONDON, ENGLAND -

compensate for frequency drift due to temperature varia-
tions. The plastics division of Erie Resistor is equipped
to design and mold any desired article that can be
molded by the injection and extrusion process.

Technical literature on all of these Erie Resistor
products will be sent to interested electronic engineers
on request.

TORONTO, CANADA.
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NATIONAL UNION UNITED ELECTRONICS S

CALLITE TUNGSTEN CORPORATION |

944 39th STREET @y UNION CITY, N. J.

CABLE: ‘“CALLITES” - BRANCHES: CHICAGO * CLEVELAND
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CORNERSTONE FOR V + 2°

Some year the war will end.

There will be a swing back to the
things we buy because we want them,
not because they are a grim necessity.
Today’s work is to win the war.
Executives now driving for all-out
production should also be planning
for V + 2. Products for tomorrow
should be designed today.

For every new product, the corner-
stone is Research The Research

Division of American Lava Corpora-
tion is outstanding in its field. It
welcomes any call for cooperation in
planning for today’s production . ..
or for long range planning for the
insulation of the future.

Meanwhile, for 1942 and as far as
we can see, we pledge our utmost
efforts to supply our customers with
the best in steatite ceramic composi-
tions as rapidly as possible under
wartime conditions.

.

* 2 years after Victory, probable time required to resume full peacetime
production. (Bouquets to the G. E. executive who coined this expression.)

AuS1Mas

AMERICAN LAVA CORPORATION

CHATTANOOGA, TENNESSEE

CHICAGO ¢ CLEV.LAND o NEW YORK ¢ ST.LOUIS ® LOS ANGELES ® SAN FRANCISCO ¢ BOSTON ¢ PHILADELPHIA ¢ WASHINGTON, D. C.
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for longest possible service and dependable
operation . . . at a time when you need it most!

5

PO i

| PRECISION TESTED

 5M”ﬂﬁH£5

Y SLIDE OPERATED SWITCHES
% ROTARY OPERATED SWITCHES
% TOGGLE OPERATED SWITCHES

LABORATORY CONTROLLED UNIFORMLY CONSTRUCTED

2esISTORS o coRES

% VARIABLE RESISTORS

% FIXED INDUCTANCE
% FIXED RESISTORS

% VARIABLE INDUCTANCE

The uncxcelled efficiency and
sturdiness of Stackpole Switches
is the result of precision manu-
facturing. Iach phase of their
assembly is the distinct respon-
sibility of skilled operators,
trained to do each individual
task, well.  Special treatment
assures  moisture  resistance,
highest grade materials and a
100%¢ mechanical check, assure
efficient  serviee and long-life,
Ideal tor every small circuit job
and available in  single-pole,
single-throw to four-pole double-
throw and all in-between com-
binations.

Every step in the process of
manufacturing Stackpole Resist-
ors is laboratory tested. All
raw materials are tested for
uniformity and all carbon pro-
ducts are tested for hardness
and density and all volume con-
trols are 10056 checked for
noise, 10096 checked for resist-
ance and 1009 checked me-
chanically.  Resistance ranges
from 1,000 Ohms to 5 Meg-
ohms for every tvpe volume.
tone and sensitivity control and
in special designs to suit your
needs. Al highly insulated by
special processes which assure
protection against moisture and
weather conditions,

% STATION TUNING

Stackpole powdered Iron Cores
are noted for their extreme me-
chanical strength which is the
result of a highly controlled
process of manufacture. Iron
Cores are available in a wide
variety of grades and sizes for
use at any frequency up to 100
meg. The wide range of types
mclude those with the ‘cup
type” cores, with and without
adjustable centers.  When re-
questing samples of cores, please
send  test coils and  complete
data

STACKPOLE PRODUCTS SOLD TO MANUF.ICTURERS ONLY
—WRITE AT ONCE FOR SAMPLES AND PRICES—

BRING YOUR PRODUCTION
PROBLEMS TO STACKPOLE

TACKPOLE CARBON CO.

ST. MARYS, PENNA. U. S A.
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to Clectronic Readers

This issue of ELECTRONICS—largest ever
published—includes 125 pages of advertis-
ing messages from almost 200 manufac-
turers.

In these pages is a wealth of information,
designed not only to make it easier for you
to know more about the equipment and
material which you may need in your vital
war work, but also to give you ready and
intelligent information on the sources of

supply.

Thus, through this instrument of communi-
cation, your valuable time is conserved.
Keep this useful issue within hand'’s reach
throughout the year. It will serve you well.

A McGRAW-HILL PUBLICATION

ABC ABP
330 West 42nd Street, New York, N. Y.
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IS THE CURRENT
AC OR DC ?

WHAT ARE NORMAL
VALUES OF CURRENT
AND VOLTAGE THAT
MAKE AND BREAK ?

WHAT IS THE ACTION
OF CONTACT... BUTTING,
WIPING OR ROTARY?

A Simple Blueprint...with a
WHAT IS THE

Mallory Complete Contact Assembly | ALLOWABLE

TEMPERATURE RISE?
L[] ’ L]
...May Save Many a Flier’s Life!
WHAT OVERLOAD
CONDITIONS MUST
One of the principal manufacturers of variable pitch propellers utilizes BE SUSTAINED ?
electrical contacts to actuate changes in pitch. The electrical contact
assembly on this job has to be sure-fire . . . or a pilot_can be in the soup WHAT OPERATING

before vou stop blinking. LIFE IS EXPECTED ?

Mallory engineers went to work with this aircraft propeller manufacturer’s
designers when their detailing was still on the drafting boards. Together,
Mallory contact specialists and the aircraft engineers developed a new
electrical contact assembly, designed for rotary action. Biggest problem
was abrasion on the revolving contact surface.

Happy solution came when Mallory created a tri-metallic contact assembly
incorporating three Mallory-developed alloys with exactly the right elec-
trical and abrasion-resistant properties.

This example of Mallory’s complete contact assembly service can mean
plenty to you...if you’re planning production of almost
any ele:ctrlcally-actuated device. See us be[ore you ﬁm,s;h your 1. MiTesay

blueprints. Your Mallory representative is “on call”. o Contag,,

Data At Your Elbow! Mallory Contact Catalog.

Complete information on every phase of electrical
contact selection, design and service. You necd it
for your technical library. Write today. No obligation.

P. R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA ¢+ Caoble Address — PELMALLO

vy"‘ ‘ \V‘-* ’:ﬁ’j“‘h ) )
- 2MATLOR

..-‘—. - (

o ELECTRICAL CONTACTS AND CONTACT ASSEMBI.IES ‘
i NON FERROUS ALLOYS, POWDERED METAL ALLOYS
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You Expected
to Read This
NEXT YEAR!

Industry after industry is beating its
promise as America’s war production sets
new world’s records . . . Management,
labor, W. P. B., Army, Navy, the Maritime
Commission and other government depart-
ments are cooperating to make next year’s
headlines come true THIS year.

In World War 1, the Kaiser feared American
manpower. In World War II, Hitler is even more
fearful of our rapid transition from peace to war
production. . . . He has reason to be afraid.

Printing press factories are exceeding quotas
on anti-aircraft gun parts.

Spark plug manufacturers are setting new
speed records in machine gun production.

The heavy-transportation industry is making
giant chassis for big guns at a faster rate than all
the Axis powers combined.

In this industry, men who used to make loco-
motives and tractors are changing ‘*Too Little
and too Late’’ to read ‘“Too Much and too
Soon,’’ from the enemy’s viewpoint.

Starting just a few months ago, with a bale of
blueprints and a knowledge of how to build such
things as road-scrapers, power-shovels and trucks,
the heavy-transportation industry is turning out
mobile artillery that will shake the earth in more
than a literal sense.

The story of how this industry joined the army
carries a significance which should be understood
and remembered.

The significance is that America has solved the
problem of exchanging production techniques between
specialized industries. This process went on unnoticed
in peacetime. War gave it prominence.

ov:n)
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You Expected to Read This NEXT YEAR!— comtinued

p> When the bales of blueprints were first deliv-
ered, and the heavy-transportation industry started
on its job of producing prime-movers and chassis
for big guns in quantity, new production tech-
niques were needed in a hurry.

P> Here are some of the questions that arose:

““How do you weld such heavy sub-assem-

blies?’’

““What welding fixtures will handle these
parts so that our workmen can always weld
down-hand?’’

““How can we make these long, heavy welds
and have sound metal from one end to the
other?”’

““What’s the best technique for testing
welded parts? Shall we x-ray, or use the
magnaflux process?’’

““What’s the best way to support these
welded assemblies for machining?”’

That’s just a few of the thousands of questions
that arose in the minds of experienced men when
they had to solve new problems.

They illustrate the fact that American produc-
tion methods depend upon specialized techniques
and machines.

Each man with such a problem knew that some-
one, somewhere, had solved his problem, or
might solve it before he could work out his own
answer,

Therefore he turned to the source of industrial
information he had always used when he wanted
to know what others were doing . . . his industrial
magazine.

Ever since the Maginot Line was flanked, the In-
dustrial Press of America has been helping rookie
industries to become veterans in the battle of war
production.

P> It doesn’t do this by exhortation or command,
but by answering thousands of specific questions.

Just as newspapers keep their war correspon-
dents at the front, Industrial Magazines keep
their *‘war-production-correspondents’’ in the
plants where weapons and equipment are made.
McGraw-Hill editors are mobilized for war as
literally as though they were firing weapons
instead of helping to produce them. More than

909, of the time of McGraw-Hill’s 153 editors
and 725 engineer-correspondents is devoted either
to visiting war-production plants (to study pro-
duction techniques) or in writing “‘war stories’’
on how production problems were solved.

“*Know-how’’ is the secret of the amazing
records now being made by American Industry.
And *‘know-how’’ comes from thousands of
*“little facts’’ like this:

Information on tool shapes for cutting the harder
steels of war is vital literature to the engineer, de-
signer or production man with the particular problem
of cutting those steels confronting him.

The industrial editor does not work alone in
giving vital information to men on the production
line. In much the same way, manufacturers are
war-converting their industrial advertising to
show their readers how to use their products
more effectively. For instance:

A business-paper advertisement showing how to
make old taps and dies last longer has no glamour for
anyone but the man who must rush production with
an inadequate supply of new ones. To him it has enough
““oomph’’ to be clipped and placed on his office wall.

To the casual observer, the Industrial Press is
about as exciting as the rows of wires that stretch
along every road and railway. . . . The simile is
very apt. Both exist solely for the interchange of
ideas. Both are typically American in the extent
to which they have been developed and applied to
the whole economy. . . . This advertisement pub-
lished by the McGraw-Hill Network of Industrial
Communication.

THE McGRAW-HILL NETWORK

23 PUBLICATIONS WHICH HELP MORE
THAN 1,000,000 EXECUTIVES, DESIGNERS
AND PRODUCTION MEN TO EXCHANGE
IDEAS ON WAR-PRODUCTION PROBLEMS

American Machinist ¢ Aviation ¢ Bus Transportation ¢ Business
Week » Chemical & Metallurgical Engineering ¢ Coal Age » Con-
struction Methods s Electrical Contracting ¢ Electrical Mer-
chandising ¢ Electrical West ¢ Electrical World ¢ Electronics
Enginecring & Mining Journal ¢ E. & M. J. Metal and Mineral
Markets ¢ Engineering News Record o Factory Management &
Maintenance » Food Industries « Mill Supplies ¢ Power ¢ Product
Engincering ¢ Textile World ¢ Transit Journal ¢ Wholesaler’s

Sal Also publishers of th ds of books for technical and
i ing schools and colleges, as well as for general business use.
McGRAW-HILL

PUBLISHING COMPANY, INC.

330 WEST 42nd STREET, NEW YORK



Electron

"Tubes in O

T HE electron tube is one of the most versatile
and flexible man has produced. In communi-
cation it performs duties impossible for any other
mechanism. In industry it saves time, it saves in
the cost of things, it protects life and property.
The tube does many things better, cheaper,
quicker than older devices. Manvy industrial jobs
are performed by the tube which cannot be done
in other ways. In wartime, the speed-up of pro-.
duction made possible by the electron tube may
prove to'be its greatest contribution. Tubes have
gone into overalls. o
It is impossible to give examples of all of the
things tube can do within the confines of a single
issue of ELECTRONICS. The applications de-
scribed are typical, and the selection is designed
to show not only the ingenuity of engineers work-
ing with tubes but the versatility and flexibility

of these devices whose motivating force is the
ultimate building block of tne universe iiself—
the electron.

C O NT E N T S

SECTION I.... . ... Industrial Tube Characteristics.. 52
SECTION II....... Tubes and their Functions. ... .. 61
SECTION III...... Tubes at Work. ... ..... ... ... 70




CLASSIFICATION OF ELECTRON TUBES

ELECTRICAL ENERGY RADIANT ENERGY
{Light}

RADIANT ENER
OUTPUT ELECTRICAL ENERGY (Light) ERGY ELECTRICAL ENERGY

_— R

SOURCE OF R ioni i 3
'EJLE%TRONS Thermionic Cathode Pool Cathode Cold Cathode Thejmionic fholoelectric Metallic

Cathode Cathode Contact
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LIGHT DETECTION
AND
MEASUREMENT

In this tabular classification of electron tubes suitable for industrial purposes the graphical symbol for the type of tube in question is used to
designate the customary or possible uses to which the tube is put. Tubes having electrical energy in both input and output circuits may
be regarded as impedances, while those in which the input or output is radiant energy may be regarded as energy converters




Industrial Tube Characteristics

F all methods of controlling

energy, that afforded by the
use of electron tubes is one of the
most convenient and effective.

The advantages of control through
the use of electron tubes may be
summarized as follows: (1) There
is a wide variety of energy trans-
forming devices whose output is ca-
pable of being associated with elec-
tron tubes. (2) The electrical power
output of an electron tube is ca-
pable of minute and complete control
through the employment of a control
element usually called a grid. (3)
By coupling the appropriate energy
converter to a tube, one form of
energy may be transformed into an
electrical voltage or current which
can then be very easily and con-
veniently modified in almost any con-
ceivable manner. (4) Through use
of the electron tube the expenditure
of a minute amount of control power
may effect the control of a very con-
siderable amount of power in the
output circuit because of the ampli-
fying properties of the tube. (B)
Through the appropriate energy con-
verting device in the output circuit
of an electron tube, the controlled
electrical energy may be reconverted
into other forms of energy for the
measurement, detection, indication,
or control of certain physical, chemi-
cal, or other properties. (6) The
control afforded through the use of
a vacuum tube is of a flexibility and
convenience not approached by any
other control mechanism. (7) For
many applications and in many fields
of endeavor, the availability of tubes
with extremely high input impedance.
is a decided advantage. (8) The
availability of tubes to handle pow-
ers from the smallest up to hundreds
of kilowatts, enables the advantages
of electron tube control equipment
to be applied to the power, industrial,
or communicatiens fields with equal
facility. (9) With proper design,
installation, and maintenance, elec-
tron tubes make a stable, rugged,
flexible and convenient device of long
useful life. (10) Certain types of
tubes are available in which one form
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of energy may be directly converted
into another form. Thus, phototubes
convert light into an electrical cur-
rent and conversely cathode-ray tubes
convert electrical current into varia-
tions of light. Through the use of
such tubes, vast opportunities are
opened up for the industrial uses of
electron tubes. (11) Finally, the
unique properties of the electron
tube enable it to perform a wide
variety of functions, all of which
are extremely useful. For example,
the tube may operate in the follow-
ing manner:

(a) As an amplifier, over a wide
range of frequency and power.

(b) As an oscillator or generator
of voltage over a wide range of fre-
quency, power and waveform.

(c) As a trigger or relay circuit
or switch.

(d) As a modulator or demodula-
tor to combine or to separate two or
more frequencies.

(e) As a measuring instrument,
indicator, or comparator.

(f) As a rectifier or inverter over
a very wide range of frequencies,
currents, or power.

(g) As a frequency converter to
change from one frequency to an-
other.

(h) As a visual indicator or image-
forming device as in the electron
microscope or the television camera
or projecting tube.

All of these advantages and opera-
tions cannot be obtained in a single
tube. Instead, a very great number
of tube types in various classifica-
tions according to mode of opera-
tion are commercially available. Fur-
therfore, to make an appropriate
selection from the tubes already
available, and to utilize the tubes
advantageously, some knowledge of
the method of operation and the
characteristics of the most suitable
tubes is necessary.

Types of Electron Tubes

The many types of tubes available
for industrial service may be classi-
fied according to: (1) the type of

control stimulus which causes them
to perform the industrial job to
which they are assigned, (2) the
phenomena occurring within the tube
itself, (3) the method of operation,
or (4) the number of internal ele-
ments or electrodes.

Under the first method of classifi-
cation, most tubes may be regarded
simply as electrical impedances in
which a voltage and current are ap-
plied to the input terminals and a
voltage and current are obtained
from the output. Another common
type of tube is that which also acts
as an energy converter. The photo-
tube, for example, converts radiant
energy into electrical energy, while
the cathode-ray tube converts electri-
cal energy into light.

In the second classification, we
may have vacuum tubes providing
smooth instantaneous control of out-
put, or gaseous tubes providing con-
trol of the average (but not instan-
taneous) value of the output power.
We may have two electrode tubes or
rectifiers in which the useful power
output is always less than the input.
We may also have control tubes or
multi-element tubes, in which the
useful output is greater than the
input control power, the power
sources connected to the' tube ac-
counting for the difference.

The classification according to
method of operation is largely as-
sociated with the use of the tube
and will be treated in Section II.
Tubes are commonly classified ac-
cording to the number of electrodes.
Depending upon whether they have
two, three, four, or five electrodes
they are known as diodes, triodes,
tetrodes or pentodes. Two element
tubes may be regarded as two ter-
minal networks. All commonly used
multi-element tubes in which a vary-
ing signal is impressed on only one
grid, may be thought of as equivalent
to a rather special kind of four ter-
minal T or Y network, which can
be analyzed by studying the input
and output current and voltage rela-
tionships.

To obtain a picture of the funda-
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mentals of operation, it is desirable
to classify tubes according to the
phenomena which makes them work.

Fundamental Operations of Control
Tubes

All control tubes consist of at
least three elements: (1) A source
of the electrons (or ions), usually
produced by the cathode, which per-
mits conduction of an electric cur-
rent through the tube; (2) an elec-
trode (plate or anode) to collect
the electrons (or ions) within the
evacuated space of the tube; and
(3) control elements or modifying
arrangements (grid) almost always
located in the space between the
source of electrons and the collector
and whose purpose is to modify the
flow of current in some manner in
accordance with the voltage on this
control element. The cathode (which
supplies the electrons) and the con-
trol element form the input ter-
minals whereas the cathode and the
collector form the output terminals
of the tube, as usually used. Two-
element tubes do not have the con-
trol element.

Let us assume that we have the
most common type of control vac-
uum tube securely locked up in a
black box with a number of ter-
minals marked on it. Beyond the
markings on these three pairs of
terminals, we do not care at all, for
the moment, as to the nature of the
contents of the box. Our primary

At 1p=1p'; Ep =Ey/

AEp

%= 2]
Alpl AE =0

o
=
4=
v
-~
.
3
S
%)
-+
S
[+9

Plate Voltage —~ Eb
A

Fig. 2—Output and transfer characteristics of electron tube having characterictics of a triode.
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Fig. 1—Schematic wiring diagram for

purpose is to investigate the proper-
ties of the device in this box in terms
of external conditions which we can
easily measure with electrical in-
struments.

The three sets of terminals are
labelled input, output and heater. The
heater terminals must be connected
to a battery of proper voltage. The in-
struction book with the black box
states that a battery must be placed
in series with the output circuit and
another in series with the input
cireuit.

If the box is connected as shown
in Fig. 1 and we attach to it certain
meters as indicated we are in a posi-
tion to learn all we want to know
about its d-c or static characteristics.
All we have to do is to vary the
polarity and magnitude of the vo.t-
ages E. and E, and measure the
resulting input and output currents.

We shall find that: (1) For all
voltages E. for which terminal A, is

-~

Plate Current -Ip

. -0+
Grid Voltage —E¢

B

iy

the

output,
and transfer characteristics of eleciron tube contained in the black box

determining input,

negative with respect to A,, the input
current (and therefore the input
power) is negligible. Therefore we
can state that the input impedance
of the box is very high. (2) Some
current flows in the output circuit
if terminal B, is positive with re-
spect to B.. No current flows if this
polarity is reversed. (3) For a given
resistor R,, and battery voltage E,,
the plate current, I,, is a function of
input voltage, E.. Over a certain
range, this relationship is more or
less linear but in general, the re-
lationship is not linear. (4) For a
given input voltage, E., and load
resistor R, the output current de-
pends upon the voltage E.. The volt-
age between B, and B. is not E, but
E.—I.R, since a voltage drop oc-
curs across R,. The plot of current,
I1,, against voltage, E,, is an S-shaped
curve in the majority of cases. (5)
For constant values of K. and E,,
the current in the output, I,, is a

Plate Voltage ~~Ey

Grid Voltage — E.

C

Graphical methods of deter-

mining plate resistance, r,, transconductance. gm. and amplification, #, are given at A. B, and C respectively
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function of the load resistance, R,.
(6) Even a casual examination shows
that the output currvent /., is tre-
mendously greater than the input
current, and from this we infer that
the box may be used as a current
amplifier. (7) Voltage variations
applied to the input result in a very
much larger variation in voltage in
the output and measured by E,. From
this, we conclude that the tube in
the box may be used as a voltage
amplifier. (8) From the last two
statements, we conclude that the tube
may be used as a- power amplifier,
since the input voltage and current
of minute quantities are capable of
controlling a very much - larger
amount of voltage and current in
the output circuit. (9) We note,
however, that the polarity of the
output voltage across the resistor is
opposite from that of the polarity
of the input voltages and accordingly,
we conclude that the tube operates
as a 180 deg. phase shifting network
for resistive loads. (10) Electrically
we can regard the black box as an
impedance, but we note that we must
supply sources of power to this im-
pedance for otherwise it will not
function properly. In this respect
the black box differs from a trans-
former in which sources of power
external to that beingz transferred
are not required to effect the neces-
sary control or transformation. (11)
By careful examination of our data,
we conclude that the box is, in g2n-
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Fig. 3—Ouftput and ftransier characteristics oi eieciron tube having characteristics oi a pentode.”

eral, a non-linear device, but that
under certain conditions of opera-
tion, the relationship between input
and output may be made linear.
(12) If we were to add an alternat-
ing voltage in series with ths steady
or d-¢ input voltage, we would meas-
ure alternating currents and voitages
in the output circuit which are mag-
nified replicas of their input.

If we make a graphical plot of the
d-c¢ voltages and currents in the in-
put and output circuits, with the
plate resistor short circuited, we ob-
tain the d-c¢ or static characteris-
tics of the tube. The shape cf these
curves will depend upon the type of
tube contained in the box, but the
essential concepts of tube operation
apply no matter what the curve

Fig. 4—Bridge circuit for measuring plate
resistance for selected grid and plate op-
erating voltages, E. and E,

At Ip=Ip’; E¢=Ec',

Alp

Ym=

Plate Current ~ IP

Grid Voltage — E¢
B

shape. Typical characteristics for a
triode and for a pentode are shown
in Figs. 2 and 3. These static char-
acteristics suffice to give us all the
important information we need to
know concerning tube operation, for
from them we can obtain knowl-
edge of: (1) the important tube
parameters, amplification factor, p,
plate resistance, r,, and transconduc-
tance, ¢.., (2) the required d-c op-
erating voltages for desired opera-:
tion of the tube, (3) the mode of op-
eration of the tube with any kind of
load in its output circuit, and (4)
the mode of operation of the tube
with any kind of time-varying input
signal applied to the grid or input.

Operating Coefficients for Vacuum
Tubes

Since the plate current is a func-
tion of the plate voltage, even if the
load resistance, R, of Fig. 1, is short
circuited, the plate circuit must have
scme internal resistance. Its d-c re-
sistance may be determined from
Ohm’s law, but this value is.seldom
of any use to the designer and will
not be found in manufacturers’
literature. The resistance for small
changes of plate voltage, and with
the grid voltage maintained con-
stant, is very important. It may be
measured by the circuit of Fig. 4,
for the operating voltages E. and
E., since the cathode-plate circuit
takes the pl.ce of the unknown re-

Plate Voltage — Eb

Grid Voltage ~— E¢
c

Graphical methods of

determining plate resistance, r,, transconductance, g.. and amplification factor, ©, are given at A, B, and C respectively
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Fig. §—Circuit
ductance for grid and plate operating
voliages, E, and E», respectively

for measuring transcon-

sistor in one arm of the a-¢c Wheat-
stone bridge. In general, a different
value of plate resistance is obtained
for each new value of E. and E,, so
these operating voltages should be
specified when the plate resistance,
7, i8S measured.

The plate resistance is defined as
the ratio of the change in plate volt-
age to the corresponding change in
plate current produced, all other volt-
ages being maintained constant. The
mathematical definition is given in
Fig. 2A and 3A which also shows
that the plate resistance at any oper-
ating point specified by the dashed
lines, may be determined from the
inverse slope of the E,-I, character-
istic at this point. (This is, of course,
measured in terms of voltage and
current changes as measured on the
graph, and not by measuring angles
with a protractor.)

For a fixed value of plate voltage,
the plate current is a function of the
grid voltage, and it is convenient to
have a tube factor, which designates
the ability of the grid to control the
plate current. This term, called the
transconductance (formerly called
mutual conductance) may be meas-
ured by the circuit of Fig. 5. It is
defined as the ratio of the change in
plate current to the change in grid
voltage causing it, under the condi-
tion that all other electrode voltages
remain constant. As shown in Figs.
2B and 3B, the transconductance is
measured by the inverse slope of the
E.-I, curve, at the point of the char-
acteristic determined by the operat-
ing voltages (shown by the dashed
lines). The unit of transconductance
is the mho or reciprocal ohm, al-
though the terms milliamperes-per-
volt and micromho are also employed,
since they are more convenient sub-
multiples of the mho.

Finally, we may determine the
relative effect of the grid and plate
voltages upon the plate current. This
is the slope of the constant-current
curves of Figs. 2C and 3C, is called
the amplification factor, and is des-
ignated by the Greek letter p. The
amplification factor may be meas-
ured with the circuit of Fig. 6, or it
may be determined graphically, as
indicated in Figs. 2C and 3C. The
amplification factor is a numeric,
having no dimensions; it is merely a
voltage ratio.

fig. 6—Simple bridge circuit for measur-
ing amplification factor for grid and plate
wperating voliages, E: and E»

An interesting relation connects
these three tube coefficients, for
n = gnls
gn ®/r,
T, = p/gu

Consequently, if we know the values
of any two at the same operating
voltages, we can easily calculate the
value of the third at the same oper-
ating conditions. Tubes may have
values of p from 3 to several thous-
and (values of 10 for triodes and
800 for pentodes are typical) ; values
of transconductance from 500 to
10,000 micromhos, with 1,500 mi-
cromhos a typical value; and values
of plate resistance from 500 ohms to
100,000 ohms for triodes and up to
several megohms for pentodes. Table
I shows operating characteristics for
a few typical vacuum tubes.

TABLE I — OPERATING CHARACTERISTICS OF TYPICAL VACUUM TUBES
Heater Sereen Ampli- Plate Trans- Plate
————  Grid Anode Grid Anode fication Resist- Conduet- Dissi-
Type No. Deseription Voltage Current Voltage Voltage Voltage Current Faetor ance anee pation
Ex | 9 =Ea E: E. |18 r, En L
Diodes (Volts) (Amps) (Volts) (Volts) (Volts) (Ma.) (Ohms) (u mhos) (Watts)
616 Full Wave Reet. 6.3 0.3 117* 4 . . .
12723 Half Wave Reet. 12.6 0.3 ... ... 250 60
219 “ “ “ 220 245 ... .. 50,000 2,500
F103A “ “ “ 280 510 ... .. 50,000 9,000
WL-660 “ “ “ 10.0 10.5 ...... 230,000 30 .
Triodes
PJio Det. Amp. Ose. 5.0 0.25 -9.0 135 3 8 10,000 1,250
6C5 “ “ “ 6.3 0.30 -8.0 250 8 20 10,000 2,000
6F5 “ “ “ 6.3 030 -2.0 250 0.9 100 66,000 1,500
89 Amp. Ose. 6.3 0.40 -31.0 250 32 4.7 26,000 1,800 8
841 “ “ 7.5 1.25 -9.0 425 2.2 30 10,000 750 12
842 “ “ 7.5 1.25 =96.0 425 28. 3 2,500 1,200 12
849 “ “ 11.0 5.0 * 2,500 350 19. - . 100
848 “ “ 22.0 52.0 * 15,000 1,000 8. - * 10,000
862 “ “ 30.0 325.0 * 20,000 1,500 10. e * 125,000
Tetrodes and
Pentodes
FP-54 Low Grid Cur. 2.5 0.09 * 6 ...... ....... 1.0 ........ 40 e
6D6 Voltage Amp. 6.3 0.30 -3.0 250 100 8.2 1,280. 800,000 1,600 1.0
25A6 “ “ 25.0 0.30 -—-18.0 160 120 48 100. 42,000 2,375 5.3
6L6 “ “ 6.3 0.90 -—18.0 350 250 54. 170. 33,000 5,200 19.
813 Beam Tetrode Amp. 10.0 5.0 * 2,000 400 100 . . e 100.

* Depends upon method of operation
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Characteristics of
Gaseous Tubes

If we proceed in thz manner al-
ready outlined to study the charac-
teristics of gas tubes, we shall obtain
results which at first appear to be
somewhat erratic but which are,
none the less, subject to an orderly
and systematic classification.

If we have a two-element tube (i.e.
not a control tube) in a blue box the
input terminals can be short cir-
cuited and we can obtain all of the
information we desire from a study
of the output voitage and current.

For low values of plate voltage F,
any current which flows at all is
measured in microamperes or at
most a very few milliamperes. As
E, is increased, a critical value is ob-
tained at perhaps 10 to 25 volts be-
yond which the current suddenly
rises to a rather high and constant
value determined by the external re-
sistance R, and the voltage E,, ac-
cording to Ohm’s law. Increasing
the voltage beyond the critical value
will increase th~ current as calcu-
lated on the basis of Ohm’s law, tak-
ing account only of the resistor R,
and neglecting the tube resistance.
On the basis of this operation we
conclude that, aftor the critical volt-
age has been reached or exceeded, the
internal resistance of the gas tube
had suddenly decreased to an ex-
tremely small value from its previous
value of several hundred or several
thousands of ohms. The relatively
large current will continue to flow in
R, until E, is reduced to a fairly low
value, when the current will sud-
denly decrease to a negligible value.

This operation of a two-element
tube indicates that it can be used as
a voltage control switch. The smooth
type of voltage-current control pos-
sible with vacuum tubes has now been
lost and for most practical purposes
the tube can be used to conduct cur-
rent on an all-or-nothing basis.

If we place a control type of gas
tube in a blue box with the grid and
cathode connected to the input
terminals and the plate or anode and
cathode connected to the output
terminals, the operation becomes
more complicated. Let us apply
steady voltages to the input and out-
put circuits and measure the input
and output currents as these voltages
are varied. Again, at a given grid
voltage the tube suddenly conducts
at some critical value of positive
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plate voltage. Likewise, for a given
positive plate voltage, the tube sud-
denly conducts at some critical grid
voltage. The breakdown now de-
pends not only upon the magnitude
of the plate voltage but also upon
the magnitude of the grid or input
voltage. Over a considerable range
of values the critical grid voltage
which initiates conduction is some
fairly definite fraction of the applied
plate voltage. This eritical grid volt-
age may be either positive or nega-
tive, depending upon the type of tube
within the box. It will also be ob-
served when the plate circuit of the
tube becomes conducting that there
is also a relatively large input or
grid current flowing, even though
the grid of the device is negative.

Conducting
Region

Non Conducting
Region

L
e8]
Q
)
)
x
o
>
o
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S
=S

_O+
Grid Yoltage — E¢

Fig. 7—Voltage conirol characteristics for
gaseous conirol tube, for two different
operating temperatures, T, and T.

Thus, before the critical grid voltage
is reached the input resistance of
the tube may be fairly high but be-
yond the critical grid voltage it be-
comes relatively low. Thus, the
“switch action” observed in the out-
put circuit is also apparent in the
input circuit and it will be observed
that both input and output current
increase simultaneously. If the tube
contains mercury vapor, it will be
found that the critical grid and plate
voltages also depend somewhat upon
the temperature at which the tube is
(perated.

It is convenient to plot the grid
and plate voltages for the condition
at which the tube suddenly becomes
conducting. Such a set of curves
(Fig. 7), divides the tube character-
istics into two essential regions. For
those conditions of voltage occurring
to the left of curve, the tube is non-
conducting and no appreciable cur-

rent will flow through it. On the
other hand, if the voltages occur to
the right of the curve, the tube be-
comes conducting and passes a cur-
rent which is limited only by the
external load and by the ability of
the cathode to supply electrons. Thus,
Fig. 7 may be regarded as a type of
“trigger diagram” to indicate the
conditions under which the tube con-
ducts. Once the gas within the tube
becomes conducting the grid loses
control and the tube can in general,
be made non-conducting only by re-
moval of plate voltage. The region
between the various curves depends
upon the ambient temperature of the
tube surroundings.

For an appreciable portion of the
curve of Fig. 7, a linear relation ex-
ists between the grid and plate volt-
ages which produce breakdown. For
a given temperature, the ratio of the
plate voltage to the grid voltage re-
quired to initiate ionization is called
the control factor. It is analogous to
the amplification factor in the high
vacuum grid tube, and is determined
in much the same way. For gas-
eous conduction tubes there are no
significant coefficients analogous to
the transconductance and plate re-
sistance of the vacuum tube.

When the gas within the tubes be-
comes ionized gaseous tubes have
much lower internal resistance than
vacuum tubes. Consequently greater
currents may be passed through
them than through vacuum tubes of
equivalent structure. However, for
gas or vapor tubes having pressures
of a fraction of a millimeter, the
maximum obtainable current is equal
to the current which the cathode can
supply. On the other hand, tubes
containing gas or vapor at a pres-
sure of about 5 centimeters of
mercury can rectify currents of
larger magnitude than the cathode
emission current since the pressure
of the gas tends to prevent exces-
sively rapid evaporation of particles
from the cathode. Such tubes are
suitable for use only in low voltage
circuits such as battery chargers.

In large industrial rectifiers, a
mercury pool is frequently used in-
stead of a hot cathode, and conduc-
tion takes place by virtue of a mer-
cury arc between the pool and -the
anodes, of which two are required to
maintain the device in cortinuous-op-
eration. Such mercury vapor reeti-
fiers are often encased in metal
tanks.
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TABLE 11

OPERATING CHARACTERISTICS OF TYPICAL GAS TUBES

Heater

- Manx.

Volt-  Cur- Plate Av.

age rent Peak  Plate Max. Peak
Type No. Deseription Volts  Awmps  Volts  Amps Plate Amps

Diodes
866 Ialf Wave Reet. 2.5 3.0 T.500  0.25 1.0-2.0
869 “ * “ 3.0 18.0 20,000 250 10
870 “ " “ 5.0 65.0 16,000 75.0 450
WIL.-670 Full Wave Reet. 25 240 1,000 9.5 .3 per anode
Triodes ,
885 Negative Grid 2.5 1.4 350 0.075 0.300
FG-17 “ “ 2.5 3.0 2,500 050 2.0
GL-414 “ “ 5.0 200 2,000 125 100
KU-634 “ “ 5.0 1.5 ,7.500 1.25 5.0
KU-610 Positive Grid 2.5 6.5 300 014 0. 40
Tetrodes T

FG-98A Negative Grid 2.5 5.0 00 0.5 200
FG-154 “ “ 5.0 7.0 500 250 10.0
FG-95 “ “ 5.0 £5 L.000 250 15.0
FG-172 “ “ 5.0 10.0 1,000 640 40.0

Instead of providing the source of
electrons by means of a hot cathode,
they may be provided by a cold
cathode with electrons supplied by
field emission. Two and three ele-
ment tubes of this variety are avail-
able. Of course, such tubes would
not require any cathode heating bat-
tery if connected to the circuit of
Fig. 1.

The igniter principle, long used in
mercury vapor rectifiers, has been
applied to the ignitron. The ignitron
is a gas discharge tube having a pool
type cathode in which an ignition
electrode is employed to control the
starting of the unidirectional cur-
rent flow in each operative cycle, the
igniter electrode initiating the con-
ducting arc. The ignitron has im-
portant applications as a rectifier for
industrial uses.

All gas or vapor filled tubes are
incapable of giving instantaneous
control of current, but are capable of
controlling the desired average cur-
rent. Consequently, they are given
average current ratings. Operating
characteristics for several typical
gas tubes are given in Table I1.

Characteristics of
Phototubes

Another electron tube of very
great industrial use is the photo-
electric tube or phototube. Let it be
placed in a white box. It has no
terminals marked heater nor has it
any input terminals. It does have
output terminals but where the input
terminal should be, there is nothing
but a piece of plane glass, or perhaps
a magnifying glass. The interior of
the box is completely dark.
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We connect up the device as shown
in Fig. 8, duplicating the connection
of Fig. 1 so far as the output ter-
minals are concerned. If B. is positive
with respect to B, we find that a
small current may flow, but if the
polarity is reversed, no current flows.

A casual examination of the char-
acteristics of the device with the
terminal B. positive with respect to
B, results in values of output cur-
rent which, while they depend upon
the value of the output voltage, E.,
at first do not appear to be constant.
Instead they appear to vary more or
iess at random, even being subject to
cur proximity to the white box. A
closer examination will show that
ihese current variations are associ-
ated with the amount of light falling
upon the glass or lens of the input
circuit. By following out this line of
reasoning, we find that the output
current is a function of the light in-
cident upon the lens. We have now a
totally new type of device in which

Ligh?t input to
pi—:q ofo/'ubpe

the output current depends upon (1)
the plate voltage, if the light inten-
sity is constant, or (2) the light in-
tensity if the plate voltage is con-
stant.

Suppose we maintain a steady
beam of light on the lens of our
white box and observe the current
as the voltage is changed. Since the
maximum current which we can'ob-
tain is ih’'the neighborhood of 25
microamperes or so, we conclude that
the output of the device is of ex-
tremely high impedance, especially
since the voltage E, may be ds high
as several hundred volts. In gen-
eral, the characteristic we obtain is
one” which rises quite sharply for
low values of voltage and then, for
increased voltages, results in no ap-
preciable increase in current. This
is a typical saturation curve. If the
tube is a vacuum device, then the
current will be essentially constant
for voltages above about 50 volts,
but if the tube contains gas, we shall
find that the eurrent continues to
rise concave upward as the voltage is
increased. These characteristics are
shown in Fig. 9 for both tubes.

If the voltage is maintained con-
stant above the knee or saturation
value and the light intensity is
varied, it will be found that the cur-
rent is directly proportional to the
intensity of the light beam so long
as the external plate resistance, R,
does not have too high a value. Even
for a load resistance of 1 to 2 or
perhaps 5 to 10 nmiegohms there is a
reasonably good linear relationship
between output current and incident
light, but not for higher resistances.
This linear relationship holds true
only for vacuum phototubes as shown
in Fig. 10. If a gaseous phototube

Fig. 8—Schematic diagram for determining the luminous sensitivity and

electrical output characteristics of an emissive phototube.

By omitting the

voltage source, E:, the same circuit could be used to determine the charac:er-
istics of barrier layer types of photoelectric cells
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i¢ used, the relationship between out-
put current and input light is not
linear, but may increase concave up-
ward as the light intensity is in-
creased. This immediately suggests
to us that a vacuum phototube pro-
vides a very simple and convenient
means for determining light- in-
tensity by electrical means. The
gaseous tube is not so convenient be-
cause the relationship between input
light and output current is not lin-
ear (Fig. 10).

The output current is also a func-
tion of the wavelength of light fall-
ing upon the devicé. Certain types
of phototubes are sensitive to in-
frared radiation, some are sensitive
throughout the visible range, whereas
others (in fact practically all of
them) have an appreciable sensitiv-
ity in the ultraviolet region. The
relative sensitivity of the phototube
to various wavelengths will be found
to be a characteristic of the tube un-
der consideration. Nevertheless, the
fact that the phototube is differen-
tially sensitive to radiation’‘of differ-
ent wavelengths indicates "that the
composition of the light reaching the
tube must be maintained constant
if we are to use the phototube as a
precise light measuring instrument.

When we consider the magnitude
of the current derived from the pho-
totube and when we consider its re-
sistance, it is apparent that the ex-
ternal load circuit must have a very
high resistance (megohms) if max-
imum power is to be derived from
the phototube. Even then the power
available in the external circuit is
extremely small. However, we may
apply the output voltage developed
across the resistor R, to the input
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Fig. 9—Resistance or oulput characteristics of vacuum or gaseous phototubes

may be determined from the slope of the E,-I, characteristics. left.

Fig. 10—The luminous sensitivily of vacuum or gaseous tubes may be

delermined from the slope of the

of a vacuum tube to control power in
the output circuit of the vacuum
tube. In this way, we can use the
phototube indirectly to control size-
able amounts of power by variation
of the light beam falling upon the
rhototube.

As shown in Fig. 9 and Fig. 10,
there are two characteristics of
phototubes which are important.
The first of these is called the vari-
ational resistance of the phototube
and is defined as the ratio of the
change in plate voltage to the cor-
responding change in current, for
a specified incident light flux falling
on the tube. The graph of Fig. 9
shows this resistance determined for
the knee of the curve, but it could
also be determined for any other
part of any of the curve. The other
tube characteristic is its luminous
sengitivity which, for a specified
plate voltage, may be defined as the
ratio of the change in plate current
to the corresponding change in lum-

TABLE 111

OPERATING CHARACTERISTICS OF TYPICAL PHHOTOTUBES

Max. Max. Typical
Anode Anode Sensi- Window Region of
Cathode Voltage Current tivity Area Max.
Type No. Surface Volts uA u A/L Sq. In. Sensitivity
Vacuum Tubes
PJ-22 Cs-0-Ag 200 20 5 09 Deep red &
SR-50 Cs-0-Ag 500 20 15 1.1 ultraviolet
917 Cs-0-Ag 500 30 20 0.9 3,000-11.000
CE Cs-0 90 20 30 Adeepred &
5A Cs-0O 180 100 20 ) ultraviolet
GL-tt1 Coesium 200 C 5 0.9
Gas Tubes
PJ-23 Cs-0 90 20 50 0.9 Deep red &
ultraviolet
918 Cs-0-Ag 90 5 110 0.9 3,000-11,000
CE Cs-0 90 20 150 . Deep red &
ultraviolet
Cs-0 90 10 60

6-A
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current-flux characteristic, right.

inous flux producing it. For the
vacuum phototube this luminous
sensitivity i< constant, whereas it
increases with increasing illumina-
tion for the case of a gaseous photo-
tube. In all of these specifications for
phototube factors, it is assumed that
the quality of the light used in mak-
ing the measurements is unchanged.
The measurements are usually made
with light produced by an incandes-
cent filament operated at some
specified temperature near 2,700 or
2,800 deg. F Operating character-
istics for a few typical phototubes
are given in Table II1.

Another type of photoelectric de-
vice, which incidentally can hardly
be classed as an electron tube, is of
importance in industrial applications
of electronic devices. This is the bar-
rier layer type of photoelectric cell
which has econsiderable application
in pgortable photographic exposure
meters and light meters. This cell
requires no external source of volt-
age for its operation but converts
radiant energy directly into electric
energy. The device is essentially a
low impedance circuit element, and
for this reason the output voltage,
which is in the neighborhood of
millivolts, cannot be conveniently
amplified through the use of electron
tube amplifiers. Currents of several
hundred microamperes (enough to
operate sensitive relays) are avail-
able from these devices, whose great
virtue is that they operate without
external sources of power applied to
them. In many types of such devices,
the spectral response is more nearly
like that of the eye than is true for
the emissive type of phototube al-
ready described. This type of light-
sensgitive device has many uses.



Characteristics of
Cathode-ray Tubes

In line with our previous investi-
gations let us determine the charac-
teristics of a cathode-ray tube. We
shall find that the cathode-ray tube
box contains a number of input volt-
age terminals and that in place of
the output terminals we are faced
with a circular glass disk (screen)
having a white appearance as if the
inner surface were frosted. From
our study of phototubes we have al-
ready been accustomed to electron
devices which convert energy from
one type to another. We surmise
therefore that electrical energy fed
into the device may be converted into
radiant energy manifested by light
of various intensities on the glass
screen. We note that the cathode-
ray box is marked to be connected
to a 110-volt a-c line and from this,
as well as from the fact that the box
is quite heavy, we infer that the box
contains more than the tube itself.
In fact, there is an internal power
supply provided for the tube and
the three pairs of output terminals
are simply provided to enable us to
control the pattern on the screen.

We begin our investigation by ap-
plying voltages to the two terminals
marked control grid. If we apply a
direct voltage, a spot of light ap-
pears in the center of the screen.
By varying the control voltage we
have a means of varying the in-
tensity of the light on the screen.
The current taken by the control grid
is practically zero with one condition
of polarity and fairly small with an-
other so the impedance of this elec-
trode is high.

Now, if we apply direct voltages to
the two terminals marked H, we shall
find that the spot of light is dis-
placed in a horizontal direction
across the screen in a manner which
is proportional to the voltage applied
to the H or horizontal terminals,
the direction of the displacement de-
pending upon the voltage polarity.

Fig. 11—Circuit arrangement for determin-
ing the intensity and deflection character-
istics of a spot on the screen of a
cathode-ray tube, in terms of intensity con-
tro! voltage, E., and horizontal and deflec-
tion voltages. Ex and E,. respectively

Likewise the vertical displacement
of the spot depends upon the magni-
tude and polarity of the direct volt-
age applied to the two terminals
marked V or vertical. The impedance
of the H and V electrodes are both
high as is indicated by very small
currents I, and I, even for voltages
large enough to deflect the spot off
the screen.

Now, we have three input voltages
which we may control at random
and independently of one another
and therefore there are three pos-
sible modes of varying the spot. We
can either vary the horizontal dis-
placement of the spot or its vertical
displacement and we can control its
intensity. If we apply an alternating
voltage to the vertical terminal and
direct voltage to the horizontal
terminal we shall find that the spot
is lengthened out to a fine line whose
length is proportional to the peak
value of the voltage. If the direct
voltage is applied to the vertical
terminal and an alternating voltage
applied to the horizontal terminal,
the spot will become a thin horizontal
line. If alternating voltages are ap-
plied to both the horizontal and ver-
tical terminals. we obtain a wide
variety of patterns which, if the fre-
quencies are integrally related are

TABLE IV

OPERATING CHARACTERISTICS OF TYPICAL CATHODE-

RAY TUBES

Approx.
Heater First Second Sensi-
SO - Anode Anode tivity
Voltage Current Voltage Voltage mm volt
o | I E, o or Sercen  Screen
Type (Volts) Amps (Volts) (Volts) mm /NIl Color Size
906 2.5 21 1,000 1,500 0.041 Green 3
1803-P1 2.5 2.1 1,900 7.000 White 12
54-11-T 6.3 0.6 .. .. 3.000 ... L. 5
60

known as Lissajous’ figures. If we
apply an alternating voltage to the
control grid, then it will be possible,
under certain values of adjustment,
to make a portion of the Lissajous’
figures disappear and to make other
portions of the figures brighter than
normal.

Using the three control voltages, it
18 possible to obtain a wide range of
patterns of varying intensities on
the screen. The patterns thus pro-
duced are extremely useful to one
who is accustomed to their correct
analysis.

The spot of light may be green in
color or white or blue or perhaps
some other, although less common,
color. With different screen mate-
rials the image may not immediately
remove itself from the screen when
the control voltage is sufficiently
negative. Instead, the spot tends to
linger and to gradually decrease in
intensity after the voltage is in-
creased beyond its cut-off value. Such
a tube would be well suited for the
photography of a phenomenon which
produces a stationary pattern on the
screen, but would produce objec-
tional blurring if our patterns were
subject to rapid spatial changes on
the screen of the tube.

For a given voltage applied to the
H and V terminals, we always ob-
tain the same spot displacement or
deflection (assuming the line voltage
and internal adjustments remain un-
changed). It does not necessarily
follow that a given voltage applied to
the horizontal terminals will produce
the same absolute value of displace-
ment as when applied to the vertical
terminals although usually the dif-
ference will not be more than about
20 percent. By determining the dis-
placement of the spot for a given
voltage we can specify the deflection
sensitivity of the device.

In some tubes, using magnetic de-
flection, the deflection of the spot is
controlled by current flowing through
coils near the tube. In such cases the
deflection depends upon the currents
in the H and V coils whose impedance
may be quite low. Otherwise the
mode of operation is like that al-
ready described for tubes with elec-
trostatic deflection.

The operating characteristics of a
few typical cathode-ray tubes are
given in Table IV,

For a list of bibliographical refer-
ences relating to the material in this
section, see page 69.
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Tubes and Their Functions

AVING discussed the charac-
teristics of various members
of the electron tube family, let us
consider the tube as part of a cir-
cuit. All high vacuum tubes have in-
put impedances which are high
(megohms) so long as the grid is
maintained negative and this is the
usual way of using the tube. The
output impedances are high, of the
order of thousands of ohms to several
megohms. Both input and output
impedances act like high resistances
shunted by small capacitances. These
capacitances may be neglected in all
but unusual industrial applications.
Gas tubes have high input impe-
dance up to the moment of conduc-
tion, and then the tube may draw ap-
preciable current from the input cir-
cuit (milliamperes). The internal
resistance of gaseous tubes is of the
order of 15 to 25 ohms while the tube
conducts and is very high during the
non-conducting condition.

A high vacuum control tube may
be regarded as a one-way device for
all frequencies and applications use-
ful to industrial processes. Very lit-
tle of the output energy gets back to
the input through the tube itself.
The amplifier tube acts as a 180 deg.-
phase shifting network for resis-
tance loads. An amplifier tube op-
erated over the linear part of its
input-output characteristic may be
lcoked at as a generator of voltage
ue, in series with the plate resistance
of the tube; u is the amplification
factor and ¢, is the applied alternat-
ing voltage.

A gaseous control tube acts as a
single pole single throw switch. A
phototube is an energy converter of
high impedance, producing electri-
cal energy from radiant energy.
Microamperes of current can be se-
cured from it; its output must be
amplified for industrial purposes.
The output of the vacuum type photo-
tube is independent of applied volt-
age above about 50 volts. A linear
relationship exists between input en-
ergy and output current for a high
vacuum tube; but the relation is
not linear for a gas phototube. The
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Fig. 1—Curve showing relation between
input (grid) voltage, E,. and output (plate)
current, I,. for a typical triode amplifier

photovoltaic type of light sensitive
device is essentially a low impedance
device with higher current output
than the phototube but delivering
lower output voltages. Its output
may be used with a sensitive relay
which acts as an amplifier, in turn
operating a heavier relay.

How to Make the Tube Work

In industrial applications, tubes
perform essentially two different
types of functions. In some cases, as
in rectifiers, the output of the tube
is used directly, power flowing from
the tube to the work to be done. In
others, the tube acts merely as an
accessory piece of equipment, re-
sponding to some sort of stimulus
(obtained from the work to be done)
and in responding releasing energy
from a local source; this energy per-
forming the desired job.

Whatever the job to be done, there-

Fig. 2—Simple relay circuit using tube be-
tween a stimulus voltage and an electro-
magnetic relay

fore, some means must be found for
deriving from it a stimulus that can
be applied to the tube, such as a volt-
age or illumination change. Inter-
rupting a beam of light by an object
to be counted is one method; another
is to make the object to be counted
change the voltage (phase, frequency
or other electrical quantity) applied
to the tube. Any physical quantity,
such as weight, color, velocity, size;
or any electrical quantity, such as
voltage, phase, frequency; or any
chemical quantity, such as the pH or
conductivity of an electrolyte, etc.,
may be converted to an appropriate
electrical change which will cause a
tube to act.

High Vacuum Tubes
Use of the Tube as a Relay

Consider the curve in Fig. 1, the
characteristic of a typical amplifier
tube. This curve expresses the rela-
tion between the voltage input and
current output for a given plate volt-
age. Note that there is a continuous
relation between current output
(known as plate current or I, and
voltage input or grid voltage E,).
Thus when the grid voltage is —10
volts, the plate current is 13 milli-
amperes and when the grid voltage
is zero the plate current has in-
creased to 25 ma. In tubes of this
type the plate current increases con-
tinuously as the grid voltage is made
less negative or is made positive with
respect to the cathode.

The plate circuit of the tube is the
work circuit. The grid circuit is the
control circuit. All that is necessary
to put the tube to work as a relay
tube is to change the voltage on the
grid from say—10 to 0 and to use in
the plate circuit an electro-mechani-
cal relay which will remain open
when 13 ma flow through it but
which will close when 25 ma flow
through it or vice versa. Current
or power to perform the final work
to be done is controlled by con-
tacts on the relay. It is immate-
rial to the tube how the engineer
decides to get the required input
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voltage change of 10 volts. For ex-
ample, an extremely simple method
is to have a 13 volt battery between
cathode and grid with a switch which
can connect the grid directly to cath-
ode when desired. This switch could
be closed by a cam arrangement, say
on a cylinder of a printing press.
Once in each revolution the switch
connects the grid directly to the
cathode, and a counter in the plate
circuit rings up another newspaper
off the press.

A logical question at this point is
to ask why, if 10 volts are available
to control the tube, this voltage
change is not applied directly to the
relay and thus eliminate the tube.
Certainly there is no need to use a
tube if we can avoid it: and indus-
trial engineers use tubes only if they
perform jobs which cannot be done
in any other way, or if they are done
better by tubes—i.e., either faster,
cheaper, or safer,

In this case it is power that oper-
ates the relay and not current or
voltage. The 10 volt change placed
upon the tube input terminals may
come from a source of extremely lim-
ited power; for example the output
of a phototube. The phototube cur-
rent change may be of the order of
10 microamperes which is not suffi-
cient current to operate the relay.
This current, however, may be caused
to flow through a l1-megohm resis-
tance. Across this resistance wiil ap-
pear a 10-volt change and this in
turn may be applied to the control
grid of the tube.

The power through the relay may
be figured as follows. If it has a re-
sistance of 500 ohms, and if a cur-
rent change of 12 ma is sufficient to
make it operate, the power required
to make the relay operate is 72.0x10"*
watts (I°R). Now the input power
required to make the tube operate
works out to be 100x10° watts
(10°X10°) so that the tube produced
a power amplification of some 720
times—and this is why the tube is
used.

Use of the Tube as an Amplifier

The tube has an extremely impor-
tant ability—to amplify voltage
changes placed upon its grid circuit.
Across a load in the plate circuit ap-
pear voltages which are magnified
images of the voltage changes placed
upon the grid circuit. These images
can be almost exact replicas of the
input voltages, or they can be dis-
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Fig. 3—Fundamental

Here R, is the load resistance across

which the output alternating voltage, e..
appears

amplifier diagram.

torted in almost any manner desired.
1t is this amplification ability that
has made radio broadcasting pos-
sible, and it is also of very great
value to industrial applications.

In Fig. 3 is a simple tube amplifier
circuit with a resistance load E,. In
series with the fixed grid voltage
(known as a bias) is a source of al-
ternating voltage. If the a-c termin-
als ére.sﬁéi‘fé’d a steady value of plate
current will flow, its value depending
upon the plate voltage, upon the grid
voltage, upon tube characteristics,
and R,. But if alternating voltage is
applied to these terminals, the plate
current will rise and fall about its
former fixed value as a base. Looked
at in another way, the plate circuit
will have two currents in it, one a
direct current and the second an al-
ternating current.

This alternating current flowing
through the plate load resistance
prcduces a voltage drop along this
resistance; and this alternating voit-
age will be greater than the alter-
nating voltage placed upon the grid
terminals if R, is not too small.

Effect of Tube Resistance. The
tube has an internal resistance
(r,) through which the plate cur-
rent must flow. The relative value
of this internal resistance and that
ot the load resistance govern both
the magnitude of the alternating
voltage developed across R, and the
nower developed in R,.

If the tube is properly biased and
operated so that the plate current
does not drop to zero on the negative
half cycles of input alternating volt-
age, and the grid is always negative
with respect to the cathode, the
output alternating voltage, current
and power are respectively

ue, R u g

“- rw+ Ry o r+ Ré;
_ wesRg
Po= G, + Ry

The maximum output voltage
across R, will be secured when R,
is large compared to »,, The max-
imum power in R, will be secured

when R, is equal to 7, Then the
power output is
2, 2
= L)
Po max = 4 [‘”
where e; = rms input grid voltag2 or
202
Pu max = ;R;
where ¢, = peak input grid voltage.
Under no conditions ecan the

amplification of voltage (e,/e,) be
greater than the amplification fac-
tor of the tube and approaches this
value only when R, is much greater
than r,. If R, = 8r, the amplifica-
tion will be 75 percent of the ampli-
fication factor of the tube.

If the load resistance is much less
than the tube resistance (as is fre-
quently the case in using certain
tubes with very high internal re-
sistance) the voltage amplification
is approximately equal to

€./¢g = gm Bp
where ¢, .= transconductance of the
tube, and here again the maximum
amplification depends upon how
large the load resistance is.

Plate Battery Requirements. It
is a disadvantage to place too high
a load resistance in the plate circuit
of a tube, especially when using the
low resistance tubes. This arises
from the fact that the plate current
not only flows through the tube but
through the load too, and for every
milliampere of current drawn

Peak /'n/Ju/_.'l
voltage

Fig. 4—Tubes usually operate with a fixed
direct voltage on both plate and grid. In
addition, alternating voltages may be
placed upon the grid circuit. Then alter-
nating currents will flow in the plate
circuit. Here E, and I, are steady values
of grid voltage and plate current; e, and
i, are peak values of alternating grid
voltage and plate current
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Fig. 5—Ways of avoiding use of high

plate batiery voliage with resistance loads.

The resistance of the choke (center) is low.
its inductance high

through a thousand ohms of resist-
ance, 1 volt is lost—it does not ap-
pear across the cathode-plate path.
Thus if 10 ma flow through 10,000
ohms, 100 volts appear across R..
If the tube requires 250 volts across
the resistance of the tube and if 100
volts are lost across R; the plate
battery must supply 350 volts.

It is worth noting here that there
is but a single source of voltage in
the plate circuit—the plate battery.
Current from this battery flows
through the tube and through the
load resistance. The way in which
the total plate circuit voltage divides,
part appearing across the tube
and part across the load, depends
upon the relative resistances of the
tube and the load but the sum of the
two voltages is never greater than
the plate battery voltage. When the
voltage drop across the load is high
due to high plate current, the volt-
age across the tube is low and vice
versa.

Use of high resistance loads
which cause large voltage drops
which must be supplied by high

A-C
OQutput

[v [fe
Transformer
coupling

plate battery voltages can be avoided
by: (1) use of a transformer be-
tween the tube and the load so that
the desired a-c power is developed
in the load without the steady plate
current having to flow through it;
(2) use of a low-resistance induc-
tance through which the direct cur-
rent flows as in Fig. 5; (3) use of
tubes of high intrinsiec plate re-
sistance with loads which have re-
sistances lower than that of the
tube. Then the tube acts more or
less like a constant-current source
and variations in load voltage with
consequent variations in plate volt-
age are much less important.

Tube Efficiency. If R, r., the
efficiency of the plate circuit is 50
percent since half the power de-
veloped will be lost in the tube and
half will be usefully developed in the
load resistance. Greater efficiency
can be had by raising the value of
R,, but less powver will be secured
thereby uniess the piate voltages
and currente are increased.

The amount of power that a tube
can dcliver depends upon how much

Fig. 6—Power ouiput from an amplifier
tube depends upon the relative values of
the internal tube resistance, r,, and the
load resistance, R,. Maximum power out.
put occurs when R, is equal to r,

Fig. 7—Use of tubes in parallel to in.
crease output over that obiainable from a
single tube
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Choke-condenser
coupling

Rg is small
compared fory

it can safely dissipate on its own
plate and its efficiency of operation.
A tube that can safely dissipate 10
watts can also deliver 10 watts to
a load at 50 percent efficiency; but
at higher efficiencies, higher power
can be developed in the load without
raising the 10 watt limit in plate
dissipation.

In most industrial cases, it is
more important to get the maximum
power into a load (such as an elec-
tro-mechanical relay) rather than
te achieve efficiency and in this case
the load must be adapted to the tube
or vice versa. This means that the
resistance of the load should -approxi-
mate the resistance of the tube. The
reduction in power is not very great
if the load resistance is greater than
that of the tube by 2 or 3 times, but
considerable loss occurs if R, is
very much less than 7,.

Where maximum voltage output
(contrasted with maximum power
cutput) is desired, R, must be high
compared with r, if possible. This
is not possible with pentode tubes
and here R, should be as high as
possible or convenient.

Tubes in Parallel or Push-pull.
If more output is desired than a
single tube will deliver, two or more
of them may be operated in parallel.
Under these conditions the effective
internal resistance of the tube part
of the circuit goes down; and if one

Fig. 8—Push-pull

decreases harmonic content of output and

increases power output over that obtain-
able from a single tube

arrangement of tubes
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tube will deliver 10 watts, two of
them will deliver 20 watts—if the
output circuit is appropriately
changed to take account of the de-
creased tube resistance.

It is often more economical to use
two or more tubes in parallel than
using a single tube of greater out-
put power.

Tubes may also be operated in
push-pull. More power output may
be secured; but the big advantage
is the fact that the waveform of
the output can be made to resemble
more closely the waveform of the
original. This is not a matter of
great importance to industrial ap-
plications, except in unusual cases.

Tubes can also be connected with
their grids in parallel and plates in
series or with grids in series and
plates in parallel.

Use of Tube as Generator. Be-
cause a tube will amplify, it will
also generate alternating currents
from direct currents. A voltage ap-
plied to the grid of the tube results
in a larger voltage appearing in the
output. If a part of this output is
fed back into the input in the proper
phase, this portion of the input will
reappear in the output in amplified
form. If the amount of energy fed
back is sufficient to overcome all the
losses in the input circuit, it will be
found that the initial driving volt-
age applied to the tube from an ex-
ternal voltage supply may be elimi-
nated and the tube will continue to
develop power in the load. In prac-
tice no external exciting grid volt-
age need be applied to start oscilla-
tions since any small instability
(such as mechanical, thermal or elec-
trical change) will set the circuit
into oscillation.

02 0304 06081
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single-phase
rectifier comprising anode and cathode
only. Ouiput load is in series with anode

Fig. 9—Simple half-wave

The tube is now acting as a gen-
erator, the frequency of the gen-
erated power depending upon the in-
ductance, capacitance and resistance
of the circuit elements attached to
the tube. The amount of power de-
veloped in the load depends upon
the tube, the voltages used and the
load characteristics.

Alternating currents of practically
any frequency, of practically any
waveform, or of any power may be
produced in this manner. Direct po-
tentials need to be applied to the
tube, some sort of energy feedback
from output to input must be pro-
vided, and as a result alternating
currents will be produced.

Tubes can be made to generate
oscillations in other ways (dynatron,
Barkhausen oscillators, etc.) but
these methods are not used indus-
trially at the present time.

Tube as a Frequency Converter.
Suppose a tube has two grids and
that voltages of different frequencies
are placed upon these grids. Now if
the plate circuit can be explored with
some sort of frequency discriminat-
ing detector, two (or more) fre-
quencies will be discovered. If there
exists a linear relation between each

grid and the output, only the two
input frequencies will be detected;
but if any non-linearity exists be-
tween the input and output, or in
the output E,-I, curve, then the de-
tector will indicate not only the or-
iginal input frequencies but others
as well. Among the new frequencies
found may be the sum and the dif-
ference of the two input frequencies.

This is known as frequency con-
version, since we convert two or-
iginating frequencies into other
frequencies with totally different
values. This is the principle of the
superheterodyne radio receiver; but
the principle has some application
to laboratory and industrial prob-
lems as well. The two voltages can
differ widely in frequency or can
be alike or very nearly alike in fre-
quency. One can be variable and
the other fixed so that a variable
frequency, differing from either or-
iginating frequencies, can be se-
cured from the converter.

Modulation. If a high frequency
and a low frequency are “mixed”
properly, the high frequency will
act as a carrier for the lower fre-
quency (as in radio or carrier tele-
phone communication). This process
is called modulation and can be per-
formed by varying the amplitude,
the phase or the frequency of the
carrier by the modulating frequency.

Conversely, if two frequencies have
been mixed, they can again be sepa-
rated by going through an inverse
process. Thus from a modulated
carrier, the modulating frequency
can be secured and put to whatever
use is desired.

Other Tube Functions. High-
vacuum control tubes can also be
used as frequency multipliers or di-
viders to deliver to a load higher
or lower frequencies which may or
may not be integral multiples of
the originating frequency. The
number of the output frequencies is
practically unlimited.

When properly associated with
other circuit elements, the tube can
be made to perform an extremely
wide variety of useful functions.
For example tube circuits can be
made to count impulses occurring

Fig. 10—Current-voltage characteristics of

typical rectifier tubes. Current output is

proportional to the 3/2's power of plate
voltage
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much too rapidly for any mechani-
cal counter, to differentiate or inte-
grate mathematical expressions de-
scriptive of electrical, mechanical or
other phenomena, can be used as a
variable reactance and is widely used
through laboratory practices as a
measuring tool.

High Vacuum Tube Limitations.
The high vacuum tube is a low
current-high voltage device. If high
currents at low voltages are desired,
scme other means must be used.
Since the tube amplifies, and since a
considerable amount of amplification
can be secured with a single tube
and its accompanying apparatus,
care must be taken that the grid
or input circuit has impressed on
it only the desired voltages and that
it be protected from stray fields, such
as power line fields, etc. Since the
output is a function of the plate
voltage, the plate voltage must be
steady if a steady output is neces-
sary. If the tube is to amplify (and
not to generate oscillations) care
must be taken to see that none of
the output voltage is allowed to get
back into the input circuit in phase
with the input voltage.

Rectification

Since the tube conducts current
only when its plate is positive with
respect to the cathode, an alternat-
ing voltage placed between a tube
and a load will cause current to
flow through the load on the half
cycles when the plate is positive. On
the half cycles of the alternating
voltage when the plate is negative
with respect to the cathode, no cur-
rent will flow in the load. The tube
acts as a one-way switch or like a
check valve in a pump. This tube
phenomenon is called rectification.
Only two electrodes are necessary—
a cathode to supply electrons and a
plate to collect them.

There are two kinds of rectifier
tubes, high vacuum tubes and gas
tubes. Some rectifiers have control
grids in them so that control over
the output current is possible. These
will be discussed below.

Half-wave Rectifier. In this case

Fig. 11—Several rectifier circuits including.

A, fulllwave single-phase circuit; B, bridge

arrangement: and C, D and E, polyphase
circuits
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a single tube is used and only one
half of the a-c cycle is rectified. Cur-
rent flows in spurts through the
load. If continuous current is de-
sired through the load, the output
of the rectifier may be put through
a filter and then into the load. The
filter smoothes out the spurts of
current so that the load current re-
sembles that from a d-c source.

The half-wave single-phase recti-
fier is simple and inexpensive. Its
output is relatively difficult to filter
and is seldom used.

Full-wave Rectifier. In this case
two tubes are used (or a single tube
with two sets of elements) and
both halves of the a-c cycle are recti-
fied, each tube conducting current
when its anode is positive and re-
maining non-conducting while the
other tube conducts. Output from
this rectifier is relatively easy to
filter and is widely used where cur-
rents of 1 ampere at 1000 volts or
less are desired.

When a half-wave rectifier works
directly into a resistance load with-
out any intervening filter circuit, the
average current passed through the
load is

_ 045 (Vom) — Vi,

Lo = R.
where V..., is the rms voltage across
the power transformer secondary

terminals, V.., is the voltage drop
across the rectifier tube, for the
average current passing through the
tube, and R, is the resistance of the
load. V..., is obtained from Fig. 10.

When mercury vapor rectifiers are
used, V.., is about 15 volts and is
independent of the current drawn
from the tube.

In full-wave circuits, the average
current is twice that given by the
half-wave equation. In this case
V... is the rms voltage between the
center tap and one end of the trans-
former secondary.

Ve = I oo Ro voits

Polyphase 'Rectifiers. In poly-
phase circuits, half- or full-wave
rectifiers may be provided for each
phase. Such polyphase rectifiers are
of considerable industrial application
where high power direct current is
to be obtained. The output from
polyphase rectifiers is often used
without filtering, although if filter-
ing is required, this can be carried
out relatively easily because the out-
put voltage is relatively high
throughout the cycle and because
the frequency components to be fil-
tered are higher multiples of the
supply frequency.

Voltage Doubler. In this circuit
two rectifier units are used. The
output voltage is approximately

TABLE I — RECTIFIER CIRCUITS

Circnit A

Cireuit B

Cireuit C | Cireuit D | Cireuit E

1.07E... 107E,..

Average d-¢ volts, 0.45E,..,  0.90E,., 2.32E...

E. . . . .. {10.32E... 064E... 083E... 083E... 165E..
Peak volts across|

tube | 3. 14 E, 1.57 E, 2.09E, 2.09 E. 1.05 E.
Secondary kva*. .. .| 1.57 1.11 1.48 1.48 1.05
Primary kva* 1.11 1.11 1.21 1.05 1.05
R-m-s ripple, % of

E. . .. .. . 48 48 18 4 4

{ | |

Note: Drop through rectifier tubes negleeted.
* Per kw power delivered to load, transformer losses negleeted.
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T

'T,=T,= Separate
'R winalings

Fig. 12—Voltage doubler circuits.

are placed in a single bulb.

R=Heaters of other tubes in series
with voltage-dropping resistor
R\= Protective resistor c

In A, separate filament {ransiormer windings are necessary. This circuit is called a tfull-
wave doubler because each tube conducts current to the load on each half of the a-c input cycle.

In B and C both tubes

In B, the d-c load cannot be grounded or connected to one side of the a supply line. C

gels around this difficulty but is a half-wave reciifier since reciifitd current flows to the load only on alternate half cycles

twice the alterating voltage supplied
to the rectifier. This is because each
condenser (Fig. 12) is charged to
the full voltage delivered by the
transformer ‘but since the two ¢on-
densers are in series the total volt-
age across them is twice that across
either.

The voltage doubler is often used
where voltages of about 250 are to
be obtained from the 110 volt a-c
line in the most economical manner.
Voltage is fed to the tubes directly
from the power line,; no transformer
being needed. Economy is the rea-
son. This rectifier is also employed
in x-ray work where a single tube
cannot deliver the required direct
voltage output.

Filters for Rectifiers. The
smoothing circuits, known as low
pass filters, consist of series in-
ductances (or resistance when the
current output is small) and shunt
capacities. These series and shunt
elements' tend to maintain the volt
age across the output and the cur-
rent through the output constant,
independent of the spurts of current
as supplied by the tube. With suffi-
ciently good filtering the output
from the filter can be as free from
ripple as desired.

Rectifier Applications. The obvi-
ous use for a rectifier is to supply
direct “current from an a-c source.
A rectifier, however, can perform
other functions than as a source of
direct-current power. For example,
a d-c meter in the plate circuit of a
rectifier will read a current which
is some function of the alternating
voltage applied to the tube, Thus
the tube may be calibrated as an a-c
voltmeter by merely placing various
known alternating voltages on the

-
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of the a-c input cycle

tube and noting the rectified current
that passes through' the meter.

Gaseous Tubes

If a gas, or a vapor such as mer-
cury vapor, is admitted to the tube
after all other gases have been
pumped out, the characteristic of
the tube changes radically. This
change in characteristic requires
certain changes in the way the tube
is used, and enables the tube to per-
form functions not possible with
vacuum tubes.

Gas tubes either conduct or they
do not conduct—there is no smooth
control of current from zero to the
maximum value as is true with high
vacuum tubes. When conducting,
the voltage drop across the tube is
fairly low (15 to 25 volts), fairly
constant and -independent of current
taken from:the tube. The current
output is limited only by the output
load and by the ability of the cathode
to supply electrons. Very much
higher currents may be supplied by
gas tubes than by high vacuum
tubes.

Proper Operating Conditions.
Since the current during the con-

Fig. 13—Control of thyratron tube by sud-
denly lowering voliage of plate below
point at which the tube will conduct

ducting period is often very high,
the cathode may be injured unless
means are taken to prevent too great
a current flow in case the load should
be short circuited. Such means can
be a resistance in series with the
tube and the load; or an overload
circuit breaker or fuse, etc. Further-
more the tube should not be al-
lowed to pass current to the load
until the cathode is at the proper
temperature. A time delay relay
placed between the tube and the
load serves this purpose.

Gas tubes are prone to cause
radio interference; small inductances
in series with the anodes and physi-
cally close to them will eliminate
this trouble.

Control-type Gaseous Rectifiers

D-c Operation. Two or more
grids in a gaseous rectifier make it
possible to control the starting of
conduction but. not to control the
stopping of conduction. In general
the only way to stop the tube frém
conducting is to remove the plate
voltage or make it negative. Fur-
thermore a definite time is required
for the grid to re-establish control
after the plate voltage has been re-
moved. This time is required for
the ions to diffuse and leave the
vicinity of the grid. This time is
of the order of a few micro- or milli-
seconds and is known as the de-
ionization time. This brief interval
between removal of the plate voltage
and the establishment of control by
the grid limits the frequency of op-
erations the gas tube can control.

In Fig. 13 is shown a simple
method of controlling a gas tube. If
d-c power is connected to the plate
and cathode terminals, and if the
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grid voltage is correct, anode cur-
rent will flow. Removing or chang-
ing in any way the grid voltage will
not have any effect upon the plate
current. If, however, the switeh is
closed the tube will stop conducting.

When the tube conducts, the drop
across it will be of the order of 15
volts. The rest of the line voltage,
say 250 volts, is impressed across
resistance R,. Terminal A of the
condenser is at the same voltage as
the anode (15 volts) and terminal B
is at line voltage (250) being
charged through R, Now if the
switch is closed, B becomes zero and
terminal A will suffer an instantane-
ous drop in voltage equivalent to
— 250 + 15 volts or to the value of
minus 235 volts. The plate has now,
for an instant, become negative with
respect to the cathode and conduc-
tion ceases. If the time taken to
recharge the condenser through R
is greater than the de-ionization
time of the tube, the grid will regain
control and conduction will not start
until the grid voltage is again the
proper value.

R, should be high enough in re-
sistance so that closing the switch
does not blow the line fuses or cir-
cuit breakers.

If a glow tube (a tube with two
elements in a gaseous atmosphere
which conducts current only when
a certain voltage is impressed across
the elements) is placed across the
switch terminals, the gas tube can
be started and stopped intermit-
tently. As soon as the condenser
voltage becomes equal to the voltage
at which the glow tube conducts,
current flows through the glow tube,
reducing the voltage across it suffi-
ciently to cause the plate voltage to

Fig. 14—Control of thyratron by alternat-

ing voltages. E, is the voltage that must

be on the grid to start current flow at the

value of plate voltage immediately above

it. V, is the control voltage applied to

tube. Where E, and V, cross, the tube
will conduct or 'fire”
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become negative. The gas tube goes
out, de-ionization takes place, the
condenser recharges and when the
plate is again at a potential higher
than that necessary to cause con-
duction (as controlled by the volt-
age on the grid) the tube conducts
again, and the cycle is repeated.
A 1-microfarad condenser and a 874
glow tube will cut off a l-ampere
current in an FG-67 tube.

A-¢ Operation. If direct voltage
is placed upon the grid and alter-
nating voltages upon the plate, con-
duction will take place whenever the
proper relative values of grid and
plate voltage occur. If the grid
voltage is such that conduction oc-
curs for any positive value of plate
voltage, then current will pass
through the tube on the entire half
cycles which make the plate positive.

If, however, the grid is at such a
potential that conduction will not
occur at the highest positive voltage
placed upon the plate (the peak value
of the alternating voltage applied)
then conduction will not occur in
any part of the positive half cycle
of alternating voltage.

Conduction can take place for all
of the half cycle or any part of it
or none of it, as desired; conduction
can be prevented from taking place
for all of the half cycle (180 deg.) or
for 90 deg. or less than 90 deg.,
that is, if the tube conducts at all
it will do so for 90 or more degrees
of the half cycle.

Phase Control. A more elegant
way to control the time in the cycle
at which conduction begins, and
therefore the portion of the half
cycle during which conduction takes
place is to use alternating voltages
on both plate and grid. By adjust-
ing the phase between these two
voltages and their relative magni-
tudes, the average current flowing
during a half cycle may be adjusted
to any value from zero to the maxi-
mum corresponding to conduction
for a full 180 deg.

Consider Fig. 14, Here E, is the
anode potential which can have any
waveform, and E, is the grid bias
which will just prevent the tube
from conducting at the value of E,
shown on the curve. V, is a sine
wave of grid voltage (other wave-
forms can be used). V, may be
moved along the time axis so that
it can be moved into or out of phase
with E,. The tube will fire (conduct)
at the earliest point in the cycle at

which V, crosses E,; in the figure’
point P. By advancing the phase of
the grid voltage with respect to the
plate voltage, current can be made
to pass through the tube for a longer
and longer period until the entire 180
deg. is a conducting period. If the
grid and plate voltages are out of
phase, current does not pass at all.
The average current flowing may be
found from

(1 + cos ¢)

w

I =NIr

where ¢ = angle at which tube starts
to conduct.

A simple way in which this phase
control can be effected is shown in
Fig. 15.

The phase-shift method of con-
trol is the preferred method, and
should be used where a continuous
control of power is required. This
method permits fixing the time of
starting of anode current anywhere
in the positive half cycle of anode
voltage. The average value of the
anode current may be controlled
completely from zero to maximum.
Some of the more usual methods of
obtaining phase shift are (1) an
induction phase shifter, such as a
Selsyn motor on a polyphase source;
(2) capacity-inductance-resistance
bridge; (3) by combining two al-
ternating voltages which are out of
phase and by varying the magni-
tude of one of them; (4) by a
saturable peaking transformer hav-
ing a d-¢c winding and varying the
amount of direct current (5) com-
bining an alternating voltage,
which is out of phase with the
anode voltage, with a d-¢ bias
voltage.

It is good practice to supply the
grid with voltages considerably

Fig. 15—Method of requlating phase be-

tween grid and plate voltages for con-

trolling time in cycle when conduction
starts
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!
Grid
control/
winding

Fig. 16—Elementary circuit showing use
of gas triode as an inverter—i. e., a tube
which produces alternating currents from
a direct voltage input. An actual inverter
circuit would be more complex than this

Fiq.

17—Simple phototube-amplifier-relay
circuit using direct valtages

greater than that just required to
start conduction; this practice in-
sures conduction when desired.
Inverter Service. Gas-filled tubes
may be used also in tube inverter
circuits for conversion of direct cur-
rent to alternating current. As there
are many types of inverter circuits,
it is impossible here to do more than
cover the fundamental principles.
In all such circuits direct current
is applied to the anodes of the tubes
and the grid is supplied with the de-
sired frequency, either from an ex-
ternal exciter or by means of coup-
ling with the output circuit. In this
respect an inverter may be consid-
ered also as an amplifier or oscillator.
The function of the tubes is to com-
mutate or, in other words, to per-
form a switching operation. In all
inverters some form of power stor-
age is necessary to supply power
during the commutation period, e.g.,
from static condensers, from a power
system, or from rotating apparatus.
The fundamental action of inver-
ters may be illustrated by the sim-
plified, single-phase case of Fig. 16
although, in practice, the larger sizes
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are polyphase. The anodes of both
tubes are positive. Let it be assumed
that the grid of the upper tube is
positive. Current will flow from the
positive d-¢ source through the trans-
former to the negative d-¢ line by
way of this tube. The grid of the
lower tube is negative and allows no
current to pass. The condenser is
charged with the potential drop
across the output transformer owing
to the current flow in the upper half
of the winding, the upper terminal
of the condenser becoming negative,
and the lower positive. Toward the
end of the cycle the grids exchange
polarity because of reversal of the
exciting voltage. This action has no
direct effect on the current flow
through the first tube, but allows cur-
rent flow through the second, which
in effect connects the lower side of
the condenser to the negative lead.
This places a negative voltage of
short duration on the upper anode,
allowing the upper grid to regain
control and terminate a half cycle of
the a-c¢ output. Corresponding
actions in inverse order result in

producing the following half cycle of
a-c output.

Fig. 18—Phototube circuit useful when al-
ternating voltages secured from a modu-
lated light beam are to bs used

Fig. 19—Circuit useful in amplitying di.

rect voltages. Voltage across resistor in
cathode circuit of first amplifier is applied
to the second amplifier

Phototube Applications

Phototubes can be used to initiate
any electrical control desired by
means of light impulses. If the linear
relation between light intensity and
current output is to be utilized (as
in measurements), the tube should
be operated with direct voltages;
but if a relay is to be operated as a
result of a change in illumination in-
tensity (as for door opening, count-
ing, etc.) alternating voltages may
be used. In Fig. 17 will be found a
circuit useful for d-c operation.
Care must be taken to see that the
maximum voltage rating of gas tubes
is not exceeded.

In Fig. 20 is a typical a-c operated
circuit. Since the output of the am-
plifier is pulsating direct current
(rectified current), the relay will
chatter unless a condenser is placed
across its coil. The variable re-
sistance between amplifier cathode
and grid (through the phototube)
provides bias; the sensitivity of the
circuit may be controlled by varying
the capacity of the grid condenser.

If modulated light impulses are to
be employed, the circuit of Fig. 18
may be used. This is a straight
transformer-coupled amplifier, the
only difference being the phototube
connection to the first tube. Where
direct currents are to be amplified,
Fig. 19 is satisfactory. Circuits am-
plifying direct currents are not as
stable as when alternating currents
are employed and are to be avoided
if possible.

FUF for 60~
2uf for 25~ ()

Fig. 20—Alternating  current  operated
phototube relay. The tube rectifies the
alternating voltage placed upon it; the
voltage appearing across the condenser
is then applied to the grid of the amplifier
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Light-relay design. The amount
of illumination change necessary to
cause a tube to close an electro-me-
chanical relay may be found from

E.
L SR lumens

Where L is the increment in light
falling upon the phototube cathode,
required to actuate the relay, S is
the luminous sensitivity of the pho-
totube in microamperes per lumen,
R. is the coupling resistance in
megohms, and E, is the increment in
grid volts required to actuate the
relay. The amplifier current in-
creases if cathode of phototube is
connected to the amplifier grid; de-
creases when phototube anode is con-
nected to amplifier grid.

Cathode-Ray Tubes

Because of their ability to produce
a wide variety of traces over a very
wide range of frequencies, cathode-
ray tubes are extensively used where
visual comparisons of electrical op-
erations are to be made, or where
the voltages or currents in a circuit
are to be examined. The phenomenon
to be studied is applied as a voltage
to one set of deflecting plates, usually
the vertical plates, while some con-
venient standard of comparison, or
a timing wave, is applied as a volt-
age to the horizontal pair of deflect-
ing plates.

A fundamental circuit for the
operation of the cathode-ray tube is
shown in Fig. 21 for a tube having
electrostatic deflection. This simple
circuit is useful for the comparison
of two voltages applied to the two
pairs of deflecting plates, the image
on the screen depending upon the
relative magnitudes, frequencies, and
phase displacements of the two volt-
ages under comparison. This simple
circuit is not suited for the exam-
ination of a single voltage or current
as a function of time, since no tim-
ing wave is provided to form the
reference axis.

Many types of sweep circuit gen-
erators can be used to provide suit-
able timing axes, the charging and
discharging of a condenser through
a gaseous tube forming a very simple
and common method. The sweep cir-
cuit diagram of Fig. 22 is an im-
provement over the simple gas tube
generators and provides a timing
axis which is very convenient for the
examination of recurrent phenomena.
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Fig. 22—Sweep circuit generator with amplifier for supplying a cathode ray
tube setup with a time basis
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Tubes At Work

Stimulus—ELECTRICAL

Carbon Arc Electrode
Feed Control

THE LENGTH OF THE gap between the
electrodes of a carbon arc operated
on d.c. has a direct bearing upon il-
lumination intensity, steadiness, for-
mation of craters at the positive elec-
trode and the rate at which carbons
are consumed. Such arcs are more
critical with respect to current dens-

Carbon arc electrode feed control. Change

in arc current acts to speed up or slow

down the drive motor as carbons burn

away and so automatically maintains the
most efficient spacing

ity than to voltage across their elec-
trodes, hence current variations may
be employed as a source of energy to
automatically adjust the arc gap for
optimum performance.

Where the source of d.c. operating
the arc is pulsating in character, as
from an unfiltered half-wave recti-
fier, the circuit shown provides suit-
able control. A heavy shunt having a
value sufficient to produce 10 milli-
volts drop across the primary of
transformer T is connected in series
with the power supply feeding the
arc. The secondary winding of T
delivers 25 volts to the type 27 tube
used as a diode rectifier and d-c volt-
age developed by this rectifier is ap-
plied as negative bias to the grid of
the 2A4G thyratron.

The arm of R, is rotated to the
most negative point and, with the arc
burning, R, is adjusted until the car-
bon-feed motor driving the elec-
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trodes closer together as the carbons
are consumed, is just barely turning
over. R, is then varied until the arc
assumes its most efficient length,
held at this position until the carbon
crater forms and is then re-adjusted
for optimum arc length. Thereafter,
any increase in arc current caused
by too rapid carbon feed develops a
higher negative bias on the grid of
the thyratron, cuts this tube off and
slows down the feed motor. Con-
versely, any decrease in arc current
speeds the motor up.—Flaherty,
ELECTRONICS, March, 1942, p. 65.

Auto Distributor
Point Checker

ADJUSTMENT OF AUTOMOBILE dis-
tributor point spacing by means of a
feeler gauge does not insure opti-
mum ignition system performance in
high-speed engines. Sparking volt-
age is dependent upon current flow-
ing in the primary of the ignition
coil at the moment the points break
and the value to which current may
build up is limited by the length of
time the points are closed between
breaks. The device diagrammed pro-
vides a visual indication of the per-
centage of time points are closed.
Its meter may also be calibrated to
indicate distributor point driving
cam angle, the method of checking

To ungrounded
breaker point

Negafive

D

7o ground on car

B ~<—

7o car bafttery

Distributor point checker.

preferred by the automotive indus-
try. Voltage developed across a con-
denser and then discharged supplies
motivating energy.

Input terminals D and G are con-
nected across the condenser placed
in parallel with the points by the
automobile manufacturer to mini-
mize point burning. When the points
are closed, or switch S, is in the “set”
position so that the meter may be ad-
justed to full scale by varying the
7,500 ohm resistor, the input to the
6H6 rectifier tube is short-circuited
and no current flows in the 25,000
ohm resistor constituting the load
for this tube. The grid of the 884
thyratron, connected to cathode
through t}}'gs same resistor, receives
no bias volfage and the 22} volt bat-
tery potential initiates a discharge
and causes anode current to flow
through the meter.

When the distributor points open,
an oscillation voltage appears across
the condenser in parallel with the
points. Voltage appears across the
input to the 6HG6, rectified current
flows through the 25,000 ohm re-
sistor and a voltage drop appears
across it. The grid of the 884 re-
ceives a large negative bias voltage
sufficient to stop discharge and cut
off anode current flowing through
the meter. Ionization of a thyratron
operating on d.c. may be stopped in
this unconventional manner provided
current flowing in the anode circuit
is limited as, in this case, by the
7,500 and 1,500 ohm resistors.

It draws only two to three ma from the ignition

system to which it is connected and spark intensity is not affected by this
negligible primary circuit loading 3
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N Sections I and II of this discussion of tubes

as applied to industrial problems will be found
first, a treatment of the several types of tubes
used and their characteristics, and second. how
these tubes are integrated into electrical circuits:
i.e. how tubes act as amplifiers. as rectifiers. as
energy converters, etc., and how tubes are asso-
ciated with relays. resistances. capacitances and
other electric or mechanical equipment.

In Section III will be found many typical exam-
ples of how tubes are used in industry. No pre-
tense is made that the following pages cover the
entire field of electronics in industry. Only a
dictionary-sized book could do that. This third
section is intended as an idea stimulator; as a
place to look when the engineer seeks ways in

which tubes might solve problems. Although
the applications are specific. the basic phenome-
non back of each one of them may be applied
in many other ways.

The applications are divided into three major
divisions so that the reader may more easily
find what he is looking for. These divisions are
arranged according to the control stimulus that
is available to make the tube perform its job.
Thus there are applications depending upon an
electrical stimulus; upon a physical or chemical
stimulus; and upon a light stimulus. In each
case the basic phenomenon is outlined, sufficient
detail is given to explain the use to which the
tube is put. and a reference tells where the read-
er may find more complete data.

Extinction of the thyratron dis-
charge does not occur simultaneously
with the opening of the distributor
points but is slightly delayed. This
delay is capable of introducing con-
siderable measurement error. The
error is made negligible by the in-
clusion of the 2,000 uuf capacitor,
which delays initiation of the dis-
charge when the points close by ap-
proximately the same amount.—Elt-
groth, ELECTRONICS, April, 1942,
p. 34.

RUBBERIZED CANVAS sheeting s
passed between two rollers which
are saturated with a conducting
liquid. Each roller is connected to
the grid circuit of an over-biased
amplifier. If there is even an ex-
tremely small pinhole in the canvas,
the conducting liquid will penetrate
it and form a conducting path
through the canvas. Thus, a positive
voltage, whose value is determined

Rollers

Pinhole detector circuit diagram. This in-
strument will sound an alarm or mark
the location of the pinhole
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by the voltage divider made up of
the 32,000-ohm, the 1,000-ohm, the
5,000-ohm resistors and the con-
ducting liquid between the rollers, is
applied to the grid of the pentode.
This reduces the bias on the grid and
permits an anode current to flow for
an instant. This impulse is passed
on to the grid of a gas triode which
then actuates a relay. The relay
operates an alarm or a marking de-
vice to locate the defect. This circuit
must be operated on a.c. with one
side grounded so that the grid of
the gaseous triode can gain control
after each operation.—Electronic
Engineering (London), July 1941.

Power Factor Meter

THIS METHOD OF MEASURING pouwer
factor involves the use of a thyratron
whose anode current is a function
of the phase angle between a voltage
and a current. Line voltage, or a
voltage having the same phase as the
line voltage, is applied to the anode
and another voltage whose phase is
the same as the load current is ap-
plied to the grid. The grid voltage
is obtained by passing the load cur-
rent through a resistor and passing
the voltage across the resistor
through a step-up transformer to
attain the proper value. Since con-
duction in a gaseous tube cannot or-
dinarily be stopped by increasing the
negative potential of the control
grid, lagging power factors cannot
be measured because all such factors
would give the same indication on

the anode cu -‘rent meter. To over-
come this an adjustable phase-shift-
ing network is employed in the grid
circuit so that any point, preferably
the midpoint, of the meter scale may
be used to indicate unity power fac-
tor with lower anode currents to in-
dicate lagging power factors and
higher anode currents to indicate
leading power factors. In some cases

Power factor meter circuit diagram. The
anode voltage is in phase with the line
voltage and the grid voltage is in phase

with the load current. The average anode
current is a measure of the phase angle
between the load voliage and current

it may be desirable to have the unity
power factor points at different
points of the scale. This may be done
by proper selection of the condensers
of the grid phase shifting networks.
The anode current is rectified by a
copper oxide rectifier and a d-c meter
is calibrated in power factor. The
same meter may be used for measur-
ing both the rectified anode current
and the a-c grid voltage.—Bereskin,
ELECTRONICS, October, 1941, p. 38.
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Anti-Electrolysis Relay

WHEN A GAS MAIN 1§ located close to
an electric railway, stray currents
from the railway frequently damage
the main by producing electrolytic
action and corrosion. Damage is
done when the main is at positive
potential with respect to the rails,
causing a current flow from rails to
main. It may be avoided by using a
directional relay circuit such as the
one illustrated which employs a thy-
ratron tube.

When the rails are positive with

E. oven type reloy
.= Westinghouse
200 amp. contactor

115000¢cir: mil fie-wire

Anti-electrolysis relay. This circuit pro-
tects a gas main by preventing current
flow from electrified railway tracks to
main

respect to the gas main, voltage from
the tie-wire tap bucks the fixed bias
supplied to the grid of the FG-17 by
the Rectox unit, making the grid of
the tube less negative with respect
to the cathode. The tube conducts
and anode current closes relay R,
which closes contactor C and permits
current to flow from main to rails.
Reversal of external voltage polarity
produces an increase in negative bias
on the tube, causing it to cease con-
ducting and opening up the tie-wire
circuit between main and rails.—
Davis and Wainwright, ELECTRONICS,
March, 1942, p. 72.

Electrostatic Powder
Separator

CERTAIN DRY, POWDERED materials
may be separated from each other
by electrostatic action. In the
chemical field, for example, among
the materials which may be separated
in this manner are sphalerite and
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iron pyrites, graphite and mica,
biotite micas and muscovites, garnet
and metal particles. These have es-
sentially different electrical char-
acteristics and this difference pro-
vides a means of attack.

The materials electrically unlike
to be separated are passed over or
between electrodes charged to about
15,000 volts d.c. One material picks
up and retains a charge in its
passage over or between electrodes
sufficient to cause it to adhere to an
electrode. The other material flows
unimpeded through the separator to
a collecting hopper. High voltage
d.c. to,operate such separators is
readily obtained by stepping up a-c
power line voltages through suitable
transformers and then rectifying
electronically.—ELECTRONICS, Janu-
ary, 1942, p. 58.

Remote Control of
Camera Focus

IF ONE OPTICAL element of a complex
photographic lens system is substi-
tuted for the conventional cone of an
electro-dynamic loudspeaker, focus
of the lens system may be adjusted
by electrical remote control.

A constant d-c potential is fed to
the field-coil of the unit. A variable
source of d.c. is connected to the coil
carrying the movable optical element.
By altering the lens-coil potential
and/or polarity this coil may be
caused to assume various positions
with respect to the field coil, hence
the movable optical element may be
made to assume various positions
with respect to the fixed lens ele-
ments.

If a.c. is also fed to the lens coil

To variable

source of O.C.
and variable
source of A.C.

source of

Lens-coil<

: 2.C..
@g‘

Electronically controlled lens of a motion
picture camera. The principle appears to

have possibilities for use in connection
with other optical devices

this coil may also be caused to oscil-
late back and forth about an axis, the
speed of oscillation being dependent
upon the frequency of the supply
voltage and the distance of travel
being dependent upon its amplitude.
If the lens system is designed so that
changes in focal length do not result
in changes tn image size, lens ele-
ment oscillation can materially in-
crease the depth of focus. The source
of a.c., variable with respect to fre-
quency and amplitude, may be a
vacuum tube oscillator.—MacDon-
ald, ELECTRONICS, March, 1942, p. 44.

Precipitator for Matter
Suspended in Gases

IT 1S KNOWN THAT suspended matter
in smoke, fumes or fog can be floc-
culated, or caused to form clouds or
masses which precipitate, by high
frequency sound vibrations of the
order of 17,000 eps. This knowledge
has distinet industrial possibilities
but one stumbling-block is the design
of sound generators which will de-
velop suflicient power for the pur-
pose.

One experimental generator com-
prises a solid cylinder of duralumin
supported in an open-ended housing
by an annular web or ring which is
an integral part of the cylinder and
extends out from its mid-section. A
driving ring electrically equivalent
to a single-turn coil, also made as an
integral part of the cylinder and at
its bottom end, projects into the
radial gap of a pot magnet energized
by a field coil. The ring is induc-
tively excited by an adjacent driving
coil. The unit thus resembles a dy-
namic loudspeaker in construction,
the duralumin cylinder taking the
place of the conventional diaphragm
or cone and the “voice-coil” being
driven inductively to eliminate fric-
tional damping.

The cylindrical duralumin eylinder
is designed to vibrate at one critical
frequency and is an extremely effi-
cient device for translating electrical
energy into high frequency sound
at this frequency. Efficiency is so
critical with respect to frequency, in
fact, that it is desirable to use the
sound generating device itself as a
frequency control element for the
electronic equipment which supplies
driving power. This is done by
placing a small disc of metal on the
top of the pot magnet and insulated
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from it by a thin disc of Bakelite.
This disc, in conjunction with the
closely adjacent bottom end of the
duralumin cylinder or vibrator,
serves as a condenser microphone
connected to the input circuit of an
associated amplifier. It will thus be
seen that the overall equipment op-
erates as a mechano-electronic oscil-
lator, a.c. generated by changes in
spacing between the plates of the
condenser microphone energizing
the amplifier at the resonant fre-
quency of the duralumin cylinder
and supplying power for the opera-
tion of the sound generator at that
frequency.

Amplifier power output used in
recent experiments has been about
200 watts. Overall translator effici-
ency of the order of 30 percent or
more has been obtained.—St. Clair,
Review of Scientific Instruments,
May, 1941, p. 250.

Vibrator

Supporting
web

shims

Vibroter supporf-
and hauser/;’g

| Shielded lead
1\ o preamp/."ﬂer

Field coil

High-frequency, high-power sound gener-
ator. Critically resonant, it serves as its
own f{requency controlling source

Magnetic Field Plotter

THE MAGNETIC FIELD PATTERN of
coils may be automatically plotted
on paper records by means of the
device illustrated here in elemental
form,

The coil to be tested is fastened to
the center of the turntable shown at
the left and energized by a.c. Both
turntables are held still and the
search coil-recording stylus drive
mechanism is started, causing the
search coil to approach the center of

ELECTRONICS — June 1942

,Search coil and

Amplifier and ! stylus drive

electronic

mechanismm

reversal swifch

Mecharical
L link

-—Paper
record

/ .
Indexing motor

e — — =Manval turntable —————=
indexing rnecharnism

Automatic coil field plotting machine in elemental form

the test coil turntable while the re-
cording stylus approaches the center
of the recording turntable. During
this period the recording stylus
draws a line from the periphery of
the paper disc toward its center. At
a point determined by the strength
of the test coil field and by the sensi-
tivity adjustment of the amplifier
sufficient voltage is induced into the
search coil to trip the electronic re-
versal switch and the mechanical
link returns both search coil and
recording stylus toward the periph-
eries of their respective turntables.
When the peripheries are reached a
mechanically actuated limit switch
starts a motor which turns both
turntables simultaneously to the next
index position, stops them and then
starts search coil and stylus once
more toward the centers of the turn-
tables.

It will be seen that when this
cycling process has been completed
for every index position around the
entire 360 degrees of turntable rota-
tion the configuration of the test
coil field may be determined by not-
ing the shape of the pattern formed
by the inner ends of the lines drawn
on the paper record. In practice, the
stylus of the field plotting device
may be a fine metal wire and the
paper record may be of high ve-
sistance metallic material. If a spark
is caused to arc through the paper
record at the instant the search coil
reaches its innermost point of travel
and no record trace is made except
at this instant field configuration
may be determined as before and the
record may be re-used for other posi-
tions of the test coil or other test
coil plots. It is also practical to
energize the test coil with d.c. if
the search coil is arranged so that it
rotates at a constant and high rate

of speed, rotation of the search coil
providing the a-c impulses necessary
for operation of the amplifier.—
Weiller, ELECTRONICS, May, 1942, p.
52,

Fader for Neon Signs

THE BRILLIANCY OF neon signs can-
not be effectively reduced by cutting
down the a-c voltage applied to them
by conventional means, such as tap-
ping down on the transformer sec-
ondary or introduction of a primary
circuit “losser”, since ionization pro-
ducing the characteristic glow will
cease before the voltage has been
dropped enough to produce percep-
tible dimming. Brilliancy may, how-
ever, be reduced by varying the time
in each cycle during which voltage is
applied. This amounts to reduction
in effective a-c voltage but if a gas-
eous control tube is used in the pri-
mary of the sign transformer to ac-
complish it the surge voltage intro-
duced by the sharp starting charac-

Fader circuit for neon signs, using Per-
matron magnetically controlled tubes
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teristic of the tube will be sufficient
to ignite the sign even at low bril-
liancy levels.

The figure shows a method of fad-
ing a neon sign of one color into a
neon sign of another color. Perma-
tron tubes are magnetically con-
trolled by a phase-shift circuit con-
sisting of reactors L. and resistor R..
The inductance of the reactors is
periodically varied in opposite se-
quence by a synchronous motor-
driven cam which moves iron in and
out of the gaps in the reactor cores.
The amount of inductance in the re-
actors at a given instant determines
the amount of voltage magnetically
applied to the Permatrons and there-
fore controls conduction.

Condenser C, resonates the control
coils to reduce the load on the phase-
shift circuits.—Overbeck, ELECTRON-
Ics, April, 1939, p. 25.

Overvoltage Relay

EQUIPMENT MAY BE protected against
overvoltage by a relay making use
of a gaseous triode. The line voltage
is applied to the anode in series with
an electromagnetic relay and a por-
tion of the line voltage is reversed
in phase and reduced (in a trans-
former) to a point near the critical

e

120 v ac

This overvoltage relay reverses the phase
of the line voltage, reduces it to a voltage
close to the critical grid voltage of a type
885 gaseous triode. and applies it to the
grid to control a power line relay

grid voltage for application to the
grid. The circuit is shown in the ac-
companying diagram. A voltage di-
vider consisting of a 400-ohm rheo-
stat and a 40-watt incandescent lamp
is connected directly across the line
and a step-down transformer is con-
nected across the lamp. The second-
ary of the transformer applies volt-
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age, its phase reversed, between the
cathode and the grid. When the line
voltage increases, the grid voltage
increases in a negative direction and,
at a point determined by the setting
of the rheostat, will cause the type
885 tube to cease passing current
thereby de-energizing the relay and
opening the line switch. The purpose
of using the lamp is to magnify the
voltage increase somewhat because
of the temperature-resistance char-
acteristic of the filament.—Kretsch-
mar, KLECTRONICS, February, 1941,
p. 48.

Checking Internal
Soldered Joints

THE QUALITY OF THE internal sol-
dered joints between the handle and
the tang of a table knife is checked
by the degree of absorbtion of X-rays
in joint (depends upon the amount
of lead present) at the factory of
Oneida, Ltd. If such a Joint is satis-
factory, the x-rays will be almost
entirely absorbed, but if the Jjoint is
imperfect, x-rays will pass through
the knife and into a chamber where
the air will be ionized to some de-
gree. If a pair of oppositely charged
electrodes are placed within the
chamber, a very small current will
flow because of the migration of
ions to the electrodes. In this par-
ticular case the amplitude of the
current is of the order of 10~ (one
billionth) ampere. To make this
current useful in rejecting a de-
fective knife, a vacuum tube ampli-
fier of unusual design is used. A
type 954 acorn tube with low voltages
applied to the electrodes js used. The
plate voltage is 7.7 v and the voltage
on the first grid is positive, The

Circuit diagram
of the amplifier
used to increase
the current
through the ioni-
zation chamber
from a value of
10" ampere to
a level which is
capable of oper-
ating relays and
a solenoid

filament, however, operates at normal
voltage. The ionization current is
passed through a 2500-megohm re-
sistor and the resultant voltage is
applied to the suppressor grid. This
causes a larger current to pass
through the tube and to operate a
relay in the plate circuit. A second
relay actuates the reject solenoid.
This device is capable of testing
table knives at the rate of 1400 per
hour.—Woods and Kenna, ELECTRON-
ICS, April 1941, p. 29,

Resistance Welding
Control

RESISTANCE WELDING may theoreti-
cally be accomplished by connecting
welding electrodes to the low-voltage,
high-current secondary of a welding
transformer and supplying the pri-
mary of the transformer with a.c.
This would be equivalent to using the
upper part of the circuit shown in
the accompanying figure, including
the connection indicated as a dotted
line and excluding everything be-
neath this line. In practice, satisfac-
tory welds could scarcely be made in
this manner due to variations in the
resistance of metals to be welded.
Extremely low resistance, for ex-
ample, would permit all the current
available from the line and passed
by the transformer to flow through
the work, with the result that either
the work or the electrodes or both
would burn up. Some method of con-
trolling the amount of current flow-
ing through the work, or the time
during which current flows, or both,
is required.

In the basic circuit shown, one leg
of the a-c supply line is broken and

(Continued on page 98)
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Stimulus—PHYSICAL or CHEMICAL

Blood Pressure Recorder

WHEN BLOOD PRESSURE is determined
by a physician an inflatable cuff is
placed around the arm of the patient
and a stethoscope is applied below
the cuff, The pressure in the cuff is
raised above systolic pressure (heart
contracted) and allowed to fall grad-
ually. When pressure in the cuff is
slightly below systolic pressure the
arterial walls slap together rhythm-
ically and produce sounds which
may be heard in the stethoscope un-
til cuff pressure falls below diastolic
pressure (heart relaxed), at which
time the sounds cease.

Systolic and diastolic blood pres-
sures may be recorded automatically.
An air pressure recording instru-
ment is substituted for the gage, A
contact microphone or stethophone
is substituted for the stethoscope
and drives an amplifier, the output
of which operates a pen which
makes intermittent marks on the
edge of the pressure chart so long as
sounds are present as outlined above.
Thus the physician need not listen
for blood sounds but may merely
note recorded cuff pressures at
points where blood sound stylus
marks start and stop.

Recent refinements eliminate the
necessity for manipulating the air
valves and repeat measurements are
made automatically at intervals of a
few seconds or minutes. A motor
driven switch opens and closes in-
take valve V, at required intervals.
A thyratron tube circuit opens and
closes outlet valve V., starts and
stops movement of paper through

Solenoid

Compressed N
cair

—_—

Pressure
regulator

Thyratron

" 'v_ Meedle
valve

the recording instrument, controls
circuit timing.—Gilson, ELECTRONICS
—May, 1942, p. 54.

Capacity Burglar Alarm

IF A WIRE OR ANTENNA is stretched
out a few feet above the ground on
insulated supports there will be a
definite electrical capacity between
that wire and the ground. Movement
of a foreign body into the field of
the wire will increase antenna-to-
ground capacity. Weeds growing
up beneath the wire, change in
ground conductivity due to moisture
or formation of ice on the wire will
also increase capacity, producing a
false alarm unless the circuit is de-
signed to be insensitive to relatively
slow capacity changes.

Additional 200-feet
L~ oplional

___._...;" 'r._.t_

Block diagram of
capacity operated
alarm designed for
outdoor boundary
protection service.
It employs a circuit
minimizing effects
of relatively slow
changes in capac-
ity caused to grow-
ing weeds and by
rain, ice and snow

One effective method of accom-
plishing the above objective is il-
lustrated in the block diagram. A

Stethophone

control Amplifier

Sound
recorder
stylus<_

-~Solenoid

Pressvre ;|
recorder”’

Blood pressures are recorded using an air pressure and sound pressure

actuated styli,

Cycling of the device is accomplished by electronic

control
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\Tuned fo 200 ke!

radio-frequency oscillator is tuned
to a given frequency and coupled
through an intermediate coil to a
rectifier tuned to the same frequency.
The intermediate coil forms part of
the antenna circuit and is tuned to a
frequency slightly higher than that
of the oscillator and rectifier. The
d-c output of the rectifier is ampli-
fied, delivering current to the signal-
ling relay only when it receives sharp
pulses of input voltage. Slow input
voltage changes leak off the coupling
capacitors to ground through the
amplifier grid resistors before volt-
age can build up sufficiently to trip
the relay.

When an intruder enters the field
of the antenna, increased antenna-to-
ground capacity is reflected back into
the antenna coil. This intermediate
coupling circuit more closely ap-
proaches the resonant frequency of
the oscillator and rectifier, coupling

200-foo? anternna
" 3-feet above ground

R

Coup/:ng coil
~luned slightly
! higher in frequency

L o-¢c
amplifier’ reloy
To signa/
device or
distribution
ox

From
AL digtribution box

between oscillator and rectifier is in-
creased and the d-c amplifier receives
a sharp pulse of input voltage. Or, if
the designer so desires, the circuit
may be arranged so that when the
antenna approaches the resonant fre-
quency of the oscillator sufficient
power is absorbed from the oscillator
circuit to “rob” the detector of input
power and produce a sharp decrease
in input voltage to the d-c amplifier.
Either method of coupling will actu-
ate such an alarm.—Mac Donald,
IELECcTRONICS, February, 1942, p. 38.

Hydraulic Flow
Indicator

MANY INDUSTRIAL PROCESSES require
continuous indication of the rate of
flow of a liquid. Others require only
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Hydraulic flow indicator.

that sub-normal rates of flow be indi-
cated. This electronic device oper-
ates a counter when liquid flow is
sub-normal. The portion of time in
a given period in which flow is sub-
normal may be calculated.

Commutator C is rotated by the
flowing liquid in any desired manner.
When it is in the position shown,
thyratron tube grids are biased suffi-
ciently negative with respect to cath-
odes by battery V. to prevent flow of
anode current through the counter.
As the commutator rotates, brush A
breaks contact with C while brush B
makes contact with C. In this posi-
tion battery V, charges capacitor C,
through variable resistor R, If the
voltage across C, reaches a value suf-
ficient to “neutralize” the negative
bias supplied by V., the thyratrons
fire and their anode current operates
the counter.

The time required to charge C, is
dependent upon the resistance of
R,. To adjust the instrument the
commutator is rotated at normal
speed and the value of R, is set so
that the thyratrons are on the verge
of firing. If the commutator rotates
faster than normal, brush B is in
contact with C so short a time in
each rotation cycle that the thyra-
trons cannot fire under any anode
voltage condition. Should the com-
mutator revolve slower than normal,
however, C, charging time is in-
creased so that the tubes fire and
the counter operates once each cycle
so long as sub-normal liquid flow
continues.—Ware, ELECTRONICS, Oct-
ober, 1940, p. 36.

Liquid Level Indicator

WHERE THE LEVEL of a liquid having
appreciable electrical conductivity
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It counts when commutator rotation speed is sub-normal

must be continuously measured or
recorded and it is desirable that the
measurement equipment introduce a
minimum of physical disturbance at
the surface of the liquid the operat-
ing principle of the device shown
will be found useful.

The resistance between a sharply
pointed metal electrode and the sur-
face of the liquid is used as the vari-
able arm of a bridge circuit ener-
gized by a.c. The resistance of the
variable arm is dependent upon the
area of the metal electrode contacted
by the liquid; therefore bridge out-
put voltage is proportional to un-
balance caused by rise or fall in
liquid level.

Bridge output voltage is amplified
and applied to the grids of two thy-
ratron rectifier tubes whose anodes
are operated from the same a-c
source that drives the bridge. Thy-
ratron grid-anode voltage phase re-
lationship as controlled by the bridge
output voltage permits only one thy-

a
s

SE—

Liquid level indicator.
of the liquid follows the surface closely as level rises or falls

ratron to fire under a given set of
operating conditions, the tube fired
depending upon the phase of bridge
output voltage. If R, is greater than
R, one thyratron rectifier fires and
the other remains idle while if R. is
greater than R, the first thyratron
cuts off and the second thyratron
fires. The metal electrode of the de-
vice is geared to a split-field electric
motor. One thyratron rectifier sup-
plies d.c. to one of the motor field
windings while the other thyratron
supplies d.c. to the second field wind-
ing. Circuit connections are such
that a falling liquid level causes the
metal electrode of the device to be
driven down toward the liquid sur-
face while a rising liquid level causes
the metal electrode to be raised until
the bridge balances. Just the tip of

Fundamental circuit often used for con-
trolling direction of rotation of @ motor by
means of a phase-shifting bridge

the metal electrode touches the liquid
surface due to follow-up action.

Mechanical movement of the metal
electrode may be used to move a level-
indicating stylus or to actuate a con-
tinuous recorder.—Ware, ELECTRON-
Ics, March, 1940, p. 23.

(Continued on page 102)

A metal electrode touching the surface
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Stimulus—LIGHT

Control of
Bessemer Converter

INVESTIGATION OF THE LUMINOUS
energy content of the flame of a
Bessemer converter has shown that
the quality of the steel produced
bears a direct relation to the history
of the flame. A record is made by
photoelectric means at the steel plant
of the Jones and Laughlin Steel
Corp. in Pittsburgh, and this record
is used in controlling the operation
of the converter.

The phototube unit is located in
this particular case about 60 feet
from the converter and is so ar-
ranged that light from other sources
do not affect its operation. Suitable
filters are used to emphasise the
characteristics of the flame which
are most important to the character-
istics of the steel being produced.

Represents: ‘5\—/'
5«% M ~
Besserner

converrer”

Arrangement of the photoelectric equip-
ment in relation to the flame of the Besse-
mer converter

In the graph point A is the start
of the blow and the direction of
increasing time is from right to
left. A-B is called the silicon blow
because a large part of the silicon
content is burned out during this
period. The portion B-E is called
the carbon blow for similar reasons.

Typical record of luminous energy content of Besse-
tube equipment

mer flame produced by photo

The maximum height represents the
metal temperature and gives an in-
dication of the nitrogen content of
the steel. Near the end of the blow
the intensity of the flame dies down
and the point where this occurs is
referred to as the end point because
it has served to indicate when the
blow should be turned down. Point
F is generally called the flash back
and is caused artificially or by the
flame inpinging against the shield on
the wall of the building. This is a
valuable reference point for checking
the after-blow and a special effort is
made to select a filter combination
on the phototube housing that shows
this clearlyv.—Work, ELECTRONICS,
June 1941, p. 124,

Register Control

COLOR PRINTING BY the rotogravure
process requires precise control of
register, i.e., successive color impres-
sions must line up. Perfect register
is difficult to achieve due to varia-

tions in the speed of motors and sag
or tension in the paper. It is facili-
tated by electronic control, one ex-
ample of which appears here.

In Dbrief, register marks are
printed at regular intervals along a
margin or fold of the paper web by
the cylinder making the first color
impression. As the web passes over
the cylinder making the second color
impression these marks are scanned
by a light source and phototube. To
one end of the cylinder making the
second color impression a dise having
slots comparable in number and
spacing to the register marks is
simultaneously scanned by another
light source and phototube. The out-
put of both scanning units is then
passed to an impulse timing com-
parator.

When suc essive color rolls are
operating in exact synchronism and
the paper web has not sagged or
tightened between cylinders im-
pulses from the two scanning heads
arrive at the comparator at the same
time and, it might be said, neutralize
each other. If impulses from the
paper web scanner arrive too early
or too late in relation to impulses
from the slotted disc at the end of
the cylinder a thyratron-controlled
pilot motor slows down or speeds up

The scheme may be

Time—Minutes
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Printing register control using photolubes and thyratrons.
applied to

four.color presses

the cylinder or moves rolls manipu-
lating the wveb until synchronism is
restored.

Third and fourth impression rolls
may be provided with similar slotted
dises and scanning heads, the regis-
ter marks printed with the first color
serving as the basis of comparison
throughout an entire multicolor
printing process.—Wright, G. E. Re-
view, November, 1941. (ELECTRON-
ics, February, 1942, p. 72.)



Salt supply

Vibra ///7_2;
vrit

Bad or dark!

salt on conveyor

Light source=2groups
of 32 cp lamps __

Photo tube unit—
2-stage armplifier
with optical system

]

1
/Q/\F\ Cable to gas
4 3 tvbes

‘Solenoid valves
7 phoro fube
circurt

/
Good salt on
conveyor

Method of operation of rock salt sorting machine, The pieces of salt drop
one at a time past the photoelectric unit. The dark pieces reflect less light
causing a blast of air to blow them off the path of the good pieces

Rock Salt Sorting
Machine

ROCK SALT MUST BE sorted to re-
move the dark colored pieces before
it can be sold. A photoelectric method
can be used by differentiating be-
tween the reflection characteristics
of the desired white particles and
the undesired dark particles. The
particles are about 3 inch in diameter
and can be individually examined.
Here, the mechanical portion of the
system was more difficult to develop
than the photoelectric portion. After
considerable experimentation the
mechanism shown in the diagram
was built. The vibrating conveyor
feeds the salt in ten individual rows.
The salt falls off, one crystal at a
time, through the small directional
chutes. Each of the ten chutes is
arranged with a phototube housing
in the form of a 2-inch square stick
about 18 inches long. Each photo-
tube unit contains a two-stage am-
plifier. The power supply and the
thyratrons are located at a remote
point. If a dark salt crystal appears
before any one of the ten photoelec-
tric units, a small fast-acting solen-
oid valve opens long enough to allow
a squirt of air to move that dark
crystal out of the normal path of
fall. It then falls on one side of a
“camel back” while the good pieces
fall on the other side. The solenoid
air valves must open very rapidly
and they operate directly in the
anode circuits of the thyratrons.
The valves close automatically to
eliminate the possibility of rejecting
good salt. The valves were designed
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to open and close 20 times per second
against an air pressure of 90 pounds
per square inch. By adjustment of
the grid bias on the amplifiers and
the intensity of the light beam vari-
ous grades of salt can be sorted for
different degrees of purity.—Pow-
ers, ELECTRONICS, August 1941, p. 33,

Modulated Beam
Photoelectric Alarm

CONVENTIONAL PHOTOELECTRIC bur-
glar alarm systems employ a light
source of constant output. Interrup-
tion by an intruder of an infrared
beam projected to a distant photo-
tube reduces the d-c output of the
phototube and its associated d-c amp-
lifier and actuates a relay controlling
a signalling device. Such systems are
sometimes rendered insensitive by
increases in ambient light, such as
those caused outdoors by the transi-
tion from darkness to daylight or in-

DETECTOR UNITS

To signa/

device or

digtribution
bax

Concantric inter- !
connecting cable

doors by the turning on of artificial
illumination. Ambient light Ilevel
may become so high that the relay is
held open by phototube current even
when the beam is interrupted.

This difficulty may be minimized
by using modulated light. A motor-

Projector unit of typical modulated-beam

photoelectric system. Edge of disc which

interrupts light appears as a vertical
white line just to the left of center

rotated disc with holes punched in
its periphery is introduced between
the light source and the projection
lens. The projected light beam is
chopped up at a rate dependent upon
the speed of the motor and number
of holes in the dise, usually between
500 and 1,500 times per second. The
phototube in the distant receiving
unit operates into an a-c amplifier
equipped with a band-pass filter
which permits amplification only
when current delivered by the photo-
tube is modulated at the prescribed
(Continued on page 83)

PROJECTOR UNIT

infro-red

Inferrupter
s oplical fitter " dise

Block-diagram of typical modulated-beam photoelectric alarm system. Beam-throw

distances of 1.000 feet or

more are proving practical

with such systems

June 1942 — ELECTRONICS



KENOTRON-—A high-vacuum
thermionic tube in which no
means is provided for controlling
the unidirectional current flow.

THYRATRON — A hot-cathode, . IGNITRON—A gas-discharge
gas-discharge tube in which one ¢ \ tube with a pool-type cathode
or more electrodes are employed {liquid or solid) in which an
to control elecirostatically the ignition electrode is used to

starting of the unidirectional i control the starting of the uni.
current flow, \ y directional current flow in each

operalive cycle.

Bl TEt—h Eold) PHANOTRON—A hot-
cathode, gas-discharge
tube in which no means is
provided for controlling
the unidirectional current
flow.

cathode, gas-discharge
tube in which no means is
provided for controlling
the unidirectional current
flow.

BALLAST TUBE-—A resistor-

type tube used 10 maintain a o/ L \ | )
constant average current - / PLUIOTRON-— A high-vacuum

resistance varies with tem- \ tube in which one or more
perature so rapidly that, as [ electrodes are used to con-
the voltage across the tube Y - trol the unidirectional current
varies, the current remains flow.

practically constant,

PHOTOTUBE—A light-sensitive vacuum tube in
which electron emission is produced directly by
radiation falling upon an electrode.

KEEP THIS TIME-SAVING CHART FOR READY REFERENCE

N the following two pages, we give you the first comprehensive list of elec-
tronic tubes for industrial use. This makes it almost as easy to choose a tube
for your electronic device or application as it is to select an ordinary light bulb.
The streamlined technical data on each tube, in easy-to-get tabular form, makes
it a simple procedure to select the tube to fit your particular requirement.
@ You’'ll notice bulletin numbers for each tube listed in the column farthest
right on each page. These and other bulletins, described briefly on the fourth
page, contain valuable installation, operating, and technical data. Get them on
every G-E tube type you are now using or plan to use. You’ll find them invaluable
when designing electronic devices or discovering new ways of solving production
problems electronically
@ If you have a special design problem, call on G-E engineers.

GENERAL @ ELECTRIC




G -E

Type No.

GL-866A /866
FG-190
GL-872
GL-872A
GL-512
FG-32

GL-869B

FG-280
FG-104
GL-510

FG-166

98.00

{Quadrature operation.

Type No.

GL-2051
GL-2050
FG-178-A
FG-81-A
FG-98-A
FG-97
FG-17
FG-154
FG-27-A
FG-33
FG-57
FG-67

FG-95

GL-429
FG-105
FG-172
FG-41

GL-414

Price

$2.50

3.00
14.00
11.00
15.50
15.50

9.50
23.00
17.00
16.25
15.00
15.75

19.00

47.50
38.00
35.00
92.00
92.00

ELECTRONIC

CATHODE

No. of

Elcctr?dcs Volts Amp
2 25 5
3 25 12
2 5.0 10
2 5.0
2 5.0 10
2 5.0 4.5
2 5.0 18
2 5.0 10
2 5.0 10
2 5.0 30
2 2.5 100

Prices effective May 18, 1942

PHANOTRONS — gaseous-discharge-rectifier tubes

§ Ambient temperature range.

THYRATRONS — grid-controlled gaseous-discharge-rectifier tubes

6.75

No. of CATHODE

Elec-

e Volts Amp
4 6.3 0.6
4 6.3 0.6
3 2.5 2.25
3 2.5 5.0
4 25 5.0
4 25 5.0
3 2.5 5.0
4 5.0 70
3 5.0 4.5
3 5.0 4.5
3 5.0 45
3 5.0 4.5
4 /50 4.5

| 5.5 5.0

4 5.0 10.0
4 5.0 100
4 5.0 10.0
3 5.0 200
4 5.0 20.

PLATE

Peak
Volts

10000

175

7500
10000
15000

1000

{ 20000

\ 150001

1000
3000
22000

1500

PLA

Peak
Volts

TE
Peak
Amp
0.375
0.500

=)
8

BB EEES T TS S s
cooobooboooooooo

TUBES

Temp Range  Shipping Ask for
Peak :vg Condensed Weight This Bulletin
Amp mp Mercury C in Lb
| 0.25 40— =5 3 GET-966
5 1.25 —20— 4-60* 6 GET-969
5 1.25 40— =5 3 GET917
5 1.25 40— =5 3 GET-745
6 1.5 15—50§ 3 GET-993
15 2.5 — 6 GET-969
N 6 GET-964
40 6.4 40 -80 3
40 6.4 40--80 9 GET-733
40 5.0 30—40 91 GET-993
10.0%
75 20 20--60 9 GET-735
Starting Temp Range Shipping 5. i
:vg Grid Condensed ~ Weight A ;lg‘uf]T:t’;rnh
mp Voltage Mercury, C  inLb
0.075 Neg 3 GET-984
0.100 Neg 3 GET-984
0.125 Neg —20—+4-50* 3 GET-618
0.5 Neg —20— +4-50* 3 GET-465
0.5 Neg —20— 450 3 GET-743
0.5 Var 40--80 3 GET-743
0.5 Neg 40--80 3 GET-428
2.5 Neg —20— +50* 6 GET-743
25 Neg 40--80 6 GET-428
25 Pos 35--80 6 GET-435
2.5 Neg 40--80 6 GET-428
%g Var 40;33 6 GET-438
. Var 40
05 Ve dos0) S RE R
3.0 Var 50--70 9 GET-962
6.4 Var 40—80 9 GET-743
6.4 Var 4080 9 GET-619
125 Neg 40--45 9 GET-436
12 Neg 40--80 9

* These tubes are inert-gas-filled, and the temperature ratings are expressed in terms of the ambient temperature range over which the tubes will operate.

¥ These ratings apply only when the tube is used for ignitor firing.

PLIOTRONS — grid-controlled high-vacuum tubes
CATHODE

PLATE

Control . No. of Max Shipping Ask for
Price Max Max . Mu . g
Types Electrodes Volts Amp Volts e Dis Watts Wt Lb This Bulletin
PJ-21 $6.25 3 4.5 1.1 350 7.5 3 3 GET-496
PJ-7 6.25 3 4.5 1.1 350 0.040 10 30 3 GET-492
PJ-8 6.25 3 4.5 1.1 350 0.040 10 8.5 3 GET-493
Special
Purpose
FP-54 $56.00 4 2.5 0.09 6 0.0060 Low grid-current 9 GET-484
measurement tube
FP-62 27.00 3 4.5 1.48 112.5 0.010  For gas-pressure 9 GET-485
measurements
Therapy Max Max M Shipping A:}l([,{:r
Types Input  Dis Watts Y WtLb  Bulletin
FP-285 $15.00 3 10 3.25 1350 0.200 270 100 12 6 GET-738
FP-252A 25.00 3 10 3.85 2000 0.200 400 150 18 6 GET-750
FP-265 23.75 3 10 5.20 1500 0.200 300 160 75 6
Max Shipping ~ Ask for
1?qwjr for hich-f heati Dissip. Mu EYPF of Weight This
riodes for high-frequency heating. Watts ooling in Lb  DBulletin
GL-483 $160.00 3 11 15.5 2500 1.00 750 20.5 - 9 GET-989
GL-8002 200.00 3 16 39.0 3500 1.00 1200 20.5 Water GET-960
GL-8002R 325.00 # 3 16 39.0 3500 1.00 1200 20.5 Air 15 GET-961
GL-89IR 410.00 # 3 22 60.0 10000 2.00 4000 8 Air 90 GET-914
GL-509 275.00 3 1 125.0 8500 2.00 5000 21 Water 9 GET-992
GL-509R 425.00 » 3 11 125.0 8500 2.00 5000 21 Air 52 GET-992
GL-891 285.00 3 22 60.0 12000 2.00 6000 8 Water 9 GET-913
GL-207 275.00 3 22 52.0 15000 200 10000 20 Water 9 GET-763
GL-452 285.00 3 22 60.0 15000 2.00 10000 50 Water 9 GET-975
GL-893 750.00 3 20 183.0 20000 4.00 20000 36 Water 27 GET-766
GL-893R 1150.00 » 3 20 183.0 20000 4.00 20000 36 Air 290 GET-959
GL-862 1650.00 3 33 207.0 20000 10.00 100000 45 Water 175 GET-919
GL-898 1650.00 3 33 207.0 20000 10.00 100000 45 Water 175 GET-767
*Lower prices apply when new tube is purchased, and radiator in good condition is returned prepaid.
KENOTRONS — high-vacuum rectifier tubes
Type N Pri DG CATHODE Peak PLATE Peak s\{l'igpilntg Ak for
ype No. rice a eig : i
Electrodes Volts Amp Volts Amp in Lb This Bulletin
FP-400 $14.00 2 4.0 2.25 100 0.025 6 GET-746
FP-92 155.00 2 10 14.5 150000 0.3 9 GET-734
GL-411 130.00 2 10 14.5 100000 03 9 GET-734
KC-4 140.00 2 20 245 150000 1.0 9 GET-734



FOR

INDUSTRIAL

IGNITRONS — high-peak-current, pool-cathode tubes
MAXIMUM RATINGS

Welding Corresponding ~ Maximum . Shippi
Control Price Kva Average Anode Average Anode Corresponding Typg of Wlflzlhntg ']‘hﬁs:_g,lfﬁ:-nn
Types* Demand Current Current DKva d Cooling in Lb
Amperes Amperes eman

GL-415 $33.00 300 12.1 22.4 100 Water 6 GET-968
FG-271 55.00 600 30.2 56.0 200 Water 12 GET-967
FG-235-A 110.00 1200 75.6 140 400 Water 16 GET-967
FG-258-A 250.00 2400 192.0 355 800 Water 15 GET-967

* Ratings are for voltages of 600 volts rms and below. Ignitor requirements for all welding-control types are 200 volts and 40 amperes.

Power MAXIMUM CURRENT T ¢ Shipping Ask for
Rectifier Price D-c Volts Peak Average Average Amp ype © Weight This Bulleti
Typest Amp Amp | Minute Cooling in e
GL-427 $55.00 125 30 5 . 3

FG-238-B 355.00 b o o P Water 3 GEA-3565
FG-259-B 200.00 bt ot o ol Water 2 GEA-3565

1 Typical ignitor requirements for power-rectifier ignitrons are 75--125 volts, 15-20 amperes. Maximum requirements are 150 volts. 40 amperes,

PHOTOTUBES — light-sensitive tubes

Cathode Sensitivity in  Window Shippin
Type No. Price Gas or Surface Anode Microamperes Area Max Amb Weight8 This Bulletin
Vacuum Material Volts per Lumen Sq In. Temp, C in Lb ‘
PJ-22 $2.60 Vacuum Caestum 200 14 0.9 50 3 GET-742
PJ-23 2.60 Gas Caesium 9% 50 0.9 50 3 GET-742
FJ-401 6.75 Gas Rubidium 9% 0.9 50 3 GET-742
FJ-405 44.00 Vacuum Sodium 200 0.75 50 6 GET-742
GL-441 7.50 Vacuum Caesium 200 45 0.9 100 3 GET-742
GL917 4.75 Vacuum Caesium 500 20 0.9 50 3
GL-919 4.75 Vacuum Caesium 500 20 09 50 3
GL-921 2.00 Gas Caesium 90 100 0.38 50 3
GL-922 2.00 Vacuum Caesium 500 20 0.38 50 3
GL-923 2.60 Gas Caesium 90 100 0.43 50 3 GET-983
GL-927 3.70 Gas Caesium 90 75 0.4 50 3
GL-929 3.00 Vacuum Caesium 250 45 0.6 100 3 GET-983
GL-930 2.00 Gas Caesium 90 100 0.6 100 3 GET-983
GL-931 12.00 Vacuum Caesium 1250 2.3x10° 0.25 50 3
BALLAST TUBES — resistor-type tubes used to maintain a constant average current
. VOLTS AMPERES Shipping Ask for
Type No. Price Min Max Min Max Wt Lb T'his Bulletin
FB-50 $4.50 5 8 0.225 0.275 3 GEH-1000
B-25 3.00 7 16 1.07 1.16 3 GEH-1000
B-47 3.75 8 18 2.05 2.35 3 GEH-1000
B-46 4.25 8 18 2.70 3.25 3 GEH-1000
B-6 4.50 15 21 0.95 1.01 3 GEH-1000
B-4 25.50 105 125 1.24 1.36 3 GEH-1000
GLOW TUBES — cold-cathode tubes for use as voltage regulators
. Operating
) Starting Supply Voltage OPERATING CURRENT, Shinni Ask for
Type No. Price Voltagg;‘ D¢, Maintained. D, MILLIAMPERES Wil b This Bulletin
! Approx Min Max
GL-75-30 $1.25 105 75 5 30 3 GET.985
GL-874 1.50 125 90 10 50 3 GET-985
GL-105-30 1.25 137 105 5 30 3 GET-985
GL-150-30 1.25 180 150 5 30 3 GET-985
VACUUM SWITCHES
.. . ippi Ask fo
Type No. Description Price A-c D-c Amp s{{;{’plljl‘)g b ;‘(,,]T:., in
FA-6 Single-pole double-throw $8.75 440 500 10 3 GET-609
FA-15 Single-pole double-throw 6.25 3000 3000 8 3 CET-729
' VACUUM GAGES—to measure gas pressure
. R i Shippi Ask for
Type No. Price Volts Micoons W Lh This Bulletin
FA-13 $14.00 6 0- 600 3 GEI-8695
. FA-14 11.00 6 b 3 GE1-8695
1 Used with FA-13 to compensate tor temperature and voltage changes.
USE THESE OTHER G-E PRODUCTS IN YOUR ELECTRONIC DEVICES

SMALL INSTRUMENTS
Bulletin GEA-2645A

TIME-DELAY RELAYS
Bulletin GEA-1540B

PYRANOL CAPACITORS
Bulletin GEA-2621

SENSITIVE RELAYS
Bulletin GEA-3819

G-E MYCALEX
Bulletin GET-1012

Prices and other data are subject to change without notice.



ASK FOR THESE

G-E DATA SHEETS

You'll Find Them Helpful In

Designing Electronic Devices

ECTRIC
@ e
ol Ry e INSTALLATION AND OPERATING

= : - INSTRUCTIONS. These “How to' bulle-
tins will help you get the most production
o hours out of your tubes. They are available
on every class of G-E electronic tube. They

. Gtusm.guc’rnlc include instructions on handling, mounting,

repearen Tobe FRAT - Seesrith smd Rona testing, and cooling; tell what protective

=
-
J devices to use with the tube, what types of
1 YAl meters are best suited for indicating operat-
3! - - ing conditions; give circuit information, and
- . operating data for every class of service.
J

- ' ) . TECHNICAL DATA SHEETS. You'll find

these bulletins invaluable when designing
electronic devices. They contain the de-
scriptions and ratings of individual tubes or
group of tubes, general design information,
and maximum ratings; indicate typical op-
erating conditions for all classes of service;
characteristics curves, and base and tube
dimension diagrams.

. HANDY TRANSMITTING-TUBE REF-

ERENCE GUIDE—containing condensed
technical data and prices on General Elec-
tric's complete line. As many of these
tubes have industrial applications, a copy of
this bulletin should be in your file. Ask for
GEA-3315.

DATA BOOK ON G-E RECEIVING
. TUBES. It lies flat; the type is easy to read;
technical data is in easy-to-get tabular
form. Includes tube ratings, dimensions, base
connection diagrams, and interchange-

ability chart. Ask for MAQ-114.

Al
-
5

HOW TO OBTAIN DATA SHEETS

THESE data sheets, plus extra copies of this time-saving chart,
can be obtained—without charge—by writing direct to General
Electric at Schenectady. The installation and technical data
sheets (1 and 2) are available on any G-E tube you are current-
ly using or plan to use. Just let us know the type number, or the
application you wish to make, and we'll send you the bulletins
to cover your requirements.

The electronic circuit is entering more and more into in-
dustrial work as an automatic hand, a new means of generating
heat. On the preceding pages are data on the various types of
tubes which we have made available to industry —tubes that
are making possible today’s industrial miracles. The wide range
of design and operating characteristics of these tubes give you a
broad selection of tubes for your electronic device or application.

General Electric has been in the tube business for 29 years,
making such contributions as thoriated tungsten filaments, the
screen-grid tube, and metal tubes for both radio and industry.
Today, in the tradition of Steinmetz, Alexanderson, Coolidge,
Langmuir, Whitney, our tube engineers are accomplishing things
in design that weren’t dreamed of even a year ago. New concepts
of function, new strata of the radio spectrum are being explored
and exploited.

General Electric is ready to help you meet the challenge
of a new era—the age of electronics. General Electric
Company, Radio, Television, and Electronics Department,
Schenectady, N. Y.




(Continued from page T8)

rate. The output of the amplifier is
rectified and the resultant d.c. keeps
the warning device relay open in the
usual manner until the light beam is
broken.

The warning device relay is held
open only when the receiving unit
phototube receives light modulated
at the prescribed frequency. Light
which is unmodulated or light that is
modulated at other than the pre-
scribed frequency, such as that from
lamps powered by 60 cycle lines, does
not paralyze such systems as they
are not affected by reasonable varia-
tions in light intensity.—MacDonald,
ELECTRONICS, February, 1942, p. 38.

Automatic Ship-Steering
Device

No MATTER HOW perfectly designed,
a ship set upon a given compass
course will not exactly hold that
course with the tiller lashed down or
the steering wheel locked. The helms-
man must continuously correct off-
course variations caused by the
action of sea or wind upon hull and
rudder if the desired course is to be
made good. Continuous correction
may be accomplished automatically,
one device designed for this purpose
scanning the ship’s compass card
photoelectrically and using off-course
movement of the card to initiate
movement of the rudder in a compen-
sating direction.

The compass card carries a mir-
ror which reflects a beam of light
from a source directly above it to a
system of prisms and phototubes.
When the ship is on her set course
the middle phototube is illuminated

Photortubes
A ~Caoble

Amplifier

an

and this phototube’s output current
renders automatic steering mechan-
isms inoperative. A deviation in
course throws the light into one of
the phototubes to the side of center
and the output current of the photo-
tube so illuminated actuates an elec-
tronic amplifier which trips a thyra-
tron that operates a split-field motor
in the direction necessary to move
the rudder so that the ship is brought
back on course. When the light
shines on the middle phototube, de-
noting return to the desired course,
the automatic mechanism is rendered
inoperative until the ship yaws again.
—Chance, ELECTRONICS, June, 1939,
p. 41.

Mercury Vapor Detector

THE PRESENCE OF SMALL quantities
of mercury vapor in air or other
gasses may be detected photoelectri-
cally. If, for example, a phototube
sensitive to ultraviolet light is ex-
posed to light from an ultraviolet
lamp the presence of mercury vapor
in the space intervening between
phototube and lamp will decrease

Light-fight chamber

(5

violet
lamp /

Ultra violet
photfotube

phototube output because of scatter-
ing of the light. This measurement
principal is industrially useful since
it permits mercury vapor boilers and
mercury vapor turbines to be ad-
justed so that a minimum of expen-
sive mercury goes up the flue.

The device uses a Wheatstone
bridge circuit, the 2A6 amplifier tube
constituting one arm of the bridge.
It is adjusted for operation by bal-
ancing the meter to zero through
variation of the 100 ohm resistor
with the lamp operating and the air
intervening between lamp and photo-
tube clear of Hg and then, with the
lamp turned off, varying the 20,000
ohm resistor until the meter reads
full scale.

In operation after such adjust-
ment, Hg vapor between lamp and
phototube causes a reduction of
transmitted ultraviolet light, a re-
duction of phototube current, less
negative bias on the grid of the 2A6,
more plate current and a meter read-
ing comparable with the quantity of
mercury vapor in the air or gas.—
Woodson, Review of Scientific In-
struments, October, 1939, p. 308.

Special volfage
stabilizing

The uv lamp and uv phototube in this mercury vapor detector are placed at

opposite ends of a chamber excluding external light.

Gas to be checked is

introduced into the chamber

Clytch

Split field

thyratrons

Light

\ “source
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Mirror

Automatic ship-steering device,

Limit switch

~==Yoltage reguictor

When the ship yaws off a set course

the light beam illuminates one of the side phototubes. causing the
splitfield motor to move the rudder in a compensating direction

ELECTRONICS — June 1942

Dew-Point of Gas Meas-
ured by Photoelectric
Method

THE INTENSITY OF A light beam
after it passes through a film of
moisture condensate on the surface
of a glass window or mirror is con-
siderably less than if the moisture
is not present. This principal is
used in the design of a dew-point
recorder used by the Colorado Inter-
state Gas Co., at the Denver meter-
ing plant where natural gas arrives
from Texas. The purpose of this
instrument is to determine the
amount of moisture present in the
gas and to remove some of it by

83



GET IN TOUCH WITH YOUR NEAREST

The wide-spread distribution of G-E Electronic Tubes is Kelamazoo Poughkeepsie
evidence that GENERAL ELECTRIC is recognized  ~Cenero! Electric Supply Corp. Elsaroronenly[Cosalncs
Lansing Rochester

throughout the nation as the reliable source of supply
for renewal tube requirements.

*Generol Electric Supply Corp.
Groybar Electric Co., Inc.

Groybor Electric Co., Inc,
Knight Electric Compony

ALABAMA
Birmingham
*Matthews Electric Supply Co.
Graybor Electric Co., inc.
Cullman
Deer Electric Co.
Mobile
*Matthews Electric Supply Co.
Montomery
*Matthews Electric Supply Co.
ARIZONA
Phoenix
*Generol Electric Supply Corp.
Graybor Electric Co., Inc.
W-6 Rodio Shop
Radio Specialties Co.
ARKANSAS
Little Rock
*General Electric Supply Corp.
Graybar Electric Co., Inc.
Fort Smith
interstote Electric Co.
Texorkana
Mims Radio
CALIFORNIA
Fresno
*General Electric Supply Corp.
Graybar Electric Co., Inc.
Spitler, Short & Griffith
De Jarnott Whise. Radio Co.
Hollywood
Radio Specialties Co.
Los Angeles
*General Electric Supply Corp.
Groybar Electric Co., Inc.
*E. W. Reynolds Company
Radio Television Sy. Co., Inc.
Radio Speciatties Co.
Rodio Product Sales Co.
Pasadena
Dow Radio Supply Co.
Ockland
*General Elactric Supply Corp.
Graybar Electric Co., Inc.
W. D. Brill Co.
Electric Supply Co.
E. C. Wenger Company
Sacramento
*General Electric Supply Corp.
Graybor Electric Co., Inc.
Sonta Barbara
Chonnel Radio Supply Co.
Sar Bernardino
inland Radio Supply Co.
San Diego
*General Efectric Supply Corp.
Graybar Electric Co., Inc.
Coast Elactric Company
San Francisco
*General Electric Supply Corp.
Graybar Electric Ca., Inc.
Son Francisco Radio Sy. Co.
San Jose
Frank Quement Campany
COLORADO
Denver
*Genero! Electric Supply Corp.
Graybar Electric Co., Inc.

. o Muskegon : Beaucaire, Inc.
itzpotrick Elec. Supply Co Rodio Parts & Equip. Co.
CONNECTICUT Terre Haute Monroe Brawn Rodio Service & Lob.

Bridgeport *Advonce Electric Co. H & W Auto Accessory Co *Mosline Rodio Parts

*General Electric Supply Corp. IOWA St. Joseph Rome

Hatry & Young . Burlington $t. Joe Rodio Co. Radio Service Lob.
Greenwich *Crescent Elec. Supply Co. MINNESOTA Syracuse

Greenwich Electricol Co. Davenport Duluth ocouw.ro,m.,YCQ Inc

Hartford *Crescent Elec. Supply Co. *Generol Electric Supply Carp. Groybar Electric Co., inc.

*Generol Electric Supply Corp.

Groybar Electric Co., Inc.
Hotry & Young
New Haven

*General Electric Supply Corp.

Groybar Electric Co., Inc,

Hotry & Young

Congress Rodio Compony
DELAWARE
Wilmington

*General Electric Supply Corp.

Delaware Radio Sales Co.
DIST. OF COL.
Washington

*General Electric Supply Corp.

Graybar Electric Co., Inc.
FLORIDA
Jacksonville

*General Electric Supply Corp.

Graybar Electric Co., Inc.
Miami

*General Electric Supply Corp.

Graybar Electric Co., Inc.
Electric Radio Eng. & Sy. Co.
Orlando
Groybar Electric Co., Inc.
$t. Petersburg
Radio Hospital & Parts Store
Tampa

*General Electric Supply Corp.

Groybar Electric Co., Inc.
GEORGIA
Atlonta

*General Electric Supply Corp.

Groybar Electric Co., Inc.
Radio Wire Television, Inc.
Sovannch

*General Electric Supply Corp.

Graybar Electric Co., Inc.

Boise

*General Electric Supply Corp.

ILLINOIS
Chicago

*General Electric Supply Corp.

*R. Cooper Jr., Inc.
Graybar Electric Co., Inc.
Allied Rodio Corp.

Chicago Radio Apporatus Co.

Newark Electric Co.
Radio Wire Television Inc.
Peario

*General Electric Supply Corp.

Graybor Electric Co., Inc.
Klaus Radio & Elec. Co.
Quincy
*Crescent Elec. Supply Co.
ockford

*General Electric Supply Corp.

Rock Island
Tri-City Radio Sy. Co.
Springfield

*General Electric Supply Corp.

Klaus Radio & Elec. Co.
INDIANA
Evansville

*General Electric Supply Corp.

Fort Wayne
*Protective Elec. Sy. Co.
Pembleton Laborotories
Radia Parts Co.
Hammond
Graybar Electric Co., Inc.
Indianapolis

*Generol Electric Supply Corp.

Graybar Electric Ca., Inc.
Von Sickle Radio Co.
Muncie

*General Electric Supply Carp.

South Bend
*South Bend Electric Co.

Groybor Electric Co., inc.
Des Moines

*General Electric Supply Corp.

Groybor Electric Co., Inc
Dubuque
*Crescent Elec. Supply Corp.
Mason City
*Crescent Elec. Supply Corp.
Sioux City
*Crescent Elec. Supply Corp.
Waterloo
*Crescent Elec. Supply Corp.
KANSAS

Wichita

*Generol Electric Supply Corp.

Groybar Electric Co., Inc.
Rodio Laboratories
Topeka
Rodio Laboratories
KENTUCKY
Louisville

*General Electric Supply Corp.

Groybar Electric Co., Inc.

Universal Radio Supply Co.
LOUISIANA
New Orleans

*Generol Electric Supply Corp.

Graybor Electric Co., Inc.
Shreveport

*General Electric Supply Corp.
MAINE

Baongor

*Genera! Electric Supply Corp.

Rice & Tyler
Portland

*General Elactric Supply Corp.

Graybar Electric Co., Inc.

Bartlett Radio Company
MARYLAND
Baltimore

*Generol Electric Supply Corp.

Graybar Electric Co., Inc.

Rodio Electric Service Co.
Cumberland

Morrissey's Radio Sy. Co.
Hagerstown
Zimmerman Wholesolers

MASSACHUSETTS

Boston

*General Electric Supply Corp.

Groybar Electric Co., Inc.

Brottle Rodio Co.

Radio Wire Television, Inc.

The Radio Shack Corp.
Springfield

*Generol Electric Supply Corp.

Groybor Electric Co., Inc.
T. F. Cushing Co.
Springfield Radio Co.
Lowrence
Radio Maintenonce Sy. Co.
Warcester
*Coghlin Electric Company

*General Elactric Supply Corp.

Graybar Electric Co., Inc.
Radio Mointenance Sy. Co.
MICHIGAN
Ann Arbor
Purchase Radio
Detroit

*General Electric Supply Corp.

Groybar Electric Co., Inc.
M. N. Duffy & Co.
Radio Specialties Carp.
Flint
Graybar Electric Co., Inc.
Grand Rapids

*Generol Electric Supply Carp.

Graybar Electric Co., Inc.
Jackson
Fulton Radio Sy. Co.

Graybor Electric Co., Inc
Northwest Rodio
Minneapolis
“General Electric Supply Corp.
Groybor Electric Co., Inc.
St. Paul
*Generol Electric Supply Corp.
Groybar Electric Co., Inc
Holl Electric Compony
MISSISSIPPI
Jackson
*Generol Electric Supply Corp.
MISSOURI

Butler
Henry Radiv Shop

Joplin
*General Electric Supply Corp.
Kansas City
*Generol Electric Supply Corp.
Groybor Electric Co., Inc.
Rodio Laboratories
St. Louls
*General Electric Supply Corp.
Graybor Electric Lo., Inc.
Van Sickle Rodio Co.
Gordon Radio Company
Wolter Ashe Rodio Company
MONTANA
Billings
*General Electric Supply Corp.
Butte
*Generol Electric Supply Corp.
NE| SKA
Omoha
*General Electric Supply Corp.
Graybor Electric Co., Inc.
Radio Equipment Corp.
NEW HAMPSHIRE
Concord
Carl B, Evans
Manchester
*General Electric Supply Corp.
NEW JERSEY
Newark
*General Electric Supply Corp.
Graybor Etectric Co., Inc.
Aaran Llippman & Co.
Radio Wire Television, Inc.
Paterson
Aoron Lippman & Co.
NEW YORK
Albany
*Hovens Electric Co., Inc.
Graybar Electric Co., Inc.
Fort Oronge Radio Dist. Co.
Binghamton
*So. Tier Electric Sy. Co.
Buffalo

*General Electric Supply Corp.

Groybar Electric Co., Inc.
Dymac Radio Co.
Elmira
*So. Tier Electric Sy. Co.
Ithaca
*Statiman of Ithaca
New York
*General Electric Company
Metropaliton Dist. Branch

General Electric Supply Corp.

Graybar Electric Co., Inc.

Harrison Radia Ca.

Horvey's Rodio Shop

Radia Wire Televisian, Inc.

Sanford Samuel Corp.

Sun Radio Compony

Terminal Radio Corp.

Service Rodia Engineers
Niagara Falls

*General Electric Supply Corp.

Plattsburg
Bragg Bros.

W. E. Berndt
Utica
*Longdon & Hughes Elec. Co.
Voeth Electric Compony
NORTH CAROLINA
Asheville
Graybor Electric Co., Inc.
Freck Rodio & Supply Co.
Gibbs Rodio Co.
Charlotte
*Genera! Electric Supply Corp.
Graybar Electric Co., Inc.
Shaw Distributing Co.
Durham
Graybar Electric Co., Inc.
Greensboro
Brower Electric Compony
Raleigh
*General Electric Supply Corp.
Winston-Salem
Groybor Electric Co., Inc.
NORTH DAKOTA
Fargo
*Dokota Electric Supply Co.
OHIO
Akron
*General Electric Supply Corp.
Graybar Electric Co., Inc.
Canton
*Furbay-Sommer Company
Burroughs Rodio Company
Cincinnati
*Generol Electric Supply Corp.
Graybar Electric Co., Inc.
Jos. N. Davies
United Rodio, Inc.
Cleveland
*General Electric Supply Corp.
Groybor Electric Co., Inc.
Northern Ohio Labs.
Progress Radio Supply Co.
Rodio Servicaman's Sy Co.
Columbus
*General Electric Supply Corp.
Groybar Eiectric Co., Inc.
Dayton
*Generol Electric Supply Corp.
Graybar Electric Co., Inc.
Crosley Distributing Corp.
Findlay
H & W Auto Accessory Co.
Kent
Klodog Rodio Lobs.
Lima
Lima Rodio Parts Co.
Steubenville
Tydings Compony
Toledo
*Generol Electric Supply Corp.
Groybar Electric Co., Inc.
H & W Auto Accessory Co.
Youngstown
*Generol Electric Supply Corp.
Graybar Electric Co., Inc.
OKLAHOMA
Oklahoma City
*General Electric Supply Corp.
Groybar Electric Co., Inc.
McEldowney & Son
Southern Soles Co.
Tulsa
*General Electric Supply Corp.
Graybar Electric Co., Inc.
Rodio, Inc,
OREGON
Astoria
U. Laine's Jewelry Ca.
Portland
*Genera! Electric Supply Corp.
Graybar Electric Co., Inc,

RADIO, TELEVISION AND
ELECTRONICS DEPARTMENT
BRIDGEPORT, CONNECTICUT

GENERAL ) ELECTRIC




DISTRIBUTOR FOR EFFICIENT SERVICE

Rodio Supply Co.
Dutch Villoge Rodio Co.
PENNSYLVANIA
Allentown

*General Electric Supply Corp.

Groybor Electric Co., Inc.
Erie

*Generol Electric Supply Corp.

Worren Rodio Co.

Harrisburg

*Roub Supply Compony

Groybor Electric Co., Inc.

Loncaster

*Rauvb Supply Compony
George D. Borbey Co.
Philadelphia

*General Electric Supply Corp.

Groybor Electric Co., Inc
Consolidoted Rodio Corp.
Rodio Elec. Serv. Co., Inc
M & H Sporting Goods Co.
Eugene G. Wile Company
Pittsburgh
*Qchiltree Electric Company

Generol Electric Supply Corp.

Groybor Electric Co., Inc.

Comerodio Co.

Tydings Company
Reading

*Generol Electric Supply Corp.

Groybor Electri¢ Co., Inc.
Geo. D. Borbey Co.
Scranton

*Generol Electric Supply Corp.

Fred P. Pursell Company
Uniontown
Zimmermon Wholesolers

Wnllmmspor'
*Lowry Electric Co., Inc.
RHODE ISLAND
Providence
*Generol Electric Supply Corp.
Graybor Electric Co., Inc.
*Krous & Co.
SOUTH CAROLINA
Charleston
*Perry-Monn Elec. Co., Inc.
Columbia
* Perry-Monn Elec. Co., Inc
Graybar Electric Co., Inc
SOUTH DAKOTA
Sioux Falls
*Crescent Elec. Supply Compony
TENNESSEE
Chattanocaqga
*Generol Electric Supply Corp.
Groybar Electric Co., Inc.
Knaxville
*Generol Electric Supply Corp.
Groybor Electric Co., Inc.
Memphis
*Generol Electric Supply Corp.
Groybor Electric Co., Inc.
Nashville
*Generol Electric Supply Corp
Groybor Electric Co., Inc.
TEXAS
Abilene
*Generol Electric Supply Corp.
Austin
The Horgis Co.
Beoumonrt
Groybor Electric Co., Inc.

Corpus Christi
Strouss-Fronk Co.
Groybor Electric Co., Inc
Dallas
*Generol Electric Supp!y Corp.
Groybor Electric Co., Inc
Southwest Rodio Supply Co.
Wilkinson Bros.
Denison
Denison Rodio Lob.
£l Paso
*Generol Electric Supply Corp.
Hinson Rodio Co.
C. C. McNicol
Fort Worth
*General Electric Supply Corp.
Graybor Electric Co., Inc.
Fort Worth Radio Supply Co.
Houstan
*Generol Electric Supply Corp.
Groybor Electric Co., Inc.
Strauss-Fronk Co.
San Antonio
*Generol Electric Supply Corp.
Groybar Electric Co., Inc.
Strouss-Fronk Co.
Temple
Edison’s
UTAH
Salt Lake City
*Generol Electric Supply Corp.
Groybar Electric Co., inc
Rodio Supply, Inc.
VIRGINIA
Norfolk
Senerol Electric Supply Corp.
Groybor Electric Co., Inc.

Richmond

*Cenerol Electric Supply Corp.

Groybor Electiic Co., Inc
Roanoke
Groybor Electric Co., Inc
WASHINGTON
Seattle

*Generol Electric Supply Corp.

Groybor Electric Co., Inc
Spakane

*Gererol Electric Supply Corp.

Groybor Electric Co., Inc.
Spokone Radio Co.
Tacoama
Groybor Electric Co., Inc
WEST VIRGIKNIA
Charieston
*Virginion Electric Co., Inc
Hicks Rodio Supply Co.
Sigmon Rodia Supply Co.
Wheeling
Comerodio Co.
WISCONSIN
Appleton

*Generol Electric Supply Corp.

Volley Rodio Distributors
LaCrosse

*Generol Electric Supply Corp.

Madison
*Crescent Elec. Supply Co.
Milwaukee

*Generol Electric Supply Corp.

Groybar Electric Co., Inc.
TERRITOY OF HAWAII
Honalulu
*W. A. Romsoy Lid.

* Indicates Distributors who also handle Radio Receiver Tubes

TUBES
FOR ALL PURPOSES

INDUSTRIAL
APPLICATIONS

A TRANSMITTING l
2} STATIONS

SPECIAL
PURPOSE

“RADIO RECEIVERS

IF YOU NEED ENGINEERING HELP CALL ON THE
G-E FACTORY REPRESENTATIVE NEAREST YOU

NEW ENGLAND DISTRICT

F. RAY, G. E. Co.

1285 Bos'on Ave., Bridgeport, Conn.
S. H. MAGRUDER, G. E. Co.
140 Federol St., Boston, Moss.
W. H. BINGHAM, G. E. Co.
477 Congress St., Portlond, Me.
C. E. WHEELER, G. E. Co.

111 Westminister St., Providence, R.1.

J. N. ALBERTI, G. E. Co.
95 Stote St., Springfield, Moss,

N. GADA, G. E. Co.
129 Church St., New Hoven, Conn.

NEW YORK DISTRICT
D. W. MAY, Metropoliton Distributing
Bronch, G. E. Co.
570 Llexington Ave., New York, N.Y,
T. P. BEGY
115 Frontenoc Ave., Buffolo, N.Y.
B. COGSWELL, G. E. Co.
1 West Genesee St., Buffalo, N.Y.
W. A. RAINES, G. E. Co.
89 East Ave., Rochester, N. Y,
D. C. HIERATH, G. E. Co.
570 Lexington Ave., New York, N.Y.

ATLANTIC DISTRICT
R. J. MEIGS, G. E. Ca.
1405 Lacust St., Philodelphia, Po.
P. J. WALTON, G. E, Co.
1405 Locust St., Philodelphia, Pa.
L. R. HEISE, G. E. Co.
39 W. Llexington St., Baltimore, Md.

T. B. JACOCKS, G, E. Co.
806 15th St., Woshington, D. C,

D. S. McDONALD, G. E. Co.
700 E. Fronklin St., Richmond, Vo.

A. M. DAWSON, G. E. Co.
535 Smithfield St., Pittsburgh, Po.

SOUTHEASTERN DISTRICT

R. P. VAN ZILE, G. E. Co.
609 Red Rock Bldg., Atlonto, Go.

E. T. AUSTIN, G. E. Co.

187 Spring St., N.W., Atlonto, Go.
J. B. LONDON, G. E. Co.

200 S. Tryon St., Chorlotte, N. C.

G. O. MacFARLANE, G. E. Co.
8 N. Third St., Memphis, Tenn.

H. D. HAMRICH, G. E Co.
P.O. Box 1293, Roleigh, N.C.

- €. J. ELLIS, G. E. Co.

832 Georgio Ave., Chattonoogo, Tenn.

F. A. HOEKE, G. E. Co.
602 S. Goy St., Knoxville, Tenn.

W. CROCKETY, G. E. Co.
234 Third Ave., Noshville, Tenn.
H. H. HENDEE, G. E. Co.
237 W. Forsyth St., Jocksonville, Fla.
S. Y. GUESS, G. E. Co.
1206 North A St., Tompo, Fla.

A. A. HERO, G. E. Co.
837 Grovier St., New Orleons, la.

SOUTHWEST DISTRICT
C. T. WANDRES, G, E. Co.

1801 N. Lamar St., Dallos, Texos
F. C. NEAL, G. E. Co.

1801 N. Lamor St., Dollos, Texas
A. H. KLEIN, G. E. Co.

408 W. Seventh St., Fort Worth, Texas
1. A. UHR, G. E. Ca.

201 Villita St.,, Son Antonia, Texas
J. B. BURR, G. E. Ca.

1312 Live Qok St., Houston, Texas

D. H. HICKEY, G. E. Co.
109 N. Oregon St., El Paso, Texos

F. B. HATHAWAY, G. E. Co.
119 N. Robinson St.,
Oklohomo City, Oklo.

R. G. SMITH, G. E. Co.

409 S. Boston St., Tuiso, Oklo.

EAST CENTRAL DISTRICT
A. BUESCHER, G. E. Co.

4966 Woodlond Ave., Clevelond, Ohio
L. M. KLENTZ, G. E. Co.

4966 Woodlond Ave., Clevelond, Ohio
J. €. WILBURN, G. E. Co.
335 S. Moin St., Akron, Ohio

W. H. REID, G. E. Co.

215 W. Third St., Cincinnoti, QOhia
H. L. WILLSON, G. E. Co.
40 S. Third St., Columbus, Ohio
J. BOSWAY, G. E. Co.

25 N. Moin St., Doyton, Ohio
G. C. CLARK, G. E. Co.

420 Modison Ave., Toledo, QOhio
R. C. WHITTEN, G. E. Co.
455 S. Fourth St., Llovisville, Ky.
J. C. HARTLE, G. E. Co.

110 N. Hlinois St., Indionopolis, Ind.
J. E. BAIN, G. E. Co.

123 N. W. Fourth St., Evonsville, Ind.
J. €. MILLING, G. E. Co.

10 E. Twelfth St., Erie, Po.

J. J. HORAN, G. E. Co.
1635 Broodwoy, Fort Wayne, Ind.

CENTRAL DISTRICT
G. S. PETERSON, G. E. Co.
Box 5970-A Van Buren St. P.O,
Chicogo, 1.

E. G. ABBOTT, G. E. Co.
840 S. Conal St., Chicago, Il
E. P. TOAL, G. E. Co.

12 S. 6th St., Minneopolis, Minn.
P. B. REED, G. E. Ca.

12 S. 6th St., Minneopolis, Minn.
R. A. WEBSTER, G. E. Co.
14 W. Superiar St., Duluth, Minn,

H. E. LONGMIRE, G. E. Co.
700 Antoinette St., Detroit, Mich,

M. T. LAWRENCE, G. E. Co.
148 Monroe Ave., N.W,,
Grond Ropids, Mich.

M. B. RANN, G. E. Co.
1509 Osborn Rd., Lonsing, Mich.
I. F. CONRAD, G. E. Co.
112 N. Fourth St., St. Louis, Mo.
R. M. RYAN, G. E. Co.
106 W. 14th St., Konsos City, Mo.
C. E. SCHOONOVER, G. E. Co.
200 E. First St., Wichito, Konsos

R. €. HOGEN, G. E. Co.
409 S. 17th St., Omoho, Neb.

ROCKY MOUNTAIN DISTRICT
H. N. RAYMOND, G. E. Co.
200 S. Main St., Solt Loke City, Utoh
F. C. O'KELLY, G. E. Co.

450 17th St., Denver, Colo.

C. A. CHAMPS, G. E. Co.
20 W. Gronite St., Butte, Mont,

PACIFIC DISTRICT
H. A. CROSSLAND, G. E. Co.
235 Montgomery St., Son Froncisco, Colif.
E. A. WHITEHEAD, G. E. Ca.
235 Montgomery St., Son Francisco, Calif.
T. F. HALL, G. E. Co.
212 N. Vignes St., Los Angeles, Calif.

V. G. CALDWELL, G. E. Co.
212 N. Vignes St., Los Angeles, Calif,
B. B. GRAVITT, G. E. Co.

861 6th St., San Diega, Calif.
JOHN KLENKE
3871 50th Ave., N.E., Seottle, Wash.

C. R. WALLIS, G. E. Co.
821 2nd Ave., Seottle, Wosh,

J. R. MURPHY, G. E. Co.
421 Riverside Ave., Spokane, Wosh.
L. R. ELDER, G. E. Co
920 S.W. 6th Ave., Portlond, Ore.
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--Electrical heating unit vM/eror

To refrigerator

The gas in the U-shaped tube is alternately cooled just below and heated
just above the dew-point by cooling coils and an eleciric heater controlled
by a phototube relay which is operated by a light beam whose intensity is

decreased by the pr

A A

of moisture

dehydration if there is any danger
of the moisture condensing and
freezing.

A continuous flow from a bypass
valve in the main line passes through
a U-shaped tube which has a plate
glass window at the top of each side
of the U, glass mirrors at the square
corners of the U as shown. The
interior of the tube is gold plated
and highly polished. A light source
is located above one window and a
phototube (type PJ-23) is located
above the other window. If a film of
moisture can be made to condense
upon the glass and gold-plated sur-
faces, the intensity of the light beam
reaching the phototube will be re-
duced. This can be done by im-
mersing the U-tube in a brine bath
cooled by cooling coils connected to
a refrigerating compressor. When
the moisture film appears, the cool-
ing coils are cut off and a heating
unit is turned on to heat the gas
and evaporate the moisture at which
time the heater is turned off and the
cycle repeated. Measurements on a
recording thermometer whose ele-
ment is located in the brine bath
will indicate that the temperature
changes approximately according to
a sine wave. In this installation the
temperature difference between the
tops and bottoms of the curves is
about 2 to 3 degrees. The cycle of op-
eration is about 10 to 15 minutes. The
pressure of the gas is also recorded
and the dew-point can be calculated
from the records of temperature and
pressure.—Setter, ELECTRONICS, No-
vember 1941, p. 72.

86

Photoelectric Cooling
Control

AT THE TVA FERTILIZER WORKS
phosphate ore is heated to a high
temperature and crushed to sizes
varying from fine dust to two inches
in diameter. The phosphate must be
cooled by a water spray on a moving
conveyor before further processing,
but if a continuous spray of water of
sufficient capacity to cool the larger
pieces is used, the finer and cooler
material is flooded, making a mud
that clogs the equipment.

The problem is to provide cooling
water when it is necessary to cool

large, hot pieces and to shut it off
when the relatively cool smaller
pieces are passing by on the con-
veyor. The solution is to use a photo-
tube relay using tubes which are
sensitive to infrared heat rays to op-
erate a solenoid water valve. Three
tvpe CE-1 phototubes are mounted
a few inches above the ore in the con-
veyer and a few inches ahead of the
water nozzles to allow for the time
delay in the relay and valve circuit.
Because of the heat involved, the
phototubes are mounted in a Pyrex
glass cylinder and a current of air

The actual setup showing the conveyor

which moves from right to left. The water

spray (A) is mounted away from the photo-

tubes (B) to permit the ore to reach it be-
fore water flows

000000000 )

I

Solenoid
| water
valve

Circuit diagram of the infrared sensitive phototube relay. The three photo-
tubes connected in parallel are mounted within a Pyrex cylinder for
protection from heat

June 1942 — ELECTRONICS



'SPECIAL-PURPOSE TUBES
Having WAR EQUIPMENT APPLICATIONS

COMBINING SMALL SIZE WITH EXCEPTIONAL RUGGED-

NESS AND OUTSTANDING HIGH-FREQUENCY PERFORMANCE
FOR BOTH TRANSMITTING AND RECEIVING USES

Incorporating requisite mechanical ruggedness with
small size, these RCA miniature and acorn-type tubes
have been specifically designed for Transmitter and
other applications where good high-frequency per-
formance must be combined wirh extreme portability.
Although catalogued here for the first time, the tubes

RCA-9004

U-H-F DIODE

Acorn Type (Tentative Data)

The 9004 is a heater-cathode type of Acorn diode suitable
for use as a detector, mixer, or measuring device in u-h-f circuits.
The resonant frequency of the 9004 is approximately 850
megacycles.

have been thoroughly tested and proved, and are now
being supplied for war equipment use on suitable
priorities.

Complete descriptions and operating characteristics
for each of the seven tubes are given in the following
tabulations of technical data.

RCA-9005

U-H-F DIODE

Acorn Type (Tentative Data)

The 9005 is a heater-cathode type of Acorn diode suitable for
use as a detector, mixer, or measuring device in u-h-f circuits.
The resonant frequency of the 9005 is approximately 1500
megacycles.

HEATER VOLTAGE (A.C. or D.C.) 6.3 Volts
HEATER CURREN 0.15% Ampere
DIRECT lNTERELECTRODF CAPACITANCES:*
Plate to Cathode 1.3 puf
Plate to Heater 0.3 approx. uuf
Heater to Cathode 2.2 2pprox. uuf
OVERALL LENGTH 176” + 547
OVERALL DIAMETER Be” + L
BULB T-4}
RCA SOCK Stock No. 9925
MOUNTING POSITION Any

* With no external shield.

Maximum Ramgs Are Based or; a Line-Voltage Design Center of 117 Volts
17

A-C PLATE V
D-C OUTPUT CURRENT

LTAGE (RM

max. Volts
5 max.  Milliamperes

HEATER VOLTAGE (A.C. or D.C.) 3.6 Volts
HEATER CUR 0.165% Ampere
DIRECT lNTERELECTRODE CAPACITANCES:*
Plate to Cathode 0.8 puf
Plate to Heater 0.2 approx. uuf
Heater to Cathode 1.1 approx. uuf
OVERALL LENGTH 11%” £ 9*
O'YEgALL DIAMETER 1Bg” ﬁl'/(."

RCA SOCK
MOUNTING POSITION
* With no external shield.

T-434
Stock No. 9929
Any

Maximum Ratings Are Based on a Line-Voltage Design Center of 117 Volts

A-C PLATE VOLTAGE (RMS)
D.C OUTPUT CURRENT

SPECIAL-PURPOSE TUBE DATA

7 max. Volts
1.0 max. Milliamperes




RCA 6C4

H-F POWER TRIODE

Miniature Type (Tentative Data)

The 6C4 is a heater-cathode type of Minia-
ture tube intended for use as class C ampli-
fier and oscillator in compact, light-weight,
portable equipment, but it is useful in other
applications where a medium-mu miniature
triode with high transconductance is de-
sired. In class C service, the 6C4 will deliver
a power output of about 5.5 watts at moder-
ate frequencies, and 2.5 watts at 150
megacycles. The heater is designed to
operate at 6.3 volts, 0.15 ampere.

HEATER VOLTAGE (A.C. or D.C)t 6.3 Volts
HEATER CURRENT 0.15 Amp.
DIRECT INTERELECTRODE CAPACITANCES:*

Grid to Plate (Cgp) 1.6 unf
Grid to Cathode [Cg (h + k)] 1.8 i
Plate to Cathode (Cp (h + k)] 1.3 uuf
MAXIMUM OVERALL LENGTH 2"
MAXIMUM SEATED HEIGHT 1%"
MAXIMUM DIAMETER %"
BULB T-813
BASE Miniature Button 7-Pin¢
MOUNTING POSITION Any

* With no external shield.

A-F AMPLIFIER

PLATE VOLTAGE
PLATE DISSIPATION

300 max. Volts
3.5 max, Watts

Characteristics—Class A, Amplifier:

Plate Voltage 100 250 Volts
Grid Voltage** 0 —8.% Volts
Amplification Factor 19.3 17

Plate Resistance (Approx.) 6250 7700 Ohms
Transconductance 3100 2200 umhos
Plate Current 11.8 10.% Ma.

** The type of input coupling used should not intro-
duce too much resistance in the 5114 circuit. Trans-
former- or impedance-coupling devices are recom-
mended. Under maximum rated conditions, the

resistance in the grid circuit should not exceed 0.2%

{)qegohm with fixed bias, or 1.0 megohm with cathode
ias.

R-F POWER AMPLIFIER & OSCILLATOR—
CLASS C TELEGRAPHY
D-C PLATE VOLTAGE 300 max. Volts
D-C GRID VOLTAGE —9%0 max, Volts
D-C PLATE CURRENT 25 max. Ma.
D-C GRID CURRENT 8 max. Ma,
PLATE DISSIPATION $ max. Wats

Typical Operation}

D-C Plate Voltage 300 Volts
D-C Grid Voltage —27 Volts
D-C Plate Current 2% Ma.
D-C Grid Current (Approx.) 7 Ma.
Driving Power (Approx.) 0.3% Wartt
Power Output (Approx.) s.8 Watts

$ Approximately 2.5 watts can be obtained when
the 6C4 is used at 150 Mc as an oscillator with grid
resistor of 10,000 ohms and maximum rated input.

+ In circuits where the cathode is not directly con-
nected to the heater, the potential difference between

heater and cathode should be kepras low as possible.
Ratings are to be interpreted according to RMA
Standard M8-210 (Jan. 8, 1940 Rev. 11-40).

¢ The center hole in sockets designed for this base
provides for the possibility that this tube type may be
manufactured with the exhaust-tube tip at the base
end. For this r. , itis recc ded that in equip-
ment employing this tube type, no material be per-
mitted to obstruct the socket hole.

BOTTOM VIEW OF SOCKET CONNECTIONS

Pin 1—Plate

Pin 2—Internal Connec-
tion

Pin 3—Heater

Pin 4 —Heater

Pin $—Plate

Pin 6—Grid

Pin 7—Cathode

Grid Bias for Plate Current

=10uamp. —6 —8 Volts
Plate Current 2.9 4.5 Ma.
Screen Current 1.2 2.0 Ma.

Ratings are to be interpreted according 1o RMA

Standard M8-210 (Jan. 8, 1940 Rev. 11-40).
¢ See RCA 6C4

BOTTOM VIEW OF SOCKET CONNECTIONS

Pin 1 —Filament (—), Grid F-

No. 3, Internal Shield NC G3
Pin 2—Plate 5)"REce"
Pin 3—Screen G2 Gy

Pin 4—No Connection
Pin $—Filament (—), Grid
No."3, Internal Shield
Pin 6—Grid pl2
Pin 7—Filament (+)

RCA 1L4

R-F AMPLIFIER PENTODE

Miniature Type (Tentative Data)

The 1L4 is an r-f pentode of the Miniature
type with a sharp cut-off characteristic. It is
recommended for use wherever a sharp cut-
off pentode is required in compact, light-
weight, portable receivers. The tube is,
therefore, of interest in FM receivers and
other circuits not requiring avc. The 1L4
features internal shielding which eliminates
the need for an external bulb shield, but a
socket with shielding is essential if mini-

mum grid-plate capacitance is to be
obtained.
FILAMENT VOLTAGE (D.C.) 1.4 Volts

FILAMENT CURRENT 0.05 Amp.
DIRECT INTERELECTRODE CAPACITANCES:*

Grid to Plate (Cgip] 0.008 max. uuf
Input [Cg: (f & g3 & internal shield + g2)) 3.6 mi
Output {Cp (f & g1 & internal shield + g1)]7.5 unf
MAXIMUM OVERALL LENGTH 2"

MAXIMUM SEATED HEIGHT 1%”
MAXIMUM DIAMETER %"
BULB T-51;
BASE Miniature Button 7-Pin¢
MOUNTING POSITION Any

* With no external shield.

AMPLIFIER

PLATE VOLTAGE

SCREEN VOLTAGE (Grid No. 2)
SCREEN SUPPLY VOLTAGE
GRID VOLTAGE (Grid No. 1)
TOTAL CATHODE CURRENT

110 max. Volts
90 max. Volts
110 max, Volts
0 min. Volts
6.5 max. Ma.

Typical Operating Conditions and Characteristics
—Class A, Amplifier:

Plate Voltage 90 90 Volts
Screen Voltage 67.5 90 Volts
Grid Voltage 1) [} Volts
Plate Resistance 0.6 0.3% Meg.
Transconductance 925 1023 umhos

SPECIAL-PURPOSE TUBE DATA

RCA 1A3

H-F DIODE

Midget Type (Tentative Data)

The 1A3 is a heater-cathode type of Midget
diode particularly useful as a cﬁscriminator
tube in portable FM receivers, and in port-
able high-frequency measuring equipment.
Its interelectrode capacitances are very low,
being in the order of 0.5 micro-micro-farad.
The resonant frequency of the 1A3 is
approximately 1000 megacycles. The glass
button base provides short leads and low
lead inductance.

HEATER VOLTAGE (A.C. or D.C)) 1.4 Volts
HEATER CURRENT 0.15 Amp.
DIRECT INTERELECTRODE CAPACITANCES

(Approx.):*
Plate to Cathode (Cpk) 0.4  uuf
Plate to Heater (Cph) 0.6  uuf
Heater to Cathode (Chk) 0.6  uuf
MAXIMUM OVERALL LENGTH 134"
MAXIMUM SEATED HEIGHT 194"
MAXIMUM DIAMETER 44
BULB T-5%
BASE Miniature Button 7-Pin¢
MOUNTING POSITION Any

* With no external shield.
RECTIFIER

A-C PLATE VOLTAGE (RMS)
D-C OUTPUT CURRENT

Ratings are to be interpreted according to RMA
Standard M8-210 (Jan. 8, 1940 Rev. 11-40)

¢ See RCA 6C4

117 max. Volts
0.3 max. Ma.

BOTTOM VIEW OF SOCKET CONNECTIONS
NC NC

Pin 1—Heater

Pin 2—Plate

Pin 3—Cathode

Pin 4—No Connection
Pin $—No Connection
Pin 6—Plate

Pin 7—Heater




RCA 3A4

POWER AMPLIFIER
PENTODE

Miniature Type (Tentative Data)

The 3A4 is a Miniature type of power
amplifier pentode designed for use in com-
pact, light-weight, portable equlpment The
relatively large filament employed in the
3A4 enables it to supply tge high
currents required in r-f power appllcauons
In r-f amplifier service, the 3A4 will deliver
a power output of about 1.2 watts at 10
megacycles. The filament of the 3A4 can

operated either with series connection
onl 2.8 volts or parallel connection on 1.4
volts.

Series  Parallel
Filament Filament
Arrange- Arrange-

ment* mens**
FILAMENT VOLTAGE (D.C.) 2 8 1.4 Vols
FILAMENT CURRENT 0.2 Amp.

DIRECT INTERELECTRODE CAPACITANCES t
Grid to Plate (Cgip) 0.2 max. puf

Input (Cg: (f & g1 + g9)) 4.3 wuf
Output [Cp(f & g1 + &1)) 4.2 uuf
MAXIMUM OVERALL LENGTH 218"
MAXIMUM SEATED HEIGHT 15"
MAXIMUM DIAMETER 1 7%
BULB T-514
BASE Miniature Batton 7-Pin¢
MOUNTING POSITION Any

t With no external shield.

A-F POWER AMPLIFIER
PLATE VOLTAGE 150 max. Volts
SCREEN VOLTAGE 90 max. Volts
PLATE DISSIPATION 2 max. Watts
SCREEN DISSIPATION 0.4 max. Waut
TOTAL ZERO-SIGNAL

CATHODE CURRENT#+4 18 max. Ma.

Typical Operating Conditions and Characteristics
—Class A; Amplifier}

Parallel Filament
Arrangement**

Plate Voltage 135 150 Volts
Screen Voltage (Grid No. 2) 90 90 Volts
Grid Voltage (Grid No. 1) —7.5 —8.4 Vol
Peak A-F Grid Voltage 7.5 8.4 Volts
Zero-Signal Plate Current 14.8 13.3 Ma.
Max.-Signal Plate Current 14.9 14.1 Ma,
Zero-Signal Screen Current 2.6 2.2 Ma,
Max.-Signal Screen Current 3.3 3.5 Ma.
Plate Resistance 90,000 100,000 Ohms
Transconductance 1900 1900 umhos
Load Resistance 8000 8000 Ohms
Total Harmonic Distortion s 6 %
Max.-Signal Power Output 0.6 0.7 Watt

R-F POWER AMPLIFIER
D-C PLATE VOLTAGE 150 max. Volts
D-C SCREEN VOLT. (Grid No. 2) 13% max. Volts
D-C GRID VOLT. (Grid. No. 1) —30 max. Volts
D-C PLATE CURRENT 20 max. Ma.
D-C GRID CURRENT 0.25 max. Ma.

TOTAL D-C CATH. CURRENT+t 25 max. Ma,
PLATE INPUT
SCREEN INPUT
PLATE DISSIPATION

3 max., Watts
0.9 max. Wazt
2 max. Watts

Typical Operation |

Parallel Filament
Arrangement**
D-C Plate Voltage 150 Volts
D-C Screen Voltage 133 Voles
Grid Resistor . 0.2 Meg.
D-C Plate Current 18.3 Ma.
D-C Screen Current 6.5 Ma.
D-C Grid Current 0.13 Ma.
Power Output (Approx.) 1.2 Watts

*Filament voltage applied across the two sections
in'series between pins No. 1 and No. 7. Grid voltage
is referred to pin No. 1.

**Filament voltage applled across the two sections
in parallel between pin No. 5 and pins No. 1 and No.
7 connected together. Grid voltage is referred to
pin No. S.

11 For series-filament operation, a shupting resistor
must be connected across the section between pins
No. 1 and No. 5 to by-pass excess cathode current in
this section. The value of the shunting resistor should
be adjusted to make the voltage across the shunted
section equal to the voltage across the section be-
tween pins No. 3 and No. 7. When other tubes in
series- fﬁamen( arrangement contribute to the filament
current of the 3A4, an additional shunting reslstor
may be required between pins No. 1 and No.

1 Typical operating values for the 3A4 with ﬁla-
ment sections in series will be approximately the
same as those shown for parallel-ilament operation.

Ratings_are to be interpreted according to RMA
Standard M8-210 (Jan. 8, 1940 Rev, 11.40).

¢ See RCA 6C4
BOTTOM VIEW OF SOCKET CONNECTIONS

Pin 1—Filament (— for
series operation)

Pin 2—Plate

Pin 3—Screen

Pin 4—Grid A

Pin 5—Filament Mid-Tap
(— for_parallel opera-
tion), Grid No. 3

Pin 6—Plate

Pin 7—Filament (+4)

RCA 3AS5

H-F TWIN TRIODE

Miniature Type (Tentative Data)

The 3AS5 is a twin triode of the Miniature
type intended for use in high-frequency ap-
plications. The relatively large filament em-
Eloyed in the 3A5 enables it to su})ply the

igh peak currents required in r-f power
applications. In class C service,a 3A5 with
its units in push-pull will deliver a power
output of approximately 2 watts at 40 meg-
acycles. It may be used at still higher fre-
quencies with reduced efficiency. Each triode
may be used independently of the other.
The filament of the 3A5 can be operated

either with series connection on 2.8 volts or
parallel connection on 1.4 volts.

Series  Parallel
Filament Filament
Arrange- Arrange.
ment* ment**
FILAMENT VOLTAGE (D.C) 2 8 l 4 Volts
FILAMENT CURREN
DIRECT INTERELECTRODE CAPACITANCESf
Triode Unit Tn’?h Unit

1

Grid to Plate (Cgp) 3.2 32
Grid to Filament (Cgf) 0.9 0.9 upf
Plate o Filament (Cpf) 1.0 1.0 upf
Plate to Plate (Cpupts) 0.32 unf
MAXIMUM OVERALL LENGTH 218"
MAXIMUM SEATED HEIGHT 1%”
MAXIMUM DIAMETER 1 74
BULB - T-51;

BASE Miniature Button 7-Pin¢
MOUNTING POSITION Any

t With no external shield.

A-F AMPLIFIER —Each Unit

PLATE VOLTAGE 135 max. Volts
PLATE CURRENT 5 max. Ma.
PLATE DISSIPATION 0.5 max. Wan

Characteristics—Class A, Amplifier

Plate Voltage 90 Voles

Grid Voltage —2.5 Volts

Amplification Factor 15

Plate Resistance 8300 Ohms
Transconductance 1800 umhos
Plate Current 3.7 Ma.

R-F POWER AMPLIFIER & OSCILLATOR —

CLASS C TELEGRAPHY
D-C PLATE VOLTAGE 135 max. Volis
D-C GRID VOLTAGE —30 max. Volts
D-C PLATE CURRENT (per unit) 15 max. Ma.
D-C GRID CURRENT (per unit) 2.5 max. Ma.
PLATE INPUT (per unit) 2.0 max. Watts
PLATE DISSIPATION (per unit) 1.0 max. Watt

Typical Operation at 40 Mc with Both Units:
Push-Pull Power Amplifier & Oscillator
(Key-down conditions per tube without modulation)

D-C Plate Voltage 135 Volts
D-C Grid Voltage
From a fixed supply of —20 Volts
From a grid resistor of 4000 Ohms
From a cathode resistor of 570 Ohms
Peak R-F Grid-to-Grid Voltage 90 Volts
D-C Plate Current 30 Ma.
D-C Grid Current (Approx.) S Ma.
Driving Power (Approx.) 0.2 Wartt
Power Output (Approx.) 2 Warcts
* Fil voltage lied across the two sections

in series between pins No. 1 and No. 7. Grid voltage
is referred to pm No. 1. For series-filament operation,
a shunting resistor must be connected across the
section between pins No t and No. 4 to by-pass
excess cathode current in this section. The value of
the shunting resistor should be adjusted to make the
voltage across the shunted section equal to the voltage
across the section between pins No. 4 and No. 7.
When other tubes in series-fil arran
contribute to the filament current of the 3AS, an
additional shunting resistor may be required between
pins No. t and No. 7.

** Filament voltage applied across the two sections
in parallel between pin No. 4 and pins No. 1 and No.
7 connected together. Grid voltage is referred to
pins No. 1 and No. 7 tied together.

Ratings are to be interpreted according to RMA
Standard M8-210 (Jan. 8, 1940 Rev. 11-40).

4 See RCA 6C4

BOTTOM VIEW OF SOCKET CONNECTIONS
Pin 1—Filament (—) Fu
Pin 2—Plate (Triode Ti) 4
Pin 3—Grid (Triode Ts)

Pin 4—Filament Mid-Tap GTz

(+ for parallel opera-

tion)
Pin 5—Grid (Triode T\)
Pin 6—Plate (Triode T)) Pr,(2)
Pin 7—Filament (+ for
series operation)

RCA MANUFACTURING CO., INC.

CAMDEN,

NEW JERSEY

(NOTE: For additional copies of literature on these tubes, address RCA,
Commercial Engineering Section, Harrison, N. J.)




is blown past them. Because of the
dust conditions prevalent at ore
treating plants, the relay is placed
in a dust-proof glass container.
The sensitive relay has a drop-out
current which is about 80 percent of
its take-up current. The circuit may
be adjusted to operate at any desired
radiant heat by adjustment of the
amplifier grid bias control (50,000-
ohm potentiometer).—Ewald, ELEC-
TRONICS, November, 1941, p. 55.

Photoflash Synchronizer
Tester

TYPICAL FLASHLAMPS used in photog-
raphy reach peak brilliancy 20 milli-
seconds after filament voltage is ap-
plied. Synchronizing devices must
open the camera shutter in that short
space of time if maximum illumin-
ation and film exposure are to coin-
cide. A convenient instrument for
determining the time required for a
shutter to open measures it in terms
of voltage attained by a condenser
charging from a steady source of po-
tential during that period.

A beam of light from a steady ex-
ternal source is directed into the type
917 phototube. The camera shutter
to be actuated by the synchronizer is
interposed in this beam of light.
The input terminals of the testing
device are substituted for the flash-
lamp, which is not used, in such a
manner that when the synchronizer
switeh is closed the battery within
the synchronizer is connected to the
input terminals.

When the synchronizer switch is
closed the negative bias applied to
the control grid of the first type 2051
thyratron is reduced, causing this
tube to conduct. Anode circuit ca-
pacitor C, starts to charge and con-
tinues to charge until the camera
shutter blocking off the light beam
opens. When the shutter opens the
output of the phototube trips the
second 2051, which reduces the volt-
age applied to the anode of the first
thyratron by an amount equal to the
drop in resistor R, sufficient to stop
conduction in the first 2051. The
capacitor is left with a definite
charge, which may then be measured
by means of the 6C5G tube connected
as a vacuum tube voltmeter -cali-
brated in milliseconds. — Marsal,
ELECTRONICS, January, 1942, p. 34.
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Width Gage for
Moving Webs

THE WIDTH OF A continuously mov-
ing sheet or web of material may be
measured during manufacture or
processing even where the web shifts
slightly from side to side while
passing through the fabricating or
finishing machine. One measurement
system involves photoelectric scan-
ning of each edge of the material,
with mechanical movement of the
web itself controlling the quantity of
light transmitted and causing the
beams to follow the material edges
as they shift.

Considering one of the two scan-
ning units involved, a light source
iz focussed upon a mirror fastened
to the moving coil of a meter. The
light is reflected by the mirror past
the edge of the material into a pho-
totube, the initial adjustment per-
mitting the edge of -the material to
partially cut off the beam. The out-
put of the phototube is fed into an
amplifier and the output of the ampli-
fier drives the meter carrying the
mirror. Reduction in transmitted
light by movement of the web
deeper into the light beam changes
the mirror angle and causes the beam
to move away from the edge of the
web until the initial condition of bal-
ance is restored. Movement of the
web away from the light beam, con-
versely, increases the light received
by the phototube and the meter
moves the mirror in such a manner
that the beam follows the edge.

The output of the scanning devices
at either edge of the sheet or web is

MITER MOVEMENT

- BEAMS || wQ¥LS
FOR CRCALASE
™ CURRENT |
|

L coutcrion
O
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Width gage for moving webs, Two scan-
ning devices are needed, one at each
edge. Their outputs are combined in an
electronic totalizer and indicator
combined in an electronic totalizing
and indicating device. The indicat-
ing device may be calibrated in terms
of width despite lateral shifts in the
web as, with constant web width, the
output of one amplifier declines while
that of the other amplifier rises and
vice versa, depending upon which
way the web shifts. If the width of
the measured web remains constant,
in other words, shifts from side to
side simply add current to the de-
tector on one side and subtract a like
amount from the other side, with the
net result that there is no change in
the position of the indicator. In-
creasing current indicates increased
web width while decreasing current
indicates decreasing web width as,
under these conditions, amplifier out-
put is additive or subtractive.—Alex-
ander, ELECTRONICS, January, 1942,
p. 66.

Photoflash synchronizer tester designed to measure the elapsed time
between closing of the switch and opening of the camera shutter
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.\ "CATCH EVERY SIGNAL

8538
122" M. C.

(/Y
8476
154" M. C.
' 8517
APPROXIMATELY V42 SIZE 1%' M.C.

¥ Cinch tube holders maintain tubes must be caught”. Made of high

rigidly, an effective guard against quality spring steel, Cinch tube hold-

shocks that distort reception. The ers as illustrated are inexpensive and
added protection of the tube holder simple units for locking tubes in
is a precaution when “every signal their sockets. “They’re the Clincher™

CINCH MANUFACTURING CORPORATION - 2335 WEST VAN BUREN STREET - CHICAGO, ILLINOIS
SUBSIDIARY: UNITED-CARR FASTENER CORP. =+ CAMBRIDGE, MASS.
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VACUUM TUBE
VOLTMETER _

Wide Voltage Range

Large Overvoltage
Capacity

High Impedance
Time Saving Stability

Wide Frequency Range ';{-‘,-"

IDEAL FOR USE IN AUDIO FREQUENCY, CARRIER CURRENT,
SUPER-SONIC TELEVISION AND BROADCAST FIELDS.

® This meter responds to the average value of the full wave. .. thus
waveform errors are reduced. Measurements up to 1 megacycle with
this Volemeter are as simple as measurements with the usual multi-
range meter at d-c! Generally, no precautions are necessary...no adjust-
ments to make during operation ...no damage from large overloads...
and, input inpedance is high enough so that it won't affe& the circuit
being measured.

Think of the time you can save in prodution testing with the
elimination of the need for adjusting to zero position during opera-
tion. It is ideally suited for audio frequencies from 10 cps to 20 kc
and also for applications in carrier current work, in the super sonic, in
television and throughout the broadcast field.

Get information about this new Voltmeter today. Write direétly
to the fattory. There’s no obligation, of course.

LABORATORY INSTRUMENTS

Chicago Office
ALFRED CROSSLEY

Electro Products Laboratories
549 West Randolph St., Chicago, 11l

Hollywobd Office

N. B. NEELY
5334 Hollywood Boulevard
Hollywood, California

New York Office

BRUCE O. BURLINGAME
ASSOCIATES
69 Murray St., New York City, N. Y.

HEWLETT-PACKARD COMPANY
BOX 135-A STATION A =+ PALO ALTO, CALIFORNIA
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Static Beam
Photoelectric Alarm

THE FIGURE SHOWS the schematic of
a simple static beam photoelectric
alarm device. Light from a distant
source is directed across the area to
be protected into the phototube. D-c
| output of the phototube is amplified
by the 25L6 and holds a signalling
device relay closed so long as the
light is uninterrupted by an intruder.

' Simple static beamelectric alarm circuit.
The 2516 amplifier phototube self-rectifies
its own operating potentials

Capacitor C provides a timi'ng ad-
justment, the length of time required
to discharge this capacitor when the
beam is interrupted determining the
speed with which the device operates.
Resistor R is a sensitivity adjust-
ment, permitting the bias on the 25L6
to be varied to suit the amount of
light impinging upon the phototube.

In this elemental example d-c¢ po-
tentials required for the operation
of the amplifier are obtained through
self-rectification of applied a.c. by
the 25L6 itself. A majority of static
beam alarm devices now being made
have d-c powerpacks supplying re-
quired operating potentials to the
amplifier tube or tubes.—MacDon-
ald, ELECTRONICS, February, 1942,
p. 38.

Optical Filter Tester

LIGHT LOST IN TRANSMISSION through
an optical filter may be measured by
the following method:

A light source of constant in-
tensity is focused upon a phototube.
The phototube operates into an a-c
amplifier driving a cathode-ray oscil-
loscope provided with a 60-cps
sinusoidal sweep. An opaque disc
or wheel in which there are two
| apertures directly opposite each
other, one aperture containing the
filter and the other left open, is
placed in the path of the light beam

June 1942 — ELECTRONICS



"KNOW-HOW”

J ust as important to many customers as the quality of IRC fixed
and variable resistors itself is the “Know-How” of resistor usage
that IRC specialized experience makes available.

This “Know-How” is designed into IRC products. It is a big
part of IRC customer service. It avoids mistakes in resistor speci-
fications and orders. It simplifies matters of inspection and
priorities. It clarifies many special technical problems. Above all,
it means invaluable help in selecting the right resistor for the job
—chosen without bias as to type from a line sufficiently broad to
cover practically every requirement.

For the solution of a large number of the problems confronting
the designing engineer, IRC has prepared the Resistor Chart
which is yours for the asking. However, many special problems
frequently arise requiring the “Know-How” of a trained staff of
resistor engineers, which IRC has available.

INTERNATIONAL RESISTANCE COMPANY
403 N. BROAD STREET, PHILADELPHIA, PA.
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P
WE WANTMOR
IMPOSSIBLE"

WAR ORDERS

Recently expanded War Pro-
duction facilities permit our
handling additional orders, re-
gardless of the quantities re-
quired, for all types of coils and
windings used at radio frequen-
cies, intermediate frequencies,
and audio frequencies. Please
submit prints or samples (for
duplication) with your inquiries.

*
llMustrated above, the

standard Bakelite bobbin,
developed 15 years ago,
has been found extremely
useful for all types of r.f.
choke coils and many tuned
circuits with either air or
powdered iron core tuning.

AUTOMATIC
WINDING CO., Inc.

900 PASSAIC AVENUE
EAST NEWARK NEW JERSEY
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| in such a manner that the light

shines alternately through the two
apertures when the disc is rotated by
a motor running at 1800 r.p.m.

Since such a disc revolves at 30
rps and there are two openings in
the disc light ‘will reach the photo-
tube once each 60th second. A pat-
tern similar to the one shown will
be observed on the oscilloscope
screen, the distance B indicating
the amount of light reaching the
phototube directly and the distance
A indicating the amount of light
reaching the phototube through the
filter. Thus the ratio A/B represents
the percentage light passing through
the filter.

If the wavelength of maximum
transmission is desired, this may be
determined by passing the light

| from the source through a prism

before passing it through the disc
apertures. Angular movement of the
prism will permit the wavelength of

Cathode-ray oscilloscope pattern showing

the relationship between light passed
directly to a phototube and light passed
to the phototube through an optical filter.
B represent light transmitted directly and
A light transmitted through the filter

the light transmitted to the photo-
tube to be varied.—Seeley and And-
erson, Review of Scientific Instru-
ments, August, 1941, p. 392.

0il Hole Inspector

AUTOMATICALLY INSPECTING one
shackle bolt per second, a photoelec-
tric machine determines that oil holes
drilled longitudinally through the
bolts exactly meet other oil holes
drilled into the bolt centers from the
sides.

A beam of light is reflected from
a mirror into the longitudinal hole

Mir. ’C’r-/f*‘v.’xl,-n of light 17
-
|

on

revolved by

-
A

Bolt being inspected

Photoelectric oil-hole inspector

while a bolt is revolved one complete
turn by a rubber-tired driving wheel.
If the quantity of light at which the
device is calibrated fails to reach a
phototube mounted adjacent to the
side hole during some portion of this
cycle, indicating imperfect align-
ment or a block, the bolt is auto-
matically rejected by an electro-
mechanical mechanism. — Powers,
ELECTRONICS, September, 1939, p. 54.

Articulated Weighing
Scale

WEIGHING SCALES FREQUENTLY used
to indicate one specific weight may
be made to actuate an audible or vis-
ible signal when that weight is
reached.

A small hole is drilled through the
face of the scale at a position cor-
responding to the weight to be in-
dicated. A light source is mounted
in front of the hole and a phototube
is placed back of the hole in such a
manner that the beam of light is
interrupted by the pointer or by a
flag attached to the pointer when
this weight is reached. The output
of the phototube is amplified and,
when interrupted, operates a relay
which energizes the selected signal
device.

The advantage of the electronic
method of control in this instance is
the fact that no error-producing load
is introduced in the mechanism of
the scale by the articulating device.

Editor’s note-— This hole-in-the
scale device is widely used with
phototubes for controlling mechan-
ical or electrical quantities.—Kron
Scale Co., ELECTRONICS, January,
1942, p. 60.
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Hytron’s newly acquired

““Sunshine Plant’’ at New-
buryport, Massachusetts

I . an i . SN

TRON now has QUADRUPLED
space for war production

Hytron REMEMBERS PEARL HARBOR—Wake Island—Bataan—Corregidos.
As its contribution to the swelling tide of production which will equip the,
nation with an overwhelming flood of war materials to avenge these tempo-
rary defeats, Hytron is developing at top speed the productive capacity of
its new plant at nearby Newburyport. The new factory is so large that it
could easily accommodate on one floor the entire Salem plant. In this
appropriately-named radio war, Hytron's quadrupled facilities will play an
important part in the production of vital electronic tubes to be used in
making the enemy remember with regret his mistake in attacking the
United States.

HYTRON CORPORATION

Manufacturers of electronic 1ubes since 1921

b AADO TUBES

FYTR d
1
NV ) Newburyport . . . MASSACHUSETTS . . . Salem

MORE TUBES FOR VICTORY

| RECEIVI M.A, or

Hytron's Plant at Salem

ile use, stand-

efficiently—depen
' SPECIAL PURPOSE

to tiny miniature types,
tunity to manufacture |
| specialized tubes you m
duction.

ium power tubes
elcomes the oppor-
ction quantities the
d for your war pro-
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The famous Johnson insulator line is the most complete of
any manufacturer. Designed by engineers for practical
application, their quality, materials and excellence of work-
manship are often imitated but never equalled. Nuts are
carefully milled and heavily nickel plated. not cheap
stamped unplated types. Studs have accurately cut threads
held to a close tolerance and heavily plated. Inferior
varieties use cheaper rolled threads that bind or strip
easily. All Johnson insulators are made of the finest elec-
trical porcelain or Steatite (depending on type) and are
remarkably free from pin holes, impurities and imperfec-
tions. Substitutes are usually inferior porcelain or clay
such as that used in dishes and pottery. Superior Johnson
parts cost no more—why take chances?

Write us concerning your need. Johnson Engineers
will recommend an insulator that will do the job
better—often at a lower price. After all Johnson parts
are GOOD parts. (Ask for Catalog 967D).

E. F. JOHNSON CO0.

WASECA, MINNESOTA

EXPONT: 23 WANRREN ST, NEW YUNK, Y. ).

“MANUFACTURERS OF RADID TRANSMITTING EQUIPMENT"
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| Measurement of
Turbidity in Liquids

THE TURBIDITY OF ALMOST clear solu-
tions can be measured by the extent
to which a light beam is dispersed
by the suspended particles. By the
use of proper filters, colored solu-
tions can also be measured. The
method is to pass a collimated light
beam through two grids consisting
of alternate bars and open spaces
| with the sample and a lens systém
( between them. The grids must be
machined very accurately so that the
two units are of the same dimensions
‘ and so that the bars and the open
spaces are of the same size. After
. the light beam passes through the
first grid it consists of several beams
which are rectangular in cross sec-
| tion. A pair of 4-inch objective lenses
is mounted in a slide for focussing.

|

| /D0

Pl
' Specimen

[ T

Diagram of the circuit and optical system
of the photoelectric turbidimeter

The lens system is adjusted so that
the light beam has unity magnifica-
tion on the second grid. The second
grid is positioned so that the rec-
tangular portions of the light beam
fall on the bars. Thus, no light gets
past the second grid, except that
which results from imperfect ma-
chining of the grids. Beyond the sec-
ond grid is a barrier type photocell
to detect any light. Another photo-
cell is located near the light source
as shown in the diagram and con-
nected to a potentiometer across
which are connected the first photo-
cell and a microammeter. This is for
the purpose of balancing out any
light getting past the second grid.

When a liquid sample is placed be-
tween the two grids as shown, any
suspended particles cause a dispersal
of the light and permits it to pass
through the openings of the second
grid to the photocell where it is con-
verted into electrical energy for
measurement.—Silverman, Review
of Scientific Instruments, February,
1941 (ELECTRONICS, April, 1941, p.
100).
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THE DSD 880
WINCHESTER SYSTEM.

MADE THE WAY
DIGITAL WOULD MAKE IT.

EXCEPT DIGITAL
DOESN'T MAKE I'T.

HyperDiagnostics, HyperService and Rapid Module Exchange are trademarks of Data Systems Design, Inc.
PDP is a registered trademark of Digital Equipment Corp.

"OEMS: Don't miss the new 700 Series of Multibus
Winchesters at NCC booth #A549, Astroarena, Houston."



The people at Digital are a pretty smart
bunch. They make some of the finest small com-
puters in the world. So we like to think that if
they were to make a new storage system like our
880 Winchester/Floppy, they'd do it the same
way we did.

First of all, they’d make it extremely reliable
with extensive testing and by using one of the
most reliable storage technologies known, the
Winchester.

Next, they’d offer it in different capacities,
like 7.8, 20.8, and 31.2 megabytes, with a choice of
.5 or 1 Mb floppy back-up, or none at all.

These different configurations would, of
course, be fully compatible with Digital’s L5I-11
and PDP®-11 computers.

And the whole package would be extremely
compact, just 5% inches high, so it would save
space and fit in almost anywhere.

They might even add some on-board self-
diagnostics, similar to our exclusive HyperDiag-
nostics,” so you could test, exercise, and debug
without a CPU. And cut down on your service
costs at the same time.

Maybe they’d even institute a module swap
program, something like our Rapid Module
Exchange,” which would be designed to get you

back up and running within twenty-four hours.

Finally, since this system would be so
dependable, they’d be able to offer their extended
service at a much lower price—much like we do
with our own HyperService,” which goes into
effect when the 90-day warranty expires and
covers everything.

And then, as if it weren’t good enough
already, they’d offer this remarkable storage sys-
tem at a lower cost per megabyte than any com-
parable system.

The fact is, though, Digital doesn’t make
anything like this.

Which is why we make the DSD 880 Win-
chester system to go with your Digital computer.

And, why we make it the way we do.

Corporate Headquarters: 2241 Lundy Ave-
nue, San Jose, CA 95131. Eastern Region Sales and
Service: Norwood, MA, 617 769-7620. Central
Region Sales: Dallas, TX, 214 980-4884. Western
Region Sales: Santa Clara, CA, 408 727-3163.

I I N
DATA SYSTEMS DESIGN

tral and South

America (ofﬁce in U.S.A)) 415/967-8818 Denmark 01/83 3400 Pmland 90/88 50 11, France 03/956 81 42; Israel 03/298783 Italy 02/4047648;
Japan 06/323-1707; Netherlands 020/45 87 55; New Zealand 4/693-008; Norway 02/78 94 60; Spain 34/433-2412; Sweden 08/38 03 70;
Switzerland 01/730 48 48; United Kingdom 44/7073/34774; West Germany and Austria 089/1204-0; Yugoslavia 61/263-261.
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Packaging & production
Machine etches
fine metal lines

Reactive ion etching system
reduces undercutting to make
aluminum lines 0.5 um wide

With the geometries of very large-
scale integrated circuits approaching
the submicrometer region, semicon-
ductor manufacturers have turned to
dry plasma etching systems, which
offer tighter control in oxide, nitride,
and polysilicon ctching. But the size
of many VLSI devices is determined
by the metal interconnections, which
are wet-etched and must be made
wide enough for the acid ctching not
to completely undercut them.

A new system from Technics West
Inc. promises to solve this problem
with reactive ion ctching [Electronics,
April 21, p.33]. With this tech-
nique, metal lines can be produced
that are 0.5 um wide on 0.5-um
spacing, with a height of 1 um.

Reactive ion ctching combines the
characteristics of two established
wafer-processing techniques—plas-
ma ctching and ion milling. As in
plasma etching, reactive chemicals
in a gas plasma are employed, but
the plasma’s ions are accelerated in a
collimated beam, as in ion milling.
The beam strikes the bottom of the
etch pattern and not the sidewalls,

greatly reducing undercutting and
allowing narrower metal lines.

The reactive ion etching takes
place in a chamber where the cath-
ode is a hexagonal aluminum column
on which the wafers are mounted.
The anode is a stainless steel bell jar.
Four wafers (3, 4, or 5 in. in diame-
ter) arc mounted on each of the six
surfaces. A complete etching cycle
takes 40 minutes, so the system,
called the HE-II, has a throughput
of 36 wafers per hour.

Technics West has been building
plasma etching and ion milling sys-
tems for about 10 years. The HE-II,
which is based on a process devel-
oped and licensed by Western Elec-
tric’s Bell Laboratories, will be
shown for the first time at Scmi-
con/West, the scmiconductor pro-
duction-equipment trade show held
in San Mateo, Calif., May 25-28.

The HE-I1 will sell for about
$250,000, depending on configura-
tion. Delivery is in six months.

In addition to the ion ctching sys-
tem, Technics West has developed a
wafer loader that automatically
takes wafers from standard cassettes
and loads them onto the special car-
riers that mount on each of the six
processing surfaces. Pricing for the
loader has not yet been set.

Technics West Inc., 2305 Paragon Dr., San
Jose, Calif. 95131. Phone (408) 946-8700
[435]

Hybrid aligner
exposes fine lines

Mask aligner’s critical stage
is pneumatically isolated
to achieve 1-um line widths

The key to aligning geometries with
dimensions of around 1 um on thin-
film hybrids, flat-screen displays,
microwave hybrids, and other fine-
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line devices is a vibration-free system
that cnables an operator to view the
mask and substrate clearly at high
magnifications. Optical Associates
Inc. has designed its new series 500
mask aligner so that its mask-to-
substrate alignment stage is located
on a vibration-free pncumatically
isolated exposure platform. The Hy-
bralign 500 system, a successor to
the proven 400 series, can accommo-
date substrates up to 4 in. on a side
and rectangular masks with a diago-
nal dimension of 7 in.

At higher magnifications (up to

X 400) it is cssential that the sub-
strate surface remain in focus as the
microscope is moved along any axis
during the alignment phase. To
achieve this, the aligner first brings
the substrate surface into contact
with thc mask. When separated, the
system keeps the mask and surface
parallel, compensating for any sub-
stratec-wedge crror.

Selection of microscopes. Another
key featurc of the 500 aligner is its
wide microscope adaptability. The
user can select from a variety of
split-field metallurgical microscopes
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One Step Ahead of Your
Mature MOS Requirements.

N

ar matire MOS requirements by keeping a few
_ race. Our sole business is the production of mature
products, left behind in an industry that outgrows

You're a semiconductor company searching for a way to fulfill ongoing
guirements of your customers, or an OEM looking for. hard-to-find MOS
5, Senitron can provide you with a permanent supply.

‘Best of all, our fast turn-around time delivers the product you want when you want
it. At a price you'll like. Write or call us at: Senitron, 3883 N. 28th Avenue,
Phoenix, AZ 85017, (602) 277-3481.

7
senitror
Moving Ahead By Staying

CirWeader servi
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with "a bright- and dark-field capa-
bility or units operating on Nomars-
ki interference-contrast principles,
which are especially valuable when
lining up a feature to a metal edge.
The mask-to-substrate alignment
stage is supplied with differential
micrometers that provide fine verni-
er control of X- and Y-axis move-
ments of the substrate holder. In
addition, the microscope joystick has
finger-tip—operated X- and Y-axis
brakes. Another valuable feature is
simple, direct operator control of the
pneumatically powered stage posi-
tioning for the alignment and expo-

sure steps. In the
off-load, on-load
phase, there is
unobstructed ac-
cess to the entire
mask-to-sub-
strate alignment
stage.

Other features
of the system,
which is priced
at approximately $25,000, are con-
stant intensity control at the sub-
strate surface and a shutter timer.
Light sources for the unit are availa-
ble with collimating lenses up to 7 in.

LRt R |
in diameter and with lamp ratings of
up to 500 w.

Optical Associates Inc., 3300 Edward Ave.,
Santa Clara, Calif. 95050. Phone (408) 988-
6900 {436]

Gage controls
lapping to 0.5 um

Quartz crystal is lapped
with wafers; its resonance
is used to monitor progress

Thickness is a parameter that must
be carefully controlled in the process
of lapping metals, semiconductors,
or insulators. A new piezoelectric
gage from Transat Corp. employs a
low-cost, disposable quartz sensor
disk to monitor the thickness of work
pieces during lapping to an accuracy
of 0.5 um and terminate the process

automatically when the work pieces
reach a preset thickness.

The measurement, twice as accu-
rate as those of existing instruments
used for this purpose, is independent
of lap-plate wear—it indicates the
thickness of the machined pieces, not
the distance between the lap plate
and a fixed reference surface.

The gage consists of a control unit
and a base unit. The control unit
contains the thickness display and a
key pad for entering the desired con-
trol parameters. It can be located
near the operator or mounted in the
control panel of the lap machine.
The base unit contains the main
electronics and can be remotely
located.

The gage measures the oscillation
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frequency of the quartz monitor disk
in two modes, from 1 to 40 MHz. The
control unit translates frequency into
thickness. Normally the gage uses
the frequency constant of AT-cut
quartz monitors (k = 1.66 X 10° um-
Hz), but other constants can be
entered through the keyboard. The
thickness dimension can be read out
in micrometers or mils. Further-
more, an offset can be entered to
account for the added thickness of a
spacer on which the monitor can be
mounted. With the standard fre-
quency constant, thickness can be
measured from 1,660 down to 41.5
pum. With the addition of a spacer,
greater thicknesses can be measured.

In an actual lapping operation, a
small quartz monitor blank is
inserted into the center of one or
more wafer carriers. An electrode is
mounted in the lap plate, its face
flush with the lap surface and posi-
tioned so that it meets the quartz
monitor once each revolution. A
variable-frequency sweep signal is
applied to the electrode from the
gage. The signal flows through the
quartz monitor and then back to the
electrode.

Target resonance. The monitor
oscillates, responding strongly when
its mechanical resonance frequency
coincides with the signal frequency.
The resonant frequency is sensed
and compared with a target frequen-
cy. When the resonant frequency of
the monitor equals the target value,
the lapping motor is stopped by a
relay. Thickness equals the frequen-
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ARN VIS DESIGN

If you want to take
part in LSI/VLSI design-
and understand what this
technology means o
you, your
company, and
your career-you
can't sit back and
watch. Join the design
revolution of the '80’s!
Learn VLS| design!

And that's what this
new video tape course
from VLS| Technology, Inc. is all
about - actually ‘doing LSI/VLSI".
Filrned before a class of managers,
engineers, and CAD specialists from
Hewlett-Packard, this 21 hour video

tape series teaches you how to
architect, design, and layout
your own proprietary chips.
Homework assignments are
provided so you can learn by
doing. Some of you may actually
fabricate your first designs.

The instructors for this course
have debugged the material over
the past two years while teaching
LSI/VLSI design courses at M.LT,
Caltech, Stanford, and U.C.

Berkeley. Similar
courses based
on the Mead/
Conway design
methodology
are now being
taught at DEC,
Xerox, Varian,
Bell Labs, and
Hewlett-
Packard, as
well as at over
30 major
universities in the U.S. and Europe.
Now you and your company
have the opportunity to take part
in this valuable course at your own
plant or office. A modest
programming or digital design
background are the prerequisites.
Managers, engineers,
programmers, and CAD

specialists can all benefit. This new

course will allow
you and your
company to
become a
participant in the
LSI/VLSI design
revolution. You will
be able to make
more accurate
technology
fradeoffs, take
part in
proprietary
chip-design
programs,
and develop 5
CAD tools more ;
attuned to the design
and testing problems of
your company.

Learning a new technology is
not easy. It takes work—-and a lot
of it. If you're wiling o make that
commitment, and move your
career and company forward.
Join the design revolution of
the ‘80'! Learn
VLS| design!

This exciting
video tape series
focuses on the
following critical
areqs B
Architectural
design for VLS| &
nMOS logic and
basic building
blocks B Chip
planning and
layout @
Performance
evaluation ®
System timing and simulation &
Computer-aided design techniques
B Case studies in LS| design.

VLSI Technology. Inc.
101 McKay Drive
San Jose, CA 95131
408-942-1810

VLSI Technology, Inc. is a
new high-technology
semiconductor company
that will specialize in fast-
turnaround fabrication of
custom and semi-custom
LSI/VLSI and silicon foundry
services. We will continue
to offer a range of
educational services for
this fast-moving field.
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Our name is on the keyboard,
but your name is on the line.

When your design team chooses a keyboard
for your new business-computer, word-
processor or other new application, you know
your products’ success will be based in large
part on that keyboard. . .how it feels, how

it looks, its functions, features and reliability.

That’s why so many companies specify
Digitran’s capacitive switch technology.
People tell us that the “tactile feel” of our
keyboards beats anything they’ve ever used.
Effortless, but positive.

Digitran keyboards make your product look
better because we make everything {except
the IC’s) in house.We control the color, the
finish and the aesthetic appeal for maximum

marketing impact.

Specifications? Yours. Custom or standard.
We'll design to U.S. specs or the new
European DIN specs.We can provide any
function you specify and many features you
may not be aware of. If your specifications
call for a standard application keyboard, we
have those, too.

Application by application the Digitran
keyboard has built a proven record of field-
tested reliability.

You may aiready be using Digitran keyboards.
If you aren’t, remember: Your product is

only as good as its keyboard. Is your product
as good as it could be? If you aren’t sure

talk to your design team. Then write or call:
Director of Marketing, Keyboard Division.

DIGITRRAN

The Digitran Company, a division of Becton, Dickinson and Company
855 South Arroyo Parkway * Pasadena, California 91105 < Phone: (213} 449-3110 « TWX 910-588-3794, TELEX 67-5485
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cy constant, k, divided by the reso-
nant frequency. For quartz, k is pre-
cise within about 1 part per million.
The monitor, which costs about 15¢,
is lapped down with the lap load and

discarded after the process.

The gage has been evaluated by a
major lapping-machine manufactur-
er, and several are currently being
installed at integrated-circuit firms.

It is priced at about $8,000 and can
be delivered in eight weeks.

Transat Corp., 3713 Lee Rd., Shaker
Heights, Ohio 44120. Phone (216) 991-7300
[437]

Dense connector
takes vibration

Stacking connector uses
wires bonded to elastomer
to link boards despite knocks

The stacked or board-to-board con-
nector has evolved into an attractive
alternative to the backplane. Present
metallic-contact board-to-board con-
nectors are adequate for most appli-
cations but are limited to relatively
low-density interconnections and, in
addition, arc susceptible to failure
due to shock and vibration.

Tecknit has developed a high-den-
sity, low-resistance clastomeric con-
nector assembly for board-to-board
applications where center-to-center
contact spacing is less than 50 mils
and where the system must with-
stand a certain amount of vibration.

The assembly consists of a low-
resistance Zebra series 7000 elas-
tomeric connector inserted into the
slot of a plastic diclectric holder,
which is held in position between a
pair of printed-circuit boards with
two screws. The holder is designed to
align the pc boards and also acts as a
controlled deflec-
tion stop.

The elastomeric
connector element
is a D-shaped low-
durometer silicone
elastomeric core
around which run
flat mectal conduc-
tors. Parallel rows
of these wires are
vulcanized to the
surface of the sili-
conc and become
part of the compos-
ite material.

When the con-
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nector is deflected by vibration
between the pc boards, there is no
danger of the wires coming loose
since the bond between the wires and
rubber is stronger than the rubber
itself. The elastomer also provides
excellent shock and vibration
damping and forms a gas-tight scal
where it contacts the board.

At the extreme top and bottom of
the D configuration, the tips of the
flat wires flare upwards so point con-
tact can be achieved. This contact
penetrates any surface oxides or oth-
cr contaminants present on the sur-
face of the contact pads, ensuring a
reliable electrical connection in addi-
tion to the connection through the
flat surface of the clement. The flat
wires of the elastomeric insert are on
15-mil centers and typically have a
contact resistance of 20 mQ when
connected to a pad 35 mils wide.

The new connector offers a pres-
sure-type connection that eliminates
problems associated with soldering
and lcad straightening and allows for
rapid assembly and disassembly of
interconnected boards. A plastic
holder and connecting clement 2V
in. long sell for about $3 in lots of
over 20,000. Deliveries are in about
threc weeks.

Tecknit, 129 Dermody St., Cranford, N. J.
07016. Phone (201) 272-5500 [438]

Chip sorter permits
chip inspection

A programmable chip sorter enables
users to categorize integrated-circuit
chips and diodes and simultaneously
moves th¢m from film-mounted
sawed wafers to waffle packs and
from waffle packs to substrates,
hybrid circuits, or other packages.

The KTC Placement System can
load the chips in up to four separate
waffle packs. The operator visually
determines the chip’s category and
then presses the appropriate output
button (labeled A through D), caus-
ing the chips to be automatically
placed in the designated chip tray.

The chips are picked up from the
input table by a dual-tip 180° trans-
fer head and transferred to the out-
put table. Both 4-by-4-in. tables are
microprocessor-controlled with pro-
grammable rcad-only and random-
access memory and have secveral
optional tooling holders.

The KTC Placement System is
available with a closed-circuit televi-
sion monitoring system that is used
to align and inspect chips transferred
from film through a die-elevator
device and sells for $34,500. With a
sterco microscope monitoring system
used for high-quality inspection, it
sells for $32,500. Delivery takes
eight to ten weeks.

Keller Technology Corp., P.O. Box 103,
Buffalo, N. Y. 14217. Phone (716) 693-3840
[393]

Multipole connectors
work in hostile environments

A line of multipole connectors with
dic-cast aluminum housings resists
dirt, grease, oil, vibration, and sea
water. They are commonly used for
heavy-duty machine tools, industrial

205



QUALITY
PROBLEMS ?

We CGan Find Failures
Before Your Customers Do

Thermotron has been solving
quality problems for 20 years
for the aerospace industry with
environmental simulation stress screening.

Gall Us 616-392-1492

Ask for Stress Screening Consultant

We Can
e Save you money
e Improve your product’s image

We Have
¢ Largest design and
application engineering
staff in the industry

* Largest product support
organization to provide
‘‘after sale service”’

THERMOTR@N

Thermotron Industries, Inc., Kollen Park Drive, Holland, Michigan 49423
A SUBSIDIARY OF ' _/ WEHR CORPORATION
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machinery and processing equip-
ment, electronic medical equipment,
transport and recreational vehicles,
and outdoor advertising and commu-
nications equipment.

The environmentally protected
connectors comply with DIN 40050
standards and are VDE rated. Their
positive-locking latch comes in zinc-
plated steel or stainless steel, and the
neoprene gasket seal is resistant to
aging.

Available with either screw-, sold-
er-, or crimp-type terminations, the
multipole connectors are priced at
$38 each. Delivery takes cight to ten
weeks after receipt of order.
Electrovert Inc., Components Division, 399
Executive Blvd., Eimsford, N.Y. 10523.
Phone (914) 592-7322 [394]

Desoldering unit removes
components from pc boards

In the offing is a desoldering system,
the printed-circuit-board reflow
module, which can remove bad mul-
ti-lead components quickly and easi-
ly from printed-circuit boards in
about 5 seconds. The component to
be removed is positioned so that a
predetermined amount of solder
flows against the lead pattern of the
component. The flowing solder
transmits cnough heat to cause sold-
er in all lead holes to melt for instant
removal of the component. The oper-
ator need not be experienced to oper-
ate the system because the only
thing that touches the board is the
flowing solder.

With the printed-circuit board

Electronics /May 19, 1982



——— CMOS Power At

The latest available
technology for custom
IC’s. Truly a stroke of
genius from Synertek.

You get the best of both worlds. Low power
consumption. High speed — up to @ 20MHz
clock. That's HCMOS - high-performance
CMOS. And we're the first custom IC manu-
facturer to offer this advanced fechnology to
the custom marketplace.

High-speed, high-performance, cost-effective
custom IC’s. Tough to do. And we did it

first. That tells you something about Synertek
custom.

.HCMQOS - the domi-

Bipolar Speed.
A Stroke Of Genius.

Because when you commit your product’s
success fo the successful design and manu-
facture of a custom IC, you want a custom
house that performs. And delivers. You need
to know that the best options are available
to you. So that you can get the best circuit
possible for your particular requirement.

does it with state-of-the-art 3-micron design
rules. From hand-crafted maximum perfor-
mance designs to semi-automated cell-library
designs. Plus flexibility. Plus experience. All
molded by a team of professionals dedicated
solely to custom work. And all this backed by
the resources of one of the largest and most
innovative custom MOS manufacturers today.
Synertek.

We've been designing and manufacturing
custom IC's since day one. For HCMOS (and
HMOS or industry stan-

For design engineers,

nant technology of the
80’s — can be the
answer, and Synertek

Synertek Custom HCMOS

Threshold Voltage

dard NMOS) now is

* the right time for you
to tap the genius at
Synertek. The artisans
of tfechnology.

V;, 0.9V
Viy 0.7V

Supply Voltage 1.5-5.5V

Channel Length 3u

“Vaolues are typrcat values Actual circurt performance will
uit needs ond comp'exties

depend on particular

Company

Address

ity

SYNERTEK

ASubsidiary of Honeywell

3001 Stender Way, PO. Box 552
Santa Clara, California 95052
(408) 988-5600
TWX:910-338-0135




s “_:\03;,‘;”7 4 V/E
‘ //’,//f SILK COVERED
- : COTTON COVERED
CELANESE COVERED
GLASS FIBRE COVERED
LITZENDRAHT AND

SPECIALS TO ORDER

ENAMELED COPPER

ENAMELED IRON

ENAMELED ALLOY
ENAMELED ALUMINUM
TWISTED MULTIPLES
PARALLEL MULTIPLES

LIS i
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ELECTRONICS

@ There’'s more to present day engineer-
ing and design problems than shortages
of materials, priorities, etc. There is also
the question of whether specifications have
been rigidly adhered to. Wire, for ex-
ample, must meet such requirements
as specific electrical properties, flexibility,
tensile strength, laying speed, uniform-
ity, etc.

Whether it's a buyer's or a seller’s market,
WINCO magnet wire products are drawn

WINSTED DIVISION

COKNECTICUT

WINSTED

June 19142

to exact specifications. Uniformity of prod-
uct is guaranteed by mercury process tests
and careful supervision guards against
variations in consistency, structure or elec-
trical values.

If you have a wire problem, our complete
facilities are at your disposal. Send blue-
prints or specifications for recommenda-
tions, without obligation. Samples sent on
request; write today.
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Even in the toughest applications, user reports and our own
tests show the Fairchild probe tip, plated with 50 millionths of gold,
to have a consistent pattern of superior performance compared
to other types of probe tips. We give you the largest diameter spring
in the industry for dependable electrical contact and longer spring life.
You get the closest possible tolerance between each component
of the probe-receptacle set, and the receptacle will handle repeated
probe replacements while retaining its tight fit to insure reliable
continuity during testing.

Fairchild Test Systems / Mechanical Division
I  One Fairchild Sq
FAIRCHILD Clifton Park
I New York 12065
A Schlumberger Company 518-877-7042

Make your own tests with Fairchild's
free samples. Send your request on your
company letterhead and we'll send you
our sampler pack which includes every tip style
You can request rhodium-tip samples. too
Go for the goid.
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WORLDWIDE ELECTRONICS MARKETS

Electronics’ highly respected 24th annual market forecast has been
expanded to provide a 65-page in-depth look at

. the current and future demand for more than 800 elec-
tronic component and equipment products in the USA,
Western Europe, and Japan —including 23 additional
pages of market-estimate and growth-rate tables. Order
today forimmediate delivery of the Electronics 1982 World
Markets Forecast Data Book!

W,/ Payment of $150 (USA orders add local tax) must accompany order to:

e‘ £ Electronics Magazine Books, 1221 Ave. of the Americas, New York, NY

I‘}n . 10020 USA. Pro forma invoice will be sent upon request. Price includes
e first-class or air shipment,

reflow module, faulty assemblies can
be cconomically repaired, and valu-
able components can be salvaged
from nonfunctional boards, thus
reducing the cost of replacement,
according to its maker.

The desoldering system is availa-
ble as a table-top model or as a
console station with adjustable board
carriers, a target locator, and tem-
perature and speed controls. It is
framed in an acrylic-polyvinyl-chlo-
ride housing and is priced at $3,900.
Delivery takes six weeks.

Air-Vac Engineering Co., 100 Gulf St., Mil-
ford, Conn. 06450. Phone (203) 874-2541
[395]

Pc-board cleaning systems
sell for under $10,000

Two aqueous cleaning systems, the
Aquamatic I and 11, wash, rinse, and
dry printed-circuit boards. They
incorporate features normally found
in only the much larger systems but
have a base price starting at under
$10,000 —lower than any compara-
ble system in the industry, its maker
claims.

The Aquamatic | is a modular
system with a series of seven basic
modules that can be added or sub-
tracted according to the user’s needs.
The Aquamatic Il is a self-contained
unit incorporating three basic sta-
tions. Both are available with a vari-
cty of options and accessories for
custom-designed systems. The
Aquamatic I, for example, comes
with an optional clear window for
inspection of the cleaning operation.
A nonpolluting and economical
cleaning stage that uses water to
eliminate constant dumping and
monitoring is common to both sys-
tems.

The Aquamatic I and Il can han-
dle pc boards up to 12 in. wide and
can be used in line with larger sys-
tems, including soldering systems,
without costly modifications. Deliv-
ery is estimated at eight to 10 weeks
after receipt of order.

The John Treiber Co., 18120 Mount Wash-
ington St., Fountain Valley, Calif. 92708.
Phone (714) 557-1821 [398]
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THE UNSCOPE!

[HUNTC 1RO)N]
T IRANGIKESR

NOT AN OSCILLOSCOPE!
NOT A CURVE TRACER!

TESTS SOLID STATE DEVICES . . . IN-CIRCUIT. . . WITH NO CIRCUIT POWER APPLIED!

This amazing instrument will help you reduce troubleshooting costs and speed
repair to a degree that will surprise you. Easy to operate, HUNTRON
TRACKER locates defective devices FAST. NOT A LOGIC TESTER! The
TRACKER locates shorts, opens and leaky components of all kinds. LED'’s
diodes, bipolars, FET's, J-FET's, MOS and CMOS IC's, electrolytics,
memories of all types, special purpose devices like diac triggers and
integrated voltage regulators.

FAST, LOW-COST REPAIRS WITH . . . HUNTRON TRACKER!

(JUIINITCTROIN]
INSTRUMENTS

15123 Hygl North,L 98036

(800) 426-9265

AUSTRALIA ECQ ELECTRONICS QUEENSLAND, AUSTRALIA 4068 TEL: 07-376-5677

CANADA CYPRUS PRODUCTS, INC VANCOUVER, B.C TEL: (604) 327-8814

FRANCE MB ELECTRONIQUE B.P. 31-78530 BUC, FRANCE TEL: (3) 956,81,31

GERMANY INSTRUMATIC ELECTRONIC GMBH MUNICH, GERMANY TEL: (089) 85 20 63
NDRWAY/DENMARK WESTRON A/S OLSO 4, NORWAY TEL: (02) 155500
SWEDEN/FINLAND SATT ELEKTRONIK A/B S-126 STOCKHOLM, SWEDEN TEL: (08) 81 01 00
SWITZERLAND INSTRUMATIC AG 8803 RUSCHLIKON, SWITZERLAND TEL: (01) 724 1410

UNITED KINGDDM M.T.L. MICROTESTING LTD HAMPSHIRE GU342QG, UNITED KINGDOM TEL: ALTON (0420) 88022
"ELECTRO BOOTH NUMBER 2538" Circle 209 on reader service card
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Components
Hybrid op amp
runs at 70 MHz

High-speed unit's performance
is stable without compensation

over gain range of 1to 40

Comlinear Corp. is offering a hybrid
operational amplifier of exceptional
performance. It has, says David A.
Nelson, president, a gain-phase re-
sponse that is flat from dc to 100
MHz and an unconditional stability
not requiring external components.
The CLC103’s typical small-sig-

nal 3-dB bandwidth is 150 MHz, and
the minimum full-power (an ouput
of 20 v peak to peak) 3-dB band-
width is 70 MHz for noninverting
applications or 75 MHz when the
input is inverted. These minimums
hold over a range of transfer gains
(Vou/Vin) of 1 to 40. The typical slew
rate is greater than 6 v/ns.

For a 10-v output step, typical
settling time to within 0.4% of final
value is § ns and to within 0.2% is 10
ns. Maximum* settling times at a
transfer gain of 20 are 8 ns to within
0.4% of a 10-v step and 15 ns to
0.2%. Phase linearity from dc to half
the bandwidth is within 1°.

Stable performance at this high
level is maintained by a proprietary
design that keeps the op amp’s
closed-loop gain constant as transfer
gain is varied by a single external
resistor from 1 to 40, says Nelson.
With closed-loop gain held constant,
no change in internal compensation
is required as transfer gain is varied.
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Unlike conventional op amp designs
where the optimum gain-bandwidth
product is achieved at high gain,
minimum settling time occurs at a
gain of —1, and the minimum slew rate
is found at a gain of +1, the
year-old-firm’s device is consistent in
almost all aspects of performance
over its entire gain range.

The hybrid’s high stability at all
gain settings “means that no com-
pensating capacitors or resistors are
needed to maintain stable gain and
high-fidelity pulse response,” says
Nelson. “This eliminates the expense
of adjustable capacitors and the
labor of a trained technician to
adjust them.”

Uses. Comlinear is targeting the
CLC103 for use with 100-MHz flash
analog-to-digital and digital-to-ana-
log converters, as preamplifiers for
high-speed fiber-optic detectors and
photomultiplier tubes, as high-per-
formance low-cost output amplifiers
for function and pulse generators,
and for baseband video communica-
tions in such applications as satellite
earth stations.

Group delay for the CLCI103 is
typically 2.2 ns at a transfer gain of
4, 2.9 ns at a gain of 20, and 3.5 ns
at a gain of 40. Overshoot for a 1-ns
input rise time and a 20-V output
step is typically 3% at gains of 20
and 40 and 12% for a gain of 4. For
a 5-V step, overshoot is only 2% at a
gain of 20. The part’s high linearity
is typified by a minimum third-order
intermodulation intercept of 40 dBm
at 20 MHz. At 50 MHz, 1-dB gain
compression occurs at 20 Vv peak-
to-peak output.

Input offset voltage is typically
less than 30 mv and drifts less than
50 uv/°C. The unit draws 27 mA
from a X 15-v supply—supply levels
may range from £9 to 16 v. The
two bipolar output transistors will
put out £200 ma at 12 v peak.

In a 24-pin ceramic dual in-line
package, the CLC103 is priced at
$150 each in small quantities. For
orders of 1,000 pieces or more, the
price is under $100; production
quantities will be available this
month. The operating temperature
range is —25° to +85°C. Comlinear
is also offering a version that meets

MIL-STD-883B, operating at from
—55°to +125°C.

Comlinear Corp., 2468 East Ninth St., Love-
land, Colo. 80537. Phone (303) 669-9433
[341)

Instrumentation filter and
amplifier eliminate aliasing

The PDF-106 instrumentation am-
plifier and filter conditions signals
and eliminates aliasing by limiting
the input-signal bandwidth. The
-106 combines a programmable,
high-performance instrumentation
amplifier and a low-pass, six-pole
Butterworth filter that is housed in a
thick-film hybrid circuit, hermetical-
ly sealed in a 24-pin dual in-line
package.

Amplifier gain is from 0.1 to
1,000, amplifier offset is *100%,
and the filter cutoff is between 5 Hz
and 5 kHz. All values are determined
by external resistors. The amplifier-
filter combination has floating dif-
ferential inputs, an input range of
+10 v, and a high common-mode
rejection ratio—110 dB minimum
for a gain of 1,000. The device’s gain
stability is within 2% between —35°
and +85°C.

The -106 is approximately $200,
with delivery from stock.

Aydin Vector Division, P. O. Box 328, New-
town, Pa. 18940. Phone (215) 968-4271
[343]

Digital attenuators operate
over dc-to-400-MHz range

A line of TTL-programmable digital
attenuators spans the frequency
range of dc to 400 MHz, with a maxi-
mum attenuation to 127 dB. These
miniature components are capable of
providing attenuation with a preci-
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Let's talk silicon value...

Monsanto now offers
two families of /
silicon products—
MQS"and YIELD MAX: ’g ,
These products,

coupled with our

yield analysis program, '
are designed :
to help fab
engineers
achieve higher
device yields |
and lower
device
costs.

Monsantq

Haskell Waddle
Director, Marketing

| ™ :
MQ@S and YIELD MAX products deliver improved
device yields by:
W Matching wefer r e ot

characteristics to
specific 1.C. process
requirements.

silicon program, send for our
product offering and Silicon Story.

Monsanto Electronics Division
Attn’ B G. Marchetta

755 Page Mill Road

PO Box 10123

Palo Alto, Cahfornia 94303
Phone’ (415) 493-3300

B Consistently delivering
wafers to stringent
quality standards.

Name

Title

Company
Address
City State 2ip

Monsanto L~———————— ;
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sion normally associated with me-
chanical step attenuators.

The DA-600 scries covers the 1.0
to-35-MHz range with a balanced
configuration that reduces switching
transicnts to cxtremely low levels,
while the -700 series covers the 20-
to-400-MHz range with attenuation
in 1-dB steps to 127 dB. A third
series, the -800, uses miniature clec-
tromechanical devices to cover the
dc-to-35-MHz range with negligible
switching transients and distortion.

The series is available in a variety
of binary or binary-coded-decimal
sequences, including single-bit units
suitable for interspersion in signal
paths where gain-attcnuation pro-
files require critical control.
Switching times arc 200 ns for the
-600 scries, 2 us for the -700 series,
and 3.0 ms for the -800 series.

The devices range in price from
$460 to $1,995 cach. Delivery takes
60 days and longer.

Lorch Electronics Corp., 105 Cedar La.,
Englewood, N.J. 07631. Phone (201) 569-
8282 [344]

Pulsed laser diode works at
wavelengths of 870 to 904 nm

The PLD-10, a high-performance,
military-grade laser diode, is a gal-
lium-aluminum-arsenide laser de-
signed for pulsed operation. The
laser has a mirror-coated, multi-
layer, heterojunction design and op-
crates on a low threshold current.
The device’s output power is typi-
cally 10 w.

The laser diode is available at
peak wavelengths of 870 to 904 nm.
Each laser is factory tested for 24
continuous hours before shipment.
The pulsed laser diode, packaged in
an optically centered, hermetically
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sealed case, can be used in a variety
of military systems including laser
range finders, proximity devices, and
target designators. Available for
immediate delivery, the -10 sells for
approximately $150 cach.

Laseron, 655 Concord St., Suite 1, Fram-
ingham, Mass. 01701. Phone (617) 872-
9870 (345]

Resistor networks in plastic
packages meet military specs

Housed in plastic 8-, 14-, and 16-pin
dual in-linc packages with a 99.5%
alumina substrate and 0.100-in. lcad
spacings arc the FO8, F14, and F16
scrics, respectively, thin-film preci-
sion resistor nctworks that meet the
specifications of chargcteristic V of
MIL-R-83401. Automatically in-
scrtable, the devices have standard
resistor tolerances of %0.1%,
+0.5%, and *1% absolute, respec-
tively. Their temperature cocfficient
of resistance is 50 ppm/°C, and their
opecrating temperature range checks
inat =55 to +125°C.

Suitable for replacing discrete
precision resistors, the resistor net-
works' applications include matched
pairs, pull-up resistor arrays for
unused TTL gates, parallel high-
speed circuitry, wirc-OR gate config-
urations, and TTL-MOS interfacing.

In 1,000-unit lots the devices sell
for 95¢ cach, with delivery taking
cight weeks.

Allen-Bradley Co., Electronics Division, 1201
South Second St., Milwaukee, Wis. 53204.
Phone (414) 671-2000 [346]

Full-travel keyboard
has ergonomic features

A full-travel membrane-type key-
board, called Screened-Contact, for
wired-only keyboard requirements is
designed to replace more cxpensive
and less reliable gold-contact
switches.

The keyboard, which will be
exhibited at the National Computer
Conference next month, meets all of
the new ecrgonomic standards, in-

cluding the German DIN require-
ments. Each switch is 19 mm high
and has a lifetime of over 50 million
operations.

The board is mounted on a rigid
frame, ané stepped or sculptured
keytops are available—a nonglare
keytop finish is standard. The 53-
station keyboard with a wired-only,
X-Y matrix termination will be
delivered from stock for $76.07 each
in lots of 1 to 9 and $52.90 cach in
quantities over 50.

In addition, the firm has intro-
duced an off-the-shelf enclosed key-
board, model P2492, that includes
an 83-station microprocessor-cn-
coded capacitance keyboard with
serial ASCIl output. This keyboard
will be available from stock for
$149.63 without an enclosurc and
$212.63 with one for 1 to 9 units.

Key Tronic Corp., P. O. Box 14687, Spo-
kane, Wash. 99214. Phone (509) 928-8000
[347)

Membrane-telephone keypad
costs as little as 45¢ each

Added to the Kriket series of silicone
clastomer keypads is a standard tele-
phone-array membrane keypad. The
units arc guarantced for 3 million
cycles and have typical contact
resistances of less than 200 Q.
Center-to-center spacing, in both
directions, is 17.5 mm.

The keypad is configured in the

standard three-by-four-key array,
but customers can usc multiple pads
to make larger arrays. Available
from stock, the keypads scll for
$1.25 cach in the 50-picce minimum
order and for as low as 45¢ cach in
quantities over 10,000.
Conductive Rubber Technology, Olive Mill
Plaza, 1230 Coast Village Circle, Santa Bar-
bara, Calif. 93108. Phone (805) 969-5807
[348]
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ISAAC" turns

Apples
(into laboratory
computers...

CYDOIg maoocew aa

...and data acquisition costs tumble!

ISAAC teams with the Apple Computer to give
you automated control of laboratory instruments, data
acquisition, electronic test, process control and front end
processing for centralized systems.

Its LABSOFT extended BASIC language makes
ISAAC easy to use wherever real ime signals must be
recorded, manipulated, related, analyzed, stored, displayed
or printed out. Color charts and graphs are a breeze.

Major ISAAC Hardware Features:
® 16-channel, 12-bitA/D  ® Real-time clock

converter @ RS-232C and IEEE 488
® 4-channel, 12-bit D/A (optional)

converter @ 4 programmable Schmitt
@ 16 binary inputs triggers

@ 16 binary outputs
® 16 bit timer
@ 8 channel counter

® Expansion cards for
additional analog and
binary channels.

Typical Applications:

CHEMISTRY

@ Spectroscopy ® Chromatography ® Electrochemistry
ENGINEERING

@ Bioengineering ® Electronic test ® Materials testing
PSYCHOLOGY

@ Biofeedback ® Stimulus response ® Cognitive learning
PHYSIOLOGY

@ Human performance testing ® Neurological waveform
analysis

PROCESS CONTROL

® Flow, pressure and temperature measurements

@ Current and voltage measurements

ISAAC plus Apple. A lot of technical computing
power for a little money. For complete information, circle

reader service number, or call us toll free at
1(800) 343-4494.

Circle 213 on reader service card

Cyborg Corporation, 55 Chapel Street, Newton, MA 02158 (617) 964-9020
Apple is a trademark of Apple Computer. ISAAC, LABSOFT and CYBORG are trademarks of Cyborg Corporation.




Throw away your resistors.

Replace them with the unique RCA programmable
dual 4-bit logic terminator and save space and power.

RCA's new CD40117B is the Each IC will replace 8 power-  remembers the last logic state of
industry’s first low-current data hungry pull-up or pull-downresis-  the data bus.
terminator. tors. So you save power while Avalilable in 14-lead hermetic
Consisting of two 4-bit termi-  improving board density. Ideal for  or plastic packages.
nators, it can be usedtoterminate any battery-operated or battery Another CMOS logic innova-
adatabusto ahigh orlowlogic  back-up data bus application. tion from the people who invented
state. Or to terminate any open or In addition to saving space CMOS.
unused CMOS logic inputtothe  and power, you can program your For more information, contact
last driven logic state with 3-state  8-bit data bus using the strobe any RCA Solid State sales office
logic or during power down. and data inputs. Andthe CD40117B  or appointed distributor.

RCA Solid State headquarters: Somerville, NJ. Brussels Sao Paulo Hong Kong Circle 214 on reader service card

“Old Reliable™..
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Computers & peripherals

Q-bus card links
to current loop

Communications card also
offers RS-232-C link, lets
Unibus code run on LSI-11

The world is opening up to Digital
Equipment Corp. LSI-11 users who
can now choose between current-
loop and RS-232-C interfaces, and
now Unibus aficionados will be able
to bring their software to the LSI-11
environment—all because MDB Sys-
tems Inc. has expanded its line of
DEC-compatible boards with a sys-
tem communication module that is a
multifunction board.

The MLSI-SCM 11 offers a varie-
ty of features that arc not available
on the comparable DEC board, the
MXVI1IRC, according to MDB de-
sign engineer Sandy Traylor. Fore-
most among these is the ability to
interface with both current-loop and
RS-232-C peripherals. The single
port on the board accepts either, let-
ting users switch equipment easily
without worrying about compatibili-
ty, she notes.

Two features permit users to carry
over Unibus software. The -SCM11
offers support for four-level inter-
rupt schemes, so Unibus packages
can be brought to it without modifi-
cation. A clock-programmable inter-
rupt capability is another aspect that
makes it easy to maintain Unibus
software. The board provides for the
timed interrupts needed for Unibus
programs that are not a feature of
the LSI-11. When Unibus software
runs, the LSI-11 ignores the inter-
rupts, obviating code rewriting.

A sclector on the front of the
board lets users manually change
transmission rates when devices of
different speeds arc used. This quick
conversion method climinates special
software packages needed on some
systems for rate alteration or the
powering down of the system for
hardware conversions required on
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others, says Traylor. Rates from 110
b/s to 38.4 kb/s are standard.

As a troubleshooting aid, the
-SCMI11 has two light-emitting di-
odes that show whether the board is
transmitting or receiving data. This
feature, common to many of MDB’s
recent introductions, makes it sim-
pler to determine whether the termi-
nal or board is malfunctioning by
indicating data flow.

The board lists for $450 in single
quantitics, with the price dropping to
$360 in 100-quantity orders. Deliv-
ery is 30 days after receipt of order.
MDB Systems Inc. 1995 North Batavia St.,
Orange, Calif. 92665. Phone (7 14) 989-6900
[411]

Spate of CAD/CAM hardware
heads toward market

Developers of computer-aided-de-
sign and -manufacturing systems
are aiming at a new level of system
integration based on a common data
base accessible to both engineering
and manufacturing organizations
and maintained by a 32-bit comput-
er. This key feature is found on the
most recent CAD/CAM entries from
Applicon, Sperry Univac, Graftek,
and Auto-trol Technology Corp.
Applicon’s scries 4000 (sce photo
below) is built around threc new
Graphics Processing Facilitics based
on Digital Equipment Corp. mini-
computers. The series 4000 features
a Distributed Graphics Network
package and a data-base manage-

ment system. The network package
allows users to establish graphics
data nctworks. The data-base man-
agement package provides the multi-
disciplinary access to cngineering
and design data necessary to see a
product through the entire develop-
ment cycle. Says Applicon president
Donald W. Fedderson, “The series
4000 provides more than basic docu-
mentation and drafting capabilities.
It offers engineering, manufactur-
ing, and data-management capabili-
ties not typically found in today’s
CAD/CAM systems.”

Data base with network. The 4275
graphics processing facility offered
with the top-of-the-line series 4000
systcm represents a major innovation
for Applicon. Based on a DEC VAX-
11/751 processor, this facility is sup-
plied with 1 megabyte of main mem-
ory (which can be upgraded to 2
megabytes) and supports as many as
four dual-density tape drives and
four hard-disk drives. Starting at less
than $320,000, this system combincs
networking and data-base capabili-
ties with the fast number crunching
that is necessary for many advanced
applications.

The VMS operating system and
virtual-memory architecture help to
keep data-base management swift
and cfficient. The data-base manag-
cr sees to it that access to data is
protected. The system can be set up
so that manufacturing personnel
cannot change the original design to
make it casier to manufacture with-
out notifying the engineers and
designers responsible for the original
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development of the product.

Besides its top-of-the-line system,
Applicon offers entry-level systems
based on the 16-bit PDP-11/34 pro-
cessors. These graphics processing
facilitics, dubbed the 4225 and 4245,
include the RSX-11M operating sys-
tem. A system including hardware,
software, and a work station can be
bought for less than $100,000 and is
upwardly compatible with other Ap-
plicon systems to protect the user’s
initial investment.

Unifying thread. Joel N. Orr,
chairman of Orr Associates Inc. of
Danbury, Conn., and a CAD/CAM
expert, notes that *“the unifying
thread running through all the oper-
ations of the automated factory is
the geometric description of the
part.” Sperry Univac has designed
its UNIS*CAD system with that
thought in mind. Secking to build a
system with drafting and design
capabilitics and analysis software
that operates directly on the design
model, Sperry included a direct con-
nection with production scheduling
and control operations, as well as
numerical-control capabilitics.

The most recent addition to Sper-
ry Univac’s UNIS series of systems
exccuting manufacturing planning,
scheduling, and control software,
UNIS*CAD (scc photo above) uses
both a Sperry Univac 1100 serics
32-bit mainframe and a Sperry Uni-
vac V77 minicomputer in a distrib-
uted architecture. The V77 handles
design, drafting, numerical control,
and mesh generation, freeing the
mainframe to run large analysis pro-
grams, perform the detailed calcula-
tions required for solid modeling,
maintain the data base, and perform
business functions. The V77 is in
turn offloaded by the graphics termi-
nals, which store display lists; zoom,
pan, and rotate display figures; and
communicate with the designer via
the data-tablet interface. The graph-
ics software packages provided by
Sperry Univac support the Mcgatek
7200 and the Adage 4177 terminals.

Graphics Technology Corp., also
known as Graftek, is adding to the
spectrum of available hardware a
high-resolution—color work station to
be used with its 32-bit turnkey
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CAD/CAM system. The new high-
performance display will feature a
19-in. raster-scanning color cathode-
ray tube with flicker-free 60-Hz non-
interlaced operation. Capable of dis-
playing 1024 by 768 picture ele-
ments in cight colors, the terminal
has 27 programmable-function keys
and screen-overlay capabilities.

But the clement that promises to
make the new color work station tru-
ly unique is its voice-input option.
Slated to be available in September,
this option recognizes 100 words or
phrases up to 1.2 seconds in length.
Extra words can be added to the
recognizable vocabulary in under 15
seconds.

Full-featured. The color terminal
alone will be available in July for
$45,000. It is designed to work with
Graftek’s series 32 CAD/CAM sys-
tem, which has a relational data base
specifically designed to handle engi-
neering and scientific data. The
series 32 is a full-featured system
including provisions for mechanical
design, numerical control, produc-
tion drafting, electrical-power wiring
work, solid-gcometric and finite-cle-
ment modeling, flat-pattern develop-
ment, and plastic injection molding.
Graftek first began shipping the sys-
tem, which is built around Gould’s
SEL 32-bit computer, in May of
1981. A complete turnkey system
including four work stations is avail-
able for $425,000.

Another 32-bit-based system de-
signed to be an integrated product-
development tool was recently an-
nounced by Auto-trol Technology
Corp. Auto-trol’s GS-32 engincering
and manufacturing system also uses
the DEC VAX scries of 32-bit mini-
computers. The minicomputer sup-

ports the user’s work stations, with
all functions—from tooling design
and flat-pattern development to nu-
merical-control and product assem-
bly programs—running on the same
computer. Turnkey systems, includ-
ing the processor, start at $80,000.
Applicon, 32 Second Ave., Burlington, Mass.
01803. Phone (617) 272-7070 [476]
Auto-trol Technology Corp., 12500 North
Washington St., Denver, Colo. 80233, Phone
(303) 452-4919 [477]

Graphics Technology Corp., 1777 Conesto-
ga St., Boulder, Colo. 80301. Phone (303)
449-1138 [478]

Sperry Corp., Sperry Univac Division, P. O.
Box 500, Blue Bell, Pa. 19424. Phone (215)
542-4213 [479]

$895 daisy-wheel printer
runs at 12 characters/s

The cost of letter-quality printing for
small computer and word-processing
systems takes a big step down with
the announcement of the TP-I daisy-
wheel printer from Smith-Corona.
Its suggested retail price is only
$895, and glass-reinforced nylon dai-
sy wheels for various type fonts are
only $5 cach.

The unit prints at speeds between
12 and 15 characters/s on paper up
to 13 in. wide. The 10-character/in.
version can print 105 characters a
line, and the 12-character/in. ver-
sion 126 a linc. The initial unit has a
friction paper-feed scheme—a trac-
tor-feed mechanism is due out dur-
ing the first half of the year, accord-
ing to the firm.

The TP-1 comes with ecither a
Centronics-compatible parallel inter-
face or an RS-232-C serial interface.
The latter can be strapped to operate
from 50 to 19,200 b/s. Character
length and parity can also be strap-
ped. Margins are under program
control.

Printing is unidirectional at 6, 4,
or 3 lines/in. Impression force is
controlled with a five-position switch
so that up to five carbon copics may
be produced. Print wheels are said to
have a 2-million-character life and
are casily replaceable. Three types of
ribbon are available in convenient
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Introducing the TRW-61
Metallized Polyester
Capacitor. Now you get
better performance for
medlum-current switching
power supplies ... ata
competitive price.

Unlike electrolytic capacitors
which are can-shaped, our new
TRW-61 capacitors are flat. So,
lying down or standing up, they
take less space on the PC board.
Giving you more design
flexibility.

But that's only the second best
thing about our metallized film
capacitors.

The best thing is, unlike
electrolytic capacitors, the TRW-
61 exhibits little or no
capacitance roll-off with

increasing frequency. So now
you get superior performance
over electrolytic capacitors. At a
competitive price.

Designed specifically for SPS
applications requiring low ESR
and current capability up to 4
amps, the TRW-61 is used for
input filtering, high frequency
transformer DC blocking, and
output filtering.

Rated for 20 through 60 kHz
usage, there’'s negligible shift in
capacitance due to aging, long
exposure to humidity, or
temperature cycling. And our
insulation resistance, surge
rating and dissipation factor are
all superior to the can-shaped
variety.

How does the TRW-61 capacitor
deliver such great performance
at such a sensible price?

It's positively uncanny.

Send in coupon or call us at
(308) 284-3611.

E ST ™ e el ey -
| TRW Capacitors E-5
|

301 W. O Street. Ogallala, Nebraska 69153

|

| Yes, | want better performance for my lower
switching power supplies

|

Please send data on your TRW-61

|
|
|
|
| Capacitors. :
I
I Name o :
Company
} |
| Div /Dept Mad Code I
l |
I Address :
o e e |

TRW/ caracitors

AN OPERATION OF TRW CAPACITORS DIVISION
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Daylight Measurement
of Cloud Heights

THE HEIGHT OF CLOUDS above ground
level is of utmost importance to air-
craft operators and can be measured
in daylight by means of a modulated
light beam pointed vertically at the
cloud, and a photoelectric detector
unit and amplifier. The light source
is an a-c operated high intensity
mercury vapor lamp operated on
60-cps power. The modulation of the
beam is about 95 percent and has a
frequency of 120 cps. The detector
system includes a lens system de-
signed to pick up a cloud area no
larger than that illuminated by the
light beam to reduce the background
light to a minimum. A type 929
phototube is used and its current is
amplified by a five stage resistance-
capacitange amplifier tuned to 120
cps. In practice, the base of the cloud
is scanned by the detector until the
output meter indicates that the light
signal is being received. The compu-
tation of cloud height is a simple
trigonometric problem making use of
a known base line and one angle of a
right triangle to determine the verti-
cal leg, or height of the cloud.—
Electrical Engineering. May 1941.

Stimulus—
Electrical

(Continued from puge 74)

electronic control equipment is in-
serted in series with this lead. The
control comprises two ignitron tubes
connected in such a manner that pri-
mary current flows through one tube
on one half cycle and through the
other tube on the other half cycle.
When the ignitrons are conducting,

Welding rrons-..

3 "/gmrronaf b g

-Thyratror.

NElectronic timing or /
~phase control ~~

Resistance welding control circuit using
ignitrons to control primary current and
thyratrons to control the ignitrons

98

circuit operation is precisely the
sime as outlined above. It will be
obvious, however, that welding cur-
rent may be started and stopped by
starting and stopping ignitron con-
duction, using the ignitrons as an
“electronic switch.” It will also be
apparent that the ignitrons may be
used as an ‘“electronic rheostat” if
some means of causing them to fire

-at controllable points along each half

cycle of a.c. is employed.

One method of controlling the ig-
nitrons and thus controlling welding
time or welding current or both is to
connect thyratron tubes between ig-
nitron anodes and igniters as shown.
The thyratrons may be controlled by
means of any conventional electronic
timing circuit or by phase-shift
methods described elsewhere in this
issue and will, in turn, control the
points along each half cycle at which
associated ignitrons fire. No special
provision for stopping ignitron cur-
rent flow ‘is required in this circuit
as the tubes automatically cease con-
duction on half cycles of a.c. during
which their anodes are negative with
respect to their cathodes.—GENERAL
ELECTRIC COMPANY, Instruction Man-
ual.

Motor Reversal and
Speed Control

THE DIRECTION OF rotation and the
speed of d-¢c motors may be controlled
by means of the circuit shown. The
motor field is operated from any
suitable d-c source. Alternating cur-
rent is applied to the motor field in
series with two thyratron rectifiers
connected ‘“back to back.” The thy-
ratrons employed here are cut off
unless their grids are made positive
with respect to their cathodes.
Throwing the control switch to the
left makes the grid of thyratron A
positive and that tube conducts. Half
waves of current pass through the
motor armature in one direction and
the motor operates. Throwing the
control switch to the right causes
tube B to fire and the motor direction
reverses.

If a wvarjable inductance is in-
cluded in the center arm of the con-
trol switch, as drawn, it will be pos-
sible to control motor speed as well
as the direction of motor rotation.
Varying the inductance shifts the
phase of voltage applied to the thy-

| TwWo NEW
FRANKLIN
SOCKETS

NOW BEING MANUFAC-
TURED FOR ARMY, NAVY
AND SIGNAL CORPS RE-
QUIREMENTS.

STEATITE CERAMIC SOCKET
FOR U.H.F. ACORN TUBES—
minimum electrical losses:
special tempered, silver-plated,
phosphor bronze contacts—min-
imum insertion pressure; snap-
in contacts withstand severe
vibration.

TUBE SOCKET. Shell is special
mica filled phenolic—efficient
operation at higher frequencies.
Revolutionary contact design
—allows thousands of inser-
tions and rotation of tube with-

out contact failure. Locking
spring of stainless steel—ten-

sion to maintain tube in posi-
tion under severe vibration.

| CHECK YOUR REQUIRE-
MENTS WITH US. WE MAY
BE ALREADY TOOLED UP TO
MAKE THE PARTS YOU NEED.

l

—
—

June 1942 — ELECTRONICS




The challenge: conformance to VDE
and international standards

The solution: AIRPAX IPG and
SNAPAK® magnetic circuit
breakers.

For the export market, your product
must conform to international and VDE
specifications. AIRPAX engineers de-
signed the IPG and SNAPAK to comply
with the spacing requirements of VDE
0730, IEC 380, and IEC 435 standards.

You now have the benefits of precision
magnetic “stand alone” protection—with
choices of handle actuation, colors, illu-
mination, terminals, and hardware. Also,
the IPG will mount in any equipment that
currently uses the UPG and UPL style
breakers.

“Hotline” delivery is assured for pro-
totype requirements. Find out how we
can help you meet the challenge of in-
ternational standards with positive, reli-
able circuit switching and protection.

Specifications are in our new catalog.
Write or call AIRPAX/North American
Philips Controls Corp., Cambridge Divi-
sion, Woods Road, Cambridge, MD
21613, telephone (301) 228-4600.

The Intelligent Choice.

AIRPAX

LNORTH AMERICAN PHILIPS CONTROLS CORP ]

Cambridge Division

Circle 220 on reader service card



New products

Microcomputers & systems

Enhanced OS lets
RAM emulate disk

Version of operating system

for IBM Personal Computer
speeds |/ O-intensive tasks

Microsoft, the company that devel-
oped the primary disk operating sys-
tem for IBM's Personal Computer,
has come up with an expandable
random-access-memory card with a
difference: it comes with a modified
version of the PC-DOS that allows a
portion of main memory to be used
as if it were a disk drive. Because
programs written in the Personal
Computer’s Basic language can only
usc 64-K bytes of the potentially
large semiconductor memory as
work space, long programs may be
forced to keep subroutines and data
on disk. Transferring them to and
from floppy-disk storage can slow

exccution down radically,
and this is where the
RAMDrive feature of the
RAMcard, as it is called,
steps in.

“Programs aren’t bot-
tlenecked while the disk
drive is clicking and
whirring,” says David
Woodruff, product mar-
keting manager. Emulat-
ing the disk with the
RAMcard achicves much
higher input/output rates and is par-
ticularly valuable to programs re-
quiring repeated disk access. Large-
scale business programs, sophisti-
cated graphics programs, and major
development tasks are made feasible.

The card comes in 64-, 128-, 192-,
and 256-K-byte configurations rang-
ing in price from $495 to $1,095.
The smaller versions can be up-
graded in $200 64-K-byte incre-
ments. Three cards, placed in any
available expansion slots, add up to
576-K bytes of usable memory.
Address-decoding switches let the
user assemble programs anywhere in
the user memory map.

With a utility called Config, the
user may assign a disk-drive letter to
a portion of the main memory.
Another utility, Memtest, can isolate
bad memory to the chip level.

The card has odd parity checking
and two light-emitting diodes, one
indicating that parity checking has
been disabled and the other that the
board has been selected. The fully
loaded card draws 600 mA from the
5-v supply when accessed, 525 mA
when idle. It will be available this
month at retail stores.

Microsoft Corp., 10700 Northup Way, Belle-
vue, Wash. 98004. Phone (206) 828-8080
[371)

68000-based unit
runs in-house OS

Proprietary operating system
is user-friendly, supports body
of tested application programs

The Motorola 68000 is fast growing
in popularity for small-business sys-
tems, and most of the recent 68000-
based entries offer system software
ecmploying de facto industry stan-
dards, such as Bell Laboratorics’
Unix. Alpha Microsystems is taking
a different tack with its AM 1000

entry-level system: it has designed
the hardwarce around the 68000 spe-
cifically to run the firm’s user-
friendly AMOS (for Alpha Microsys-
tems operating system).
Implementing the multiuser mul-
titasking operating system and revis-
ing the Alphabasic compiler for the
generation of 68000 code allows the
AM 1000 to run tested application
software written during the last five
years with a minimum of code modi-
fication, says Robert Currier, direc-
tor, future systems. In addition,
users who develop programs on the
AM 1000 will be able to maintain
them as they move to larger systems.
Alpha Microsystems will continue to
support the custom central process-

ing unit that it first made available
in 1977 even though it is currently
updating all its hardware to 68000-
based units.

The system is designed for first-
time users and comes with a variety
of built-in mass-storage options that
use the Shugart Associates standard
interface. A low-end version will
have two 5%-in. double-density flop-
py-disk drives, each with an unfor-
matted capacity of 1 megabyte.
Another model substitutes a 10-
megabyte Winchester disk drive for
one of the floppy-disk drives. A third
version includes the Winchester
drive and an interface that allows
the hard disk to be backed up with a
video cassette recorder, using a tech-
nique unveiled last year [Electronics,
Nov. 17, 1981, p. 40}.

The AM 1000 comes with a maxi-
mum of 16-K bytes of read-only
memory and a main memory 128- to
512-K bytes in size. Three RS-232-C
ports arc provided.

Distributor pricing is not yet sct
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for the AM 1000, but the system will
sell to the end user for under
$10,000, the company says. Deliver-
ics arc in 30 days.

Alpha Microsystems, 17881 Sky Park North,
Irvine, Calif. 92713. Phone (714) 957-1404
(372]

S-100 voice unit lets users
vary quality of speech

With its sclectable bit rates of 1.25-,
2-, 3-, and 4-K bytes per sccond of
speech, the CompuCorder, an S-100-
bus—compatible specch-storage cir-
cuit card, lets the user determine the
tradcoff between computer memory
requircments and speech quality to
suit individual applications.

The unit can produce high-quality
speech in any language, from any
voice, male or female. Vocabulary
for the CompuCorder is prepared by
the user by simply speaking into a
microphone. The voice is digitized
using a hardware-based data-com-
pression technique. The resulting
speech data is stored in computer
memory, then replayed under soft-
ware control.

When combined with a disk, the
unit becomes a high-speed, random-
access tape recorder, suitable for
applications such as voice storc-and-
forward systems, paging systems,
automatic announcement systems,
ham-radio repeaters, and computer-
aided instruction.

Available now, the CompuCorder
is priced at $295.

Computalker Consultants, 1730 21st St.,
Santa Monica, Calif. 90404. Phone (213)
828-6546 [373]

Low-cost video controller is
aimed at smart terminals

Built on a 3-by-7-in. iISBX Multimo-
dule board, the iSBX 270 video dis-
play controller provides low-cost,
cight-color display-terminal control
for all 8- or 16-bit Multibus and
iSBX-compatible systcms.

The board can interface with
cither color or black and white dis-
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play monitors at a 50- or 60-Hz
frame rate. Up to 256 characters arc
contained in erasable programmable
recad-only memory, reprogrammable
by the user for custom applications.

Three types of character font dis-
plays are supported by the iSBX 270
in matrixes of seven by nine, five by
seven, or six by cight dots. A key-
board and light-pen interface are
also on board to simplify the design
of intelligent terminals. Rounding
out the controller’s features are cur-
sor control, reverse video, blinking
and underline, and scrolling.

The iSBX 270 contains a software
package in its on-board 8741A
microcomputer that initializes and
monitors the various on-board very
large-scale integrated circuits, main-
taining constant vidco display with-
out the intervention of the system’s
central processing unit. The device is
available now for $750.

Intel Corp., 5200 N. E. Elam Young Parkway,
Hillsboro, Ore. 97123. Phone (503) 640-
7147 [374]

Boards make IEEE-488 bus
respond to serial, parallel data

The models 4825 and 4828 interface
cards allow IEEE-488 bus control
from any standard serial or 8-bit
parallel data source, respectively.
Both are Eurocard-sized plug-in
boards intended for the original-
cquipment-manufacturer market.
The 4825 accepts command data
in serial format from any RS-232-C
or RS-422 scrial-data source com-

puter input/output port or modem
and interprets it to control IEEE-
488 bus opcrations. The 4828, on the
other hand, accepts command data
in parallel format from any standard
8-bit Z80- or 8080-type micropro-

cessor bus and interprets that data
for bus control.

No special interface software need
be written. Each board contains all
the logic and intelligence necessary
to let it opcrate as a full-featured
controller, and each accepts high-
level commands, gencrating all the
control signals and character codes
necessary to command bus opera-
tions. Each card can address any
device connected to the bus as well
as transfer data from devices on the
bus back to the command source.

In small quantitics, the 4825 sells
for $550 each, the 4828 for $525.
Delivery takes 45 days.

ICS Electronics Corp., 1620 Zanker Rd., San
Jose, Calif. 95122. Phone (408) 298-4844
(378

Package brings CP/M
to SS50-bus computers

A combination hardwarc and soft-
warc package called the Z809 Soft-
board System cnables users of SS50-
bus computers to run commercial
CP/M application programs. In addi-
tion, a large quantity of public-
domain softwarc is available from
the cp/M User Group.

The Z809 board contains a Z80A
microprocessor that runs at 4 MHz
when installed on a 2-MHz SS50 sys-
tem. It will exccute Z80 and 8080
object code. Minimum memory re-
quircments arc 25-K bytes, but the
system can accommodate as much as
56-K bytes. It also supports up to
four disk controller boards and up to
16 disk drives.

Included with the Z809 are the
CP/M 2.2 operating system, the
console command processor, the file
manager, and a collection of nonresi-
dent commands and utility pro-
grams. The Z809 Softboard System,
which is to sell for $595, will be
demonstrated at the National Com-
puter Conference next month. In
addition to the 50-pin processor
board and CP/M, it includes an cdi-
tor, assembler, and debugger.

Meta Lab, 2888 Bluff St., Suite 106, Box
1659, Boulder, Colo. 80306. Phone (303)
499-4236 [376])
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Here's a neuw line of
Miniature ROTARIES
PLUSa

whaole lot

You can start by calling ALCOSWITCH and ask for addi-
tional information on one or more specific series. Or,
simply request a copy of our new catalog which includes
other miniature switch products. ALCOSWITCH is prepared
to quote on any custom design switch products. Our engi-
neering department is trained to work with your designers to
overcome any technical probiems or space limitations.

RS-RA Series right angle mounting
G SLEL CLUS GRS, MRSB Series is a programmable
rotary for PC applications.
Terminals are molded in DAP base,
Features full environmental seals,
Excellent for flow soldering
& auto-cleaning,

MRS Series miniature rotary

switches with solder lug or PC
terminals. Choice of two shaft
lengths, with adjustable
stop feature,

MRC Series have
adjustable-stops with
MRSE Series is splash- molded-in terminals,
proof. Internal & external
0" Ring Seal shaft
& or bushing,

MRJ Series are PC rotaries g
with maximum positions in l
minimum space. 30%index.

o) % 7 W
Command Series selector  {{ Ve, * \\x Y
switch offers 1 amp rating %“ " \

@ 125 VAC. 2 or 3 positions,

DRS Series dual-in-line mounting,
Available as BCD or 1,2 or 3 pole

4.6, or 12 positions.
|’\

MRJE Series have
splashproof seal on
shaft & bushing for
added protection, B

\_j MRCE Series feature splashproof
J **Q'" Ring Seals between the
bushing, shaft & panel.

P nunsﬁ%u

MRJB Series has screwdriver ALCO ELECTRON'C PRODUCTS |NC
slot adjustment. All MRJ versions 1551 Osgood Street, North Andover, MA 01845 USA Tel: 617/685-4371

are break-before-make.
Canada: Augat Electronics Inc., Suite 103, 6205 Airport Rd., Mississauga, Ontario, Canada, L4V 1E1

Europe: Augat France SA (Z.l Sofilic) B P. 440-CEDEX 94263 Fresnes, France

Electro Show Booth number: 1334-1336 Circle 223 on reader service card



‘Of course we advertise...

wasted advertising dollars.

Many electronics executives do not have good, sharply-
focused, measurable objectives for their advertising. This
general aimlessness is perhaps the biggest single cause of

The purpose of this ad is to remind you that advertising is
too efficientand powerful to be thrown away on vague objec-
tives. Only you can set the specific tasks that will make your
advertising investments pay off, but we hope this ad will
serve you as a general checklist of possibilities.

1. Market coverage and

brand recognition.

They can’t buy from you if they don't
know about you. Conversely, the
more people who recognize you as a
competent supplier, the more com-
panies you will be able to sell to. It is
beyond controversy that brand recog-
nition and brand preference are the
essential predecessors of sales. It is
also beyond controversy that the only
efficient tool for establishing broad
market recognition is publication ad-
vertising. The Electronics Technology
Market is getting bigger and broader,
and the only way to coveritis to ad-
vertise. Don’t fall into the trap of
believing that the market knows you
and is thinking about you. Research
will tell you how much recognition
you have now. Decide how much
more vou want, set that increase as
the objective for your advertising,
invest to achieve it, and measure the
return on thatinvestment.

2. Positioning.

Positioning is simply deciding what
you most want the market to re-
member about your company and
its products, and then saying those

things in your advertising. Do you
want to be remembered most for
quality, value, low price, service,
dependability, research, technology,
software support, delivery, or some-
thing else? Whatever you select, a
good positioning statement can be
very powerful. It can make your com-
pany easv or safe to buy from. It can
preempt your competitors, forcing
them into a “me too” position.
Research can help guide you to the
selection of the optimum available
“position” and can measure your
progress through the years as you
advertise to make that position stick in
the marketplace.

3. Ride the trends.

This is a flexible form of positioning.
You figure out how your product or
service offerings tie in with current
market trends and then advertise to
put those tie-ins into the prospect’s
mind. For example, you advertise to
show how your products can contrib-
ute to microprocessor-based systems,
or how they canincrease productivity,
or how reliable they are in under-the-
hood environments. The important
technology and market trends are
there for all to see.

4. Reach unknown or
inaccessible buying

influences.

Traditionally, advertising has been
seen as a sales support function —
“calling on” customers when the
salesman is calling someplace else.
Electronics technology purchases
have become more complex and
more critical. The buying decisions
have moved up in the organizational
hierarchy where the salesman has dif-
ficulty making calls. As you define
your market coverage objectives,
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but I'm not sure why.’

make sure vour advertising is reach-
ing the important people vour
salesmen cannot see. Make sure your
message is of interest to these kinds
of people. If it is, they will reach
you—even if vour salesmen cannot
reach them.

5. Product differentiation.
When your products are viewed as
commodities, price and availability
become your only real competitive
weapons. And your profit margins are
under constant pressure. The only
way out of this “commodity trap” is to
differentiate your products from those
of your competitors. Pick some prod-
uct differences and drive them home
in your advertising. There almost
always are saleable differences in ap-
parently identical products. If there
aren’tany in yours, don’t advertise.
Save the money and put it into price
and inventory for quick delivery.

6. Increase or maintain

market share.

If you already have a good share of
market and are willing to keep build-
ing brand recognition and preference,
advertising will make itawfully tough
for your competitors to make a run at
you. The important thing is to do the
research to learn what your share of
recognition and share of preference
are. Then invest whatever advertis-
ing is required to maintain or increase
the lead over your competitors.
There’s also a message here for market
trailers: If old number one in your
market is letting his advertising slip,
your advertising will help you close
that gap faster than any other invest-
ment you can make.

7. Increase market size.
Suppose vou already have the lion’s
share of a product market? Your strat-
egyv as the dominant supplier should
be to increase the market size. Mavbe
this means going into new geographi-
cal areas where vou have not com-
peted before, like Japan, South
America, Eastern and Western Eu-
rope, Australia, or Israel. Or maybe

it means creating new applications for
yvour products. Advertising world-
wideinaninternational magazine will
pave the way.

The surest way to expand a market
is to educate potential customers. The
surest medium of product education
is advertising.

8. Sponsor change.

Change is what creates sales oppor-
tunity — change gives you the
chance to get business you don’t
presently have.

Use your advertising to sponsor
change. Show the prospect how your
product will improve his system, cut
his costs, increase his own sales,
lower his inventories, let him extend
his warranties. Become known as the
supplier who can deal with change.
Then, when your customers need a
change, they’ll come to you.

9. Control your message.
Good publications won’t let you man-
age or control the news in their edito-
rial columns, but you candoitinyour
advertising pages. Advertising is

an ideal “announcement” medium.
You can tell your story to the whole

worldwide market, at one time, and in
vour own words, for very modest ex-
pense. When vou have something to
announce, advertise. Then set up a
system to measure how the message
got across.

10. Make the customer ask.
How many times have you seen a
salesman hand a prospect a sample,
or a brochure, or something else that
the prospect had not vet requested?
This is a faulty selling technique. The
sample will only be meaningful to the
prospect if the prospect wants it. The
salesman should make the prospect
ask for something. Your advertising
can make the prospectask. Use adver-
tising to get the prospect to request a
sample or demonstration. Then the
sample or demo will mean something
to him and will be more likelv to lead
to a sale.

11. What about media?

Now that vou have good advertise-
ments based on objectives that you
can measure — run them in Elec-
tronics. It's read by important people
all around the world, and most read
only Electronics. In fact, more impor-
tant people keep ahead of technology
and business developments with
Electronics than any other magazine
— 331,072 to be exact. Your share of
market will grow with your advertis-
ing in Electronics.

Electronics

Where important people %
read important eclig)erialp i‘:‘n‘:

Thisis the second in a series of advertisements on important marketing and advertising objectives for the 1980’s. Your comments are welcome.
Electronics Magazine, 1221 Avenue of the Americas, New York, N.Y. 10020
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The TRE 800SLR wafer stepper
has proven that there are no alternatives
to its superiority! Heres why...

Industrys highest wafer
throughput

The TRE 800SLR Wafer Stepper has
the highest demonstrable throughput of
any stepper on a production floor today.
At 0.2 micron and 2 registration,
the 800SLR provides a guaranteed global
throughput of 55 wafers per hour on 4"
wafers, on a 10X configuration. The 5X
provides a guaranteed global throughput
of 90 wafers per hour on 4" wafers,

Ask the competition to demonstrate
comparable figures; TRE's throughput
can't be beaten.

Machine interchangeability —
anew industry standard

TRE Semi manufactures all their
steppers to a factory standard of +0.3 um
and uses system characterization
software to monitor their performance.

There’s nothing else like it. In less than
20 minutes, 484 location points per wafer
are calibrated and the data reduced and
presented in a numerical and graphic
printout.

This production line characterization
technique has set the standard for the
industry. It should be setting the
standards for your production floor.

Industrys most advanced
stepper

The TRE 800SLR Stepper is the
technological leader; the industry’s most
advanced, fully-automated system.

It’s features include:

+ automatic field-by-field alignment

* automatic reticle changing,
alignment and masking

* automatic wafer handling (3, 4"
and 5")

* automatic reticle-to-wafer
alignment

« automatic wafer alignment in less
than 0.25 second with 0.2 micron
precision at 2a

+ built-in environmental control

Maximum yields through
automatic alignment

The TRE 800SLR stepper system
uses the industry’s state-of-the-art
automatic wafer-to-reticle alignment
system which eliminates the effects
| of wafer distortion and continental
drift errors introduced through the
IC manufacturing process.

This results in increased vield,
providing more net good die per hour
than any other system.
| The sensitivity of the system

guarantees fast precision overlays on

each chip level within 0.2 um at 2¢
and is capable of aligning to a target
in the first level oxide through all
subsequent layers. This is not
compromised by different resists,
surfaces, or topographies. The
benefits are substantially increased
yield, chip reliability and tighter
Ldesign rules.

TRE technology—
your competitive edgein
IC production

TRE Semi has pioneered many firsts in
microlithography. Like vacuum air
bearings. And the laser-controlled stage.
Environmental chambers. Computer
control. Automatic air gauge focus.
Automatic reticle align. Criss cross.
Automatic reticle and wafer handling.
And automatic die-by-die alignment.

And we originated the concept of
interchangeable lens systems which
permit the user to alter his machine
configuration to address his product mix
without additional capital expenditures.
TRE Semi’s present 24-hour-
interchangeable 5X/10X system
configurations are the continuation of
this company philosophy...and the
prelude of technologies to come.

What other stepper companies have
only been promising for the last two
years, TRE Semi delivers. Today.

Industry’s highest uptime
record

With TRE 800SLR steppers, it’s a field-
proven fact that when our systems come
up, they stay up, consistently registering
95+% uptime,

And they’re up, because we build them
that way. TRE Semi is the only stepper
manufacturer who does a full three weeks
of reliability testing prior to source
inspection. So any problems are found in
our factory, not on your production floor.

Plus, we ship fully-assembled systems.
So they’re shooting wafers within 8 hours
of applying power in 90% of the
installations. Shipping sub-assemblies in
boxes like some manufacturers do,
virtually guarantees problems.

Cost-effective production requires
reliability. Qur reliability is built in, not
serviced in.

TRE worldwide
service and support

TRE Semi has the industry’s highest
commitment to service and support. No
other stepper manufacturer can top the
breadth of experience or manpower put
behind every system we build.

* 4-Hour Response Time—
Internationally, within 24 hours.

* 24-Hour Hotline—(800) 423-5327;
in CA, (800) 382-3373.

* 14 Service Centers—on three
continents with fully-trained,
experienced field engineers.

* Process Engineers—with extensive
resist background and fab line
experience.

* Development Lab—supports
production and is open to
customers.

We'll demonstrate
the difference!

TRE

226

Semiconductor
Equipment
Corporation
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6109 De Soto Ave.,, Woodland Hills, CA 91367 (213) 884-5050

2 and 4 Avenue de I'Europe, 78140 Velizy. France 946.59-58
Radix House, Central Trading Estate, Staines, Middlesex, England 44-784-51444
TEL, 1-26-2 Nishi-Shinjuku, Shinjuku-ku, Tokyo 160. Japan 03-343-4411
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New products

Industrial

STD-bus chassis
holds disk drives

13-slot chassis carries

four-output switching supply,
two 1.6-megabyte drives

More than 50 manufacturers are
now creating function cards for the
STD bus, but the original-equipment
manufacturer who wishes to inte-
grate all this functionality into sys-
tems has had to supply his own chas-
sis or select Pro-Log’s model 701, a
12- or 21-slot card cage with a lincar
power supply. Pro-Log’s latest addi-
tion to the STD-bus effort goes the
model 701 onc better in making sys-
tems easicr to integrate.

Model 702 improves upon model
701 by using a four-voltage
switching power supply and adding
two thin-line 8-in. double-sided dou-
ble-density floppy-disk drives to a
chassis with 13 slots on %-in centers.
“Uscrs previously either had to buy
two separate boxes to get a mass-
storage STD-bus system, or they had
to design their own package,” notes
Charles Cech, Pro-Log’s director of
product marketing.

The thin-line floppy drives have
capacities of 1.6 megabytes cach and
arc made by Tandon Magnetics and
an as-yct unnamed sccond source.
The drives are guaranteed for one
year, and the remainder of the 702
carrics a two-year guarantce. The
all-metal model 702 uses forced-air
cooling and meets Federal Commu-
nications Commission and Under-
writers” Laboratorics requirements.
It fits into a standard 19-in. rack,
with optional side and top pancls for
forming a tabletop unit. The 702 will
be priced at about $5,000, and it will
be available in September.

A full deck. According to Pro-Log
president Edward Lee, the total mar-
ket for STD cards alonc is now about
$50 million. “That figurc doesn’t
include the STD cards that users have
manufactured for themselves,” notes

Electronics /May 19, 1982

Lec. The STD bus has caught on
primarily in industrial control and
instrumentation applications. Such
systems are also used in telecommu-
nications, medical applications, traf-
fic control, oil cxploration and log-
ging, and clevator control.

“The STD bus is now over 20% of
the industrial pc-card marketplace,”
obscrves Lee. It is basically an 8-bit
microcomputer bus, as cvidenced by
the availability of STD central-pro-
cessing-unit cards containing all
6800 family members, as well as the
Z80, 8080, 8085, 8088, RCA's 1802,
and National Semiconductor’s NSC
800. The STD function cards also
include disk controllers, random-
access memory, and input/output
cards among the primary functions.

The three types of dc power made
available to bus cards by the 702's
switching power supply include +5
vat15A, +12vatS5a,and —12v
at 1.5 A. Its rear-pancl controls
include an ac power switch, two
switched auxiliary outlets and a
power-line filter. The dimensions of
the system, cither rack-mounting or
tabletop, arc 22 by 19 by 7 in., and
the unit weighs 46 1b. The front pan-
¢l can tilt down 1807, or it can be
removed by activating two spring-
loaded pins. A 3-in. space between
the front pancl and card cage allows
components to be mounted on the
panel and cables to be connected to
the front of the STD-bus cards.
Pro-Log Corp., 2411 Garden Rd., Monterey,
Calif. 93940. Phone (408) 372-4593 [411]

Meter measures fluid flow
using ultrasonic transducers
The Sonic-1010 velocity-averaging
ultrasonic flowmeter uscs the

Doppler cffect to mecasure the flow
of a fluid in a pipe. A transmitting

Dt

transducer injects an ultrasonic sig-
nal into the pipe; shifts in the fre-
quency of the signal recaching the
recciving transducer arc translated
into a flow ratc indicated on a meter
and by a lincar 4-10-20-mA current-
loop output. Measurement repeata-
bility is better than 1% of full scale.

The non-invasive twin-transducer
design works with most pipe materi-
als and mcasures the flow of slurry-
like fluids, among others. The unit’s
nickel-plated aluminum scnsors op-
erate at —20" to +130°C, and the
instrument itself operates at 0° to
70°C. Its clectronics are on cpoxy-
coated modules with gold-plated
contacts. Dual-alarm and integrat-
ing totalizing modules can be
installed in the field.

The Sonic-1010 flowmeter comes
in a 12-by-10-by-5-in. steel case and
runs from a 120-v 60-Hz linc. The
basic unit is warranteed for five
years and priced at $2,400. Quantity
discounts are available, and delivery
is immediate.

Pacific Meter Inc., P. O. Box 1011, Station A
Deita, B. C. V4M 372, Canada. Phone (604)
943-8315 [416]

P. O. Box 145, Point Roberts, Wash. 98281
[417]

Solar panel produces power
for remote installations

Photowatt International has intro-
duced the largest silicon cell in a
solar panel to date. Designed to pro-
duce clectricity cconomically for
remote industrial applications, the
model ML7010 solar panel consists
of 36 5-in.-diameter silicon cells that
will produce 55 w peak under opti-
mum conditions (3.3 A at 16.5 v).
The cells can be wired in either
serics or parallel to mcet specific
voltage requircments. Some of the
applications powcred by the pancl
include navigational aids for off-
shore platforms and buoys, railroad
signaling, remote communications,
telemetry, and pumping stations.
The ML7010 sclis from stock for
$575 in small lots.
Photowatt International Inc.. 2414 West 14th
St., Tempe, Ariz. 85281 [415]
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New products

Software
Spread sheet is
large, versatile

Financial modeling package
for Prime computers accepts
initial input from data base

A versatile financial-modeling pack-
age called Cybil is available from
Software Management Systems to
run on Prime Information systems.
It is a spread sheet program set up to
perform profit and loss analysis and
forecasting, cost studies, market
planning and sales forecasting, tax
planning, and cash-flow manage-
ment. Up to 702 columns and any
number of rows can be maintained.

Paging, scrolling, and moves to a
specific location are possible with
positioning commands. Columns and
rows can be inserted, copied, and
deleted; column width and the num-
ber of decimal places displayed can
be changed. A spread sheet can be
initialized from a data base using
English-like sentence fragments that
invoke any number of files and
attributes. Status lines display the
current location’s definition and po-
sition, calculation mode, and wheth-
er recalculation is required.

Cybil prints out a report using any
number of columns or rows. A
spread sheet may be saved on disk
under a user-assigned name. Time,
date, and the name of the user sav-
ing it are recorded, and it can be
protected against overwriting

Calculations can be done auto-
matically, or external Basic subrou-
tines can be called for complex cus-
tom calculations. In addition to stan-
dard arithmetic, transcendental al-
gebraic and trigonometric functions
are included; the program computes
averages, maximums and minimums,
and the results of relational expres-
sions. Cybil’s price is $5,000; the
program is available now.

Software Management Systems, 84 Inver-
ness Circle East, Englewood, Colo. 80122.
Phone (303) 741-3179 [361]

228

UCSD p-System runs on Altos hardware

A multiuser UCSD p-System, a program-development and execution-
environment aid, is now available for the Altos 5'-, 8-, and 14-in. Winches-
ter-disk microcomputer systems. This package is compatible with the UCSD
p-System and provides it with full output support, including a high-speed
interpreter, buffered disk, and input/output terminal.

The USCD p-System can handle up to four terminals and three printers
simultaneously and will also run existing single-user programs without modifi-
cations. Full memory is available for each user with a random-access-
memory disk. In addition, the system offers hard-disk mapping and user
privacy protection with interuser communication and resource sharing. With
an automatic-start utiiity, the system can be easily installed.

Future enhancements for the version IV.0 package include networking,
data communication, extended memory support for large code pools, and
extended filing systems. Single system costs are $495 for a turnkey imple-
mentation and $925 for full-system implementation.

Dynamic Control Systems, 13662 104A Ave., Surrey, B. C. V3T 1Y8, Canada. Phone

(604) 585-0655 [363)

Spelling checker proofs
10,000 words in under 2 min

A tool appreciated by writers, edi-
tors, and business pecople that can
not only proofread 10,000 words of
text in less than 2 minutes but can
automatically correct any errors
found throughout the entire docu-
ment is Word Plus. In addition,
Word Plus will visually display the
misspelled word and will look up
possible correct spellings of the word
it has found in its 45,000-word liter-
al vocabulary.

An enhanced version of a spelling
checker called the Word, Word Plus
includes programs that will automat-
ically hyphenate words within the
text, tell not only how many words
there are in a given text, but also
how many different words there are,
what they are, and how many times
each was used. Also, it will help
locate rhyming words and solves
crossword puzzles and anagrams.

Word Plus is compatible with
almost every CP/M editor commer-
cially available and will run under
CP/M 1.4 and 2.2, cDOS, and oth-
ers. It comes in a variety of formats
including 8-in. single-density; 5Y-in.
double-density for North Star, Su-
perbrain, and Osborne; and 5Y-in.
single-density for Apple CP/M and
Osborne. Complete with a 50-page
instruction manual, Word Plus is

available for immediate delivery at a
price of $150.

Oasis Systems, 2765 Reynard Way, San Die-
go, Calif. 92103. Phone (714) 291-9489
[368]

Ada-to-Pascal translator
aids in learning Ada

Available now from SofTech is an
Ada-to-Pascal source-to-source
translation tool that also enables the
programmer to gain experience with
Ada. Designed to be used in the
interim until production of the com-
pany’s Ada compilers and related
tools are available, the translation
tool recognizes and translates fea-
tures from the Pascal subset of Ada
into the VAX/VMS version of stan-
dard Pascal.

The translator includes a standard
9-track tape with the translator’s
Digital Equipment Corp. Pascal
source code, VMS command files for
compiling and using the translator,
and an installation verification pro-
gram. It is currently available for the
VAX-11/780 and -11/750.

This package is available for a
one-time license fee of $4,000 for
each central processing unit. Deliv-
ery takes 15 days after receipt of a
completed license agreement.

SofTech Inc., Ada Products Manager, 460
Totten Pond Rd., Waltham, Mass. 02154.
Phone (617) 890-6900 [366]
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Suwa Seikosha, a ma-
jor manufacturer of
the famous SEIKO
watches, is now
producing new Static
RAMs, Mask ROMS,
Microcomputers,
Voice Synthesizers
and a host of othery
new products not yet
released. As a pio-
neer of quartz watch
technology, the com-
pany consistently

e STATIC RAM

SRM 2016 (2kx8)
SRM 2017 (2k x8)
SRM 2018 (2k x8)
SRM 2114 (1kx4)
SRM 6504 (4kx1)
SRM 6514 (1kx4)

e VOICE
SYNTHESIZER
SVM 9300

k.

AN suwa SEIKOSHA
A Specialist in CMOS LSI

grows

developed and manufactured its own miniature
electronic parts and IC’s. Now a recognized
specialist in the broad field of CMOS LSI, Suwa
Seikosha is working aggressively to extend its

CMOS LSI FOR USE IN LOW POWER SYSTEMS

position as a major-
source supplier of Mi-
crocomputer Chips,
Memories, Time Stan-
dard ICs, Voice Syn-
thesizers, LCD Driv-
ers, CMOS LSIs for
Watches and Clocks,
and Custom LSIs.
OEMSs are invited to
contact Suwa Seiko-
sha regarding new or
existing products in
these fields. Further-

more, inquiries are solicited regarding require-
ments in other fields that might benefit from Suwa
Seikosha’s most-advanced CMOS LSI technology.
Suwa Seikosha is a growing specialist in CMOS LSI.

o MASK ROM o MICROCOMPUTER e MELODY IC
SMM 2364 (8kx8) SMC 1102, SMC 1112 7910
SMM 2365 (8k x8) (one chip 4-bit Micro- 7920
SMM 2325 (32k x 8) computer, built-in 7930
SMM 2326 (32k x8) Driver) SVM 7940
SVM 7950
e LCD DRIVER e TIME STANDARD IC SVM 7970
SVM 7990
e CMOS LSI (Programmable Clock
for Watch and Pulse Generator) e HIGHLY COMPACT
Clock 8640 MELODY MODULE
8650
e CUSTOM LSIs 8651 SEK7 Series

399-02 JAPAN

Fax: UF520 111 (02666)2-5393

Semiconductor Operation Division (Fujimi Plant)

281, Fujimi, Fujimi-machi, Suwa-gun, Nagano-ken, SUWA SEIKOS HA

Phone: (02666) 2-4112 Telex: 3362-432 S SEIKF ]

CO.,, LTD.

SUBSIDIARIES

Phone 01-422-5612 Telex (51)8814169

AUTHORIZED AGENTS

Epson America, Inc. Epson Electronics Trading Ltd. W. Moor AG Technoprojekt GmbH
Semiconductor Marketing Tsim Sha Tsui Centre, Room 411 8105 Regensdorf-Zurich Heinrich-Baumann-STR 30
3415 Kashiwa St. East Wing No. 6 Bahnstrasse 58, Switzerland 7000 Stuttgart
Torrance, CA 90505 U.S.A. Ching Yee Road, Tsim Sha Tsui, Phone 01-840-6644 Telex (45)52042 West Germany
Phone (213) 534-0360 Kowloon, Hong Kong Phone 0711-561712 Telex 721437
Telex (230) 182412 Phone 3-694343/4 Telex (802)64714 W. Moor GmbH

1150 Wein XV Charming Industrial Co., Ltd.
Epson U.K. Ltd. Stochengasse 1/1/1, Austria 51-5 Sec. 2, Chang Ar Road, East.
Sherwood House Phone 0222-858646 Taipei 104, Taiwan, R.O.C.
176 Northolt Road Telex 135701 Phone 02-522-1566
South Harrow, HA2 OEB, U.K. Telex 22279
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FRANKLIN Can Help You
STEP UP DEFENSE DELIVERIES

PLUGS AND SWITGIIES

COMPLETE
TOOL ROOM
FACILITIES
Punch and Drill Presses

*

BAKELITE AND METAL
ASSEMBLIES

Ready for Large or Small Orders

E have produced many millions of the above

illustrated items for leading radio and electrical
apparatus Manufacturers. Today we have the facili-
ties to render similar service to any manufacturing
organization engaged in defense production, in large
or small quantities, standard or special designs. Quo-
tations made promptly from your blueprints.

A. W. FRANKLIN MFG. CORP.
175 Varick Street New York, N. Y.

Telephone: WAlker 5-6037
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Build in Rockwell's
proven mi amily.
And bulid out business risks.

When you (ake sdvantage Of ihe computar histany. 8
insons we'vae leamed. you ll find you're managmg N
YOUr GuSInNEsS 1i5hs Dettar s

Get off the instruction-set treadmill. i
Al Bockwal, we think SyStems, not just devicess
That's why we made the HESO/ 1 1ruly oojectcodd:
compatitie throughout 1he family, along with IS wets
established prodecessors. And wa'va maintained
architectural compatibility with aur peswveiiul nsws
18- 01t microprocessor, the HESN00

Get high performance through “less time*
architecture.
The real measure ol data throughput is the time it
takes o exacute an Insltuction Thal we dalvarin
1 usec at 4 MHz. Whille othans push all ihe way up 1o
11 MHZz trnng, we bavean 't even Begun o crank Up
ihe clock

And you gel this performance aistiliied onto one re
markable chip. One that offers e indusiry & smalies!
and tasiesi CPU. On-board RAM and ROM  Thirlydwo
VO poris. And the migst varsatile countetimer mada
to date Plus the RESOOVY family otters wirlually snd-
less expansion cpportumlies withl low codt paripiharal
chips—the most compiéta lamiiy i Ihe business
Minimize your costs and time-to-market.
The real power of our 8 ikl 160l Igmilies lies inthe
fact that thesir efticiency and desitin capabiiities are

DCC s )

l ‘-
v S

u
Iy v' el 107 your conveniencs, rﬁm This miakes

B 835y 10 learn and aasy 10 uBEIBWING vou 1O

h gat YOUT prodiuic! 10 marke! fasies —awiihaon it cestioy
N ing your investment in tranming nod Sofhware.

Your investment in tdevalogenent support aan be
minimal 1o: Let us show vois how D utlize your cut
Fefit developman| system 10 desian e BES00 iy
your peodiet. O, we can supply 8 comipiahs sal of
2conomical supoctt tonls and argication alds
Evenapplicalions engitisars, IFyou nped them

Build timeless reliability into your designs.
Bast of all, Bodoyell's microprocessors have g
history of high~olume, Nigh-retiabllity use
That means the RESOW t will be manutaciured and
deliverad o iima And in the quaniities you e

So before you commit to a part ar your nexs
aeneration product. ook at the only ane 1hat will
endura the test of lims the RES00V . Call Rockwatl #t
(714) 5323658, For compiate technical Ineratus. cal
(BO0) BEAS0GE, o 00 4224230 in Califomia
I Eurogs. 1eiax D7 112650, In 1He Fay East, talkix
J22198

‘l‘ Rockwell International

whare stience gaty down 1o BUsiness
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New products

Instruments

Smart recorder
calibrates itself

Microprocessor in recorder
equalizes and calibrates it
for a wide range of tasks

For its reentry into the market of
wideband instrumentation recorders,
Racal Recorders Ltd. is introducing
a high-performance 42-track tape
recorder that sets itself up. Calibra-
tion and equalization tasks are
assigned to a microprocessor, thus
reducing an operation that can take
several hours to about three minutes.
The microprocessor also drives a
small built-in cathode-ray-tube dis-
play through which matching char-
acteristics and recorder performance
can be monitored.

Racal has set out to cover the
widest market spectrum possible
with a single multipurpose chassis. It
is useful in applications representing
28% of the total world recorder mar-
ket, says David Kempson, managing
director of Racal. Storehorse, as it is
called, can be used in any combina-
tion of the three standard data
record-replay formats: direct re-
cording, frequency modulation, and
high-density digital-data recording.

The machine works with - or
l-in. tapes. A user can start small
with a l4-track intermediate-fre-
quency-band recorder. Subsequently
he can change heads and add a sig-
nal board for a 28-track wideband
recorder. Expanding to a full 42
tracks, however, requires the addi-
tion of an external clip-on housing.

Marketing gamble, The firm’s bid
to squeeze a laboratory-style data
recorder into a portable package is a
marketing gamble. Usually laborato-
ry-performance instruments are
large rack-mounted affairs with co-
planar tape transports. But the com-
pany has managed to keep Store-
horse lean—it weighs around 100 Ib
and can be transported by a car.

For compactness, a coaxial-spool

Electronics /May 19, 1982

layout has been adopted. This
arrangement puts one 15-in. spool
behind another but may be harder
on the tape than the usual coplanar
feed, argue compctitors. Users, they
claim, may wish to usc a lighter 14-
track recorder, playing the tape back
later on a laboratory machine.

The extensive use of microproces-
sor technology eases the construction
and increases the reliability of
recorders by permitting the elimina-
tion of the usual arrays of potenti-
ometers. Also new is the use of a
digital tracking filter. Changing tape
playback speed can alter the appar-
ent signal frequency, so ideally any
filter in the playback chain should
track the tape speed, adjusting its
filter characteristics accordingly.

Use of such a tracking filter
allows Racal to offer many tape
speeds without additional complexity
or compromise in performance. For
example, the tape speed is adjustable
from '*42 in./s to 120 in./s. In many
recorders, spceds can be incremented
by a factor of two, but in the Racal
recorder therc is also a facility for
dividing tape speed by 6, 10, or 60.
This feature is extremely valuable
for minutes-to-seconds time com-
pression or expansion.

Racal uses a microprocessor to
calibrate the recording circuitry for

biasing and recording level and to
equalize the replay circuitry across
its full bandwidth. Equalization of
the replay circuitry is performed
using test signals laid down as a pre-
amble when the tape is recorded.
Storehorse records these signals au-
tomatically. When used as a play-
back machine for tapes recorded on
other machines, these signals are not
available, but the company is also
offering an accessory that will allow
any of its instrumentation recording
systems to lay down the necessary
preamble signals.

The microprocessor and cathode-
ray-tube display monitors the system
for fault analysis or diagnosis. For
example, all input or output chan-
nels can be monitored simultaneous-
ly on a bar-graph display. By
switching between inputs and out-
puts, the user can look for any chan-
nel that is not functioning correctly.
Signal overload is indicated when-
ever the input or output channel
exceeds defined limits.

Other display pages indicate tape
position as well as attenuator set-
tings, machine status, trace se-
quence, tape shuttle, and an index of
stored calibration settings. In the
event of a system fault during power
up or tape loading, a full page will
interrupt the display to indicate the
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Now, you can draw on NCR’s
semiconductor experience - coast to coast
and year after year. Consider the facts.

1. NCR pioneered MNOS
and, now, SNOS

With twenty-one MNOS patents
since 1972, NCR has designed and
developed seventeen non-volatile
memory devices. From our MNOS
products to our exciting new
n-channel SNOS (Silicon Nitride
Oxide Silicon) 4K NV-RAM, you can
count on NCR innovation. And our
5V-only SNOS E'PROMSs are coming
soon (see memory guide).

2. We're in the merchant
market to stay

NCR'’s commitment to the merchant
market is long term. We're spending
$155 million on the expansion of exist-
ing chip making facilities.

That's because we're thinking about
the future—as you are—and
preparing for it.

Circle 232 on reader service card

3. Experienced technical
representatives coast to coast
Over one hundred representatives in
North America are trained and ready
to support your requirements—from
technical applications to prompt cus-
tomer service. Of course, they're
backed by NCR Microelectronics
expertise if and when needed.

4. NCR semiconductors—
quality you can count on

Our ten years of experience as a
manufacturer of semiconductors has
taught us quality and reliability are
essential elements of any chip. It's no

wonder we're one of the world's lead-
ing manufacturers of MNOS non-
volatile memories.

NCR—NV MEMORY GUIDE

___ Device No. dranization Type
2051 32x16 WAROM
2055 64x8 WAROM
7033 21x16 WAROM
1400 100x14 WAROM
3400 1024x4 WAROM
o8N 2048x4 EAROM
2168 2048x8 EAROM
2161 2048x8 WAROM
4485 512x8 NVRAM
52801+ 16x16 E:PROM
52817 + 2048x8 EPROM
52832- 4096x8 E:PROM

Industnial and Military temperature ranges available
*Future product

For more information, call your local
NCR Microelectronics representative.
Or contact Dave Major at NCR
Microelectronics Division, Box 606,
Dayton, Ohio 45401. Our toll free
number is (800) 543-5618, in Ohio

(513) 866-7217. mam

Microelectronics Division




NCR Microelectronics
Technical Representatives

1a N.R. Schultz Company
Bellevue, WA  206/454-0300
1b N.R. Schultz Company
Beaverton, OR  503/643-1644
1¢ N.R. Schultz Company
Boise, ID 208/377-8686
2 Costar, Inc.
Cupertino, CA  408/446-9339
3a Orion Sales, Inc.
Glendale, CA 213/240-3151
3b Orion Sales, Inc
Tustin, CA  714/832-9687
4 Wescom Marketing, Inc.
Broomfield, CO 303/465-2234
5 B.H.&B. Sales, Inc.
Phoenix, AZ 602/269-7069
6a Oeler & Menelaides, Inc.
Dallas, TX 214/361-8876
6b Oeler & Menelaides, Inc.
Houston, TX 713/772-0730
6¢c Qeler & Menelaides, Inc.
Austin, TX 512 453-0275
7a Electronic Marketing Associates, Inc.
Atlanta, GA 404/448-1215
7b Electronic Marketing Associates. Inc.
Huntsville, AL  205/837-7363
8a Hutto-Hawkins-Peregoy, Inc.
Maitland, FL  305/831-2474
8b Hutto-Hawkins-Peregoy, Inc
Fort Lauderdale, FL 305/971-5750
8c Hutto-Hawkins-Peregoy, Inc.
Clearwater, FL  813/797-4447
9a Zucker Associates, Inc.
Raleigh, NC  919/782-8433
9b Component Sales, Inc.
Baltimore, MD 301/484-3647
9¢c Component Sales, Inc.
Richmond. VA 804/270-9470
10a Rich Electronic Marketing, Inc.
Carmel, IN 317 844-8462
10b Rich Electronic Marketing, Inc.
Fort Wayne, IN 219 432-5553
10c Rich Electronic Marketing, Inc.
Louisville. KY 502/499-7808
10d Rich Electronic Marketing, Inc.
Dayton, OH 513 237-9422
10e Rich Electronic Marketing, Inc.
Cleveland, OH 216 468-0583
11a Rush & West Associates, Inc.
Olathe, KS 913 764-2700
11b Rush & West Associates, Inc.
Ballwin, MO  314/394-7271
12 Sieger Associates
Bloomington, MN  612/884-7788
13 Sieger Associates
Rolling Meadows, IL  312'991-6161
14a Precision Sales Company
Liverpool, NY 315/451-3480
14b Precision Sales Company
Pittsford, NY 716 381-2820
14c Precision Sales Company
Binghamton, NY 607/648-8833
14d Precision Sales Company
Pleasant Valley, NY 914/635-3233
15 REP Associates Corporation
Marion, IA 319/393-0231
16 Tritek Sales, Inc.
Haddonfield, NJ  609/429-1551
17 Tri-Tek Associates
Wantagh, NY 516/221-7600
18a New England Technical Sales
Corporation
Burlington, MA  617/272-0434
18b New England Technical Sales
Corporation
Meriden, CT 203/237-8827
18c Nets Limited
Malahide Co. Dublin
Republic of Ireland  450-635
19a Cantec Representatives, Inc.
Ottawa, Ontario, Canada
613/725-3704
19b Cantec Representatives, Inc.
Brampton, Ontario, Canada
416/791-5922
19c Cantec Representatives, Inc.
Quebec, Canada 514/683-6131
20 Enco Marketing, Inc.
Bloomfield Hilts, Ml 313/642-0203
21 Rocky Mountain High, Inc.
Albuquerque, NM  505/292-3360
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New products

type of fault and its location.

In the direct-recording mode,
Storchorse can operate in an inter-
mediate frequency band to 600 khz
and in the wideband mode to 2 Mz,
Fm recording covers an intermediate
frequency band to 40 kHz and wide-
band to cither 80 or 500 krz. High-
density digital-data recording is at
up to 36,000 b/in. using delay modu-
lation, biphasc L or nonreturn-to-
zero codes.

Racal Recorders Ltd., Hythe, Southampton,
Hants. S04 6ZH, England. Phone 0703-
843265 [359]

Racal Recorders Inc., 3830 Bee Ridge Rd.,
Suite 100, Sarasota, Fla. 33583. Phone
(813) 921-6662 [360]

Four-channel analyzer
superimposes waveforms

Contained in a 25-1b package, the
Smartscope Il is an integrated hard-
warc-softwarc system with built-in
disk storage for waveform analysis of
time- and frequency-domain data,
The unit uses a 16-bit microproces-
sor and is a complete system for the
acquisition, storage, analysis, pro-
cessing, and display of waveforms.
For casc of usc, front-panel knobs,

controls, and switches have been
replaced by a calculator-style key-
pad. Menu sclections and screen
prompts aid in the unit’s use. Every
function is programmable and the
test sctups and programs can be
stored on disk.

Modcls come with two or four
independent channels of acquisition,
with or without signal averaging,
with up to a 500,000 tiz sampling
rate, a 12-bit resolution, and sweep

times as slow as 1,500 s/point. Users
can display up to four channels on
the screen with up to four waveforms
superimposed per channel. Included
arc IEEE-488 and RS-232-C inter-
face ports.

Prices start at $10,500, with deliv-
cry taking 30 days.
T. G. Branden Corp., 5565 Southeast Inter-
national Way, Portland, Ore. 97222. Phone
(503) 659-9366 [354]

VLS| test system
operates at up to 60 MHz

Production testing, inspection, and
quality assurance may be had with
the scrics 21, a general-purpose very
large-scale integrated-circuit test
system. It has an accuracy of | ns
(500 ps for inputs and 500 ps for
outputs), offers test rates of up to 40
MHz in a varicty of pin counts, and
has automatic timing deskewing and
calibration,

The system’s automatic deskew
featurc uses programmable hybrid
delay lines for automatic adjustment
for any combination of timing gener-
ators and pins. A deskew load board,
containing a 50-© matrix, allows the
scrics 21 to be automatically cali-
brated in less than 15 minutes. It is
available with high-speed or -voltage
test heads with 60, 90, or 120 pins
and uses 10K and 100K cmitter-
coupled logic throughout all formats,
timing paths, pipelines, and local
memory scctions.

The scrics 21 has a free-running
clock that is used for asynchronous
testing and allows the user to force
clock bursts out to the device under
test at frequencies up to 60 MHz.
Because it uses the same operating
system as the rest of Fairchild's gen-
cral-purpose 1.SI testers, the operator
can usc the company’s library of
utility and device programs. It is
available with a varicty of options to
further enhance its capabilitics.

The series 21 basc configuration is
priced around $450,000 with deliv-
cry taking 120 days.

Fairchild, Test Systems Group, 1601 Tech-
nology Dr., San Jose, Calif. 95110. Phone
(408) 998-0213 [356]
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The designers’
choice for

ULTIBUS

ac
systems.

The ADAC 700 series of
data acquisition systems plug
directly into the same card cage
as computers from Intel and National.
Mounted on a single PC board, the 700
series includes both high and low level
analog to digital systems and DAC boards.

710 Series Low Level A/D

W Withstands common mode voltage to 250 V

B Digitizes outputs from bridges, thermocouples, and
other low level transducers

B Gain amplifier with system cold junction compensation
can be programmed channel to channel

B 8 or 16 differential inputs per card

B 12 bit resolution

735 Series High Level A/D
B 16 to 64 single ended or pseudo differential inputs

@ 12 bit high speed analog to digital converter

B Up to 2 channels of 12 bit digital to analog converters

B Bus interface includes software choice of programmers
control or interrupt

735 DAC Series

B Up to 4 channels of 12 bit DACs

B 2 scope/recorder per control circuit

B 8 discrete digital outputs with 8 current sinks
B 8 discrete digital inputs

Send for full technical data to:

CORPORATION
70 Tower Office Park « Woburn, MA 01801, 617-935-6668

compatible data
isitiongas

B Jumper selectable for 8, 16 or 32 differential analog inputs

::::::
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New literature

Thin-film primer. The 1982 “Book of
Basics,” an expanded second edition,
serves as a primer on the fundamen-
tal sciences required for thin-film
technology. It contains five technical
papers covering the basics of plas-
mas, materials, thin films, sputter-
ing, and plasma etching. Illustrated
with photos, graphs, and charts, the
214-page book is available for $50 a
copy from Materials Research
Corp., Route 303, Orangeburg,
N.Y. 10962 at (914) 359-4200. Cir-
cle reader service number 421.

VIC-20 aid. Designed for use by
computer novices as well as experi-
enced programmers, the *“VIC-20
Programmers Reference Guide”
provides complete information about
the programming of Commodore
Business Machines’ popular low-cost
VIC-20 computer. Nearly 300 pages
long, the $16.95 guide includes illus-
trations, instructions, charts, and
programs as well as a'schematic dia-
gram of the computer. For a copy,
write to Commodore Business Ma-
chines Inc., 681 Moore Rd., King of
Prussia, Pa. 19406 or call (215) 337-
7100. [422]

Phosphors and filters. For use as a
design guide by manufacturers of
equipment with visual displays, an
engineering bulletin provides design
data and specifications for nonglare,
contrast-enhancement cathode-ray-
tube display filters. The bulletin lists
the most commonly used phosphors
and the Homalite shade that meets
specific light-transmission require-
ments for those phosphors. The pub-
lication is available free from SGL
Homalite, 11 Brookside Dr., Wil-
mington, Del. 19804 at (302) 652-
3686. [423]

Software plus service. Lifeboat Asso-
ciates’ catalog No. 22, called the
“Software Desk Reference,” in-
cludes listings for 26 new products; a
special section detailing the compa-
ny’s original-equipment-manufac-
turer services and products; a new
minicomputer systems section; and
for the first time, a list of 16-bit
software programs. including infor-
mation about the IBM Personal
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WHY NEW YORK
ISASOLID STATE
FOR THE
ELECTRONICS
INDUSTRY.

e

IU G = /
EMM%. j&h’"’b&’h I—Ju

Look at what New York State
offers the electronics industry, and
you'll agree: It’s more profitable to
do business in New York State.

It costs less
to do business in
New York State locations
than in San Jose, California.
And we can prove it.

An independent study ana-
lyzed the four critical costs of
taxes, wages, power and construc-
tion for a model new electronics
firm. It showed that New York
State offers locations where these
costs are less than they are for
choice electronics industry loca-
tions around the country.

For example, these costs would
total $7.6 million annually in San
Jose, versus only $6.4 million in,
say, Brookhaven, New York.

New York has the best
business advantages
in America.

New York State is committed
to a big, broad business-boosting
program to create private sector
jobs.

Our costs are lower because we
have the best tax incentives and
credits. We have on-the-job train-
ing and job incentive programs.
Long-term, low-cost financing.
And, we've cut personal and busi-

m nﬂl hﬁ

ness taxes by over
$2 billion annually.
Our labor force is
#1 in productivity.
New York ranks #1 in elec-
tronic components productivity
(value added per production wage
dollar) among the locations ana-
lyzed. And in the past five years,
New York’s number of idle man-
days due to work stoppages was
half that of the national average.

We graduate more
electronics engineers than
any other state.

Thanks to universities like RPI
and Cornell-and dozens of other
fine colleges and universities—
more electronics engineers are
graduated each year in New York
State than in any other state in-
cluding California or Massachu-
setts. And since many of the
largest electronics firms are already
doing business here-GE, IBM, to
name only a couple—our graduates
are quickly turned into seasoned
professionals.

When you look
into New York,
you'll love New York.

We have an abundance of
electric power. Lots of affordable
housing for your employees. And
our 30 million acres include thou-

sands of available plant sites. And
some of the most magnificent out-
doors and year-round recreation on
the American continent.

Tell me more about why New York is a
solid state for business. | am particularly
interested in information on:

[J Electronic Components
(] Small Computers
[[] Semiconductors

George G. Dempster, Commissioner
New York State Dept. of Commerce
99 Washington Avenue

Albany, New York 12245

Title

Company Name__
ProductService

# Employees
Address

Cry_

State.

I !
| |
1 I
l |
1 I
- I
I |
I |
I |
I ]
I |
- |
: Name " _ |
I |
I |
I |
I i
1 |
I |
' |
I |
I |
I |
I |

I
i ]

NEW YORK STATE
VOTES “YES” FOR
BUSINESS.

Circle 235 on reader service card

Circle 237 on reader service card



Published by Electronics Magazine. ..

Books of special interest to our readers

Circuits for Electronics Engineers

Almost 350 diagrammed circuits arranged by 51 of
the most useful functions for designers. Taken from
the popular "Designer's Casebook” of Electronics,
these circuits have been designed by engineers for
the achievement of specific engineering objectives.
Pub. 1977, 396 pages, softcover.

Order No. R-711, $17.95.

Microprocessors and Microcomputers:
One-chip Controllers to High-end Systems
Practical orientation to all aspects of micro-
processors and microcomputers in 95 artictes from
Electronics covering low-end microcontrollers,
mid-range microprocessors, high-performance
16-bit microprocessors, high-speed bipolar pro-
cessors, peripheral support chips, signal pro-
cessors, board-level microcomputers, software and
applications. Pub. 1980, 482 pages, softcover.
Order No. R-011, $18.95.

Microprecessads
=l
MCrocssputess

L

Designer’s Casebook No. 1

Design solutions from Electronics magazine cover
controls, filters, logic, power supplies, signal con-
version, and signal sources. Pub. 1976, 106 pages,
softcover.

Order No. R-31D, $10.95.

Personal Computing: Hardware and

Software Basics

More than 50 articles from leading publications pro-
vide information on personal computing hardware,
software, theory and applications. Pub. 1979, 266
pages, softcover.

Order No. R-903, $15.95.

Active Filters

Covers the theory and practical implementation of
filter networks built with active elements. Includes
design tables and computer/calculator programs,
as published in Electronics. Pub. 1980, 133 pages,
softcover.

Order No. R-003, $11.95.

Electronic Circuits Notebook |
Contains 268 completely illustrated electronic cir-
cuits conveniently arranged by 39 vital functions,
including amplifiers, audio circuits, control circuits,
detectors, converters, display circuits, power | Y
supplies and voltage regulators, function genera-
tors, memory circuits, microprocessors, and many
others, as published in Electronics magazine 1977-
1980. Companion volume to Circuits for Electronics
Engineers. Pub. 1981, 344 pages, softcover.

Order No. R-026, $17.95.

Design Techniques for Electronics Engineers
Expertguidance at every pointin the development of
an engineering project — making measurements,
interpreting data, making calculations, choosing ma-
terials, controlling environment, laying out and pur-
chasing components, and interconnecting them
swiftly and accuratety. Nearly 300 articles from Elec-
tronics’ "Engineer’s Notebook,” with more than 500
diagrams and tables. Pub. 1977, 370 pages,
softcover.

Order No. R-726, $17.95.

Baslcs of Data Communications

This compilation of essential articles from Data
Communications magazine includes chapters on
terminals, acoustic couplers and modems, com-
munications processors, networking, channel per-
formance, data link controls, network diagnostics,
interfaces, and regulations and policy. Pub. 1976,
303 pages, softcover.

Order No. R-608, $15.95.

Practical Applications of

Data Communications

Selected articles from Data Communications maga- -

zine cover architecture and protocols, data-link per- O e Ny
formance, distributed data processing, software,
data security, testing and diagnostics, communica-
tions processors, and digitized-voice and data- .
plus-voice. Pub. 1980, 424 pages, softcover. 1
Order No. R-005, $17.95. \ o

An Age of Innovation: The Word of

Electronics 1930-2000

The editorial edition of Electronics 50th Anniversary
issue of April 17, 1980, casebound with four-color
jacket. A comprehensive look at past and future de-
velopments in electronics, researched and written
by the editors of Electronics. 300 illustrations, many
in color. 274 pages

Order No. R-013, $18.50.

e i e e e e e |
ELECTRONICS MAGAZINE BOOKS [ ) "'
I 1221 Ave. of the Americas t" . [
| New York, N.Y 10020 Iin i
(Telephone 212/997-2996) Narohl L |
l McGraw-Hill Intl. Publications Co. |
| European Circulation Center Title - l
0 Maidenhead, Berks. SL6 2QL, UK
\ ] (Tel. |0628] 23431 Telex 848640) - . B l
m— . Company
Microelectronics Interconnection | Order» Qty Rnas . ) i |
and Packaging | Street/ PO address I
Articles from Electronics include sections on R- S ~
lithography and processing for integrated circuits, —— e —
thick- and thin-film hybrids, printed-circuit-board | R- $ City/State/ Zip (Outside USA: City/postal code/country) l
technology, automatic wiring technology, IC pack- -
2605 and Connacios, envronmentalfacos afct. | P s e e e st accomepny oo |
ing interconnections and packages, computer-aided | A s ~ Bill my company (or attach company Purchase Order) I
design, and automatic testing. Pub. 1980, 321 {3 Bill me
pages, softcover. I A $ I
Order No. R-927, $15.95. L : Ten-day money-back guarantee applies on all books. B
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Full-duplex modem
has 2,400-b/s channel

Finnish supermini
executes Ada code

64-K RAM chip
is redesigned

Interface with IBM
channel is modified
to speed transfers

Electronics/May 19, 1982

Products Newsletter -

Racal-Vadic of Sunnyvale, Calif., will introduce a four-channel originate-
and-answer modem at the National Computer Conference to be held in
Houston, Texas, June 7-10. The unit is the first available of its kind: its
full-duplex 2,400-b/s channel communicates over telephone lines in syn-
chronous or asynchronous modes, implementing 16-level phase-shift-
keying quadrature amplitude modulation. The only other 2,400-b/s equip-
ment available is a large box geared to cryptographic applications made by
Motorola’s Codex Corp. In contrast, eight of the Quadruple modems, as
they are called, will fit into a 7-in.-high rack-mountable enclosure. Each
modem consists of two printed-circuit boards.

A microprocessor in the modem acts as a signal processor to do digitally
what is generally done with analog filters and discriminators. The modem
also has equalizers that adapt it automatically to a variety of telephone-line
conditions. The direct-connect unit includes a 300-b/s asynchronous chan-
nel and two 1,200-b/s channels for synchronous or asynchronous opera-
tion. One possible market for the modem is computer installations, such as
those of Telenet’s time-sharing service, with 2,400-b/s ports that are not
used because of the lack of suitable hardware.

Nokia Electronics of Helsinki, Finland (the U.S. arm, Nokia Inc., is in
Sunnyvale, Calif.), is soon to introduce a very compact 32-bit super-
minicomputer, the MPS 10. It has an object-oriented architecture with
extended stack organization and is designed to execute Ada programs.
The initial compiler is a nearly complete subset, and a full version of Ada is
due out next year.

The fault-tolerant machine has a 40-bit virtual-memory address space
and built-in relational data-base management. The bit-slice TTL central
processing unit will come with 0.5 to 4 megabytes of main memory; it is
said to perform in the range of a VAX-11/780 from Digital Equipment
Corp. Its local network, which links it to intelligent workstations and a
gateway processor for interfacing with other networks, will at first be a
500-kb/s subset of Ethernet supporting up to 30 nodes but will later be a
full Ethernet implementation. An entry-level system with a '2-megabyte
main memory and a Winchester drive and streaming-tape backup each of
45-megabyte capacity will sell for under $30,000 in the U. S.

Motorola is placing its redesigned 64-K dynamic random-access memory,
the MC6664A, on the market in 150- and 200-ns versions. Changes in the
RAM [Electronics, Oct. 20, 1981, p. 39] increase speeds and are transpar-
ent to users of the earlier design. Available now in sample form in
ceramic dual in-line packages, the 150-ns chip is priced at $17 each in lots
of 100. The 200-ns part sells for $13.60 each, also in lots of 100.

Auscom Inc. is upgrading its 8900 series of programmable 1BM-channel
interfaces to increase the throughput rate during data transfers. The
Auscom series gives non-IBM peripherals a direct interface with the
mainframe channels. To enhance the performance of the interfaces, the
Austin, Texas, firm has reconfigured the input/output registers. The new
series is priced the same as existing models: $4,995 each in single quanti-
ties for the model 8900A card set and $14,995 for the 8911A box
configuration. Auscom is also offering upgrade kits for the earlier version.

239



240

S.W. & SUNBELT

Circurts Mxro
Systems . Software
Product - Hardware
CaD - Optics

$25.000 to $50,000

Specialists placing EEs/ME s in data
acquisition. penpheral and instrument
development companies across the
Sunbelt 100% company Fee Paid Send
resume. geographic preference. salary
and salary requirements to:

J. robert; Thompson Companiee. Inc.
- Management & Employment
§ B Consvitants

2200 Wesi Loop South, Sulte 800-E
Houston. Texas 77027
[713)627-1940

POSITIONS VACANT

South? Technical / Professional
Placement Network fee paid
Murkett Associates. Box 527 (E).
Montgomery. AL 36101

Electronics Technology Instruc-
tor for two year degree program.
Masters in EE preferred. min
imum of 5 years field and/or
teaching  expenence Basic
electronics plus communications.
digital systems. microprocessing
processors and instrumentation
Start August 19, 1982. $14.414
to $32.299 (81 82 schedule) In-
quire V.P. Academic Services.
Lincoln Land Community College.
Springfield. IL 62708 EOE (217)
786-2267

FACULTY POSITIONS
VACANT

Electronics Instructor — Black
Hawk College. Tenure position
begins August 15. 1982 for a
Technology Instructor in a 2-year
Associate Degree program in
Electronics / Instrumentation &
Process Control BS or equivalent
experience in EE or EET
preferred. Minimum of 2 year's
industrial work experience 1s de-
sired with some teaching exper
ience. Basic circuit analysis. in-
dustrial controls, and instrumen
tation courses. Send application
to: Dr. Richard J Henry. Director
IRT Dwision. Black Hawk College
6600 34th Avenue. Moline. IL
61265

POSITIONS WANTED

Seeking permanent position that
involves microcomputer design
Experience includes designing mi-
crocomputers from ground up
tfrom hardware concept to as-
sembly language programming
Experience also includes A/D and
D/A conversion and interfacing
transducers. PW-6062. Electron-
1CS.

Microcomputer Expert for hire.
Contract or per diem. Program-
ming. products with a brain, cir-
cutry. Mr. Masel, 212-476-1516.

RESUMES

Resumes— Complete instructions
and examples $4 Consultants. Box
567 —J) Bergenfield NJ 07621

Career outlook

Educators get together

In the continuing controversy, a
growing number of obscrvers now
trace whatever shortage of clectron-
ics engineers may exist to a shortage
of cngincering faculty in the col-
leges. It is against that back-
ground—and that challenge—that
the American Society for Engincer-
ing Education is preparing for its
90th annual conference. Thus it
scems cntirely appropriate that the
ASit will gather from Junc 20
through 24 at the country’s largest
engincering school, Texas A&M Uni-
versity in College Station.

FFor the cducators finding their
way to the central Texas campus of
Texas A&M, which is an hour by air
from Dallas—-Fort Worth and 30
minutes from Houston, the program
for the meeting offers such a dizzy-
ing array of mini-plenarics, work-
shops, and meetings of boards, coun-
cils, and divisions that only one
steeped in the arcana of academia
could feel comfortable. No detail is
overlooked—the program, some 98
pages of listings, directions, and ads,
cven explains that the native greet-
ing is “Howdy.”

In any casc, what will the instruc-
tors, working the kinks of a just-
completed teaching year out of their
muscles, scek to accomplish that
affects the working EE? At first
glance, the conference is top heavy
with subjects concerning tcaching
itsclf. But for today’s engincering
faculty, the campus is no ivory-
towered sanctuary: scattered
throughout the week at Texas A& M
arc forums and discussions—the
mini-plenaries —that will grapple
with the realities of shortage versus
surplus in these days of an uncertain
cconomy.

In the arcas of interest to the EE,
there is evidence that help is on the
way—although that will be cold
comfort to the out-of-work engincer.
Still, the cducators arc worriced
about catching up with the state of
the art, as cvidenced by scssions like
“Electronics in the '80s.” There,
guided by C. R. Visvanathan, profes-
sor and chairman of the EE depart-

ment of the University of California,
Los Angcles, three panelists will
wonder out loud about who will
teach clectronics, what the curricu-
lum should contain, a philosophy of
cducation for very large-scale inte-
gration, computer architecture, and
the like. The panclists will be Rajin-
der Khotla, who heads the solid-state
laboratory at Eastman Kodak Co. in
Rochester, N. Y.; Dennis McGreivy
of Gnostic Concepts Inc. in Menlo
Park, Calif.: and Edward Kinnen of
the University of Rochester (N. Y.).

Another discussion, or mini-plena-
ry scssion, that dcals directly with
the faculty shortage is “Status
Report on the Engincering Faculty
Shortage Project.” Robert P. Stam-
baugh of Union Carbide Corp., New
York, will moderate a panel of
experts including John W. Geils,
who hcads the industry-funded ASEE
study and will describe the accom-
plishments of the first yecar of the
project; Paul E. Torgersen of Virgin-
ia Polytechnic Institute, Blacksburg,
who will view the project from the
university’s vantage point; and Rob-
ert K. Armstrong of Du Pont, who
will describe how it looks from the
industry sidc.

Nitty gritty. On the more basic
level, J..J. Jonsson of Brigham
Young University, Provo, Utah, who
is program chairman for clectrical
engincering, points out that a lecture
on the first day will look at the role
of clectromagnetic ficlds in “Field
Theory—a Bushel or a Peck?”
Gayle Miner of Brigham Young will
ask “Who Neceds Electro- and Mag-
ncto-Statics?” Alexander B. Beres-
kin of the University of Cincinnati
will cover “Microwave Course Con-
tent.” And Fred J. Young and C.
John Molc of Westinghouse Corp.’s
Rescarch Laboratories in Pittsburgh
will discuss the role of “Electronic
Ficlds and Industrial Rescarch.™

The conference, whose theme is
“Productivity through cnginecring,”
is a big, sprawling affair—much like
the state in which it will take
placc—and will provide proof that
the academic community is working
hard to keep pace with technological
progress. -Howard WolfT
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engineers

Projects like the ring

laser gyro for the
Tomahawk-2 mean even
more career paths at Kearfott.

Like our on-going JTIDS terminal project and many other key awards, our
new contract for the inertial sensor for the MRASM (medium-range, air-to-
surface) Cruise Missiles clearly demonstrates our record of success in solv-
ing strategic systems problems.

As a recognized leader in dozens of aerospace technologies, we offer a broad
spectrum of inertial guidance, navigation, communications and airborne
computer programs that are as challenging as they are professionally
stimulating.

Whether your strength is in staff engineering, project engineering,
or project management, you'll find ample
opportunities to choose your own career path
with Kearfott. And to move along it rapidly. If
you're impatient with your current prospects,
and have at least a BS degree, let us show
you in realistic terms where proven inno-
vative ability in any one of the following
areas can take you.

® Digital Signal Processing

= Communication Systems Analysis
= Navigation Systems Analysis

s Digital Logic Design

s RF Communications ——
s Computerized Avionics

= Microwave Circuitry

s Realtime Computer Systems
s Power Supply Design

® Advanced Manufacturing

s Electro Optics

Find out about the sustained growth
environment at Kearfott, and about our
excellent on-site Masters Degree program
which further supports your career
progress. Send your resume, along with
salary history and requirements, to:

Mr. F. DeGennaro, Singer Company,
Kearfott Division, 1150 McBride Avenue,
Little Falls, NJ 07424.

An equal opportunity employer, m/f,

who creates opportunities a division of The SIN G E R Company
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ratron grids so that the conducting

tube rectifies during part rather than
| all of a half cycle. Latitude of speed

control is increased if the thyratron
I. DIELECTRIC grid resistors are made variable.

[ Rapid motor braking may be

WHY PAY g STRENGTH achieved by using a control switch
‘ 2. TENSILE whose center arm normally contacts

‘ both grid return circuits. In this

" STRENGTH case both thyratrons fire alternately
with the result that full wave a.c. is
3. ELONGATION |

‘ applied to the motor field. Inertia of
the armature rotor will be sufficient
FOR A FEW 4. PLIABILITY : to stop “hunting” by the motor as

9 the polarity of voltage applied to the
3. ""ls'“ field changes. The closed core choke

6 UNWOR“"Y > in series with the a-c supply is in-

h EMPIRE | R N : cluded to reduce current flowing
7. RE 'lsu C = through the armature when the mo-

w en | s N N tor is held at a standstill, saturation
<5z MR e, of the core of the choke reducing its

g ives you ’ inductance and avoiding serious volt-

age drop when the motor is operated.
The fact that current flows in the

FOR YOUR GHEETRICAL EQUIPMENT,
SPLICING, M AIR WORK

Direct-current motor control circuit. It
permits the direction of rotation to be re-
versed, provides variable speed adjust-

You'’re paying for all 7 of these advantages in any
Varnished Cambric Tape or Cloth you buy. Why not

specify EMPIRE —it costs no more to be sure of a!l 7. ment and lends itself to rapid motor
braking

Through years of experience and research, we have

developed Empire Tapes and Cloth to the point where motor armature only on half cycles

they earn top rating from every standpoint. Both equip- requires that the a-c supply have ap-

ment manufacturers and power companies have proved proximately twice the voltage re-

quired by the armature to compen-
sate the voltage drop in the rectify-
ing system.—Ryder, ELECTRONICS,
If you need Varnished Tape or Cloth send the coupon December 1938, p. 20.

for a stock sample of Empire. Subject it to your own

tests for first-hand evidence of its all-round excellence.

this in searching tests. And they back it up with orders
and reorders whenever this type of material is needed.

High Speed Stroboscopic
tie | Light Source
A CoOPER-HEWITT mercury vapor

USE THE COUPON TODAY!
MICA INSULATOR CO., Dept. 31, 198 Varick St., New York, N. Y.

Send me samples and prices of : Empire Straight Cut Cloth Yellow 2‘:; Black 'm | lamp may be used as a source of high
Empire Seamless Bias Tape Yellow .010. Black .010. f sDeed Stl‘ObOSCOplC hght for the Ob'

servance or photographing of recur-

Name — | rent or transient phenomena. The
Companr..» - circuit shown in simplified form pro-
Address. 7 ) L ’ vides control of timing and brilliancy.

100 June 1942 — ELECTRONICS



TOMORROW’S TECHNOLOGY TODAY

The engineering leadership of Computing Devices Company in advanced acoustic signal processing, military
command & control, and security sensor systems, has created career opportunities with challenge and growth
prospects. We have immediate openings for:

ELECTRONIC ENGINEERS — RELIABILITY AND MAINTAINABILITY
Applicants must be able to contribute actively to the frontend design process, and must have an ability to communicate
effectively with government/customer representatives.

Reliability/Parts Engineers: Duties inctude planning and management of reliability and parts control programs,
responsibility for associated analyses and test phases, and supervision of parts application/specification activities.

Maintainability/ILS Engineers: Duties include planning, analysis, and test phase activities in the areas of
Maintainability, Human Engineering, and Logistics Support.

Quatifications: Several years of
familiarity with relevant military

experience in the electronics development or support environment, including
specifications and standards. 7.

COMPUTING DEVICES COMPANY

a Control Data Company

G

EMPLOYMENT OR TERM-CONTRACT
Applications for full-time employment, or for work on a term-contract basis, are both welcome.

We offer attractive financial and professional rewards with the additional benefits of the Company's location in the
beautiful National Capital area. For career opportunities in the forefront of the high technology industry contact Joyce
Kincade at (613) 596-7066 or write to: Computing Devices Company, P.O. Box 8508, Ottawa, Ontario, Canada K1G 3M9.

Electronic Engineering/Data Processing Professionals

CONSIDER TEACHING, THE STANDOUT CAREER

That Offers Satisfaction, Recognition and The
Opportunity to Keep Up with the Latest

STATE OF THE ART

Find yourself performing with assembly line enthusiasm, wondering if
anybody is listening? Turn to teaching! Your abilities to respond to
problems will be challenged as YOU MANAGE the flow of knowledge
to an attentive audience. Leading as a teacher exchanges the
anonymity of project teams and large departments for highly
motivated students looking up to you for direction!

* TEACHING BACKGROUND IS NOT REQUIRED!
BSEE or MSEE and at least 2 years post-degree experience required.

« CREATIVITY IS ENCOURAGED!
Experiment allittle with the freedom to think again . . . ON YOUR OWN!

« ATTRACTIVE SALARIES, OUTSTANDING BENEFITS!

4 weeks vacation, sabbatical programs, tuition reimbursement plus
the involvement in the advances inherent in teaching. BHEG Institutes
are accredited by the North Central Association. The electronics de-
gree programs are accredited by TAC/ABET.

Attention: E. Cabot, Dept.E Name -
Address

If you're ready to redefine your career ——eee————
goals, let’s exchange information. (1) BELLBHDUJELL City State_____Zip_

| |

| |

| |

. - |

Send a letter or resume, (2) Call our Toll tDUCATION GROUP 1INC { Phone (daytime) _ Please: Send information O I
| |

| |

| |

[

Free Number 800/323-4253, (3) In lllinois - Preferred Location: Contactme now O
call 312/328-8100, or (4) Fil ) oy 2201W. Howard St., Evanston, Nlinois 80202 | KansssCiy O Atints O Datas 01 Phoenix O

coupon, mail to: 312/328-8100 Columbus, OH O Chicago O Woodbridge, NJ O
An Equal Opportunity Employer M/FIH Toronto, Canada O
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GTE Automatic Electric Laboratories has been
a leader in the telecommunications industry
since 1892, and our future never looked better!

In this exciting and rapidly changing industry,
GTE is meeting the challenges and
opportunities of the future by developing
advanced digital telecommunications systems
today. Our new design and development
laboratory in Phoenix will help us maintain our
edge in advanced systems design technology.

If you're looking for technical challenge,
growth opportunity and would like to be a part
of our rapidly growing organization...if you're
looking for the quality of life offered in this
vibrant, emerging technological center, make
the move to GTE.

A degree in Electrical Engineering, Computer
Science, Computer Engineering orrelatedfield

and experience in one of the following will
qualify youforaposition withourwinningteam.

SYSTEMS ENGINEERS - APPLIED RESEARCH
SYSTEMS TEST ENGINEERS
SOFTWARE DEVELOPMENT ENGINEERS

Send your resume in complete confidence
today. GTE Automatic Electric Laboratories,
Manager of Manpower, Dept. T 519, 2500 W.
Utopia Road, Phoenix, AZ 85027.

GTE Automatic Electric Laboratories

GTE

An Equal Opportunity Employer M/F/H

Research &
Development
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referral facility.

and other AV equipment.

systems. (Single Status)

HCA

INTERNATIONAL OPPORTUNITY
AUDIO VISUAL

The King Faisal Specialist Hospital and Research Centre in Riyadh,
Saudi Arabia has current openings in its Audio Visual Department.
The AV Department is responsible for the educational and television
needs of the employees and dependents of the 250 bed acute care

The following positions are available:

CHIEF TV ENGINEER: BSEE, 8 yrs. related experience (2 as
supervisor)in the design and maintenance of CCTV systems

TV ENGINEER: BSEE, 5 yrs. experience in maintenance and
repair of TV or Video systems. Must be familiar with TV
cameras, monitor systems, video tape recorders and cable.

TV TECHNICIAN: AA Electronics or 2 yrs. trade school or
military equivalent plus 5 yrs relevant experience—at least 2
of those years maintaining and repairing TV and video

Benefit package includes attractive salary, 30 day annual leave, free
transportation, furnished lodging, free medical care, bonus pay and
bonus leave. Two year contract.

For further information, please send resume to: Kathleen Langan,
Personnel Consultant, Hospital Corporation of America-International
Division, P.O. Box 550, Nashville, TN. 37202.

International Division

Engineers

* Design

* Development
* Project

* Software

$20,000-$50,000

Riddick Associates Engineering
Diwvision specializes in placement of
electrical and electronics engineers
with top companies on the East Coast
and throuahout the U S We prowide
advice oncareers resumesand infer
views 101 a position tailored 10 your
skills Chent companies pay alt fees
For details call or send resume in
strict confidence to Phil Riddick
President

Riddick

Associates, Ltd.
13 Koger Executive Center
Norfolk. VA 23502
e Area 804-461-3994 e

TO ANSWER BOX
NUMBER ADS
Address separate en-

velopes (smaller than 11° x
5” for each reply to:

Box Number

(As indicated)
Electronics

Box 900, NY 10020
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MCGRAW-
HILL’S
ELECTRONIC
BOOKSHELF
IS ON THE
AIR!

Ask your computer
to call 212/997-
2488 for the latest
info on our com-
puter and electron-
ics books. The
system is up daily
from 6 pm to 8 am
and 24 hours on
weekends.

—

NOTICE
TO
EMPLOYERS:

Why

we can recommend

our readers
for the top jobs

The subscribers to this magazine have
qualified professionally to receive it. They
are also paid subscribers —interested
enough in the technological content to have
paid a minimum of $19 for a subscription.

As subscribers to ELECTRONICS, our
readers have told you several things about
themselves. They are ambitious. They are
interested in expanding their knowledge in
specific areas of the technology. And they
are sophisticated in their need for and use
of business and technology information.

Our readers are now in senior engineer-
INg or engineering management, or they are
on the road toward those levels. In either
case, they are prime applicants for the top
jobs in almost any area.

If you are interested in recruiting the
best people in electronics, these pages are
open to you for your recruitment advertis-
ing.

Our readers are not “job-hoppers”. To
interest them you will have to combine
present reward with challenge and op-
portunity for future career advancement.

The cost of recruitment advertising on
these pages is $119 per ad-

fvertising inch. For information call or write:

Hectronics

Post Office Box 900, New York, NY 10020
Phone 212/997-2556
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ADAC 234 ®  Hewielt Peckerd 84,85 % Senitron 201
*  Adret Electronique 10€ $ Hitechi America Ltd. 184,185 * SGE Bossri 18E
Advanced Micro Devices 10,11 Hughes Aircraft C y Solid State Products 34 *  SGS Ates 1E-4E
Airpax Cambridge 220 *  Hughes Microelectronics 19€ * Siemens AG, Munchen 15€ °
8 Aico Electronic Products 223 Huntron Sales, Inc. 209 Silvar Lisco 247
AMCC 70 Inmos 27 Solartron 65
American Microsystems, Inc. 186.187 Intel Corporation DSO 2021 *  Solartron Membrain 184,185
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*  Ampex Corporate 12€ International Microcircuits 49 Standard Microsystems 124,125
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Digital Equipment Corporation 192,193 M Indi ial Chemicai: " TRW /LS| Products 109
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General Instrument Microelectronics 19 Riddick Associates, Ltd. 244
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Data Communications Books.

Basics of Data Communications

This compilation of essential articles from Data
Communications magazine includes chapters on
terminals, acoustic couplers and modems, com-
munications processors, networking, channel per-
formance, data link controls, network diagnostics,
interfaces, and regulations and policy. Pub. 1976,
303 pages, softcover.

Order No. R-608, $15.95.

Data Communications Procurement Manual
The information you need to turn data communica-
tions procurement into a smoothly running, cost-
effective operation. Includes sample solicitation
clauses and forms, specification checklists on 38
devices, and 8 useful appendixes. By Gilbert Held.
Pub. 1979, 150 pages, clothbound.

Order No. R-925, $24.50.

Fiber Optics and Lightwave
Communications Vocabulary

The basic reference document on fiber optic and
lightwave communications for those who design,
develop, operate, use, manage, or manufacture
data communications or data processing equipment
and components. 1400 entries, with inversions and
cross-references, and index of terms. Edited by
Dennis Bodson. Pub. 1981, 149 pages, softcover.
Order No. R-030, $12.95.

McGraw-Hill's Compilation of

Data Communications Standards

Presents verbatim reprints of all 123 interface protocol
data communications standards promulgated by In-
ternational Telegraph and Telephone Consultative
Committee (CCITT), International Organization for
Standardization (ISO), European Computer Manu-
facturers Association (ECMA), Electronic Industries
Association (EIA), American National Standards Insti-
tute (ANSI), and U.S. Government (NCS and NBS).
Special feature for easy access to applicable stand-
ards: cross-reference tables of standards produced by
each of these groups corresponding to similar stand-
ards published by the others. Edited by Harold C.
Folts. Pub. 1981, 1923 pages, clothbound.

Order No. R-100, $250.00.

Practical Applications of

Data Communications T e

Selected articles from Data Communications maga- Pkngiaio

zine cover architecture and protocols, data-link per- “\‘\h “ﬂ\.\x
formance, distributed data processing, software, data T

security, testing and diagnostics, communications \

processors, and digitized-voice and data-plus-voice. \ P

Pub. 1980, 424 pages, softcover.
Order No. R-005, $17.95.

—
ELECTRONICS MAGAZINE BOOKS

— — ———— — — — — —— — —

] o
1221 Ave. of the Americas C“ 0}
New York, N.Y. 10020 B Hill |

(Telephone 212/997-2996)

Name

McGraw-Hill Intt. Publications Co.
European Circulation Center Title
Maidenhead, Berks. SL6 2QL, UK
(Tel. 10628} 23431, Telex 848640)

I
I
I
N
— |
Order # Qty Price l
I
I
|
I
I

Company

A s Street/ PO address

R- s City/ State/Zip (Outside USA: City/postal code/country)

R- s (] Payment enclosed (Payment must accompany orders

under $25. USA residents add applicable local tax.)

R- $ [} Bill my company (or attach company Purchase Order)

[ Bill me
LR- $ Ten-day money-back guarantee applies on all books.
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- CAD

TOOLS FOR
CUSTOM IC DESIGN

® Schematic entry

| —

Hierarchical design support

fAutomatic layout of standard cell IC's
Automatic layout of gate arrays
Mixed mode simulation

Switched capacitor network simulation
Interfaces to logic simulators

Interactive color graphics support

Integrated portable software system available
on Apollo, DEC VAX, IBM and Prime

An integrated set of tools for gate array design.
Full Customer support in U.S., and €urope.

fFor more information call or write our Marketing Department

<y| SILVAR-LISCO
| 3172 Porter Dnve. Polo Alto. CA 94304 (415) 856-2525
34 Rodystroat. B3030 Leuven. Belgium (016) 20 00 16
!

S S|

Appliable To Many Uses
M Liquid Crystal Displays

— MSP-203(For calculators)
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Circle 247 on reader service card

this publication
is available in

Please send me additional information.
University Microfilms International

300 North Zeeb Road 18 Bedford Row
Dept. P.R. Dept. P.R.

Ann Arbor, M| 48106 London, WC1R 4EJ
US.A. England

Name

Institution

Street

City

State
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Daini Seikosha is one of the world-renowned watch
makers which started commercial production of
quartz watches first in the world. The Company
now is ready to make great strides to become a
manufacturer of precision components using pre-
cision processing techniques and experiences ob-
tained and accumulated in quartz watch manufac-
turing. Here we introduce to you our liquid crystal
display panels specially designed and developed
for calculators, instruments and games applications.

[Features)

® The organic panel construction guarantees clearer contrast
and wider viewing angle.

| ® High multiplex properties.

u ® Diverse reflectors are to be provided.

# We try to meet every customer's needs regardless of the ’
volume of the order.

SEIKO GROUP
§ 7 DANI'SEIKOSHA CO, LTD.

Sales Division:31-1, 6-chome, Kameido, Koto-ku, Tokyo, 136, Japan

Phone: Tokyo 684-2010 Telex:2622410 DSEIKO J

Seiko Instruments U.S.A. Inc. 2990W. Lomita Blvd., Torrance Calif., 90505
Phone:213-530-8777 Telex:9103477307

Frankfurt Representative Office:Arabella Center 13 OG Lyoner Strasse 44-48, 6000
Frankfurt/Main 71 W. Germany. Phone:0611-666971 -2, Telex:413045 DSFM D
Precision Engineering LTD. Sales Division:Peninsula Centre

Room 1114, East Tsim Sha Tsui, Kowloon, Hongkong

Phone:3-676485, 683160, 683169, 697593 Telex:40211 PELSD HX
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POWER, MEMORY, I/0
CAPABILITY AND PERFORMANCE

Introducing the —Completely STD bus
MCPU-800 one compatible

year anniversary. —Single +5 Sf’gp'yt .
For over a year now, Miller —Low power: 5 w typica
Technology has been —Software support: =
delivering a little single MONITOR -
board microcomputer with 2K BASIC

some pretty big features.

K
—4 MHz Z80A CPU BRIBASIC

Both Basics support

—64K or 16K bytes RAM ROM-able code.
—4 ROM sockets hold up to CP/M " compati
patible—ask
322KK lz:r(tes EI?)M or EPROM for tech note #8102 Single Quantity Prices
ol . —Optional RS-232 interface 16K 3610
—32 Parallel 1/0 bits +5 only 64K *695

—Fully programmable serial Shipped OnIyAfter Phone: (408) 395-2032

port .
—Software control of 100 Hour Burn-in.  performance 647 N. SantéCrgz Ave.
memory configuration We've got’em ready to ship  gjngle board l:os Gatos, CA 95030
on 16K boundaries —allow 2 weeks for delivery microcomputer ® Trademark of Digital Research
—I0EXP line under software  °" SMall quantity orders. getin touch with ILLER
control, MEMEX and For informationonthe Miller Technology —l h |
MCSYNC fully supported  only no frills, pure today. ecnno qu

Circle 248 on reader service card

SUILE |NVERTER & UPS. ||

& FREGQUENCY CONVERTER WITH BATTERY |

50~ 500VA Miniature UP S I
*Noiseless™ Series with “GS™ Sealed-gel Battery

INVERTER l

REQUIRED
> 'READING FOR
ELECTRONIC
DESIGN ENGINEERS:

SPECIFICATIONS OF INVERTER CAMBION CATALOG 800

jp_Output. 8 SOVA_RQIOOVAZZZ00VA 30OVA %S,?XA '0090)"‘ When it comes down to selecting the definitive design reference
Ea il LMl et M T S source in the electronic components field, get Cambion’s Catalog
T ¢ . ) ) . 800 listing over 23,000 different components—connectors, termi-
Output Voltage : nals, inductive products, handies, and much more associated
f ; hardware. Cambion's reputation for high quality, reliability, and
] O . Al worldwide off-the-shelf availability, plus our special attention to
| weesnt oy ¢ custom-designs have made us a near-legend in our own time
— avatarhe - mp——— The Catalog 800—designedto
U.S.A. make your design concept a Midland-Ross Corporation
SUNLITPOWER INC. design reality. Get your Cambion Division
2931 South Mam St. Suite C Santa Ana, Caht 92707 US A copy today! 445 Concord Avenue
E;’-‘;Eé‘c:&g” TWX 910 595 2697 Cable SUNLITE Cambridge MA 02238
N BION s
OKAMOTO ELECTRONICS CORP. ﬂgi!‘be'mn«ﬂm L 7oy 00
O Qsaka Meschadrise Center, Schvekadn 189. Rotte rdam3004 Telex: 92-1480
Fhe Retnertonds "Prooe Gro%sats TWX: (710) 320-6399

KOJIMA ELECTRlC MFG. CO., LTD | MID DROSS
Main Oftice No 26 8. 2 chome, Minamikaneden, Suita.shi,
Japan Phone (06) 385 35?3 Telex 5234‘\(“(7 KO’lMA J
Tokyo Branch Toyotama Bidg No 15-3 home

Nermaku, Tokyo 176. Japan Phone (:0x 9484311

See Us In Booth # 102, Electro '82
248 Circle 249 on reader service card Circle 251 on reader service card
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Please enter my subscription to

]
Electronics
SUBSCRIBE TO
ELECTRONICS ] One year @ $19 (] Two years @ $32 (] Three years @ $47
'n,"s Qualihcation for above rafes 1s based on answers fo all questions. Those not qualifying
s may pay higher than basic pnce of $34 one year or S79 for three years
DESIGNERS CASEBOOK ] Paymet Encoss
NUMBER 5 - Bl Me
"] Charge my subscription to [J Amencan Express [ Diners Club
[Jwisa [ MasterCard  Interbank No
54550-A Acct No Expiration Date
Signature
1.
Name Title
Company Div. ot Dept.
Co. Address City State Zip
O Check here if you wish publication to be sent to home address:
Street City State Zip

Signature

2 Please check which best describes your
* company’s business at your location:
O Manutactunng
O Distribution
O Retailing
O Other

3 [:]Indicate the primary product manufactured
or service performed at your plant or location
(place applicable letter in box)

A. Comp data p! g and peripheral equipment, office and
business machines

B. Communications, data communications, telecommunications
systems and equipment

C. Navigation and guidance, aircraft and missile systems or
equipment (oceanography)

D. Test and measurement equipment

E. Consumer products (TV, radio, hi-fi, recorders, home computers,
appliances)

F.  Medical, industrial controls, systems or equipment

G. Semiconductor production equipment (component insertion, coil
winding, etc.}

H. Electronic sub-assemblies, components and materials (passive,
active components, IC's, discretes, hybrids, power supplies)

I.  Other manufacturers using electronics equipment as part of their
product (machine tools, chemicals, metals, plastics,
pharmaceuticals, etc.)

J. Govemmenl and mnlltary

K. h and I laboratory or consultant

L. Research and development oroamzanons which are part of an
educational institution

M. independent software developers

N. Operators of communications equipment (utilities, railroads,
police and airlines. broadcasting, etc.)

0. Educational: 2-4 year college, university

P.  Other

Subscripions are normally entered within 2 weeks.
but please allow 4 weeks for shipment

4 Dlndicate your principal job function,
* occupation and/or title (place applicable letter
in box. If letters 0, P, or Q are used, fill in name
of college or umverslty)

Corporate Management (Owners, Partners, Presidents. V P's. efc.)
OpemmManaouwrn(GenemMamoets Group Managers. Dmsion Heads.

ec)
Engeneenng Management (Project Manager. Ctwet Engineer, Secbon Heads,
V P. Engineenng, V.P. Research and Development, V P_ Quaiity Control, etc.)
Software Engineenng
Systems Engineenng Integrabon
Quakty Control Engineenng (Rekabrity and Standards)
Design Engineenng
Engineenng Support (Lab Assistants, efc.)
Test Engineenng (Matenals, Test. Evaluation)
Fieid Service Engineenng
Research and Development (Scientists. Chermists, Physicists)

CVOZTrRXC=IOTMO O @

5 Dlndicate your principal job responsibility
“ (place the appropriate number in box)
1 Management
2 Engineenng Management
3 Engineenng

6 Estimated number of employees at this location:
* (check one)
11049
50 to 249
250 to 999
over 1,000




BUSINESS REPLY MAIL

FIRST CLASS PERMIT NQ 42 HIGHTSTOWN, N.J. 08520

POSTAGE WILL BE PAID BY ADDRESSEE

Electronics

P.0. BOX 514
HIGHTSTOWN, N.J. 08520

NO POSTAGE
NECESSARY
IF MAILED
IN THE
UNITED STATES




Electronics

Reader Service

For additional information

on products advertised,

new products or new literature,
use these business reply cards.

Complete entire card.
Please print or type.
Circle the number on the Reader

Service postcard that corresponds
to the number at the bottom of the

advertisement, new product item, or
new literature in which you are
interested.

To aid the manufacturer in filling your

request, please answer the three
questions.

All inquiries trom outside the U.S. that
cannot reach Electronics before the
expiration date noted on the Reader
Service postcard must be mailed
directly to the manufacturer. The
manufacturer assumes all respon-
sibilities for responding to inquiries.

Subscriptions & Renewals

Fill in the subscription card adjoining
this card. Electronics will bill you at
the address indicated on the card.

m May 19, 1982 This reader service card expires August 19, 1982

NAME TITLE

PHONE ( ) COMPANY

STREET ADDRESS (Company O or home O check one)

CITY STATE ZIP

Was This Magazine Personally Addressed to You? Oves ONo

Industry classification (check one): 5 Source of Inquiry—DOMESTIC

a O Computer & Related Equipment e O Test & Measuring Equipment j O Independent R&D Organizations
b O Communications Equipment & Systems f O Consumer Products k O Government

¢ O Navigation, Guidance or Control Systems
d O Aerospace, Underseas Ground Support

Your design function (check each letter that applies):

x O | do electronic design or development engineering work.
y O I supervise electronic design or development engineering work.
z O | set standards for, or evaluate electronic components, systems and materials. ¢ O Engineering

Estfmate number of employees (at this location): 1.0 under20 2.0020-99 3.0100-999 4.0 over 1000

g O Industrial Controls & Equipment
h O Components & Subassemblies

Your principal job responsibility (check one)

t O Management
v O Engineering Management
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47
48
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50
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92107
93108
94109
95110

121136 151 166
122137 152 167
123138 153 168
124139 154 169
125140 155 170

181196 211 226
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184199 214 229
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241 256 271 348
242 257 272 349
243 258 273 350
244 259 274 351
245 260 275 352

363 378 393 408
364 379 394 409
365 380 395410
366 381 396 411
367 382 397 412

423 438 453 468
424 439 454 469
425 440 455 470
426 441 456 471
427 442 457 472

483498 703 718
484 499704 719
485 500 705 720
486 501 706 900
487 502 707 901

OEND ([ Wwhny =
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96 111
97 112
98 113
99114

85100115130 145160175

126 141 156 171
127 142157172
128 143 158 173
129144 159 174

186 201 216 231
187 202 217 232
188 203 218 233
189 204 219 234
190 205 220 235

246 261 338 353
247 262 339 354
248 263 340 355
249 264 341 356
250 265 342 357

368 383 398 413
369 384 399 414
370 385 400 415
371 386 401 416
372 387 402 417

428 443 458 473
429 444 459 474
430 445 460 475
431 446 461 476
432 447 462 477

488 503 708 902
489 504 709 951
490 505 710 952
491 506 711 953
492 507 712 954

86101 116 | 131 146 161 176

87102 117
88103 118
89104 119

"90 105 120

132147162 177
133148163 178
134149164 179

135150 165 180

191 206 221 236
192 207 222 237
193 208 223 238
194 209 224 239

195 210 225 240

251 266 343 358
252 267 344 359
253 268 345 360
254 269 346 361
255 270 347 362

373 388 403 418
374 389 404 419
375 390 405 420
376 391 406 421
377 392 407 422

433 448 463 478
434 449 464 479
435 450 465 480
436 451 466 481
437 452 467 482

493 508 713 956
494 509 714 957
495510715 958
496 701 716 959
497 702 717 960

m May 19, 1982 This reader service card expires August 19, 1982
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The Type 815 Precision Fork is cali-
brated in terms of the G-R Primary
Standard of Frequency. A harmonic
of the frequency standard drives a
1,000-cycle motor to which is affixed
a paper stroboscopic disc. The out-
put of the Fork is amplified and
flashes a G-R STROBOTAC, used to
illuminate the stroboscopic disc. By
counting the number of spots on the
paper disc passing a given index per
unit of time, the frequency of the
fork can be measured to within a
few parts per million.

TWO PARTS PER

MILLION

TYPICAL ILLUST RATION of the care used in
manufacturing and tes ting G-R equipment is the Type
815 Precision Fork, widely used as a low-frequency standard, in geo-
physical exploration, general laboratory testing, and in rating clocks
and watches. These forks are supplied for frequencies of 50, 60 or 100
cycles. They are calibrated to an accuracy of two parts per million.

The material from which the forks are made is low-temperature-
coefficient stainless steel, received from the supplier in the form of
bars. As the temperature coefficient of different lots of steel varies
a sample fork is made from each new lot and the coefficient is
obtained after a protracted temperature run.

From previously determined mechanical tolerances, the forks are
then machined in our shop. The average fork as received from the
shop is about two cycles below its nominal frequency. The initial
frequency is measured to within one millicycle. From data previously
obtained, the amount of material to be milled from the ends of the
tines is determined and the fork is returned to the shop for the first
rcugh adjustment. A second check to within one millicycle is then
made and if necessary the fork is returned to the shop again for
turther adjustment. Occasionally a third rough check and adjustment
are required.

The fork is then ready for final adjustment and calibration. A
hole is drilled and tapped in the end of each tine to receive two
adjustable loading screws. The frequency is measured to within
one millicycle with both tine holes empty, with an inner tine screw
in each hole and then with an outer tine screw set up tightly against
the first screw. From these measurements the approximate amount of
material to be cut from the tine screws to bring the frequency very
close to its nominal value is ascertained.

The fork is then allowed to 1un for a half-hour at a controlled
temperature of 77 degrees F. after which the final frequency meas-
urement is made. Appropriate adjustments of the tine screws set the
trequency to within 0.001% of the nominal value. The voltage coeffi-
cient of frequency is now obtained. This is approximately 0.005% per
volt. The output voltage and harmonic content are then measured.

The forks are then placed in stock. When orders are received
the forks are returned to the laboratory and the frequency is measured
at a driving voltage of exactly four volts. A calibration certificate
showing the exact frequency to within 0.002% at a stated tempera-
ture between 70 and 80 degrees F., and showing the temperature
and voltage coefficients of frequency is supplied with each -fork.

GENERAL RADIO COMPANY

CAMBRIDGE, MASSACHUSETTS
Branches in New York and Los Angeles
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a If the cards below have already been used,
%Ctm‘ns you may obtain the needed information
. by writing directly to the manufacturer,
Read er Sewlce or by sending your name and address,
plus the Reader Service number and issue date,

to Electronics Reader Service Department,
P.O. Box No. 2530, Clinton, lowa 52734.
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Fast Relief.

delivery date you can
depend on.

And Beckman'’s new
displays facility in Fuller-
ton, California is now
on-line, delivering a com-
plete line of liquid crystal
and planar gas discharge
displays.

Remember, for just
about any ailment asso-
ciated with displays, as
well as precision pots and
dials, trimmers, digital
multimeters, precision
resistor networks, and
hybrid microcircuits,

Beckman has the right
o prescription.
] For timely relief see your
local Beckman distributor today.

% Beckman Instruments Inc.,

For fast relief from
slow electronic compo-
nent delivery, just consult
your nearby Beckman
distributor.

You'll get quick
response because Beck-
man’s world-wide sales,
service and distributor
network specializes in
delivering what you need,
when you need it.

Beckman is com-
mitted to serving the
electronics industry
with superiorquality,
competitive prices, and
reliable delivery. To meet
this commitment,
Beckman continues to
invest in new product
development and
production facil-
ities expansion.

Electronic Technologies
Group, 2500 Harbor Blvd.,

For example, Fullerton, CA 92634. Or call
Beckman'’s new (714) 773-8441.
computerized

production control ., The best medicine

i
\ L]
system provides on-line, real-time s ‘ . AT } in electronics.
e

status of product availability and
BECKMAN

delivery information. Within a
matter of minutes, you'll have a




PHOTOVOLTAIC

with tight specifications and 100% tested...twice

Clairex photodiodes of the CLD series use in hostile environments and one epoxy
are designed to optimize the photovoltaic encapsulated type for lower cost
characteristics of silicon and maintain tight applications. .
specifications on all significant parameters. And, as is the case with all Clairex opto-
The four silicon PN planar diodes electronic devices, these photodiodes are
presently available all offer high linearity, 100% tested twice.
low dark current and fast response for use in Try Clairex photodiodes. Call (914)
critical measurement applications. Three 664-6602 or write Clairex® 560 South Third
hermetically sealed tvpes are available for Avenue, Mount Vernon, New York 10550.

CLAIREX ELECTRONICS

A Division of Clairex Corporation
Circle 902 on Reader Service Card



