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ULTRA COMPACT UNITS...OUNCER UNITS

HIGH FIDELITY. ... SMALL SIZE.... FROM STOCK

UTC Ultra compact audio units are small and light in weight, ideally suited to remote amplifier and PR, e

similar compact equipment. High fidelity is obtainable in all individual units, the frequency response < e o
being =+ 2 DB from 30 to 20,000 cycles. R o
True hum balancing coil structure combined with a high conductivity die cast outer case, effects good . : e

inductive shielding. o =

Typ . Secondary List

No. Application ~ Primary Impedance ~ Impedance Price

A-10 Low impedance mike, pickup, 50, 125/150, 200/250, 50 ohms $16.00
_or multiple line to grid 333, 500/600 ohms

A-11 Low impedance mike, pickup, 50, 200, 500 50,000 ohms 18.00

_or line to 1 or 2 grids (multiple alloy shieids for low hum pickup)
A-12  Low impedance mike, pickup, 50, 125/150, 200/250, 80,000 ohms overall,

or multiple line to grids 333, 500/600 ohms in two sections 16.00
A-14 Dynamic microphone to one or 30 ohms 50,000 ohms overal,

two grids - _in two sections 17.00
A-20 Mixing, mike, pickup, or mul- 50, 125/150, 200/250, 50, 125/150, 200/250,

tiple line to line 333, 500/600 ohms 333, 500/600 ohms 16.00

™|

-21  Mixing, low impedance mike, 50, 200/250, 500/600 50, 200/250, 500/600 18.00
pickup, or line to line (multiple alloy shields for low hum pickup)

A-16 Single plate to single grid 15,000 ohms 60,000 ohms, 2:1 ratio ”15.00
A-17 Single plate to single grid As above As above 17.00
_ 8 MA unbalanced D.C. ‘ - B
A-18 Single plate to two grids. 15,000 ohms 80,000 ohms overall,
Split primary - ~2.3:1 turn ratio 16.00
A-19 Single plate to two grids 8 15,000 ohms 80,000 ohms overali,
= MA unbalanced D.C. 2.3:1 turn ratio 15.00 TYPE A CASE
A-24 Single plate to multiple line 15,000 ohms 50, 125/150, 200/250 " g
’ 333, 500/600 ohms ' 16.00 12" x 12" x 2 high
A-25 Single plate to multiple line 15,000 ohms 50, 125/150, 200/250, 3
8 MA unbalanced D.C. 333, 500/600 ohms 17.00_ i i
A-26  Push pull low level plates to 30,000 chms 50, 125/150, 200/250, ”
multiple line piate to plate 333, 500/600 ohms 16.00
A-27 Crystal microphone to mul- 100,000 ohms 50, 125/150, 200/250,
o tiple line S 333,300/600 O?\L 16.00 -
A-20  Audiochoke, 250 henrys @ 5 MA 6000 ohms D.C., 65 henrys @ 10 MA 1500 0hms D.C. 12.00
A-32  Filter choke 60 henrys @ 15 MA 20000hms D.C., 15henrys @ 30 MA 500 chms D.C. 10.00

JT3 OUNCER components represent the acme in compact quality transformers. These units, which weigh
e ounce, are fully impregnated and sealed in a drawn aluminum housing %" diameter ...mounting
pposite terminal board. High fidelity characteristics are provided, uniform from 40 to 15,000 cycles,
axcept for 0-14, 0-15, and units carrying DC which are intended for voice frequencies from 150 to
4 (00 cyclzs. Maximum level O DB.

Type List

No. Application ~ Pri.lmp. Sec. Imp. Price
C-1  Mike, pickup or line to 50, 200/250 50,000 o $14.00
1 grid ~500/600 - o -
0-2 Mike, pickup or line to 50, 200/250 50,000 14.00
2 grids - 500/600

0-3  Dynamic mike to 1 grid ~7.5/30 50,000 13.00

0-4  Single plate to 1 grid 15,000 60,000 ~11.00

, 0-5  Plate to grid, D.C. in Pri. 15,000 60,000 ~11.00

& 0-6  Single plate to 2 grids 15,000 ) 95,000 1300
0-7 glzte_topzvgrids, 15,000 95,000 13.00 =

Lon ril.

OggER C-8  Single plate to line 15,000 50, 200/250, 500/600 14.00

. 0-9  Plate to line, D.C. in Pri. 15,000 50, 200/250, 500/600 14.00

Ye” dia. x 174" high  0.10 Push pull plates to line 30,000 ohms 50, 200/250, 500/600 14.00

. plate to plate - o

0-11 Crystal mike to line 50,000 50, 200/250, 500/600 14.00

0-12 Mixing and matching 50, 200/250 50, 200/250, 500/600 13.00

0-13 7Reactor, 300 Hysi—no D.C.; 50 Hys.—3 MA. D.C., 6000 chms - 10.09

C-14 50:1 mike or line to grid 200 2 megohm 14.00

0-15 101 single plate to grid 15,000 1 megohm 14.00

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

MEASURE HAIRSPRING ®
TORQUE e

WITH SOUND WAVES

A C VOLTMETER

Marion’s Hairspring inspection method
permits 100% inspection and control of
hairspring characteristics at high pro-
duction rates.

7/

Wﬁ marion methods 7/
THE MARION METHOD of hairspring inspection takes advantage
of the relationship between the torque of the hairspring and its;|
natural resonant frequency. Initial calibration is made with o
standard torsiometer and frequency is adjusted to resonate atjyl
hairspring of known torque. Hairsprings of correct torque speci- \%
fications resonate when held in tweezers placed against the
vibrating surface. Amplitude adjustment permits "'Go-No-Go*
Inspection to * 1% of specified torque. With this method, inspec-
tion rates of 500 to 600 springs per hour may be achieved. This—
technique affords production torque conirol to close limits on
100% basis, rather than the normal spot checking provided by

standard torsiometers.
NOT FOR SALE — Marion's Method of inspecting hairsprings by vibrat- ) \
ing them at audible frequencies may be adaptable to your own inspection p /
problems. The illustrations show how such a device may be made. The , ‘/_\\

one pictured uses a Hewlett-Packard audio oscillator coupled to a trans- // !/
ducer which may be a moditied P. M. speaker assembly.

OTHER MARION METHODS — Current demands on industry by the |

mobilization program accentuate the importance ot production methods. \

Hairspring torque measurement by means of sound waves is only one of —— /
a number of methods which Marion proposes to present in the hope that \

some of them can help you as much as they have helped us. Marion Elec- '\.\___

trical Instrument Company, 401 Canal Street, Manchester, N. H., U. S. A.

el

MANUFACTURERS OF MARION RUGGEDIZED PANEL INSTRUMENTS
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THIS INFORMATIVE QUARTERLY
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WITHQUT GE

A ]OURNAL OF INSTRUMENT ENGINEERING

{'T«ER?;DTC: B v CECRERER o R -E-NCI;?A.I.\JT)-:
Please mail me, fiee of charge, your quarterly journal “ TECHNIQUE” |
FILL IN I |
I name |
THIS COUPON =POSITION I
I company l
N O W : ADDRESS =
‘ |
MUIRHEAD « CO Ltp.
PRECISION ELECTRICAL INSTRUMENT MAKERS MU'RHEAD

BECKENHAM A KENT * ENGLAND ELECTRICAL INSTRUMENTS

Telegrams and Cables: MUIRHEADS ELMERS-END U2
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Low temperature IS

.
- Any resistor can reduce voltage and dissipate
> ¢ o' 1. " i heat. Amazingly few can do it without overheating
. = “ themselves! Chief among those who can are IRC
{71 £ Resistors. Advanced, yet practical design—unusual
A Rt y use of heat-dissipating materials—and a rigid quality-
5 , control system—all combine to give these resistance units

low operating temperatures, greater efficiency and longer life.

Low temperature coefficient and noise level.
Meet and beat JAN-R-11 Specifications.

Y5, %2, 1 and 2 watts—available in 4 5%,
+10%, and +20% tolerance.

Easily meet critical requirements of television.

Fully tested by independent agencies under
actual field conditions,



Besides unusually rapid dissipation of heat, IRC Fixed
and Adjustable Power Wire Wound Resistors give
balanced performance in every characteristic. Special
cement coatings are designed for low range high tempera-
ture requirements—or for maximum protection against
extreme atmospheric conditions. For exacting, heavy-duty
applications—high voltage bleeders, bias supply, grid
and filament dropping resistors—PWW's are available
in a full range of sizes, types and terminals. Leading
industrial, aircraft and broadcasting users have specified
them for more than 14 years. Technical data Bulletin C-2
gives complete information.

g7 e

When you’re in a hot spot and need
experimental or maintenance quan-

tities of standard resistors double- \ \ (
quick, phone your IRC Distributor. - \ \
IRC’s Industrial Service Plan pro- N N\

vides him with a full stock of \ /

uniformly dependable standard
resistors; he can give you fast,
round-the-corner delivery of small-
order requirements. We’ll be \
glad to send you his name
and address.

Temperature coefficients cover many resistance values in IRC
Type BW Insulated Wire Wound Resistors. At /2, 1 and 2 watts, they
are exceptionally stable, economical units for low range applications
such as meters, analyzers, spark suppression units, TV circuits, low
power ignition circuits. Resistance elements are wound uniformly on
insulated core. Molded phenolic housing protects against humidity
and grounding. Noise and aging are negligible. Technical daota
Bulletin B-5 contains full details.

For extremely fast heat dissipation, the unique mounting brackets
of Type MW Wire Wound Resistors actually iransfer heat from
chassis to outside. Other radical departures from conventional design
give MW's widest adaptability to individual requirements. MW's are
flat wire wound resistor strips, permanently enclosed by high pressure
molding in o specia! mica-filled phenolic compound. Special feet per-
mit moUnting on any flat metal surface. Low initial cost, lower mount-
ing ¢ost, flexibility in providing taps at low cost, and savings in space,
all'oﬁ“?f amazing economies. Ask for technical data Bulletin B-2.

-

P S S — — — A S S—————— T T Su— S—— — s—

INTERNATIONAL RESISTANCE COMPANY

403 N. BROAD ST, PHILADELPHIA 8, PA.

Please send me complete information on the items checked below:—

[J Advanced BT Resistors {B-1) [] BW Resistors (B-5)

{TJ Power Wire Wounds (C-2) MW Resistors (B-2)
[] Name and Address of nearest IRC Distributor

NAME

TITLE

COMPANY

ADDRESS,

ciry ZONE STATE

3. F. ARNDT & CO., ADV. AGENCY
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STANDARD AC SPECIFICATIONS
VA capacity 150 250 2000 5000
500 1000 3000 10000
15000 L[]
Harmonic Distortion 3% max. 2% max. 3% max. 3% max. MODEL NO. 500-5
Regulation accuracy #+ 0.1% against line or load
Input voltage 95-130 VAC; also available for 190-260 VAC
single phase 50-60 cycles
Output voltage Adjustable between 110-120; 220-240 in 230
VAC models
Load range 0 to full load
P.F. range Down to 0.7 P.F. All models temperature
compensated
NOTE: THREE PHASE AND 400 CYCLE REGULATORS ALSO AVAIL-
ABLE. ALL REGULATORS CAN BE HERMETICALLY SEALED.
Wrrite for Complete Literature For regulated DC problems investigate Sorensen’s

line of Voltage Reference Standards,
DC Supplys, and NOBATRONS

%W and company. inc.
375 FAIRFIELD AVE. e STAMFORD, CONN.

MANUFACTURERS OF AC LINE REGULATORS, 60 AND 400 CYCLES; REGULATED DC POWER SOURCES; ELECTRONIC
INYERTERS; YOLTAGE REFERENCE STANDARDS; CUSTOM BUILT TRANSFORMERS; SATURABLE CORE REACTORS
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Reeves saves space in its Elecetronie
Brain...with IRV=0=LITE Tubing

The Reeves Electronic Analog Computer (REAC) * saves plenty of
man-hours in performing complex calculations. And in this Elec-
tronic Brain’s complicated wiring system, shielding and terminal

labeling are done exclusively with IRV-O-LITE XTE-30 Plastic
Tubing-—saving plenty of space.

XTE-30’s high dielectric strength of 1,000 vpm (dry) frequently
permits the use of thinner-walled tubing. Where space is at a pre-
mium, follow the example of Reeves and hundreds of other manu-

facturers—use XTE-30!

You get these other advantages, too, with XTE-30 Plastic Tubing:
high mechanical strength; lasting flexibility; excellent chemical
and moisture resistance.

XTE-30 comes in a standard range of sizes from .022” to 2” ID and
even larger for special applications. Six contrasting colors simplify
identification of leads and speed up complex wiring jobs. See for
yourself what XTE-30 will do for you—just mail the coupon for
free Technical Data Sheet.

* Manufactured by Reeves Instrument Corp. of N. Y., one of the outstanding pro-

TVINGTON
s
ducers of high precision electronic and electro-mechanical computing equipment. SULAT‘Q

.........C.O...QQQQP’*fWﬂfﬂf“m

Send this convenient coupon now Irvington Varnish & Insulator Company

= 6E Argyle Terrace Irvington 11, N. J.
@ | Gentlemen:
| Please send me your Technical Data Sheet on
f i IRV-O-LITE XTE-30 tubing.
|
Name.......... Title.......ooovvvrreaenne
VARNISH & INSULATOR COMPANY { CZ:;any

IrVington 11, New Jersey | Address.,.'....‘...‘.'... ..................

I City......... State

ELECTRONICS — August, 1951
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Thenewfive channel “totem pole
antenna atop the world’s tallest
building posed many difficult-to-
solve problems. One of these —
severe icing conditions —was
solved with specially-designed
de-icers, manufactured by
Electro-Therm, Inc., of Silver
Spring, Maryland and installed
by RCA engineers. Tophet heat-
ing elements in the de-icers effec-

tively prevent ice accumulations.

Wherever an extra margin of
dependability is required, engi-
neers specify Tophet for greater
dependability. For Tophet Resis-
tance Wire has been proven

over the years to provide top
heat and top performance in
applications ranging from house-
hold appliances to heavy duty
industrial furnaces.

It's TOPHET for Top Heat

www.americanradiohistorv com
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lasticon GLASY

have been solving your
engineering problems since 1943

We originally designed Glassmikes for the
Metallurgical Laboratory at the University
of Chicago for use in radiation counter equip-
ment. The Glassmike construction (metal
ferrules soldered to silvered bands at each
end of a glass tube) proved ideal for small,
high voltage filter and coupling capacitors.
As the only exclusive producers of plastic
film dielectric capacitors, we use many differ-
ent films and impregnation combinations.
Our application experience enables us to
recommend the best dielectric combination
for your particular application.

Some of the more common Glassmike types are as follows:

Type ASG— High temperature, high voltage filter coupling and by-pass service.
Type AAG—High resistance, low voltage coupling and storage service.

Type LAG—Very high resistance, extremely low dielectric absorption.

Type LSG—High “Q”, high voltage replacement for mica capacitors.

Type TAG—Similar applications to Type LAG, but for higher temperatures.
Type TSG—Similar application to Type LSG, but for higher temperatures.

Type PAG—High DC resistance, low dielectric absorption for temperatures
up to 85° C.

Type FAG—TUltra high resistance, high voltage capacitor.
Send us your requirements and we will recemmniend the proper capacitor.

MANUFACTURERS
Glassmike Capacitors
Plasticon Capacitors

HiVolt Power Supplies
Pulse Forming Networks ondenser roducts Com pany

All Phones: AMbassador 2-3727

7517 North Clark Street « Chicago 26, Lllipois

ELECTRONICS — August, 1951
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AD}‘KE RELAYS AT WORK—One of a series\of advertisements an specific ADLAKE applications.
/ =

Hue

N\

TRADE AMMARN /

elays Afe Used i/

/ ]
{ ' /

// / /
L

/ : /
~_ ORAN Transmitters /

/

Manufactured by Federal Telephone and Radio/Corporatio'n

,

Loran fransmiffers/(LOng RAnge Navi-
gation) are of pﬁme importance to both
naval and mepchant fleets. The builder of
these transtitters, Federal Telephone
and Radig’ Corporation, Clifton, N. J.,
uses ADLAKE Relays—because ADLAKE

as;tge’s the utmost reliability under all
opefrating conditions.

‘//ADLAKE Relays are designed and built
to meet the most exacting requirements.
Their mercury-to-mercury contact pre-
vents burning, pitting and sticking, and
their sturdy construction armors them
against outside vibration or impact. And
most important of all, they require no main-
tenance, for they are hermetically sealed
against dust, dirt and moisture.

Y

5o B 8 5 "SR

For the full story on the part ADLAKE
Relays can play in your business, just
drop a card to The Adams & Westlake
Company, 1107 N. Michigan, Elkhart,
Indiana. No obligation, of course.

Every ADLAKE Relay Gives You These
Advantages:

HERMETICALLY SEALED—dust, dirt, moisture, oxida-
tion and temperature changes can't interfere with

operation.
Relay control panel of Loran Transmitter Mode! T-137, buill by MERCURY-TO-MERCURY CONTACT—prevents burn-
Federal Telephone and Radio Corporation. Five ADLAKE ing, pitting and sticking.

Relays are used to control plate and filament power and
to provide overload protection —operations calling for the
utmost stability in time delay.

SILENT AND CHATTERLESS e ABSOLUTELY SAFE e
REQUIRES NO MAINTENANCE

10 August, 1951 — ELECTRONICS
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we dontsay
you can wave
goodbye to
this

we can show you how to use 1t
1€SS and less and less and less

For more information on how Centralab Printed Electronic Circuits can offer

you big savings ... See Next Two Pages. l




Here’s Proof: Printed Electronic

What are Printed Electronic Circuits?

Printed Electronic Circuits are complete or partial
circuits (including all integral circuit connections)
consisting of pure metallic silver and resistance
materials fired to CRL’s famous Steatite or Ceram-
ic-X and brought out to convenient, permanently
anchored external leads. They provide compact
miniature units of widely diversified circuits —

from single resistor plates to complete speech am-
plifiers. No other modemn electronic development
offers such tremendous time and cost saving advan-
tages in low-power applications. Imporhmt to note:
All PEC’s illustrated are developed for standard
applications. Numerous other circuit complements
can be furnished for volume requirements.

How Do They Save Time and Money — Space and Weight?

Because Printed Electronic Circuits combine several
components on a single plate unit, they eliminate
approximately 25% to 80% of formerly required
soldered connections within the circuits they replace.
This means simplified assembly — savings in mate-
rial. What's more, because they replace several
- .o'.} 5 T . - A‘sx?f; «“”:“’&C Gy «Mg
60% Less Soldered Connections with
Centralab Triode Couplates

Centralab Triode Couplates replace 5 components normally used in
audio circuits. Triode Couplates are complete assemblies of 3 capaci-
tors and 2 resistors bonded to a diclectric ceramic plate. Available in
a variety of resistor and capacitor values. Technical Bulletin 42-127.

- ]

50% Less Soldered Connections with
Centralab’s AUDET

PC-150

3 4586 17

L

Audet Printed Electronic Circuits furnish all values of all compo-
nents generally found in the output stage of AC-DC radio receivers.
They provide 4 capacitors and 3 resistors on a small plate with only
7 leads. Technical Bulletin 42-129.

individual components, they cut down your pur-
chases and inventory. Because they are complete
assembled circuits, they do much to eliminate wiring
errors. Their small size (note illustrations) means
less space nceded as well as less weight ..., impor-
tant factors in today’s crowded chasscs.

= = = T T 7 S s =
4 i : \ 2 < * i o i o

Plate Capacitor and Resistor-Capacitors
Excellent for Miniature Use

Actual size photograph of plate capacitor, resistor, and resistor-ca-
pacitor units. Because of size, they readily fit all types of miniature
and portable electronic equipment. .. overcome crowded conditions in
TV, AM, FM and record-player chassis. Technical Bulletin 42-24.

s s = s e
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NEW Model 3 AMPEC — A Sub Miniature
3 Stage Speech Amplifier

Here’s the latest outgrowth of Centralab’s constant research in Printed
Electronic Circuit development. The remarkably small dimensions
of this new amplifier unit are approximately 134" x %" x %4,".
Check coupon for Technical Bulletin 42-130.
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50% Less Soldered Connections With
Centralab’s NEW PENDET

PC-160
345 6789

N e e e, > i = A

82% Less Soldered Connections With
P.E.C. VERTICAL INTEGRATOR

PENDET consists of 5 capacitors and 4 resistors in a single plate
with only 9 leads. Similar to the popular AUDET, it is designed to
couple the diodetriode and pentode tubes in the output stage of
AC-DC sets. Check coupon for Technical Bulletin 42-149.
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50% Less Seldered Connections With
Centralab’s PENTODE COUPLATE

Pentode couplates are complete interstage coupling circuits consisting
of 3 capacitors and 3 resistors on a small 6 lead ceramic plate. Com-
pared with old-style audio circuits, they actually reduce soldered con-
nections S0%—wiring errors accordingly. Technical Bulletin 42-128.

Standard Model 2 AMPEC Miniature
3 Stage Speech Amplifier

Centralab Vertical Integrators give you big savings in assembly of
TV vertical integrator networks. One type consists of 4 resistors and
4 capacitors brought out to 3 leads . . . reduces former 16 soldered
connections to 3! Check coupon for Technical Bulletin 42-126.

e L e 7 " 7 5 ; o i T

28% Less Soldered Connections With
NEW FILPLATE

PC-1N
234 5

FILPLATES (2 resistors and 2 capacitors) for bypass and filter ap-
plication in TV, FM and AM, where filter networks of comparable
component values and layout are needed. Smaller than special delivery
stamp. Savevital low wattage resistor stocks. Technical Bulletin 42-131.

Division of GLOBE-UNION INC. * Milwaukee

Centralab, Div. of Globe-Union Inc,

914 East Keefe Avenue, Milwaukee 1, Wisconsin
Please send me the Technical Bulletins on Printed
Electronic Circuits as checked below:

[ 42-24 [0 42-117 [142-126 [142-127 [ 42-128
[0 42-129 [ 42-130 0 42-131 [ 42-149
INAME: st e

AMPEC — A full 3-stage specch amplifier. Provides highly efficient
performance. Size 114”7 x 114" x .340" over tube sockets! Used in l Address..
hearing aids, mike preamps and other applications where small size
and outstanding performance counts. Technical Bulletin 42-117. ‘ Gomimany
l Titles swe mma e S S B =



any TV

TV TRANSMITTERS...

TAKE ONE OF THESE

| kw, for UHF
Type TTU-1B
[AH Air-Cooled)

500 watts, tor VHF
Typ: T1-500 A /B
_ (AR Ajr-Coaded)

2 kw, for VHF

fype TH-2AL /H Typ= TT-10AL/H
Al Ais-Cooled) {All Air-Cooled)

10 kw, “or UHF
type TTU-10A

20 kw, for VHF
Type T-20BL/H
All AiCooled)

50 kw, for VHF
Type TT-50AL /H



 ...ADD ONE OF THESE mmmm
—

TV ANTENNAS...

3-section
Type TF-3
TV Super Turnstile

TV Super Twnstile

Type TF-6 S-section

TV Super Turastile
Type TF-5

UHF Pylon
High-Gain
Type TFU-24B

§2-section
TV Super Turnstile
Type TF-12
ENGINEERING PRI

With RCA’s complete line of transmitters
(seven different models), you can get any
ERP* up to 200 kw—on any channel from 2
to 83. And in most cases, you can get the

power you want in several different ways!

If your requirements are best met with a
low-power transmitter and a high-gain
antenna, RCA has the combination! However,
if your needs are better met with a higher-
power transmitter and a lower-gain antenna,
RCA has that combination too!

Ask your RCA Sales Representative to sit
down and help you plan the most practical
and economical equipment setup for your
station. He has an intimate knowledge ‘
of station planning—knows TV equipment |
from A to Z. He can tell you exactly what '
you'll need to get “on the air” . . . with ‘

the power you want . . . at the lowest cost.

Call him today. Or write RCA Engineering
Products Department, Camden, N. J.

1
*Effective rodiated power
1
I
1
1
|

-
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With her new hearing aid, Grandma
Crane was really enjoying life. My 1t
was nice to hear clearly again . . . like
now, talking to her grandson at camp.
Then—silence—the  hearing aid  was
dead! Nothing to do but go back to the
otice where she bought it. The tech-
nician will be in for a2 hard time—es-
pecially when Grandma Crane finds
out that the trouble was just a bit of
electrical insulation that failed.

That manufacturer saved a few pennies
in costs-—and lost dollars in good will.

The failure of electrical insulation in
your product is a serious mutter—for
your customer and for you.

Leading electrical equipment and
appliance manufacturers use BH «649"1
Fiberglas Sleeving and Tubing to
minimize the possibility of insulation
breakdown.

Here is a superior, high voltage,
Fiberglas insulation available in three
grades— A-1, B-1 and C-1 . . . tough,
abrasion resistant and permanently

A

3

SIS s A st s eSS
- £

. . . losing friends and antagonizing people”

flexible. It is non-fogging and non-cor-
rosive with unusual chemical resistance,
except for Kctones, Esters and Aro-
matic Hydrocarbons. It will not
crystallize at -67°F. BH “649” won't
crack, peel, fray or split. It will take
plenty of abuse without loss of these
physical properties, or its dielectric
strength even after the following tests
. 15 minutes at 425°-450°F; 24
hours at 302°F; 1500 hours at 220°-
230°F.

BH «649” is one of a family of BH
insulations, each designed to meet par-
ticular conditions in service. Whether
your problem is hcat, cold, flexibility,
abrasion, high voltage or resistance to
chemicals, there is a BH insulation to
help you. Give us a few facts about
your requirements— products, tempera-
tures, voltages. We will furnish samples
for testing. Address Dept. E-8
{Patent Pending
Bentley, Harris Manufacturing Co.

Conshohocken, Pa.

*BH Non-Fraying Fiberglas Sleevings are made by an exclusive Bentley. Harris process (U. S. Pat No. 2393530). “Fiberglas” is Reg. TM of Owens-Corning Fiberglas Corp

16 August, 1951 — ELECTRONICS
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TUNG-SOL

triode-
pentode

see other side for additional information




TUNG-SOL

v Completely independent
sections

J Versatility in circuit application
v Improved circuit performance

This tube has two electrically independent sections—a
triode and a pentode and is intended as a local oscillator
mixer for FM and TV receivers. Each section is adequately
shielded, and both are capable of exceptionally good
performance at the higher frequencies.

Because the two sections are completely independent, a
high degree of flexibility of circuit design is available —
especially valuable in TV tuner oscillator use. Perform-
ance of the 6U8 triode at low voltages is superior to that
of many types previously used for this service. It has

MECHANICAL DATA

Coated unipotential cathodes—2

Ovutline drawing RTMA 6—2 Bulb T—6-1/2
Base RTMA E9—1 Miniature buiton 9-pin
Maximum diameter 7/8"
Maximum overall length 2-3/16"
Maximum seated height 1-15/16"
Base pin connections RTMA basing 9 AE

Pin 1 —triode plate

Pin 2—pentode grid #1

Pin 3—pentode grid #2

Pin 4 —heater Pin 8 —triode cathode

Pin 5—heater Pin 9 —triode grid
Mounting position Any

Pin 6 —pentode plate
Pin 7—pentode cathode
grid #3, shield

ELECTRICAL DATA

With Without

Interelectrode Capacitances Shield #315 Shieid

Pentode grid #1 to pentode plate 0.006 0.010 max. puf.
Pentode input 5-0 5.0 prf.
Pentode output 3.5 2.6 upf.
Triode grid to triode plate 1.8 1.8 upf.
Triode grid to cathode 2.5 2.5 pupf.
Triode plate to cathode 1.0 0.4 ppf.
Caothode to heater (either section) approx. 3.0 3.0 puf.

triode-
pentode

sufficient reserve emission to operate efficiently under
widely varying supply voltage conditions.

The pentode provides excellent gain with low local
oscillator voltage injection resulting in low oscillator
radiation from TV receivers. Use of the pentode section
as the mixer permits the high (40 m. ¢.} I. F. so desirable
to reduce interference and increase stability.

The construction and characteristics of the 6U8 provide
designers with extremely desirable flexibility in com-
bining circuit functions. The pentode section of the tube
may be used as an | F. amplifier, video amplifier, sound
limiter or synchronizing separator. The triode performs
satisfactorily as a horizontal or vertical oscillator, or sync
clipper.

Wherever there is need for a triode and a pentade in @
receiver, they can be combined in the 6U8.

ELECTRICAL DATA

Ratings
Heater voltage {(ac or dc) 6.3 VOLTS
Maximum heater-cathode voltage 90.0 VOLTS
Maximum plate voltage (pentode) 300.0 VOLTS
Maximum plate voltage (triode) 300.0 VOLTS
Maximum grid #2 supply voltage 300.0 VOLTS
Maximum plate dissipation {pentode) 2.8 WATTS
Maximum grid #2 dissipation 0.5 WATTS
Maximum positive dc grid #1 voltage 0 VOLTS
Maximum positive dc grid voltage (triode} 0 VOLTS
Maximum plate dissipation {triode) 2.5 WATTS
Typical Operating Conditions and Characteristics

Triode Pentode
Heater voltage 6.3 VOLTS
Heater current 450 MA,
Plate voltage 150 250 VOLTS
Grid #2 voltage = 110 VOLTS
Cathode resistor 56 68 OHMS
Transconductance 8500 5200 UMHOS
Grid #1 voltage (approx.} for Ib=10 va. -12 -10  VOLTS
Plate current 18 10 MA.
Grid #2 current e 3.5 MA_
Plate resistance (approx.} .005 0.40  MEG.
Amplification factor 40 S

The TUNG-SOL engineering which has produced

TUNG-SOL

ELECTRON TUBES

the 6U8 is constantly at work on a multitude of
special electron tube developments for industry.
Many. exceptionally efficient general and special
purpose tubes have resulted. Information about
these and other types is available on request to

TUNG-SQOL Commercial Engineering Department,

TUNG-SOL LAMP WORKS INC., NEWARK 4, NEW JERSEY

SALES OFFICES: ATLANTA + CHICAGO - DALLAS
TELEVISION TUBES. - RADIO TUBES ~ DIAL LAMPS -

DENVER < DETROIT +« LOS ANGELES - NEWARK

ALSO ALL-GLASS SEALED BEAM LAMPS AND SIGNAL FLASHERS

AUGUST, 1951
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FOR MAXIMUM PERFORMANTCE AND LONG LIFE
OF ELECTRICALLY-OPERATED EQUIPMENT

TYPE
IE51205

TYPE IE51Q1

ELECTRONICS — August, 1951
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STABILINE

Mutomatic
VOLTAGE REGULATORS

Manufacturers faced with the need for increased production and lower
costs are becoming extremely conscious of the importance of maintain-
ing constant voltage to electrical apparatus. The Superior Electric Com-
pany’s line of STABILINE Automatic Voltage Regulators offers equip-
ment to suit the needs of each application. Two types are available:
Type IE (Instantaneous Electronic) and Type EM (Electro-Mechanical).

STABILINE Type IE is a completely electronic unit with no moving parts
. . . is used where instantaneous and extremely close correction is
required. It maintains a constant output voltage regardless of line
variations at no load, full load or any intermediate load. The output
voltage is held to within = 0.1 volts of nominal for wide line varia-
tions; within == 0.15 volts of nominal for any load current change or
load power factor change from lagging .5 to leading .9. Maximum
waveform distortion never exceeds 3%.

Standard models are available in cabinets or for relay rack mounting
in numerous ratings as listed below. In the event you have a special
requirement involving other frequencies or ratings, SECO voltage
control engineers will study your specific problem and make recom-
mendations without obligation.

INSTANTANEOUS ELECTRONIC CABINET MODELS

Input Qutput Rated
Voltage Voltage Frequency | load Range | Lead Pewer Qutput
Range Range in Cycles | In Amperes | Foctor Range KVA Type
95.135 110-120 60 = 10% 0-22 0.25 |E51002*
195-255 220-240 60 = 10% 0.1 0.25 1E52002*
95-135 110-120 60 = 10% 0-.-45 .5 lagging 0.5 IE51005*
195-255 220-240 60 = 10% 0-22 0.5 1E52005*
95-135 110-120 50 = 10% 0-45 0.5 IEL51005*
195-255 220-240 50 = 10% 0-.22 0.5 |EL52005*
95-135 110-120 60 = 10% 0.85 to 1.0 IE5101*
195-255 220-240 60 = 10% 0-45 1.0 IE5201*
95-135 110-120 50 = 10% 0-85 1.0 IEL5101*
195-255 220-240 50 *+ 10% 0-45 1.0 |EL5201*
95-135 110-120 60 = 10% 0-220 2.5 1E5102*
195.255 220-240 60 = 10% 0-11.0 .9 leading 2.5 1E5202*
195-255 220-240 50 = 10% 0-10 2.5 |EL5202*
95-135 110-120 60 *= 10% 0-43.5 5.0 1E5105
195-255 220-240 60 *= 10% 0-220 5.0 1E5205
* Also offered in rack models.

REMEMBER, STABILINE TYPE EM (ELECTRO-MECHANICAL) UNITS ARE ALSO AVAIL-
ABLE, RATINGS FROM 2 TO 100 KVA. LITERATURE ON REQUEST.

There’s a STABILINE Automatic Voltage Regulator for every need. Send
today for literature and specific information. Write The Superior Electric
Co., 408 Church St., Bristol, Conn.

e SUPERIOR ELECTRIC co. § =S E=

BRISTOL, CONNECTICUT QD

POWERSTAT VARJABLE TRANSFORMERS @ YOLTBOX A-C POWER SUPPLIES o STABILINE VOLTAGE REGULATORS

17
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IT CAN’T

NO LIGHT SCREENS...NO HEAVY SCREENS...
NO HOLES...NO UNEVENNESS

Another engineering first for you! Hytron’s unique, automatic machine for
dispensing and settling the screens of TV picture tubes.

What does it mean to you? A guarantee of the most uniform and finest-
textured TV screens in the business. No light screens. Na heavy screens, No
specks from foreign particles. No unevenness.

Automatic dispenser pours exactly the right amount of chemicals into the
big bottles as they travel slowly up the ramp. Conveyor's motion is s¢ smooth
a nickel standing on edge can ride it! Phosphors fall uniformly out of suspend-
ing solution . . . undisturbed — a “must’’ for perfect screens. Decanting or
pouring off of chemical residue, loading, and unloading are equally shock-free.
And there’s precise electro-mechanical control throughout . . . with human
errors barred! .

That is why you can pick any Hytron picture tube. Depend on it. Any one
will give you the.finest screen money can buy. Yes, it pays to buy from
Hytron ..... the most modern picture-tube plant in the world.

MAIN OFFICE: SALEM, MASSACHUSETTS

www-americanradiohistorv. com

Hytron’s unique aulcmetic settling =onveyor. Machine dis-
penses and settlsz pracisely uniform TV pizture-tube sc eens
Automotic disperse- in foregrcurg is cn ochievement o
Hytron mechonizal engineering. Jibraticn-proof chan-ink
conveyor was corgdructed fo- Fytron by Truiner and
Boumans, Inc.

HYTRON
PROBING
TWEEZERS

Long-sought answer to
probing into a “hot”’
set without danger. .. without detuning
effects. Get your Probing Tweezers today
from your Hytron Jobber.

August, 1951 — ELECTRONICS



INSULATING
WATER SYSTEMS

for cooling High-Power
Electron Tubes

9y
-3
3
&

For insulating the water system for water-cooled tubes, use of
Lapp porcelain obviates troubles arising from water contamination
and conductivity, sludging, and electrolytic attack of fittings.
Lapp porcelain, in pipe, coils and fittings is a completely
vitrified, non-porous ceramic, non-deteriorating and chemically
inert. It assures permanent cleanness and high resistance of
cooling water, eliminates need for frequent inspection, changing
of water or failure of the water system, provides positive
cooling for long tube life.

LA P p p O R c E lAI N PI P E Inside pipe diameters of 34, 1, 114, 114, 2 and 3”.

Available in straight pipe up to 60” lengths, 90° and 180° elbows,
and fittings. All connections are swivel-type. Stand off insulators
attach directly to bolts which hold pipe sections together.

Metal fittings are bronze, polished heavy chrome plated.

LAPP
PORCELAIN WATER COILS

Twin hole coils with inside pipe diameters 13, 34, 1”. Single hole
coils with inside pipe diameters 3§, 114, 115”. Provide for

flow of cooling water from 2 to 90 gal. per min. Coils provided
with cast aluminum mounting bases, fittings, and three-foot
sections of lead pipe for attachment to coil terminals.

Write for complete description and specifications. Radio
Specialties Division, Lapp Insulator Co., Inc., Le Roy, N. Y.

ELECTRONICS — August, 1951 19



SOLDERLESS WIRING DEVICES

for the electronics industry

- SPECIAL SOLDERLESS PINS, PLUGS,
é 2 CONTACTS, AND CONNECTORS
/] &

Eliminate unnecessary parts, speed production, and reduce costs by designing

with AMP'S special connectors in mind. We stock many unusual items, and can

. make new ones for your particutar needs. These terminals are all applied

J to wire at high speed (from 2,000 to 4,000 per hour) by special AMP Auto-
L matic Machines. {see below)

PRE-INSULATED DIAMOND GRIP

Trade-Mark
SOLDERLESS TERMINALS

No extra insulation sleeving necessary. One operation installs completely
insulated, vibration-proof connection.

Plastic insulation of high dielectric properties is bonded to full-length copper
sleeve—cannot slip or be removed. Min. breakdown voltage: 2500 volts D.C.
in air at sea level. Will withstand high pressure crimp, temperatures at 350°
F. for 10 hours without damage. Wire is supported to prevent fraying of wire
insulation and torsional stress. Color-coded in wire size ranges from # 22 to
#10. Available in a variety of tongue shapes and connector styles.

U S..Patents #2,410,321; 2,379,567; 2,405111; 2,468,169; other U. S. Patents Pending.

SOLISTRAND SOLDERLESS TERMINALS

Trade-Mark U. S. Patents Pending

Unique crimp makes this non-insulated terminal equally valuvable for solid,
stranded, square, or irregular shaped wire. Brazed seam. One piece con-
struction of high conductivity pure copper, electro-tinned for corrosion
resistance. Available in a wide variety of tongue shapes and connector

styles from #22 to #£4/0

Whatever your production requirements, there is an AMP tool for the

WRITE FORCOMPLETE purpose. Strong, positive-action hand tools; light weight, compact pneumatic
tools; bench presses; dies; hydraulic tools; and Automatic Machines. Ter-

e 1)
WIRE SIZE” CATALOG minals feed into AMP Automatic Machines in strip form to yield crimping

98 page catalog lists rates up to 4,000 complete terminations per hour.

all AMP tools and terminals,
BY WIRE SIZE RANGES.
Send for your copy today!

AIRCRAFT-MARINE PRODUCTS INC,
< ELECTRONICS DIVISION
AMP Trade-Mark Reg. U. S. Pat. Off. 2100 Paxton Street, Harrisburg 10, Pa

20 August, 1951 — ELECTRONICS



MICROWAVE POWER MEASUREMENTS
10 to 12,400 mc!

COMPLETE COVERAGE!

Instantaneous, direct readings! No adjustment during
operation! No tedious computations! Complete new
instrumentation for fundamental measurements of

CW or pulsed power!

A PE— Frequen.cies— Frequencies— Price
Coaxial Waveguide (f.0.b. Factary)
4758 Tunable Bolometer Mount 1,000 to 4,000 mc $200.00
476A Untuned Bolometer Mount 10 1o 1,000 mc $125.00
$485A Detector Mount* 2,600 to 3,950 mc $125.00
G4858 Detector Mount + 3,950 to 5,850 me $95.00
34858 Detector Mount 5,850 to 8,200 mc $90.00
H4858 Detector Mount T 7,050 10 10,000 mc $85.00
X4858 Detector Mount 1 8,200 to 12,400 mc $75.00
D e P For use at Ty microxaye frequency. $250.00
Operotes with mounts listed above.

‘For use with bolometer only

tFor use with bolometer or crystal

-hp- 485 Detector Mounts

For rf power measurements in wave
guide systems, 2,600 to 12,400 mc (see
table) in conjunction with -hp- 430A or

30B Power Meter and Sperry 821 bar-
reteer. Also may be used to measure
relative level, or detect of energy using
a type IN21 crystal. Scmi-tuned by
mcans of a built-in movable short

-hp- 475B Bolometer Mount

Tunable from 1,000 to 4,000 mc for uni-
versal application, greatest convenience
in making microwave power measure-
ments. Double-stub design, coupling
energy from 50 ohm coaxial systems
into 100 or 200 ohm bolometers. Uses
Sperry 821 barretter, thermistoror 1/100
ampere instrument fuse.

Get complete information! See your locul -hp- representative or write to factory.

HEWLETT-PACKARD COMPANY

2161A PAGE MILL ROAD -

PALO ALTO, CALIFORNIA, U.5. A,

Export: Frazar & Hansen, Ltd., San Francisco, New York, Los Angeles

-hp- 430B Microwave
Power Meter—measures pulsed
or (W power—.02 to 10 mw

Model 430B gives you /nstantaneons rf
power readings direct in db or mw at any
frequency. (Operates with bolometer
mount. Table at left shows -hp- mounts
now available.) Measures CW power with
instcrument fuse or barretter as bolometer
element; also measures CW or pulsed power
using negative temperature coeflicient
thermistor at 100 or 200 ohm levels. Reads
power direct .02 to 10 mw or in dbm
from —20 to +10. 5 ranges selected on
front panel switch. Accuracy 5% of full
scale. Higher powers may be measured by
adding attenuators (-4p- Models 370, 380)
to rf system. Directional couplers may be
used to sample rf energy.

-hp- 476A Universal
Bolometer Mount

Requires no tuning, no adjust-
ment; measures rf power at
any trequency 10 to 1,000 mc.
Extremely low VSWR: Less
than 1.15. 20 10 500 mc; less
than 1.25, 10 to 1,000 mc. Re-
flected power less than 0.1 db
under normal conditions. In
combination with -Ap- 430A or
130B Power Meter gives automatic, instantan
eous readings from 0.02 to 10 milliwates. Meas
ures higher power with addition of attenuators
and directional couplers. 50 ohms impedance.
Has Type N connccror and terminates tlexible
cables RG8/U, RG10/U, ctc.

HEWLETT-PACKARD @ INSTRUMENTS

ELECTRONICS — 4ugust, 1951
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CROLOY
RADIO RODS
Replacing usval loopt,
Spell new reception
standards. Permii
mounting on chossis,
and final test before
placement in cobinet.

Q" of order of 250

as agaimst 80 fof
small Joops. Usual
Croley radio rod is
8" 1. by \a” d. Othez
sizes -avai able,

CROLOY CORES
Melded in wides?
ronge of thopes and
sizes. Deflection yokes
expand TV-tube de-
flection angles with-
out corresponding
voltage increase.
Croloy cores slosh TV
transformer bulk.

CROLOY
RADIO CORES
Croloy siug tuners
and L. F. eoils reduce
cost and roise gain.
Made in widest vorie
ety of designs, sizes
and modifications.
With screw insexts;
with threaded bodiex
cup-shaped; piny
closed cores: atc.
Choice of composi-
tiong to mwet electro-

nic characteristics.

EXTRUDED
CROLITE
From tiny tubes no
bigger than pencil
lead and with one or
two longitudinal
holes, to -ubes, rods
and blocky up to 67
dia. Wides? variety of
crose ‘ecctionai
shapes. The Crowle¥
extrusion techniqus
minimizes machining.

PRESSED
CROLITE
Formedin standard
or custom molds into
the widest choice of
shapes cnd sizes,
thereby minimizing
machinimg. High
degree of accuracy to
it with metol parts in
any assenbly. Plain

on wlazed finish,

MACHINED
CROLITE
Elaborate shapes, in-
cluding grooves, bob-
bins, holes, threads,
fins and other fea-
tures, con be included
in Crolite machined
pieces. Precision
machined tools in the
hands of skilled spe-
cialists, insure the
matching of rigid
mechanical specifica-

tions.

parts from powders

<@ Consider Crowley

you?"‘No. 1 source of supply for magnetic and ceramic
pieces. For here, under one roof, are specialists who
have pioneered the “parts from powders” art for the
radio-electronic industry.

Crowley ‘means production facilities that have sup-
plied the major portion of magnetic cores in peace
and war alike. Here are extrusion, molding and
machining facilities that can provide steatite and other
severe-service insulators in the widest range of char-
acteristics, sizes, shapes.

By all means try Crowley! You can save time, money
and trouble, just as other electronic designers, engi-
neers and production men are doing.

Let us collaborate
on your TV, radio or electronic
problems. Samples,
engineering aid, and quotations,
on request.

HENRY L. CROWLEY & COMPANY, INC.

Pioneering POWDER-IRON and STEATITE products
1 Central Avenue
West Orange, N. J.
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Tape speeds 25 jobs onthisTV Irunforr!

Rigid quality-control gives “SCOTCH” Electrical Tape
uniform, dependable performance

Why do experienced manufacturers
like the Woodward-Schumacher
Electric Corp., and the Electric Coil
Co., Chicago, specify “ScorcH”
Electrical Tape on their TV trans-
formers and coils? Because they can
depend on these tapes for uniformly
high quality performance.

And uniformity doesn’t “just hap-
pen.” It’s the result of a control
system carefully engineered to make
every roll of ““ScotcH’’ Electrical Tape

SUPER-STRONG FILAMENT TAPE anchors
leads on the primary of a television pow-
er transformer. Heavy wire (#18) used in
this winding called for a tape that would
really hold. This tape does it!

run true o its prescribed formula in
physical and chemical properties.
Most important, this uniform quality
stays the same year after year.

No wonder so many quality-conscious
manufaciurers insist on “ScotcH”
Electrical Tapes.

If you haven’t tried the “ScoTcu”
Brand, make the switch today. See
for vourself how high dielectric,
mechanical strength and thin caliper
equip these tapes for use in television.

CORROSION-FREE ACETATE CLOTH TAPE holds
deflection yoke coils in shape during
handling and forming. 14 in. tape is used
in leng strips and cut between coils. Tape
is available in four colors for quick
identification.

FREE BOOKLET “Tapes for Television”
gives you many uses of these modern,
pressure-sensitive “‘ScoTcH” Electrical
Tapes. Write Minnesota Mining & Mfg.
Co., Dept. E-851, St. Paul 6, Minnesota.

=

ELECTRICAL
TAPES

N

The farm "Scotch™ and the plaid desian are registered trade-
marks for the more than 100 Pressure=sensitive adhesive
tapes made in U. S. A. by MINNESOTA MINING & MFG.
€O., 5t. Pavl 6, Minn.—also makers of "Scotch” Sownd
Recording Tape, "Underseol” Rubberized Coating, "Scotch-
lite" Reflective Sheeting, ""Safety-Walk™ MNon-slip-Surfacing,
“3M" Abrasives, "3M" Adhesives.

=

General Export: Minn. Mining & Mfg. Co., International Division, 270 Park Avenue, New York 17, N. Y. In Canada: Canadicn Minnesota Mining & Mfg, Co., London, Canada.

ELECTRONICS — August, 1951
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OHM-ART Deposited Carbon Resistors are available
in values from 30 Ohms to 100 Megohms and in power
: ratings from 0.5 to 2 watts. Tolerances available are 1%,
ACTUAL SIZE 2%, 5% and 10%. These resistors have an
. extremely low temperature and voltage co-efficient.
They have an extremely high degree of stability
and will withstand peak voltages as high as
15,000 volts. In any precision electroric
circuit where close control of the resistance
value is required and where stability
Your inquiries will receive is of importance, OHM-ART Deposited
Erompt, courteous attention. Carbon Resistors will unquestionably
fit the application.

00000200000000000000000000000°

OHM-ART Resistors are made under
license arrangement with the Western
- Electric Company, Incorparated

: " division

CHICAGO DIAL CO.
2919 S. La Salle Street « Chicago 16, lllinois

Fabricators >f precision glass parts for the Electronic ard allied industries.

26 August, 1951 — ELECTRONICS



in U-H-F if’s

«+« for stronger construction-und
a stand-out efficiency record!

Built for hard service.

Pioneering u-h-f types, with many years of
successful application.

Superior electrical characteristics.

Excellent isolation from load and antenna effects.

heck these specific advantages of G-E Lighthouse Tubes

in v-h-f and u-h-f circuits where you need high-level

detectors and mixers; pulsed and CW oscillators; power ampli-

fiers, and frequency multipliers . . . at frequencies up to thousands
of megacycles!

You can’t beat G-E Lighthouse Tubes for—

Aircraft traffic and location control equipment.
Radio, TV, and other microwave relay equipment.
Microwave test apparatus.

Emergency communications equipment (police, taxi,
and other fixed and mobile).

Military and commercial communications and
common-carrier equipment.

In applications such as these, General Electric tube engineers
will be glad to work closely with you, and with the circuit de-
signers at your drawing-boards. Available at all times, is G.E.’s
experience with u-h-f types that goes back nearly two decades, and
which you may draw on at will.

Wire or write for comprehensive Bulletin ETD-120. Learn more
about G-E Lighthouse Tubes—how they’ll improve the perform-
ance, increase the dependability of yoxr new u-h-f circuit! Elec-
tronics Department, Section 5, General Electric Co., Schenectady5, N. Y.

GENERAL

ELECTRONICS — August, 1951

GL-2B22 — High-frequency, high-
perveance detector to beyond
1,500 mc.

GL-2C40—Radis-frequency ampli-
fier, converter, and oscillator to 3,370
mec. Plate dissipation 6.5 w.

GL-2C43 —Radio-frequency ampli-

fier, oscillator, and frequency con-

verter from 150 mc to 1,500 me, and

in special pulsed circvits to 3,370
mc. Plate dissipation 12 w.

GL-2C39-A—Radio-frequency am-

plifier, oscillator, and frequency con-

verter from 150 mc to 2,500 mec.
Plate input to 100 w.

' ELEGTRIC

185-K5
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To be exactly RIGHT for your purpose,
relays and stepping switches must be easy to “'de-
sign into” your product—easy to specify, mount
and connect. They must be readily available as you
need them, to meet your production schedules.
Most important, they must operate dependably—
help your designers toward the goal of a completely
trouble-free product.

Automatic Electric relays and stepping switches
are RIGHT on all counts! A wide range of standard
types (including hermetically sealed relays, low-
capacitance relays and the most compact stepping

The Type 44 Miniature Stepping Switch You'll
be amazed at this spring-driven d-c switch—it’s so tiny
and so light in weight. Yetitaccommodares up to 6 bank
levels, each with 10 points plus “"home”’, and is adaptable
to 10-, 20- or 30-point selection. Operation can be
impulse-controlled or self-interrupted (using interrupter
springs). Furnished with off-normal springs for mechan-
ical “homing” (springs canalso control auxiliary circuits).
On 48 volts d-c, this switch runs 80 steps a second self-
interrupted, 35 steps or more a second impulse-con-
trolled. In rigid tests it averaged 200,000,000 steps—
then required only minor readjustment.

28
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switch on the market!) permits your engineers to
select and specify exactly the units they need.
Assembled and adjusted to your exact specifications,
they’ll be shipped on schedule, ready to assemble
into your production. And once in service, they’ll
go far to give your product a repuration for depend-
able, trouble-free operation.

For any product—for any purpose involving the
use of relays or stepping switches—there is an
Automatic Electric unit that’s exactly RIGHT. We'll
be glad to help you find it.

The Type 45 Stepping Switch This spring-driven
switch is available both for d-¢ operation and with built-
in rectifier for a-c operation. Accommodates up to 10 or
more bank levels, each with 25 points plus “home’’, and
is adaptable to 25- or 50-point selection. Provides for
impulse-controlled or self-interrupted operation (using
interrupter springs). Can be supplied with off-normal
springs for mechanical “homing’’ (springs can also con-
trol auxiliary circuits). Runs 75 steps a second self-
interrupted, and 35 steps a second impulse-controlled, on
48 volts d-c or 115 volts a-c. Has long service lite, too—
averaged 250,000,000 steps in rigid tests—then required
only minor readjustment.

August, 1951 — ELECTRONICS
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Wherever a relay or stepping switch is used in your product, it is likely to be
important far beyond its cost. In fact, the performance of these components
usually sets the standard of performance of the entire assembly. Thus, the use of
the RIGHT relay or switch is often the simplest, most inexpensive way to make a

good product better!

Class "B Relays Types for extremely high speed
operation and. for time delays on either the operate or
release strokes are available for d-c service; others for
a-c operation. Independently operating “'twin’’ contacts
assure perfect contact operation. Contact points are
dome-shaped to maintain uniformly low contact resist-
ance. May be arranged in one or two pile-ups with
maximum of 13 springs in each pile-up.

Low-Capacitance Relays For chatter-free control of
high-frequency circuits. Two types, each providing ex-
ceptionally low capacitance between contact springs and
between springs and ground. Equipped with “twin”
contacts. Unusually small in size for compact mounting.
The Class “C” relay shown above is especially suitable
for strip mounting; it is only 0.687” wide and 24" high
and is 5-15/32" in over-all length. The Class “'S” relay
(above foreground) is 1” wide, 1-1/38” high and 1-19/32"
over-all.

RELAYS

ELECTRONICS — August, 1951

Hermetically Sealed Relays All Automatic Elec-
tric relays can be obtained in hermetically sealed hous-
ings. The ‘'sealed-in”" controlled atmosphere protects
them from electrical or mechanical failure resulting from
varying conditions of temperature, dust, humidity, acid,
fungus or air pressure—and makes them completely
tamper-proof.

Write for our new 88-
page catalog No.4071F
which gives complete
specifications, perform-
ance and mounting dataon
the many types of relays and
stepping switches manufac-
tured by Automatic Electric
Company, makers of telephone, v
signaling, communications and industrial electrical con-
trol apparatus. Address: AUTOMATIC ELECTRIC
SALES CORPORATION, 1033 West Van Buren Street,
Chicago 7, Ill. In Canada: Automatic Electric (Canada)
Led., Toronto. Offices in Principal Cities.

Sp ELECTRILC |
| AUTOMATIL

SWITCHES

29
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SANGAMO
MINIATURE SILVERED
MICA CAPACITORS

Do a ‘““‘Heap Big’’ job
SANGAMO

[ ] [ ] L ]

in a minimum of space <TARDARD STE
Exceptionally small, easy-to-install capacitors that can do suVERED MIC A
a big job in minimum space are a helpful factor in speeding

Where space limitations exist, the tiny—but mighty Sangamo
“Shawnee,” Type RR Miniature Silvered Mica Capacitor
will solve your problem without sacrificing stability or high
quality. These capacitors are designed and constructed to
meet the Tentative Joint Army and Navy Specification
JAN-C-5A for the CM-15 case size. Whether you require
Sangamo RR miniature, or standard size types KR and CR
silvered mica capacitors, you can safely specify any of them
for use in all types of military, or commercial radio and
electronic equipment. These and many other types of
Sangamo Mica Capacitors are fully described in Catalog
No. 800. Write for your copy.

production. CAPAC ITORS

PAP!R MICA SIlV!R !l!("OlYYI(
CAPACITORS

SANGAMO ELECTRIC COMPANY
SPRINGFIELD, ILLINOIS =

°
IN CANADA: SANGAMO COMPANY LIMITED, LEASIDE, ONTARIO
August, 1951 — ELECTRONICS
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© Spongex Plastic”

discusses what

E

to look for
in materials
used in
package

cushioning

A concise, factual guide to aid in the safe shipment of products
sensitive to rough handling. Tells how compression, compression set,
damping, density, dusting, corrosiveness, fungus resistance, moisture and
temperature affect performance of cushioning materials.
Send for your free copy today.
Director of Packaging Laboratory

The Sponge Rubber Products Company
469 Derby Place, Shelton, Conn.

Please send me free ” Packuge Cushioning.”

THE SPONGE RUBBER
PRODUCTS COMPANY

Name = == S . S ——

Street - —

Shelton, Connecticut
City_ - S State

Name of Firm -~~~ = oo

ELECTRONICS — August, 1951 31
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one . .. athin layer of molybdenum (.005") toa thl
of cupro-nickel (.060"').
The result was a General Plate Composite Material ¢

easily fabricated, gave the performance of solid molybdenu .
reduced costs considerably. '

General Plate. Their vast experience in combining precnou
to base metals or base to base metals can overcome your -
problems . . . often reduce costs.

General Plate Products include — Precious to base metal
laminations . . . Base metal laminations . . . Alcuplate (cop-

er and Aluminum) ... Silver solders...Laminated con-
facts, buttons, rivets . . . Platinum-fabrication-refining . . . G E N E R A L p L A' E
Age-hardening Manganese Alloy 720. Division of Metals & Controls Corporation
38 FOREST STREET, ATTLEBORO, MASS,

Have You a Composite Metal Problem?

General Plate can solve it for you

32 August, 1951 — ELECTRONICS
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TRADE MARK REGISTERED
LR S
WE GET SUCH INTERESTING MAIL?
We grow in Brooklyn, like the Tree, And these big benefits you'll see:
But were a national industry. Your own design, distinctive style —
Our customers are far and wide, A better product by a mile!
And we produce their jobs with pride. With all details so very fine
We build their cabinets plain and thrifty Theyll speed up your assembly line.
Or housings intricate and nifty. And herc’s a point that isn’t funny:
And no one ever need be nervous Our dies can save you time and money.
About our workmanship or service. Come visit our big plant and look —
It’s custom-built from A to Z— Or send for our new data book.

We Invite You To Visit Our Booth # 420 at the I.R.E. West Coast Con-
vention and Pacific Electronic Exhibit—San Francisco, August 22-24

KARP METAL PRODUCTS C€O., INC.

215 63rd Street, Brooklyn 20, N. Y.

Specialists in Fabricating Sheet Metal for Industry

ELECTRONICS — August, 1951
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The UCINITE co. B Spectatises in

. ELECTRICAL ASSEMBLIES,

Newtonville 60, Mass.

v i : RADIO AND AUTOMOTIVE
Division of United-Carr Fastener Corp.

34 Augast, 1951 — ELECTRONICS
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5 WALDES TRUARC RINGS
ELIMINATE 4 TOOLING OPERATIONS... .
SAVE 22%2¢ PER 100 UNITS

OLD WAY

Unit requires 4 hex head nuts, 4 wash-
ers, 4 shoulders, thrzading of 4 shafts.
Clearance and end-play specifications
necessary . . . constant maintenance,

NEW WAY

Just 5 Truarc "'E" Ririgs set into pre-
determined grooves secure parts
permanently, Assembly is simple, eca-
nomical. No clecrance specifications NP PR St r
...no maintenance!

5 Waldes Truarc Retaining Rings in one assembly of the = - -
Dictaphone Time-Master dictating machine brought great ]
savings to Dictaphone Corp., Bridgeport, Conn. And this is REDESIGN WITH 5 TRUARC “E” RINGS
just one of three filfferent apphcc:mons where Tr.uc:rc Rings BRING THESE BIG SAVINGS... |
cut material, tooling and assembling costs for this product.

Redesign with Truarc Rings and you too will cut costs. Assembly time per unit using screws and washers . 24 seconds l
Wherever you use machined shoulders, bolts, snap rings, ) T ]
cotter pins, there's a Waldes Truarc Retaining Ring de- Assembly time per unit using Truarc Rings . . . . 15 seconds

signed to do a better iOb of holding parts tOgether. ® Time saved per unit with Truarc Rings . . . . . 9 seconds

Truarc Rings are precision-engineered. .. quick and easy R tilled labor mill e .
to assemble and disassemble. Always circular to give a Eliminates skilled labor milling and threading operations ]
never-failing grip. They can be used over and over again. e Eliminates maintenance

Find out what Truarc Rings can do for you. Send your
blueprints to Waldes Truarc engineers for individual at-
tention, without obligation.

o TOTAL MATERIAL AND LABOR COST SAVINGS PER 100 UNITS . . 22’4

Waldes Truarc Retaining Rings are available for immediate delivery from
stock, from leading ball bearing distributors throughout the country.

= N ﬁ |
SEND FOR EW BULLETlNS Waldes Kohinoor, Inc., 47-16 Austel Place EO83 §
—— — tong Island City 1, N. Y. M
wnLnEs Please send Bulletins &, 7 and 8—giving engineering i
i specifications for all types of Waldes Truarc Rings. |
| |
I Name i
| |
| Title |
. |
n
j Company |
RETAINING RINGS | e }
WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK [ ciy Zowe S |
WALDES TRUARC RETAINING RINGS ARE PROTECTED BY THE FOLLOWING PATENT NUMBERS: I 6 78'
V.S PAT. 2.382.548: 2.420.821: 2.411.761: 2.487.803: 2.407.8D2: 2.491.106 AND OTHER PATS. PEND. —-------—-—----—-—--—-

Be sure to see the Truarc display-Booths 215 & 216 at the Pacific Electronic Exhibit, August 22-23-24
ELECTRONICS — August, 1951 35
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5— A-c to d-c power-
supply units especially built
for precision work where un-
usually low regulation, light
weight, and small size are nec-
essary. Typical outputs avail-
able are 7, 9, and 13 kv. Illus-
trated 7-kv unit measures 6 x 6
x 7 in., weighs 8 Ih,

r

- .~

i

B |

sy
-
2 ~—y (2-..

! $— For
use with cither hard-tube or
line-type modulators. Avail-
able in peak-voltage ratings
from 10 to 100 kv or higher;
peak-power ratings up to
30,000 kva or more. Designed
for operation on pulse dura-
tions from 0.1 to 20 microscc-
onds at rates up to 4000 pps.

.
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-FILLED, HERMETICALLY SEALED, COMPACT

4 HIGH VOLTAGE COMPONENTS

Withstand Mechanical Shocks

Operate Continuously for Long Periods
in Widely Varying Temperatures

Available in a wide range of ratings, high-voltage com- '
ponents shown here are typical of units manufactured by
General Electric for applications 5000 volts and above
where corona must be held to a minimum. They repre-
sent many years of experience in meeting Armed Services
requirements, and can be built for today’s military specifi-
cations. Because these components are usually tailored for
cach job, please include functional requirements and any
physical limitations with your inquiry. Write to 43-328A4,
General Electric Conpany, Pittsfield, Mass,

£
e

Ao’
-y

P
S

Il ! — High-fidelity,

M ( ULATION TRAN )RME

low-phase

I 5— Accu-
rately designed and built for
radar service. Carrently avail-
able in peak operating volt-
ages from 3 to 45 kv, current
ratings up to 2.25 amp. Higher
ratings can be provided. In-
ductance ratings ranging from
0.25 to 300 henrys remain con-
stant within 5 percent at above
50 percent load current.

tion transtormers and reactors

l i shift, Pyranol* or oil-modula-

FILAMENT TRANSFORMER!
For special applications or for
use with standard high-voltage
rectifier tubes. Supplied with
or without tube socket
mounted integrally with high-
voltage terminal. Insulated to
nearly any required level.

for high-power AM transmit-
ters are available as integral or
separate units. Highly devel-
oped designs in ratings from
3.5 to 500 kw provide wide
transmission frequency range,
keep down harmonic-voltage
insertion. Low phase shift
gives flexibility and range.

*Reg. TM of General Electric Co.

667-16

August, 1951 — ELECTRONICS



DELAY LINES—ORDER IN BULK,
CUT OFF AS MUCH AS YOU NEED

-

@0

!

o Fi

Signals with band widths up to 2 megacycles can be delayed
from 0.25 to L0 microseconds. Available in lengths up to 100 ft.
Delay equals approximately 14 microsecond per foot. Charac-
teristic impedances of 1100 and 400 ohms per foot are avail-
able. By ordering in bulk, lengths can be cut to fit specific
needs. Can be bent into 4-inch diameter coils. Uses include
research and development of special circuits for electronic
devices. See Bulletin GEC-459 for further information.

/ PHOTOVOLTAIC CELLS
J_E: MINIATURE POWER PLANTS

L1
- -
T
For accurately detecting, controlling, and measuring light and
for detecting and measuring even the smallest variations in
colors. These cells are especially useful where long life and
stability are required or where electronic amplificrs are not
practical. Available in a new hermetically scaled series with
standard mounting and a wide variety of unmounted sizes.
More G-E photovoltaic cells than any other make are used in

scientific instruments. Characteristics, dimensions, circuits, and
technical data are available in Bulletin GEC-690.

TRANSFER AND CONTROL SWITCH

\

4 OVER 10,000 POSSIBLE COMBINATIONS

Built for reliability and long service 7

life, the G-E Type SB-1 transfer and

control switch can be used for more

than 10,000 possible circuit-sequence
combinations. Precision construction @
permits as many as 40 stages — four

banks of ten stages each —to be oper-

ated in tandem. Switches with up to

16 stages and 12 positions are com-

monly furnished. Ratings go up to

20 amp at 600 volts a-c or d-c. Standard components are inter-
changeable. Complete description in Bulletin GEA-4746.

- “"‘1
'£
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TIMELY HIGHLIGHTS
N G-E COMPONENTS

L4
® &6 © 6 o 06 © o © & & & 5 0 06 0 0 o O

. . . HIGH-VOLTAGE UNITS HAVE
LIFE EXPECTANCY OF OVER
60,000 HOURS

Now available from General Electric, these 26-volt RMS
selenium rectifier cells have a continuous-service life
expectancy of over 60,000 hours. Their initial forward
resistance is very low and samples tested after 10,000
hours of operation show an average resistance increase
of less than 6 per cent.

The high-voltage output means that stacks made up
of these units are about 25 percent smaller than is pos-
sible with 12-volt cells. Low resistance means cooler
operation and the space saving that goes with it.

If your application calls for compact selenium stacks
for use in cramped-quarters, these cells provide the solu-
tion. Stacks made with the new G-E cells may be ob-
tained with rated outputs from 18 to 126 volts d-c at
0.15 to 3.75 amp. Check Bulletin GEA-5280.

General Electric Company, Section D667-16
Schenectady S, N. Y.

Please send me the following bulletins:
[] GEC-459 Delay Lines
[] GEC-690 Photovoltaic Cell

(V) Indicate for
reference only

(x) For planning an ] GEA-4746 Here’s the All-Purpose Switch |
immediate project [ GEA-5280 Selenium Rectifiers
Neme o !
Company._ . — —
Address_ S
City_ ____State .
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* The Modern Way to Build
Rotary Exhaust Equipment
for Miniature Tubes

<— PINCH OFF ROTARY VALVE

=)

MECH.
PUMP

i TR R &
e SR e T e

NRC’s TYPE B-1 BOOSTER PUMP

* Provides Higher Vacuum
* Reduces Exhaust Cycle
* Eliminates Troublesome Oil Vapors

Our Type B-1 Booster Pump was built to meet

ideal production methods as outlined by Hytron
HYTRON-DESIGNED GLASS TRAP production engineers. On the production line it ex-
Ends Important Maintenance Problem actly meets their specifications in every detail —
step by step. This Booster Pump lowers production
This glass trap, designed by Hy- costs. Its high speed reduces the exhaust cycle.

tron production engineers, is Write for details.

made and sold by National Re-
search. As you can see by the
drawing at the left, the trap

catches and holds broken glass ,II-
particles. It works on the INDUSTRIAL RESEARCH ﬁi METALLURGY
d

T PROCESS DEVELOPMENT Y ogy DEHYDRATION
principle of a cyclone sep- * soten DISTILLATION COATING

HIGH VACUUM ENGINEERING -
arator. The trap can be AND EQUIPMENT
easily cleaned. Write for

full details.

APPLIER PHYSICS

National Research
Corporation

Seventy Memorial Drive, Cambridge, Massachusetts

In the United Kingdom: BRITISH-AMERICAN RESEARCH, LTD., Head Office = Wishaw, lanarkshire

38 August, 1951 — ELECTRONICS
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309% more production will
soon be available from Ameri-
can Lava Corporation as new
units rapidly near completion.

“ Continuous expansion to
meet customers' requirements
AL =i} has made American Lava the
| world’s largest producer of cus-
tom made technical ceramics
exclusively.

" Average daily production
approximates four million parts
and is rapidly increasing.

“ This expansion program is
an all out effort to supply you
with custom made technical ce-
ramics in the quality and quantity
you need—when you need them.

SIMEE

TRADE MARK REG. US PAT OQFf

This building, photographed in May 1951,
will be completed obout the time this picture
is published. Other units will speedily follow.

in half a century of specialization is
available to you on request. You are

® v/ ir your MOST RELIABLE source
for casdon made tectmizal ceramics?

Amz2-ican Lav 3 Corpor=tioa has an en-
v able rezu-ation for e.i-ery accord-
ing to spacif cations—arc fcr ability
to produze ceramics of 3 type and
quclty waizt are frequently consid-
ered ' mzossible.”

¢ Mew p-odiction fac lties a-e speed-
ing deivarizs. The ex2erianc: gained

AMERICAN

OFFICES: METROPOLITAN AIEa: 671 Brood St., Newark, N. ., #f cqrell 2.8°3° ¢« ZHICA
PHILADELPHIA, 1649 N=rth Broad St., 3>tevenson 4-2823 - LOS ANGELES,
NEW ENGLAND, 38.B Brat le St., Combridge, Moss., Kirslenc 7.4498 ¢ £7. 1OUIS,

WwWWwW americanradiohistorv com

592TH YEAR orF

most apt to find at American Lava
Corporation the solution to any prob-
lem involving technical ceramics.

® Equipment shown in this mock up s
under construction. Carefully selected
personnel has been added to the pres-
ent skilled staff to provide experienced
operators for all plants.

LAVA CORPORATION

CHATTANOOGA 35,
CERAMIC

TENNESSEE
LEADERSHI!IP

GO, 228 North LoSalle St., Central 6:1721
5 232 Sowth Hill St,, Mvivael 9076
1123 Washington Ave., Garficld 4959



Yes, telephones have changed, and countless develop-
ments have played a part in electronic progress since the day
of those old stem winders on the wall. Compactness, engineer-
ing precision and never-failing dependability are now demanded
where the only question once was, will it work at all? In mect-
ing these modern demands of modern electronics for modern
ceramic components, H1-Q has led the way.

The H1-Q trademark is unqueslxoncd assurance of capaci-
tors, trimmers, choke coils and wire wound resistors that are
uniformly dependable in every respect and rigidly meet spec-
ifications and tolerances. As the leading specialists in the
ceramic field, H1-Q has come to be regarded by producers of
radio, television, communications and other electronic equip-
ment, as their best source of technical assistance in developing
new components to meet the special needs of any circuit. HI-Q
engineers are at your service any time you see fit to call them.

JOBBERS — ADDRESS: 740 Belleville Ave., New Bedford, Mass,

SAlES OFFICES: New York, Philadelphio,
Detroit, Chicago, Los Angeles

www americanradiohistorv.com

(Ilustration Actual Size)

Ceramic tube of this quick mounting
capacitor is enclosed in Cadmium
plated metal case with special end seal
for protection against humidity and
temperature changes. Capacity 1500
mmf + 500 mmf.

BETTER 4 WAYS
& orecaision

‘ UNIFORMITY
‘ DEPENDABILITY
MINIATURIZATION

s Trade Mark Regzstered U. S. Patent Oﬂce

e v ey

Zfea’/umf zeammeémﬁ

OLEAN, N. Y,

PLANTS: Olean, N Y., Franklmvtlle N. Y
Jessup, Pa., Myrtle Beach, S. C,

August, 1951 — ELECTRONICS



THESE FEATURES WITH
ANYTHING
ON THE MARKET TODAY

Three Compact Units
Push-button lens Change

Right or Left Hand Foius Knobs
Right or Left Hand lens Iris
Control Buttons

Turret, Focus and Iris Controls from
remote location if desired

® High Resclution Integral View Finder
® Enclosed 1.0. Controls

® Iris Setting Indicator

® Pre-loaded Color Filter Wheel

[ ]

®

[ ]

Swing-up Chassis
Focus Range Selector Switch
Equal Flexibility in $tudio or Field

WRITE, WIRE OR PHONE
FOR DETAILS

T¥ Camera Chains ® TV Film Chains
TV Field and Studio Equipment
Theatre TV Equipment

ELECTRONICS — August, 1951

Makes TV’s Outstanding

Camera Chain

tuon Better/

GPL’s 1951 Image Orthicon Chain
is delivering even more features—
better performance — than the pre-
vious model which itself set new
industry standards! Compare it for
ease of operation, uniform high
quality, flexibility in studio or field.

Set this camera up to meet varying
requirements . . . control it remotely
if desired...select any of four lenses
at the press of a button . .. adjust
focus from right or left side of cam-
era, with the same 300° arc of focus
adjustment for all lenses . . . choose
color filters, masks, at the flick of a

thumb . . . control the motor-driven
iris from camera or camera control
unit. Normal optical focus range
automatically adjusts for constant 9”
diagonal at close-up, for all lenses
except telephoto. Overtravel switch
provides extended focus range,
obtaining full optical focus on all
lenses.

In every way, GPL’s is a “human-
engineered” camera chain, built to
do a tough job more easily, built to
do your specific job best! Arrange
to see this great new model at the
earliest opportunity.

FINGER-TIP OPERATION
from CAMERA or REMOTE LOCATION

Push-button
iris controls

High resolution
integral view finder

1.0. controls
housed for protection

Right or left hand
focus controls

Iris setting P
indicator

New York

41



Aircraff
Insfruments
and Confrols

For precision and dependability
look to Kollsman

KOLLSMAN INSTRUMENT CORPORATION

Elmhurst, New York ¢ Glendale, California



How CLARE Engineers

proved the performance of a

relay without increasing its size

SPECIFICATIONS

Size: Length: 13%,”; Height: 1'%,"; Width: 1”. Dimen-
sions vary with type of coil terminal used. Height shown
is maximum {with 8 springs in pileup). Weight: Approx.
2 oz. Coilt Single or double wound. Operating Volt-
ages to 175 volts d-c. Armatures Single- or doublee
arm. Contact Arrangement: Forms A to C available,
Maximum 8 springs in pileup. Mountings Two #4-40
screws. Can alsa be furnished with 2 or 4 mounting
studs tapped for #4-40 screws.

o The Clare Type “K” Relay, first of the famous Clare
line of small, lightweight, telephone-type rzlays, is still
the mainstay of design engineers who must have superior
relays to operate in extremely small space.

Its fast operation, adequate contact pressure, high resist-
ance to shock and vibration, long life and complete all-
around dependability have met many comolex require-
ments. Once in a while, however, Clare engineers have
been confronted with customers’ specifications which
this Clare Type “K” Relay would not quite meet.

More often than not this was due to the small spool which
limited coil winding to a maximum of 6500 ohms. Clare
engineers have met this situation with the new Type “KX”
whose sensitivity and operating range are increased by
use of a slightly longer coil which can be salely wound to
a maximum resistance of 8000 ohms. This additional

ype '

»

CLARE T

LAY

s
7

winding space is gained by a slight change in the design
and suspension of the armature which enables the length
of the coil to be increased without adding materially to
the over-all length of the relay.

The Type “KX”, like the Type “K” and Type “R” re-
lays, has the reed armature suspension of special alloy
which engineers recognize as one of the subtler reasons
for the superior performance of these small Clare relays.
The Type “KX” is interchangeable with the Type “K”
for mounting.

This new relay is available as either an open or her-
metically sealed relay. Call your nearest Clare sales en-
gineer . . . located in principal cities to serve you ... or
write C. P. Clare & Co., 4719 West Sunnyside Avenue,
Chicago 30, Illinois. In Canada: Canadian Line Materials,
Lid., Toronto 13. Cable Address: CLARELAY.

Write for Clare Bulletin No. 116

CLARE RELAYS

First in the Industrial Field

‘KX RELAY
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SPECIAL HARNESSES, xS
CABLES, CORDS for

Military Equipment

If you have a wiring problem on any of your
Defense Projects, always consult Lenz. Here is a
dependable source for Harnesses, Cables and Cords,
constructed of JAN-C-76 Approved Wire, that can
speed up your assembly operations.

Lenz, with almost a half century of experience in
the production of wires and cables—for the communi-
cations industries, is producing Thermo-Plastic Insu-
lated Hook-Up Wires, with or without Lacquered
Braids, and constructing Cables, Cords and Har-
nesses for many leading manufacturers of Defense
Equipment.

For all your wiring needs,
consult Lenz.

LENZ ELECTRIC MANUFACTURING CO.

IN BUSINESS SINCE 1904 . 1751 North Western Avenue, Chicago 47, lllinois
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From a Hindu temple in Singapore lo the dank tomb

of King Tut in Egypl . . . from the imposing balcony of
Mussolini’s palace in Rome to the historic tower of Big Ien
in London, Kenneth Melvin has taken his PRESTO tape
recorder . . . recor( g strange voices, sounds, music, that
have become living commentaries on people’s

customs, habils and surroundings. As official reporter

for the British Feslival, he is now travelling

throughout the British Isles recording material

for a 52-week series of network broadcasts.

“I shall be interested to discover”, says Kenneth Melvin,

wherever you go there’s PRES

e e |
EREBE BB [ L E
; DAL T

“The biggest job
of radio journalism
ever undertaken

in the United Kingdom”’

KENNETH MELVIN,

o New Zealand’s No. 1 radio
= personality tours three continents
TO with his PT-900.
L 3
3

“whether any tape-recording equipment has ever been

subjected to so grueling a test as my P1-900 ... . not on a single
occasion—over four months of constant operation.
averaging six hours a day, under murderous variations of
temperature, current, voltage and with constant man-handling
from car lo scene, upstairs and down cellars—

not once has it failed me.”

Every day, thousands of PRESTO owners are discovering,

just as Mr. Melvin did, that PRESTO equipment is made to

give the utmost in performance and dependability. That’s why
. wherever you go there’s PRESTO.

pR‘ @v@ RECORDING CORPORATION
PARAMUS, NEW JERSEY

ooooooooooooooooo.ooo.oooooo.oaooooooooolooooooo.oooooooooo-oooooo-

In Canada: Walter P, Downs, Ltd., Dominion Square Bldg., Montreal
Overseas: M. Simons and Sons Company, Inc., 25 Warren St.,, New York, N. Y.

WORLD'S LARGEST MANUFACTURER OF PRECISION RECORDING EQUIPMENT AND DISCS

wwWwW._americanradiohistorv.com
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Minipower Relay

HERE ARE THE FACTS AND FIGURES

DIMENSIONS: 1-3/16x13/16x 1-3/8
CONTACTS: 5 amp. standard. 28 volts D.C., 115

volts A.C. Up to 4 P.D.T. D.C. and up
to D.P.D.T. A.C.

SENSITIVITY: D.C. 0.7 watts D.P.D.T. (0.1 watt
in special applications)
A.C. 3 volt-amperes (operating
range: 80% to 110% of nominal
voltage)
Available for A.C. or D.C.

HEAT RISE

D.C. 50°C Rise—2 watts
85°C Rise—3.5 watts

A.C. 45°C at nominal voltage
65°C at 10% overvoltage

MOUNTING: One-screw mounting with locating
pin.
HERMETICALLY SEALED DATA

D N Base: 1”” x 1-1/8”
I;‘FE c::‘o:“s Height above chassis: 1-11/16”

Lugs: 3/8”

Available with solder terminals or special miniature
plug-in base.

AVAILABLE
HERMETICALLY
SEALED

VERSATILE -
FROM SIGNAL TO 5 AMP. POWER

This latest addition to Allied's line
of quality relays will meet the vi-
bration, shock and environmental
requirements for air, marine and
ground applications.

BULLETIN ME
GIVES COMPLETE DETAILS.
SEND FOR YOUR COPY TODAY

Also, be sure to send for your capy
of Allied's Relay Guide. It gives
engineering data for 27 Allied
relays in a concise tabular form
for easy reference.

&

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

AL 183
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Be certain of top performance and an uninterrupted
WRITE FOR supply of deflection yokes and horizontal output trans-
BULLETIN FC-5101 formers by specifying Ferroxcube 3C, the nickel-free
ferrite core material
Improved Ferroxcube 3C gives you these basic advan-
tages: 1. High saturation flux density. 2. High permea-
bility. 3. Improved temperature stability.
The broad experience gained during 15 years of re-
> search and manufacture since the initial development of
Ferroxcube, can be helpful to you! Take advantage of our
technical “know-how” in solving your own design prob-
lems. Ferroxcube ergineers are always ready to assist
you without obligation. * x x * * * * %

g

T HE M ODESNR N C

FERROXCUBE CORPOR

A Joint Affiliate of Philips Industries end Spraguz Electric Co., Managed by Sprague
50 East 41st Street . New York 17, New York . Factory: Saugerties, New York



Capacitor at left is the new General Electric 8 muf 100-volt unit—
identical in size and weight with the older 4 muf capacitor at right.

8 muf...in the space of 4

New General Electric line of 100-volt d-c capac-
itors marks another important step in reducing
size and weight of electronic equipment.

Here is another outstanding G-E capacitor develop-
ment—thinner paper, thinner foil, so that double or
triple the capacitance can be designed into a cubic
inch.

These new capacitors are comparable in all ways
with previously offered paper dielectric units, are
equally dependable, and in addition are smaller in
size and lighter in weight. They will not introduce
noises into the system. They will satisfactorily pass
signal voltages approaching zero. Their insulation
resistance values remain high after long periods of
service. While primarily intended for d-¢ a‘fplications
with allowable ripple voltages in accordance with
JAN-C-25, they will withstand occasional discharges,
and can be used in low-voltage a-c circuits.

In Regular Production. Units of 3, 8 and 10 muf in
Case Style 53 and 4 muf in Case Style 61 are in regular
production. Other ratings can be built in mass-
production quantities.

These capacitors meet all requirements of “F”
characteristics of JAN-C-25 for 100-volt d-c¢ units.
For applications where an expected life of 1000 hours
at 40 C is satisfactory, rating can be increased to 150
volts. For ambients above 40 C, units should be
derated in accordance with JAN-C-25 Specifications.
There is negligible change in capacitance from —40 C
to 105 C—and units will give full life at temperatures
as low as +55 C.

If you have applications involving reasonable quan-
tities, get in touch with us. Your letter, addressed to
Capacitor Sales Division, 42—304, General Electric
Company, Piusfield, Mass. will receive prompt
attention.

General Electric Company, Schenectady 5, N. Y.

GENERAL @B ELECTRIC
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RECOGNIZED LEADERS IN
SUPPLY AND SERVICE

TO THE ELECTRICAL

AND ELECTRONICS
INDUSTRIES

-~

RELY on REPUBLIC

FOR

ALUMINUM CONDENSER FOIL

OF UNIFORM HIGH QUALITY

Leading condenser manufacturers specify Republic aluminum condenser foil
because, based on long experience, they recognize that the straight cut edges,
accurate gage and uniform strength of Republic foil give maximum performance.
As specialists in the production of condenser foil, Republic makes available its
entire facilities for the solution of your individual problems. Your orders and
inquiries will receive prompt and individual attention.

REPUBLIC FOIL & METAL MILLS
INCORPORATED
DANBURY CONNECTICUT

209 W. Jackson Blvd., Chicago 6, HI.

EREINGH SHUES [ORRICES: 666 Mission St., San Francisco 5, Calif.
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SINGLE
CAM TIMER

CAM
ADJUSTMENT

The new Industrial Cam Recycling Timer con-
tinuously repeats a constant cycle consisting of definite
ON and OFF periods which can be adjusted from 2%
to 98% of the cycle. By means of percentage calibra-
tions on the cam face any desired setting is quickly
and accurately obtained. The time cycle itself can also
be changed easily by substituting simple gear-rack
assemblies. Thus, from one timer, by using different
gear racks you can obtain 50 different cycles ranging
from the lowest cycle of the timer up to nine times
that cycle. The snap action switch operated by the
timer is a single pole double throw, totally enclosed
10 ampere type. We can supply 500 different time

cycles in this model ranging from one revolution in
15 seconds to one revolution in 72 hours.

o955

SINGLE

REMOTE CONTROL FOR SINGLE CYCLE OPERATION AVAILABLE.

MULTI-CAN
_ TIMER

Snchronous Motor Driven

CAM cnd MULTI-CAM
RECYCLING TIMERS

The Multi-Cam Recycling Timer is identical to
the Single Cam Timer but operates from 2 to 6 circuits
and incorporates several additional features. On
this timer all cams are mounted on a single driving
shaft which assures a common time cycle for all circuits.
Each cam, however, is independently adjustable for a
specific timing sequence. This is accomplished by actu-
ally rotating the cam with finger pressure using the
drum calibrations for guidance. Thus a range of timing
sequences from 0% to 100% is obtainable on each
circuit with ease. The elimination of cam followers
and other types of moving parts makes possible this
compact unit. 11 models are available with time cycles
ranging from onec revolution in 1 minute to one revo-
lution in 72 hours.

Send today for complete details—or, if you would
like to send us specifications, we shall be glad to make
recommendations based on your particular needs,

Manafactinens of These and Other Temene and Controls for Tnductry

INSTANTANEOUS
RESET TIMERS

|®l

(TIME]

TIME DELAY
TIMERS

c?i‘»‘bnino

MANUAL
SET TIMERS

TANDEM AUTOMATIC
RECYCLING TIMERS

RUNNING
TIME METERS

INDUSTRIAL TIMER CORPORATION

115 EDISON PLACE, NEWARK 5, N. J.
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1951-1952

ELECTRONICS
BUYERS’

GUIDE YOUR BOOK

with the

ORANGE and
BLACK cover

The 650-page 1951-1952 ELECTRONICS BUYERS' GUIDE is now in the hands of every
ELECTRONICS' subscriber. Sent as a bonus issue of ELECTRONICS through the cooperation of over
2,000 manufacturers of electronic and allied products, it is a-valuable working tool that will be kept at the
elbow of every ELECTRONICS' subscriber and reader throughout the year.

Use it . . . refer to it constantly. Mention ELECTRONICS BUYERS' GUIDE when you write
to the manufacturers listed in the directory section and when you purchase products advertised in
it. Such evidence of use will insure continued manufacturer cooperation in making this annual your
most comprebensive source of‘buying information.

The products and services of 475 companies are advertised in this 13th issue of ELECTRONICS. In
the directory section, more than 2,000 manufacturers are listed under 1,400 product classifications. 2,500 trade
names are listed, and the names and addresses of 850 distributors of electronic products are arranged
alphabetically by states. It also supplies a 36-page cumulative index to articles published in ELECTRONICS
from April 1930 to December 1939.

The 1951-1952 ELECTRONICS BUYERS' GUIDE had the largest print order, and has more total
pages, more pages of advertising, and more individual companies’ advertising in it than any issue of
ELECTRONICS published since the first in April 1930.

A publication’s value to an industry is measured by the service it renders to subscribers and readers.
When we can mail to every one of our over 30,000 paid subscribers—as a separate, 13th issue—a valuable
working tool such as the 1951-1952 BUYERS' GUIDE, we feel we are rendering a valuable service. to
our subscribers, advertisers, and industry.

The 1952-1953 ELECTRONICS BUYERS' GUIDE will be published Mid-June 1952.

. @
electronics

‘ 12 REGULAR ISSUES . . ANNUAL BUYERS' GUIDE
supplying latest fach- A McGraw-Hill Publication * 330 West 42nd St., New York 18, N.Y. supplying all basic prod-
nical information, de- uvct source and tech-
sign and product news nical specifying data

ELECTRONICS — August, 1951 51
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Stronger Permanent Magnets

INDIANA HYFLUX Alnico V
develops the highest energy-product
of any magnet material—an average
of 514 million BHmax or more, with
514 million guaranteed. Think what
this can mean to you in greater
strength and smaller size, especially
since HYFLUX—a premium prod-
uct—costs no more than regular
Alnico V.

Everything in Magnets
—from Design to Delivery

INDIANA Permanent Magnets are
component parts of so many mech-
anical and electrical devices because
they’re compact, easy to install, de-
liver uniform high energy without
wires, heat, or operating parts. As
the world’s largest magnet maker,
INDIANA points with pride to more
than 30,000 different applications—

includingradar,sonar,rangingequip-
ment, aircraft magnetos, proximity
fuses, guided missiles, communica-
tion, and a host of other uses. This
broad experience is yours without
cost when you call in INDIANA.

Greater Production
—now, when you need it!

INDIANA,solemakerof HYFLUX,
makes permanent magnets exclu-
sively—all materials, all shapes, all
sizes. During the past eighteen
months, production facilities have
beenexpanded 509, to meet the grow-
ing demand. For your present needs
and those of the future, let’s get our
engineers together. INDIANA de-
signing and unified service save you
time and money.

e Many types and sizes of INDIANA HYFLUX Per-
manent Magnets are available for your immediate
experimentations. Ask for new Stock Magnet Catalog
No. 11. For magnet design information, ask for free

Magnet Manual No. 4E-81.

INDIANA THE INDIANA STEEL PRODUCTS COMPANY

VALPARAISO, INDIANA ¢ ¢ ¢ Sales Offices Coast to Coast
PERMANENT

MAGNETS

SPECIALISTS I  "PACKAGED ENERGY"” SINCE 1908

52 August, 1951 — ELECTRONICS



GERMANIUM DIODES

R
A Complete List of

PLANT CAPAC!

])roducts,
diodes a year

‘OEIITH new plant facilitie
tirely to the manufac

we can now

s devoted en-

ture of germanium

Whatever y

deliver 12,000,000
_industry’s total estimated needs.
our diode requirements, let us

TY UP 200%!

show you that we can fill them with prec'ision-
tested units at prices as low as any 0 the
business. Complete specifications and prices
on request. Write: General Electric Company,
Section 481, Electronics Park, Syracuse, N.Y.

RTMA ‘ I I PEAK CONTIN. MIN. FORWARD MAX. INY. AV PEAK SURGE |
DESIG- TYPE INVERSE OPER. INY. CURRENT (MA) CURRENT (D)) RECTIFIED RECTIFIED CURRERT l SITE
NATION l YOLTAGE VOLTAGE AT 1Y AT — SOV CURRENT (M4} CURRENT (MA} (M4}
1
1N48 G5 85 70 40 833 50 150 400 l A
1N51 G5C 50 40 2.5 1667 25 100 300 A
1N52 G5D 85 70 4.0 150 50 150 400 A
1N63 GS5E 125 100 4.0 50 50 150 400 A
1N75 GSM 125 100 2.5 50 50 150 400 A
_l_l —
TN64 GS5F 20 Min. dc current in 44 mc rectiffer—100@a A
1N65 G5G 85 70 2.5 200 50 150 400 A
1N69 G5K | 75 60 5.0 850 40 125 400 A
1N70 G5L | 125 100 3.0 410 30 g0 350 A
| |
|
l Gé | 15 Min. Rect. Eff. at 100 mc and 2 v signat—60% A
1N72 G7 +3db max. noise factor over 1N21B in 25 75 B
G7A 500 me mixer CKT 25 75 A
G78 5 5 . f 25 75 B
G7¢ 5 75% min. rect. eff. at 100 mc for detector 25 75 A
G70 5 i Tested for sharpness of breok E-! char. for 25 75 B
G7E 5 freq. muliplier 25 75 A
G7F 5 ) ) 25 75 B
G7G 5 3 60% min. rect. eff. at 100 mc for detector 25 75 A
== 7))
G8 85 70 4.0 833 50 150 400 A
G8A 85 70 4.0 150 50 150 400 A
G8B 125 100 4.0 50 50 150 400 A
G8C 125 100 2.5 50 50 150 400 A
1N73 G9 75 Note (2) 50@ ~10v 225 60 100 D
1N74 G9A 75 Note (3) 50@ —10v 22.5 60 100 ]
G Max. RMS emitter signal level-—.3v; max. DC emitter current=—>5 mo; C
G11A | Max. DC collector currend—2.0 ma; power gain 17 to 21 db; power output 25 mw l C
(1) Motched at -+ 1v so that current through higher re- (3} Consists of 4 balanced diodes. With 15 ma forward
sistance unit is within 10% of lower resistance unit. current; the voltage drop of each diode is 1.2v min.
(2) Consists of 4 balanced diodes. With 15 ma forward and 1.8v max., ail dicdes | @ :”i""i" 0.2v of each
current; the voltage drop of each diode is 1.3v . other, and voltage drop of a pairis 0.1v of each other.
and 1.7v max., all diodes are within 0.1 volt of zach {4} Additional test over G11 for negative resistance of
other, and voltage drop of a pairis 0.03 volts of 2ach base current vs. base voltage characteristic for trigger
other. circuit operation.

TS
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FOR RELIABLE RADIO PRINTER COMMUNICATIONS

Here are three basic Collins units for maxi-
mum performance and complete dependabil-
ity in frequency shift radio receiving and
transmitting applications.

The 706A-2 converter is designed to op-
erate from the outputs of two 51N-5 receivers
arranged for diversity reception of radio
printer transmissions. In practice, both re-
ceivers operate on the same frequency within
the range of 2 to 24 megacycles. However,
each derives radio frequency signals from a
separate directional antenna.

The 706A-2 converter automatically bal-
ances the signal from one receiver against
that obtained from the other, instantaneously
selects the best, and feeds it to the d-c keyer
circuits and thence to the printer line. Both
the receivers and the converter are engineered
for unattended continuous duty, and will give
long, trouble-free operation with only routine
maintenance,

The 709D-1 frequency shift keyer was de-
veloped to provide a simple yet dependable
unit for adapting existing transmitters to fre-
quenc.y shift operation. For such service it is
most commonly coupled to the transmitter
through a modified crystal holder inserted in
the transmitter’s crystal socket.

You will find it well worth while to consult
us about your radio printer requirements,

—
IN RADIO COMMUNICATIONS, IT’S . . . E l N ,_‘l" et
/
\_,/
COLLINS RADIO COMPANY, Cedar Rapids, lowa
11 W. 42nd Street, NEW YORK 18 2700 W. Olive Avenue, BURBANK
54 August, 1951 — ELECTRONICS
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—available in two grades:
MYCALEX 410 priced comparable to mica-filled

phenolics. Loss factor is only .015 at 1 mc., inculation
resistance 10,000 megohms. Approved fully as Grade
L-4B under N.M.E.S. JAN-1-10 “Insulating Maferials
Ceramic, Radio, Class L”.

MYCALEX BI10X - 1ow in cost but insulating
properties greatly exceed those of general purpose
phenolics. Loss factor is only one-fourth that of
phenolics (.083 at 1 mc) but cost is comparable.
Insulation resistance 10,000 megohms.

TRADE MARKREG US PAT OFF

)
1
]
]
[}
]
]
]
§
]
1
¢
]
|
t
'
1
I
I
|
I
1
1
[l
I
!
I
1
1
1
!
1
|
|
1
|
1
1

------- SINCEISIS R~

PREMIUM INSULATION — Bodies are MYCALEX
glass-bonded mica, the dielectric that combines every char-
acteristic required in a modern insulation including low
dielectric loss, high dielectric strength, high arc resistance,
non-hygroscopic and great dimensional stability.

COMPETITIVELY PRICED — Although manufacture is
to the most exacting quality standards and fully meets
RTMA recommendations, an exclusive MYCALEX manu-
facturing process permits pricing at a level competitive
with low cost phenolic types.

PRECISION MOLDED — An exclusive MYCALEX injec-
tion molding technique affords great dimensional accuracy,
exact uniformity, superior low loss characteristics and
perfect homogeneity.

MYCALEX TUBE SOCKET CORPORATION

Under Exclusive License of Mycalex Corporation of America
30 ROCKEFELLER PLAZA . NEW YORK 20, N. Y,

Include them in your files — Complete information including
dimensional data, specifications and other pertinent facts on
MYCALEX low-loss, fow-cost, tube sockets. Write for your set Yo

------------- ;;, = ﬂ""’-ﬂ”"""-"-‘
el R S
INFORMATIVE DATA SHEETS ;ﬂe”"éég
complete with loose-leaf binder that permits the inclusion of sub- \ \? \ \
sequent releases and data sheets. \
MYCALEX CORPORATION OF AMERICA
ACTETTITV ST R Owners of ‘"MYCALEX' Patents and Trade-Marks

Executive Offices: 30 ROCKEFELLER PLAZA, NEW YORK 20 — Plant & General Offices: CLIFTON, N.J,
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40109 —
24065
11746

20000.
— OR ANY OTHER

CALIBRATED AGAINST A STANDARD
ACCURATE TO 1 PART IN 10-MILLION

The basic unit of this frequency
standard is an electronically

SRS e 3 "o E
precision
driven fork —femperafure com-

FREQUENCY

FROM 40 TO 20,000 CYCLES et esainst changes of

humidity and barometric pres-
CONSERYATIVE ACCURACY UNDER USUAL CONDITIONS sure, Through its use, any fre-

1 PART IN 100,000—{.001% ) quency or multi-frequencies be-

fween 40 and 20,000, fractional
- Have you a need for any specific
number of cycles in precxsmn
/ frequencies?
/4

or otherwise, are obtainable.
Can a source of such frequency
solve your design problem or in-
crease its factor of safety?

Have you a system that requires

great accuracy, stablhty and de-
~ pendability? /

The frequencxés shown at the top
of the page are but a few among
hundreds furnished for precision
application in industries, labora-
tories and Government depart-
‘ments. 51 OUR ENGINEERS
SRR LS S : ARE AVAILABLE
TO COOPERATE
ON ANY PROBLEM

American Time Products, Inc.

580 Fifth Avenue New York 19, N.Y.

MANUFACTURING UNDER PATENTS OF WESTERN ELECTRIC CO.

——
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Probe Testing Hole

Notched for Easy Grip

R .. S

Leaf Spring Tension Lock

(Minimum Voltage Drop) MI N IATU RE { -
ACTUAL SIZE T

New overall size 1'%, inch.
Distance behind panel 1 inch.

Balanced Threads
(No Broken Bodies)

Knife-Edge Bottom Contact ﬂ

All Purpose Terminal
(Mechanical Contact)

el |
A

No Soldered Contacts
(All One Piece)

FUSE EXTRACTOR POST

Littelfuse, maker of fine fuses, now pioneers another
design development with the new, miniature Fuse
Extractor Post.

Write Littelfuse today — 4757 North Ravenswood,

Chicago 40 — for your free sample of the newest
and smallest FUSE EXTRACTOR POST.

BURTON BROWNE ADVERTISINC

anany americanradiahicta am




When you're comparing waveshapes it takes the “photographic memory™ of
a camera to give you the whole story in accurate, permanent form.

Until recently, photographic oscilloscope recording called for considerable
trouble in setting up equipment and a long time period for developing the
results. Bur today, with the Fairchild-Polaroid Oscilloscope Camera, it's an
easy job to record as many traces as are needed.

Take a look at the prints below. They provided the engineer wich valuable
but inexpensive records for immediate evaluation. All were removed from

Where “Photographic Memory”

the camera one minute after the final exposure was made.

The stories of 3 *““One Minute” Oscillograms

1, BEFORE AND AFTER. A visual comparison
of “"before and after’”” conditions is an easy job
for the “one step’’ camera. Here, the upper trace
shows the ourput of a full wave rectified power
supply with insufficient filtering. The lower trace
shows the effectiveness of the addition of a fil-
tering condenser. The camera is easily adjusted
to two positions (upper and lower) for two ex-
posures; traces are exactly one half scope size.

2. SUPERIMPOSING FOR COMPARISON. The
problem — determine the maximum time-interval
variation between successive camera shutter open-
ings and flash circuit closings. Instead of carefully
measuring successive scope traces, the engineer
superimposed several exposures for easy compari-
son. The length of the trace before the shutter
opened is a measure of the time berween the elec-
trical contact closing and camera shutter opening.

3. MULTIPLE EXPOSURE PRE-SOLARIZATION.
Here, by making 3 successive exposures on each
half of the print, the engineer was able o re-
cord performance of a camera shutter at its
1/100; 1/200, 1/400 second (upper) and
1/25,1/50, and 1/100 second settings ( lower).
“‘Pre-sojarizing,’”’ the process of pre-exposing the
print with the trace off the screen, made it possi-
ble to record the high writing speeds involved.

A minute after you've pulled the tab a finished
print is ready for evaluation.

SPECIFICATIONS

Lens and Shutter—Choice of 75mm £2.8 Wollensak Oscillo-Anastig-
mat with #2 Alphax shutter having speeds of 1/25 sec. to
1/100 sec., "time’” and “bulb’; or, 75mm f1.9 Wollensak
Oscillo-Anastigmat with #3 Alphax shutter having speeds of
1 sec. to 1/100 sec., “‘time’’ and “‘bulb’’,

Picture Size—34 x 44 in. (2 or more images per print; 16 expo-
sures per roll of film.)

Image Size—One-half reduction of scope image.

Writing Speed—With 2.8 lens, up to 1 in/usec at only 3000V
accelerating potential; higher speeds at higher voltages. With
£1.9 lens these values are approximately doubled.

Dimensions—Camera, 10%2 x 54 x 6V4 in.; hood, 11 in. length,
72 in. dia; adapter, 2 in. width, 658 in. max. dia.

for still or continvous-motion
oscilloscope recording on 35-mm film or paper

—THE FAIRCHILD
OSCILLO-RECORD CAMERA

The Fairchild Oscillo-Record Camera
is the first unit specifically designed
for the purpose of recording cath-
ode-ray tube images. Features: re-
cords still or continuous motion on
standard 35-mm film or paper, film
footage indicator, electronic speed
control —1 to 3600 in./min., film
: capacity —100, 400 or 1000 feet.

Fairchild-Polaroid Oscilloscope Camera Kits include camera, carrying
case and film. Write today for complete data on the Fairchild-Polaroid
and Fairchild Oscillo-Record Cameras. Fairchild Camera and Instru-
ment Corp., 88-06 Van Wyck Blvd., Jamaica 1, N. Y. Dept. 120-15A1.

—LaircHiLp

07§CILL0$C0PE RECORDING CAMERAS

Weight—Complete, 7% Ib.

Visit us at booth 519 — Pacific Electronic Exhibit
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Modern design of Stokes vacuum %

equipment develops from the continuing contact
ot Stokes Engineers with processors in many fields.

Stokes Microvac Pumps — basic to vacaum processing

—are designed for the broadest requirements of industry.
They have high volumetric and mechanical efficiency . . .

capacities of 15 to 500 c¢fm ... ab-

solute pressures to 10 microns. Power

consumption is low. Compact design

with top-mounted motor requires minimum floor space.

Send for Catalog 700,

“Stokes Microv .
. L There are but four moving parts including the high speed, full-opening

for High Vacuum”, now a standard exhaust valve of corrosion-resistant Teflon. Lubrication is completely
reference work on High Vacuum, automatic, without packing, stuffing-boxes or grease fittings.
Wear is kept to a minimum, and long trouble-free service assured.

containing charts, graphs, diagrams, i :
Parts are precision-finished, standard and interchangeable.

schematics, typical problems,
Stokes is the only manufacturer of equipment for complete vacuum
systems, including Microvac mechanical pumps, oil diffusion

conversion pumps, McLeod Gages and Vacuum Valves.

tables, formulas, constants,

factors. Consult with Stokes on the application of vacuum to rotary exhaust
machines, house vacuum

systems,vacuum impreg-

nation, vacuum furnaces,

vacuum metallizing, and STOKES MAKES

to other applications in
which vacuum deserves
exploration.

Plastics Molding Presses,
Industrial Tabletting

and Powder Metal Presses,

Pharmaceutical Equipment,

. 4 Vacuum Processing Equipment,
- , , ! High Vacuum Pumps and Gages,

Special Machinery

F. ). STOKES MACHINE COMPANY, 5046 TABOR ROAD, PHILADELPHIA 20, PA.
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0% TELEVISION AND RADIO SOLDERING...

for operations that demand freedom from
corrosion and conductive flux residue . . . for
soldering on any piece of high frequency
equipment . . . there is nothing better than

Federated Rosin Core Solder.

Each Rosin Core Solder composition is a precise

alloy of tin and lead with a pure turpentine

distillate flux that is effective but not corrosive.
This means that current leakage at radio

frequencies is prevented.

Federated Rosin Core Solder is unequalled
for consistency and ease of working . ..
for the permanence of the bond
it produces. Look for it on the familiar
orange and black metal spool. 1,5, and

20-pound sizes.

Fectoeateel Weiel; Diviore |-,

AMERICAN SMELTING AND REFINING COMPANY ¢ 120 BROADWAY, NEW YORK 5 N.Y.
60 August, 1951 — ELECTRONICS
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' FOR RUGGED SERVICE

the new Eimac ceramic 2C39 type triode

The new Eimac 2C39 type triode is specially constructed
for service in which tubes are to be subjected to excessive
physical and thermal abuse. Eimac engineers, in developing this -4
improved version of the 2C39, have replaced glass with rugged ceramics. Through
the use of new manufacturing techniques and ceramic materials, this new tube
will operate at appreciably higher ambient operating temperatures than the glass-
envelope type tube. Resistance to physical shock is also increased to a degree

beyond that which is customarily associated with vacuum tube structures.

If you anticipate requirements for a tube of this type, we suggest you centact

our application engineering department immediately.

EITEL-McCULLOUGH, INC.
San Bruno, California

ol e 3 Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California
L)

/aes Iy Gmac ceramic 2C39 type triodes are another
outstanding contribution to electronic progress.

ELECTRONICS — August, 1951
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Sj‘ F E Capacitor Specifications

® From tiniest metallized-paper
capacitor symbolizing miniaturiza-
tion, to giant oil capacitor for atom-
smashing Betatron, you are SAFE
in specifying Aerovox. For Aero-
vox makes all categories, types,
sizes and ratings. More than that:
with a background experience
second to none, Aerovox engi-

neers are always ready to study
your circuitry, comoonents, operat-
ing conditions and anticipated
life. Thus capacitor selection is
custom-fitted to your exact require-
ments. And that is why Aerovox
capacitors have such outstanding
service records.

e Literature on request. Submit
that capacitance problem for engineering
aid and quotations.

62

THE HOME

AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S. A.
Export: 41 E. 42nd St., New York 17, N.Y. o Cable: AERQCAP, N.Y. « In Canada: AEROVOX CANADA LTD., Hamilton, Ont

SALES OFFICES IN ALL PRINCIPAL

OF CAPACITOR

www americanradiohistorv com

CRAFTSMANSHIP

CITIES

INTERFERENCE FILTERS

For military and civilian
needs, particularly air-
craft and radio-equipped
.vehicles.

MICA CAPACITORS

Dozens of different types,
including low-loss mold-
ed casings and the silver
micas.

MOLDED PAPER
TUBULARS

For extra-severe service.
Aerolene impregnant
eliminates necessity of
stocking both oil and
wax tubulars. No deteri-
oration in stock.

OIL CAPACITORS

From tiniest tubulars to
giant steel-case units in
ratings up to 50,000 volts.

HIGH-TEMPERATURE
MINIATURES

Hermetically-sealed with
vitrified ceramic sedl, in
tubular metal case.

METALLIZED-PAPER

Full utilization of space-
saving factor, together
with self-healing feature.

MICRO-MINIATURES

Molded thermo-plastic
tubulars. Two sizes:
3/16" d. x 7/16” 1,; Y4” 4.
x 9/16” 1.

ELECTROLYTICS

Widest choice of con-
tainers, terminals, mount-
ings, combinations. In
85° C. and higher temper-
ature ratings.

August, 1951 — ELECTRONICS



NEO-NIL

CORPORATION

PLUG IN TYPE HEADERS

cc-8 0C-12

.‘;CZ“"?,CJE_'G. _093D PI
\f T«

3
a siz.l De0
—8l
—— r

iy 05010

| | S

FLASH DVER VOLTAGE 6500V. PINTORIM l__sa

60004 PIN TORIM
NULTIPLE TYPE HEADERS

1000 SERIES AVAtLABLE 2000 SERIES -AVAILABLE
WiT 2 TO © TERMINALS WITH 2 TO 6 TERMINALS

L CHARACTEES \i‘.' i
- 2 RING
X - 2 LN oeo O\ [ 32 2,::;'& .

9
,.II_> FN
-

=) QLS
6500V PIN TO RiM

AAACTERS RETAINER

6500V @PIN TO Rim

NEO-SIL HERMETIC SEALS
INDIVIDUAL TYPE TERMINALS

£-1 €-3
¢ - L Lo
S OO e Cmmmmd X Cmlmmo
H q : |

i Bk

4 FLASHOVER
2503V VOLTAGE  $500V.

TEST DATA

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

Volume Resistivity at 800 Volts d-c
Room Temperature 25°C R.H. 30 percext
Maegohm-inches ohm-centimeters
1.4 x 10° 35x10'
Dielectric Constant and Dissipation Facter
Diclectric Dissipation

Coustant S Loss Factor

@ 60 cycles per second
.058

9.22 532
1 megacycle per second
6.17 .0455 .28
50 megacycles per sccond
5.35 0.20 Ll
Dielectric Strength at 60 cycles
Volts per mil — 370
Durcmeter Average — 80 £ 5
Temperature — Rated as a Class A maierial con-
servatively + 160° to —70° centigrade.
The Flashover Voltages indicated  were taxen at
a temps=rature of 68° Fahrenheit, and 479 Relas
tive Humidity,

ELECTRONICS — August, 1951

\J.‘cmmcva,s 0930 PIN ‘i:' 240
|

{
OC-8 and OC-12 | |
“8 and 12 Pin Octal Type 14" SHAFT i l ;
Plug In Headers, molded i ;
with NEO-SIL. are applic- WATERSEAL BUSHING l | {
able for use on MIL require- “Rotary Waterseal Panel
ments. They will withstand  Assemblies, with GRAF-SIL l l
thermal shocks, vibrations, Packing Glands, haveanex- | ' |
mechanical strains and ex-  cellent five year customer i ‘1

cessive pressures with no
impairment to the seal or
other functional character-
istics. For use with standard

history on gas filled pressur-
ized components. They are
available for 4" shafts and
for potentiometers and

BN

\

Octal Type Sockets.” switch bushings.”
: e AL
" J e o i - o 75, +f
e - o /’ j‘ -
s ; 1 &A1 7 : . i -
Mﬂ-rmb-i’lwyﬁh‘ P o ¥ i

“NEO-SIL’s proven Hermetic sealing components will eliminate
rejects resulting from breakage, strains, cracks, etc. Each NEO-SIL
component is pressure checked at 25 psi — to meet military require-.
ments and as applied to our units, NEO-SIL rubber will resist abusive
temperature cycling, salt water, most acids and alkalies, and with-
stand high pressures and vacuums.”

“In addition to the items illustrated above, NEO-SIL offers many
other components, such as Hermetically Sealed Fuse Holders, Her-
metic Sealing Terminals, Multiple Pin Headers, Hermetically Secled
Cables, Hermetically Sealed Line Cords With Plugs for European use,
Meter Gaskets, Panel Gaskets, Adapters (U. S. to Continental), Coil
Forms, Crystal Contacts and other molded bakelite and NEO-SIL
rubber wunits.”

“Hermetically Sealed Fuse Holders are available for 3-AG and
4-AG fuses. These units are completely sealed from moisture with
or without the cap or fuse inserted and are applicable for use on
vacvum or gas filled units.”

Your special problems are solicited.

O-N1L

CORPORATION

26 CORNELISON AVE., JERSEY CITY 4,N.J.
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Which do you need more?

PARTICLE SIZE
DISTRIBUTION OF
CARBONYL IRON

POWDER GRADES

Miniotu\re
permeability-tuned
(455 ke.) LF. unit

i

£

%

e

Permeability-tuned
R.F. transformer
for personal receiver

PARTICLE DIAMETER, MICRONS

35 10 20 40 60 80 90 9597

PERCENT BY WEIGHT SMALLER
THAN SIZE INDICATED AT LEFT

Precision tuning unit
for broadcast radio receiver

A &F. Carbonyl
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Greater purity means greater permeability
Smaller size means lower power loss

® This advertisement makes no comparisons between GA & F Carbonyl
p i

TYPICAL TOTAL LOSS Iron Powders and any other material. (We assume that you will make

ANGLES OF CORES FROM such comparisons as your own specifications may indicate.)

CARBONYL IRON GA & F Carbonyl Iron Powdcrs are made in six grades—each of
POWDER GRADES which haz its own particu'=: combination of qualities and there-
L = by offers its own spccial advantages. Your sclection of any par-
| 1gd | ticular grade will be determined by size, shape, size distri-
t bution, internal structure, condition of surface, desirable
| 3 ]
L AL et . - .
| | cal; ihe pa-ticle size distribution differs—from one

220 cr undesirallc ingredients. The particles are all spheri-

dielectric) /WL

' grale to another.

Collectively, the six grades blanket a wide range
of applications—in clectronic cores over the whole
frequency spectrum, in metallurgy, in chemistry,
in pharmacy and in magnetic fluids. The particles

@
o
a8

may be large, soft crystals—or extremely small,
hard crystals arranged in concentric spherical-
shell layers. The surfaces are {ree and active.
The purity is invariably high, with non-fer-
rous metals in traces only; some grades contain

R (residual + hysteresis + eddy

beneficial small amounts of carbides, nitrides
and oxides.

In the smaller sizes, these powders show excep-
tionally low power losses in electronic cores. Thus
they offer the optimum combination of permea-
bility, particle siz¢ and structure.

The chart at the left shows the range in particle
size distribution; the chart at the right shows the
typical total power loss angle for each grade.

FOR FURTHER DETAILS, WE INVITE
YOU TO WRITE FOR A FREE BOOK

—fully illustrated with performance charts &

TOTAL LOSS ANGLE tg$

5
and application data. It will help any radio -‘ )
MC. FREQUENCY engineer or electronics manufacturer to step up 1§~
quality, while saving real money. Kindly address &k‘&-
your request to Department 87,

ANTARA. PRODUCTS

DIVISION OF

GENERAL DYESTUFF CORPORATION

435 HUDSON STREET - NEW YORK 14, N. Y.
mpa

Iron Powders. ..
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You probably know Lanmtcon (Laminated Plastic) as
an old friend for such uses as tube socket supports, coil
forms, dials, panels, antenna parts and many other
applications.

The same qualities that make it adaptable to these
uses mav also provide practical answers to your material
shortage problems ... and perhaps even bring you sav-
ings or improvements!

Laancom is made with fillers such as glass, nylon,

=

'
. A
<

new uses for an old friend...

e

High Dielectric Strength
Low Power Factor

Heat Resistance

Low Moisture Absorption
High Impact Resistance
Dimensional Stability
Light Weight

Tensile Strength
Abrasion Resistance

paper, fabric, etc. and a varietv of resins. This wide
range ol materials makes it almost certain that Lamicoin
can give you the essential mechanical, structural, or
insulating characteristics your product requires.
Lanmicomwissupplied asstandard sheets, rods and tubes,
or labricated into parts to your specihcation. Why not
let us put our 58 years of cxperience to work on vour
electrical insulation problems. Send your blueprints
and specifications to us todav for prompt Guotation.

MICA %ﬂ’ﬁm COMPANY

Schenectady 1, New York

Offices in Principal Cities !

LAMICOID {Laminated Plastic) « MICANITE (Built-up Mical

66

EMPIRE (Varnished Fabrics and Paper) « FABRICATED MICA
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RECORDING INSTRUMENTS

PORTABIE INSTRUMENTS

PANEL INSTRUMENTS

SWITCHBOARD INSTRUMENTS
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Only a complete line

answers all your electrical
measuring requirements

The case of Mastic Tile Corporation demonstrates how the complete line of
Westinghouse Instruments holds answers to your electrical measurement
problems.

Mastic’s problem was one of predetermining load on a Banbury Mixer
motor in order to facilitate the operator’s job and speed the mixing cycle.
It was answered by the standard Westinghouse GY-40 Recording Wattmeter
with proper choice of scale, current and potential transformers, and chart
speed. In fact, so well did this standard instrument accomplish its job that
final results show—a 15 percent reduction in mixing cycle time along with
the elimination of damaging surge shocks which can now be anticipated and
prevented by the machine operator.

Westinghouse will continue to give you a wider selection for every need . . .
whether it be a-c or d-c current and voltage, single or polyphase circuits,
watts or vars, frequency, power factor, synchroscopes, temperature indicators,
ground detectors or synchrotie. You get assurance of quality too, because every
applicable instrument . . .

Meets A.S.A. Performance Requirements!

All Westinghouse Instruments are built to meet the rigid performance require-
ments of the American Standards Association. No more exacting guarantee
of an instrument can be made. And you get. .

Competent Application Assistance!

Westinghouse Instrument Application Engineers are available to help you
in selecting and applying the proper instruments for your application. Simply
call your nearest Westinghouse office.

For complete information about Westinghouse Instruments write for Book-
let B-4696, address: Westinghouse Electric Corporation, P. O. Box 868,
Pittsburgh 30, Pennsylvania. J-40407

YOUu CAN BE S“RE mrs

Westinghouse :

ELECTRONICS — August, 1951
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from sea level to substratosphere . ..

VARGLAS SILICONE

Electrical Insulating Tubing and Sleeving

WITHSTANDS TEMPERATURES FROM 500° TO —85°F

VarGLas SiLicont is a high dielectric, dimen-
sionally stable insulating material developed
by Varflex during World War II to assure de-
pendable performance in the drastic tempera-
tures aircraft might encounter from sea level
to substratosphere. Today, Varglas Silicone

- Makers of
~ Flectrical Insulating
- Tubing and Sleeving

g

serves industry in many of the tough insulating
jobs that defeat ordinary insulators. A combin-
ation of Varglas (continuous filament Fiber-
glas) and Silicone High Temperature Resin,
Varglas Silicone is the first and only Class H
insulation with these features:

ErFicienT AT 500°F. — flexible at —85°F.

MoisTURE aND Funcus-RESISTANT — has excel-
lent resistance to moisture and fungus.

Fire-RESISTANT — {lame resistant and self-ex-
tinguishing.

ABRASION-REsISTANT — pliable and non-fraying.

DIELECTRICALLY STRONG — average readings up
to 7,000 volts.

Available in various NEMA colors in several
types and grades of tubing and sleeving — lead
wire and tying cord, too.

VARFLEY Sales (o., Tne.

308 N. Jay St., Rome, N. Y,
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In any technical business
the specialist has a unique
value in his specific field.
Itis logical that a manufac-
turer of a specialty product
should be of greater value
in his particular field.

—s

As one of the largest prodncers
of toroidal coils and filters
Burnell & Co’s facilities and
production experience have
been of immeasurable technical
and economical value to our
customers. Many engineers
have benefitted by our prompt
technical service. Why not
bring your network problem
to us for the most practical and
economical solution?

WRITE FOR TECHNICAL INFORMATION YONKERS 3’ N E w,, YORK
ALL INQUIRIES WILL BE PROMPTLY HANDLED SELL AR TR




MELROSE PARK, ILL.

72

Every one of the plastics parts shown—from the 33-inch cir-
cular filter plate to the tiny part in the man’s hand-——was molded
by The Richardson ompany to solve a special problem.

For each of these parts, Richardson engineers developed a new
material, a plastic with just the right combination of physical,
electrical, and chemical properties to do the job. In several
cases, the material had been considered “impossible” to produce
before Richardson plastics engineers applied their broad ex-
perience and skill to the problem.

The Richardson Company stands ready to help you with this
specialized plastics service. With its six plants, Richardson is
one of the world’s largest molders of plastics. Its extensive facili-
ties are admirably geared for volume production of standard or
special plastics paris—large or small.

Write for full information, today.

ke RICHARDSON COMPANY

FOUNDED 1858 — LOCKLAND, OHIO

2797 Lake Street, Melrose Park, llinois (Chicago District)

INSUROK.

Molded and Laminated Plastics

INDIANAPOLIS, IND, NEW BRUNSWICK, N. J.

Only Richardson
offers you this

SPECIALIZED

PLASTICS SERVICE

DEVELOPMENT OF SPECIAL
PLASTICS MATERIALS

Richardson has the persounnel and com-
plete laboratory equipment for developing
new plastics — including combinations of
resin, rubber, ete.—for special applications.

DESIGN OF SPECIAL PARTS

Richardson handles your problem from
beginning to end—analyzes requirements;
designs for appearance, performance, low
cost; and develops the proper tools for
quality and eflicient production.

FACILITIES FOR SPECIAL
MOLDING OR LAMINATING

Richardson can select just the right pro-
duction method for your special plastics
part, because they use all methods—in-
cluding molding, laminating, fabricating,
post -forming, and laminate -molding.

NEWNAN, GA.

TYLER, TEX. OGDEN, UTAH
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BONARDI

DE MORNAYT{ (3

NO. DB-G410

PRECISION ﬁ B
VARIABLE

ATTENUATOR @S s s |
= _M.”
H

COMPLETE COVERAGE
2,600 TO 90,000 Mc/s

It is now possiblé to obtain standard components from
the new DeMornay-Bonardi line of Microwave System Com-
ponents and Laboratory Instruments, in every frequency
band, to provide a solution to the most exacting and diver-
sified “plumbing” requirements. Mechanical design and
construction of this equipment insures maximum accuracy
and reliability of measurement by elimination of errors nor-
mally caused by backlash, mechanical wear, friction and
temperature variations.

Electrical design provides for uniformly efficient opera-
tion over the entire band of frequencies allocated to each
waveguide size, and re-settability characteristics are con-
sistently accurate at all times.

All instruments and components are available in the
following Waveguide sizes:
RG-48/U; 49/U; 50/U; 51/U; 52/U; 91/U; 53/U;
96/U; 97/U; 98/U and 99/U.

MANUFACTURED AND DISTRIBUTED EXCLUSIVELY BY

Send for the CALNEVAR CATALOG of
the new “‘DeMornay-Bonardi” Standard
Microwave Equipment. Please forward
your request on company letterhead.

CALNEVAR COMPANY
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DIAPHRAGM

MEMBRANE

More naturally than ever, your voice comes to
the ear that listens through the latest telephone
receiver developed at Bell Telephone Labora-
tories. The reason: a new kind of diaphragm,
a stiff but light plastic. Driven from its edge
by a magnetic-metal ring, the diaphragm moves
like a piston, producing sound over all of its
area. Effective as are earlier diaphragms of
magnetic-alloy sheet, the new one is better,

BELL TELEPHONE

WORKING CONTINUALLY TO KEEP YOUR TELEPHONE SERVICE ONE OF TODAY'S GREATEST VALUES

MAGNET

gives more of the higher tones which add that
personal touch to your voice.

To work the new receiver, telephone lines
need deliver only one-third as much power. So
finer wires can do the job. This is another new
and important example of the way scientists
at Bell Telephone Laboratories work to keep
down the cost of telephone service, while the
quality goes up.

LABORATORIES

A 5

6 e
g' o
<
H
3
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The LEVOLIER lighting switch ratchet ia
molded of Plaskon Alkyd by Tietz & Baur
Plastics, Inc., Melrose Park, lllinois.

‘one molded piece
R replaces two!

" McGill Manufacturing Company changed to Plaskon Alkyd Molding
Compound for contact ratchets in its Levolier Switches — with these
surprising results: One molded piece replaced two — no assembly was
required! And the exceptional arc-resisting and non-tracking electrical
properties of molded Plaskon Alkyd produced a better performing,
longer-lasting one-piece ratchet. The most popular type Levolier
switch using this ratchet is backed by an unconditional guarantee. [t
passes Underwriters’ tests of a minimum of 24,000 operations carrying

maximum electrical load and 100 operations carrying 509, overload!

Many other inherent properties of Plaskon Alkyd are helping to
improve a constantly increasing variety of products. And faster
production is achieved at lower cost in practically every application —
thanks to the high-speed of compression molding with this amazing

thermosetting plastic which cures in seconds instead of minutes.

Let us send you data on all of the desirable properties
of Plaskon Alkyd — and the complete explanation of
why many electrical insulating parts can be compres-
sion molded faster at less cost with Plaskon Alkyd.

mold it better and faster with

PLASKON DIVISION ¢ LisBEY. OWENS - FORD GLASS COMPANY PLAS KON
2136 Sylvan Avenue, Toledo 6, Ohio ®

In Canada: Canadian Industries, Ltd., Montreal, P. Q.

Branch Offices: Boston, Chicago, Los Angeles, New York, Rochester

Manufacturers of Molding Compounds, Resin Glues, Coating Resins
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ACTUAL K

TUBULAR
PAPER
CAPACITORS

Fit anywhere!

Suitable for
85°C. operation!

CAPACITANCE RANGE:
.0C01 TO .5 MFD.

VOLTAGE RANGE:

200 TO 600 V., INCLUSIVE

Sturdily built in phenolic-
impregnated tubes. Ends
are plastic-sealed.

WRITE FOR COMPLETE LITERATURE
Representatives and Distributors
Throughout the U.S.A. and Canada

4
g

&) PYRAMID

PYRAMID ELECTRIC COMPANY

1445 Hudson Boulevard
North Bergen, N. J., U.S. A

TELEGRAMS: 'WUX North Bergen, N.J
CABLE AQDRESS: Pyramidusa
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BUSINESS BRIEFS

By W. W. MacDONALD

Sixty-Four Percent of the total
military bookings of the electron-
ics and x-ray division of Westing-
house were subcontracted during
1950. Subcontracts ranged all the
way from a $62 order for brass
caps that went to Hamilton Asso-
ciates to a $2,938,488 order for
radar antennas given to Dalmo-
Victor.

The Westinghouse division men-
tioned sold $400,000,000 worth of
radar and other electronic equip-
ment to the armed forces during
World War IL

TV Shipments to dealers in the
first quarter of 1951 totalled
1,814,767, according to RTMA.

Registration at the 7th Annual
Pacific Electronic Exhibit and
Western IRE Convention to be
held in San Francisco August 22,
23 and 24 is expected to reach
9,000, according to exhibit commit-
tee chairman Al Fry.

Fry says there will be 165 ex-
hibit booths, showing the products
of about 300 makers of electronic
and nucleonic components and
equipment. At press time a par-
tial list of exhibitors indicated
that there were 94 manufacturers,
22 reps exhibiting the products of

168 manufacturers, three uni-
versities and four government
agencies.

Philadelphia’s Chamber Of Com-
merce has set up permanent ex-
hibit space at 1413 Walnut, where
the armed forces and local de-
fense-equipment contractors dis-
play new gear made for the mili-
tary every two weeks. Object is
to familiarize other manufacturers
in the area with military require-
ments and so stimulate subcon-
tracting.

Out of a similar effort by the
San Francisco Chamber of Com-
merce has come the formation of
Bay Area Electronic Resources, an
organization in which 15 manufac-
turers of electronic equipment are
members. Sargent-Rayment, Com-
mercial Electronics, E. R. Vinson,
Applied Electronics, H-K Division

of Robert Dollar, Clayton F. Bane,
Ampex, Electronic Engineering
Associates, Huggins, Birdsell,
Thor Transformer, Kaar Engineer-
ing, Lenkurt, Imperial Television
and K-F Development offer their
services jointly or individually for
the performance of defense con-
tracts.

Business Forecast: “I believe
that by the end of 1952, the com-
bined civilian and military produc-
tion of electronic equipment by
our industry will be at the rate of
4% billion dollars a year. From the
standpoint of facilities and man-
power, this will be equivalent to
an industry production of 3% bil-
lion dollars of civilian electronic
equipment, which is a very sub-

stantial expansion in facilities
even from recent production
records.” — Robert C. Sprague,

Chairman of the Board, RTMA.

Brazil had 10,500 television re-
ceivers in use at the close of 1950.
Two transmitters were in active
operation, one in Rio de Janeiro
and the other in Sao Paulo. Two
more are scheduled for erection
in 1951.

Book entitled Industrial Re-
search Laboratories of the United
States (see New Books, June,
ELECTRONICS) lists 2,845, of which
350 are active in the field of elec-
tronics. Their interest in various
projects within the field is indicated
by the following tabulation:

Acousties ...... ..

Antennas ...... a0
Coatings, protective R
Control devices ............... Ni
Dieleetric .poq. . - -poaraogpraTeT
Capacitors .........
Circuits, print »d
facsimile .. ...
Gamma rays
Geophyvsics ..
Germanium

Getters
Hearing devices .........

High-freq. phenomena . o MAn'snd
Instruments . : e - IDes B
Insulation, electrical . . ......

= e — Ot
oy )

o %0 10
COTT LI DN D =1 R a [ITIDI LI ~I DD D T3

Isotopes SELD L
Liquid contr ol devices. .
T.uminescence :
Magnetic devices

Meusuring dev1ces .

Meters :
Microwaves R .
Navigational apparattm b AL © o
Nuclear physics

A hg

(Continued on p 78)
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For low impedance applications...

SYLVANIA Germanium Diodes

All Germanium Diodes are notable for
their low forward impedance. But the
IN56 is specially engineered to make
the most of this quality.

Typical 1N56 Resistance Characteristic Use this diode for high efficiency cir-
cuits with low input and output im-
pedances. Use it for relay activation,
heavy current and surge applications
with low impedance coils, transformers
and condensers.

Try the IN71 varistor in carrier teleg-

raphy and telephony work. The low
1N56 DIODE with a potential of +1 shuntcapacitanceinsureshighefficiency
volt will pass a current of 15 ma. or more. throughout the high frequency range.
With a potential of —30 volts, less than Y il find thi : v of
300 xa. will flow. ou will find this vanstor equally et-.

ficient in low impedance modulator cir-
cuits of the carrier suppression or
carrier transmission type.

Both the IN56 Germanium
Diode and 1N71 Varistor
are available from your Syl-
vania Distributor. Ask him
for copies of the two books
shown below. Price of each
is only 25¢, together they
comprise the most complete
collection of Germanium
Diode applications yet pub-
lished.

For Carrier Communications
IN71 VARISTOR —The IN71 con-
sists of 4 matched low impedance
diodes each of which, with 41 volt
impressed, will pass a current within
one ma, of the average current of
the four.

1 Sylvania Electric Products Inc.
ept. E- , Emporium, Pa.
Dept. E-1008, Emporium, P
| O Please send me “40 Uses for Germanium Diodes.”
| Enclosed is 25¢
O Please send me “Electronic Shortcuts for Hobbyists.”
|
| Enclosed is 25¢
|
|
|
]

Name
ELECTRONIC DEVICES: RADID TUBES: TELEVSION PICTURE TUBES; ELECTRONIC TEST EQUIPMENT; FLUGRESCENT. Tupes, | Siree”
FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS; TELEVISICN SETS City. Zone State

Visit 409 Pacifi . .
ELECTRONICS — August, 1951 isit us at Booths 401-402—Pacific Electronic Exhibit =



BARRYMOUNTS FOR ASSURED CONTROL OF SHOCI( AND VIBRATION

SHOCK and VIBRATION NEWS

NEW ALL-METL
BARRYMOUNTS

for Unusual Airborne
Applications

These new Barrymounts provide the
aircraft and electronic engineer with
a vibration isolator designed to meet
the unusual temperature and envi-
ronmental conditions encountered in
high-altitude, high-speed flight. Em-
ploying no organic materials, these
mountings are not subject to tem-
perature influences that may affect
the performance of other mountings.

ALL-METL Barrymounts offer a
wide load range with uniform per-
formance. They have a natural fre-
quency of about 7% cycles per second,
with low horizontal stiffness for maxi-
mum isolation of horizontal vibration.
Transmissibility at resonance is only
4% . There is no snubber contact nor
resonance carry-over when ALL-
METL Barrymounts are vibrated at
government-specified amplitudes.

These mountings are designed espe-
cially for unusual military condi-
tions. They meet the vibration re-
quirement of JAN-C-172A, MIL-E-
5272 (USAF), and MIL-T-5422
(BuAer). For details of sizes, ranges,
and construction of unit mounts and
bases wusing ALL-METL Barry-
mounts, see catalog 509.

FREE CATALOGS

® 502 - Air-damped Barrymounts for
aircraft service; also mounting
bases and instrument mountings.

® 509 — ALL-METL Barrymounts and
mounting bases for unusual air-
borne applications.

® 504 — Shock mounts and vibra-
tion isolators for marine, mobile,
and industrial uses.

® 607 — How to cut maintenance
costs by using Barrymounts with
punch presses.

r———-———v
|

707 PLEASANT ST.,

“RUGGEDIZED”
BARRYMOUNTS AND
MOUNTING BASES

Now Available to Meet Shock
Requirements of AN-E-19

Barry vibration isolators and
mounting bases are now available
n “ruggedized” construction, to with-
stand the severe shocks of arrested
landings in aircraft carrier service
and of crash landings. These units

are tested to meet the shock-test re-
quirements of Specification AN-E-19,
listed in

for the equipment sizes
JAN-C-172A.

“Ruggedized” Barrymounts are
available in both the air-damped type
and the ALL-METL type. Air-
damped Type 770R covers load ranges
between % 1b. and 9 lbs. Air-damped
Type 780R covers load ranges be-
tween 4 lbs, and 35 lbs. ALL-METL
Type 6600R covers load ranges be-
tween 4 lbs. and 35 lbs. Type M-112R
covers ranges between 2.and 10 lbs.

s

& w;b
W /«’

‘“‘Ruggedized” mounting bases,
equipped with Barrymounts of the
above types, are available in stand-
ard JAN sizes (JAN-C-172A) and
in special sizes to meet customers’
requirements. A conspicuous advan-
tage of these “ruggedized” Barry
bases is the gain in strength of the
base framework itself — beyond JAN
requirements — achieved with very
little increase in weight for loads
up to 60 lbs. by design modification
of standard JAN bases. For greater
Joads, the “ruggedized” Barry bases
are of stainless steel instead of
aluminum. Write for data sheet.

BARRY covre.

WATERTOWN 72, MASSACHUSETTS

SALES REPRESENTATIVES IN
Philadelphia Washingtan Cleveland
St. Louis  Seattle Los Angeles -

Detroit
Toronh

New York
[ Cchicogo

Rochester
Minnsapolis

Dayton
Dallas
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BUSINESS BRIEFS {continued)

Osecilloseopes ..o 12
Photoelectricity ............... ... 9
Physics ..... 1. % . EETTss NI 33
Plezoelectnclty ...... R - B 7
Pressure control ............... 23
RadaT] opprremt 4] - 1 TrEe TI3333 + 06 22
Itadiation .................... .. 19
RAAIC o . Sedlflewal - 4 Fiiia. S5 3 . & 67
Radioactivity v - 50935 mepamramery 3 ovw 15
Radiography .................... 5
Recording, sound ................. 24
Rectifiers ........ ... ... ... ... .. 13
Relays ......... aslt 9
Resistors ...... E 18
Servomechanisms . . 24
Signaling devices ........ 7
Soldering . ........... ... ... .. ... 10
Sound and noise ............... ... 28
Spectrography & spectroscopy ...... 21
Spectrometry ............. . ....... 4
Spectrophotometry ........ ... ... .. 10
Telegraphy .. - .0l 7
Telemetering . - e 1
Telephony ....... 8
Television ....... .. S 43
Temperature contrel . ... .. .. .. ... a7
Transducers .................. i i 11
Vacuum tubes . ............. ... .. 35
Vacuum technique ................ 18
Varnishes, insulating .......... ... 57
Voltage regulators . ........... ... 10
Wilhe amom. - MA .ol b - - - B - TIPS 19
NRAYVS oo o oo - » s 33 - - - G- 25

Receiver Sales by licensees for
the first quarter of 1951 totalled

5,227,834, worth  $486,245,840.
Here's the way the total broke
down:
Type Units Dollars
Electric

Table (Under

£12.50 billing

DICE) . .. ... eii .. 430,415 $4,239,979

Table (over
$12.50 billing

price)

Moo 1,169,840 20,160,302
A-M/F-M.. ... .... 131,346 3,996,623
T-M (including

converters).. ... 4,550 85,022
Consoles
AM........... ... 7,158 161,221
A-M/T‘ M. ... ... 4,739 560,406
Table-Radm-Phonoq
AM.. C 109,860 5,101.357
A—M/F-I\’I .......... 5,566 566,213
Console-Radio-
Phonos
A-M............. . 21,987 2,238,769
A- M/T M. 159,989 19,925,864
Batter A
Portable A-C/D- C T 291,808 5,521,916
Table...... 13,842 9,125
Consoles... . ........  ...... ...
Auto. . .. L ... 721,989 21,504,400
Telenision
Converters. . ... .. .. 914 144,409
Table
| Models.. .. .. 693,789 108,608,799
Consoles
Direct-Viewing. . ... . 1,083,742 229,454,471
Projection. . . ... ... 861 225,341

Radio Phonos

Direct-Viewing. . . 186,175 56,559,5.1
Projection. .. .. ... .. 12 5,149
Phonographs
Phono only.. .. ... 159,465 3,207,290
With radio
attachment. . .. 2,846 70,801
Without Cabinets
......... 1,393 89,453
A M/F-M.......... 1,427 178,008
Television. ... ... . 24,121 3,251,411

Chicago Parts Show was partic-
ularly successful in that it at-
‘ tracted top brass from the coun-

try’s leading distributing organi-
; zations, including many who
stayed away last year and the year
before for political reasons.

To get into the Show you had to
prove you were a legitimate dis-
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tributor or rep, and we mean
prove. Most exhibitors liked this
rigidity, which held down overall
attendance a little but confined it
to quantity buyers. A few said
they wouldn’t have minded talking
to some people from manufactur-
ing plants, amateurs and service-
men just to keep their hand in.

Show hours were from 10 a.m.
to 6 p.m. on all three days, which
gave upstairs room exhibits a
lively play. For our particular
newshawking purposes the hours
seemed a little short.

Manpower Pinch is being felt at
Wright-Patterson Field as well as
in industry.

The civilian personnel division
has approximately 100 types of en-
gineering, scientific and technical
positions open and considered criti-
cal, plus about 40 other types of
jobs proving very hard indeed to
fill.

Among the types of jobs offered:
Electronic engineers specializing
in instrumentation, radio, wire
communications and testing; Gen-
eral electronic scientists and
specialists in instrumentation,
microwave communications and
tubes; Maintenance technicians
specializing in electronics; Air
technical intelligence specialists
in bombing systems, electronics,
electronuclear systems, aircraft
instrument and navigation sys-
tems and electron physics; Engi-
neering aides for electronics.

Unemployment in the television
receiver manufacturing business
was well over 50,000 in June, ac-
cording to Robert C. Tait, presi-
dent of Stromberg-Carlson and a
spokesman for RTMA. Invento-
ries were at an all-time high at
500,000 sets, with 25 carried in
inventory for every one sold as
against one in inventory for every
set sold in the first five months of
1950.

A Laboratory engaged in pre-
cision work discovered an excel-
lent source of soft, lint-free cloth
to be used in a cleaning process
prior to evacuation and sealing.
Later, it took some explaining to
convince the Navy accountant that
he should ok a bill for “one bale
of diapers.”
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CLOSE DIFFERENTIAL ADJUSTMENT
AND D. C. RELAY PERFORMANCE

1,2,3, UNITS OF
A COIL POWER

X/
GAR/FORCE,/POWER
RELAY MAGNET

1 As a remotely operated switch, a relay

FORCE
TOWARD POLE —

must have a structure which moves through o ﬂ
distance (to separate a pair of contacts) and
develops force (to maintain closure of con-

tacts). An electromagnet acts on an armature

to bring this about, under the influence of
variations in energizing power. (Fig.1)

,1,2,3, UNITS OF
7/ COIL POWER

2 In addition to magnetic force, o spring ‘is

used to return the armature to its de-
energized position and to “make" normally-
closed contacts, if used. lts effect may be
shown by adding to Fig. 1 as follows (Fig. 2):-

. . -draw Fia. . MAGNET
3 It is most convenient to re-draw Fig. 2, ~ S SRACTERISTICS

showing the spring plot in the same quadrant
SPRING

\\CH-A/RACTERISTIC

as the magnet characteristics, but remember-

ing its opposite direction. One then observes 3

a series of combinations of gap and coil
power, which will just cancel the effect of

the spring.

4 Atypical relay operating cycle may be rep-
resented on this same plot, as in Fig. 4. “F1" is
the force holding closed the normally-open
contact with relay “just operated™;

4L “F2" is the force holding closed the
normally-closed contact with relay “just
released," and S is the armature stroke, which
is of course directly related to contact air gaps.
This is o WIDE DIFFERENTIAL ADJUSTMENT.

GAP LENGTH

5 If the relay in Fig. 4 is readjusted to
“release” at a power level close to that
of “operate” the result is, as shown in

Fig. 5, to reduce the vaolues of

F1, F2 aond S. The marginal (just

operated or just released) contact
pressure and contact spacing of the switch
have been considerably reduced to produce
o CLOSE DIFFERENTIAL ADJUSTMENT.

L0 UNIT OF COIL

17_UNITS OF COIL,
~ POWER “RELEASE” - POW

ER “RELEASE"

2.0 UNITS OF COIL

2.0 UNITS OF COIL POWER "OPERATE”

~ POWER “OPERATE*

GAP LENGTH

[FIG. 4

6 The values of F1, F2 and S in Fig. 5 could be made equal to those
in Fig. 4 if we build o different relay, having the effect of changing

@ the scales of the plot. Total magnetic force and spring force will both
be increased, which will require more iron, and if sensitivity is desired,
more copper. In effect — a larger relay.

Such a relay will have many problems of design and execution, relating to the
control of small fractions of large forces, to vibration immunity and thermo!
stability. Thus, in general it is desirable to compromise. By adding goin and
negative feedback to the system in which the relay will be used, the relay
operating differential may be kept reasonably large, while desired system
performance is not sacrificed.

SIGMA INSTRUMENTS, INC., 62 Pearl St., South Braintree, Boston 85, Mass.
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MALLORY
TUNGSTEN CONTACTS

Although all Mallory tungslen is
chemically the same, the size, shape
and distribution of the grain particles
are carefully controlled, since these
factors vitally alfect its electrical and
mechanical properties. Mallory will
gladly work with you to find the
right conlacts to meel your specifica-
tions. Write 1oday.
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’0, _# . Mallory Contact Finish

Brings Laboratory Standards
To Production Operations

The Mallory “E-Treat” finish is onc of the many ways in which
Mallory metallurgical developments are improving performance and
reducing costs of electrical contacts.

|

|

|

|

I

|

|

|

|

|

|

| A typical example is the real help provided by Mallory for a manu-
I facturer of automotive equipment who faced the problem of excessive
I failures of tungsten contacts. The application involved a critically
: heavy clectrical load with light contact pressure. Mallory contacts
| with “E-Treat” finish . . . a chemically pure, highly polished face . . .
| were tlested and enthusiastically approved. The “E-Treat” finish
| contact resistance and less malerial transfer . ..
I tripled the minimum contaet life. What is more, the Mallory contacts
: cost less than those formerly used!

|

I

|

|

!

|

alforded lower

That’s value beyond expectation!

Mallory contact know-how is at your disposal. What Mallory has
done for others can be done for you!

In Canuda, made and sold by Johnson Matthey and Mullory, Lul., 110 Industry St., Toronto 15, Ontario

Electrical Contacts and Contact Assemblies

PR.MALLORY & CO.Inc.

b

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

SERVING INDUSTRY WITH

Electromechanical Products
Sieitches
Vibrators

Resistors
TV Tuners
Electrochemical Products

Capuacitors Rectifiers
Mercury Dry Batteries

Metallurgical Products

Contacts Special Metals
Welding Materials
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> ASIA ... The current debate on
our foreign policy in Asia empha-
sizes our need to support our
friends in that part of the world.
One such opportunity will appear
in February next year, when the
International Radio and Electron-
ics Exhibition (IREE) of India
will take place. We sometimes
forget that there are a billion
people in Asia who enjoy virtually
none of the benefits of electronic
science, people whose leaders are
well aware of these benefits and
their social and political implica-
cations. Concerned as we are
with our domestic market, with
its shortage of unassembled com-
ponents and its oversupply of
assembled television sets, we
should not lose sight of the great
opportunity, for service as well as
profit, in the Far East. We hope
that our industry will be well rep-
resented at the Indian exhibition.

» AETAT. .. Dr. Walter Schottky,
to whom we owe much of our early
knowledge of electron emission and
the behavior of vacuum tubes, was

ELECTRONICS — August, 1951

CROSS

TALK

65 on July 23rd. When notice of
this even came to our attention, we
were reminded that electronics is a
young man’s game, even as it starts
its second half century. The 25th
anniversary of IRE in Canada was
celebrated in Toronto only last
month, as was the same anni-
versary of the founding of the De-
troit Section.

Marconi would have been 77 this
year if he had lived. Many of his
contemporaries have achieved three
score and ten years and are still
with us: Alexanderson (73) Lang-
muir (70), Zenneck (80), Lynde
Wheeler (76), G. W. Pierce (79),
Donald McNicol (75), DeForest
(77), Hoyt Taylor (72). With
Schottky in the three-score bracket
are many other illustrious founders
of our science: Armstrong (60),
T. L. Eckersley (64), Hazeltine
(64), Heising (62), Van der Pol
(62) and Zworykin (61). To Dr.
Schottky and his colleagues, our
felicitations!

»STAGES . . . One of KGGF’s
engineers recently took a long look

at their 10-kw transmitter at
Coffeyville, Kansas, contemplating
what manner of gadget it was. He
found that said transmitter em-
ploys 51 tubes, a quartz crystal,
several germanium diodes, in 47
separate a-f and r-f stages, and
that the signal wundergoes 14
changes in frequency from micro-
phone to antenna. The ratio works
out to be about three tubes
per frequency change, which we

hereby christen the “Gillette
factor” after the engineer in
question. In receivers, things hap-

pen more quickly, three frequency
changes (r-f, i-f, a-f) in as few
as four tubes. All of which sets
us to wondering how many tubes
and frequency changes are involved
in transmitting a television image
from a camera in a New York
studio to a receiver picture tube in
St. Louis, Missouri. The first
reader who sends us a reasonable
answer, backed up with full evi-
dence, will have his subseription to
this journal extended for a three-
year term. The second reader so
doing is out of luck. This offer ex-
pires September 30, 1951.
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DEFENSE DEPARTMENT

Equipment of tomorrow frequently de-
pends upon today’s basic research

DO YOU NEED TO KNOW . . .

What the short and long-term prospects are for you personally in

basic research?

What is ahead for your company or college in the way of military

research contracts?

What types of projects are most likely to receive Defense Depart-

ment support?

What kind of coordination the Services are apt to arrange between

similar projects?

This Article May Provide the Answers

The ARMY

By HAROLD A. ZAHL
Director of Research

Signal Corps Engineering Laborutories
Fort Monmouth, N. J.

ITH THE CLOSE of World War

II, there followed a rapid dis-
persal of the greatest collection of
scientific manpower ever mobilized
against a single objective. The na-
tion was all-out for defense, but
technologically this inferred applied
research, engineering, production,
training, and combat. Ironically,
with almost total mobilization of

82

the nation’s scientists and engi-
neers, basic research was neglected
in the rush to quickly make
weapons using the science of the
day. In retrospect, we see that had
the war extended over a substan-
tially greater period of time, the
absence of basic research as part of
our defense plan might well have
been disastrous.

Following the close of the war,
numerous reports prepared by such
notables as Vannevar Bush, John R.
Steelman, and others, strongly
urged that intensive basic research
be considered as our principal bul-
wark for long-term defense, and
that a National Science Foundation

be established immediately to aug-
ment the military effort and fur-
ther ecarry research into areuas
where military interests, ostensibly
at least, appeared more remote. Leg-
islative delays in establishing the
Foundation resulted in the military
services, and later also the Atomic
Energy Commission, contributing
the major portion of the funds and
many of the facilities for the coun-
try’s post-war basic research pro-
gram. Through this effort, com-
bined with that of private support,
basic research within the U. S.
reached an all-time high in 1950.
Many results of this research have
already been put to use in our
weapons program and also in
strictly civilian interests.

In the aftermath of the DPresi-
dent’s declaration on December
16th of a state of national emer-
gency, and in the following rearma-
ment rush, there appeared some
signs suggesting that basic re-
search within the U. S. might in
part at least be forced to yield to
the exigencies of the emergency. In
reaction to this general feeling, the
Department of Defense has taken
the position that while production
must be accelerated and develop-
ment activities greatly increased, it
is also imperative that basic re-
search continue apace, since by the
time-scale on which the present
emergency and possible all-out con-
flict appears to be plotted, basic
research and success therein may
well be necessary to our very sur-
vival. Implementing this policy,
each Service has agreed separately
to support basic research by a per-
centage of its research and develop-
ment budget; and further, should
the present international tension
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PLANS for Basic Research

Mobilization requirements have speeded up applied research, development and production

engineering to meet current military electronic needs. To many it appears that this rules out

expansion of basic research and even involves curtailment of existing projects. Such is not

the case, however, according to spokesmen for all three branches of our armed forces

ease and permit a reduction in mili-
tary expenditures, then a fixed
minimum will still be maintained
for continuity and stability. This
broad agreement will again be re-

viewed in three years from the
present,
Manpower Policy
Obviously, during the initial

phases of the present emergency,
there must be a considerable re-
shuffling of technological personnel
within industry, institutions of
learning and government labora-
tories. Full-scale war would na-
turally impose still greater changes.
Even now, however, it is a serious
fact that industry is desperately in
need of high-caliber personnel for
development and engineering work
on defense orders, while govern-
ment laboratories with almost equal
vigor are reaching for similarly
qualified men.

Paradoxical to the apparent man-
power shortage, because of greatly
reduced enrollments due to direct
military demands for young men,
there exists in the staffs of our uni-
versities an increasing number of
high-caliber technical men who ap-
parently will be forced to make
adjustments due to reduced univer-
sity budgets. Many of these scien-
tists and engineers will, of necessity
or through the magnetism of higher
remuneration or personal desire to
contribute more directly to the
cause of the emergency, yield to the
call for work in industry or govern-
ment. In many instances such shifts
represent a direct or potential loss
of basic research workers. That
some such personnel changes occur,
however, is required as the nation
girds itself for defense; in fact, is

ELECTRONICS — August, 19517

absolutely necessary for quick and
intelligent rearmament where tech-
nology and production are our
strongest weapons. Still, with the
university being the traditional
home of basic research, such turn-
overs in manpower must be watched
with caution, lest they become so
great as to seriously threaten our
major means for keeping truly crea-
tive effort at a level consistent with
a long-term emergency. Even more
important on a long-term basis, if
the educational structure of our
schools becomes too weakened a pro-
longed crisis would confront us with
a grave shortage of scientists and
eventually even a loss of the system
which produces them. This in effect
would, in less than a generation,
precipitate a national catastrophe
of the first order.

Selection of Projects

Recognizing that strong forces do
exist, pulling many individuals with
outstanding research reputations
into the generally more remunera-
tive applied fields, it must also be
admifted that a reasonable number
of private and government dollars
still appear to be going into basic
research. Hidden in this situation,

DEFINITION

BASIC RESEARCH, as defined by the
Rescarch and Development Board, re-
fers to theoretical or experimental
studies directed toward the increase
of knowledge, either by advance into
unknown areas or by detailed filling-in
of areas whose general boundaries are
already known. Immediate practical
application is not necessarily a direct
objective of the investigation

however, is the danger that basic
research, while admittedly impor-
tant, is never urgent, and in the
rush many of us too easily shift our
thinking toward the urgent and ac-
cept the dollar statement as satis-
factory, without the realization that
unless the vast military-supported
program is watched with great care
there may be a considerable propor-
tion of technical mediocrity event-
ually supported, instead of research
capable of adding real and signifi-
cant contributions to our fund of
knowledge. We shall never win a
war or hold our own technically in
an indefinitely long emergency
solely on the number of reports
delivered to a contracting officer
and added to a collection. To truly
remain technologically ahead of our
potential enemies research must
produce and hold world leadership
in our scientific knowledge, which
at the same time must also be
geared to the direct military effort,
for the criterion of research suec-
cess, in a military sense, lies in the
performance of military weapons in
the hands of our troops.

The above leads to the obvious
fact that the problem of the mili-
tary services effectively contribut-
ing toward and maintaining a basic
research program is not solved
merely by the availability or ex-
penditure of dollars. While there
are many volunteers for basic re-
search, those obviously deserving of
unquestioned support, together with
full freedom for their creative ef-
fort, are unfortunately very small.
Thus the question arises—by what
ground rules does one determine
whose efforts should be supported
with the military dollar? Many of
those who wish to participate in the
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DEFENSE DEPARTMENT PLANS

program on a relatively undirected
basis without change of their peace-
time environments would actually
require guidance in order to make
their efforts effective. For the gov-
ernment to militarily gain in a di-
rect sense from a program sub-
stantially more geographically di-
versified than today’s widespread
contractual effort, with its host of
attendant administrative and tech-
nical coordination problems, would
also require a proportionate in-
crease in top-notch scientists di-
verted to assure program CoOr-
dination, absence of undesirable
duplication, and concurrent applica-
tion studies. Coordination is further
complicated in that, while basic re-
search as such is generally consid-
ered unclassified, once important
findings are made classification al-
most invariably follows, regardless
of the volumes written on the de-
sirability of a free interchange of
information.

Choice of Facilities

It would appear that the present
situation in regards to military
support of basic research calls more
for expanding proven existing re-
search centers, both externally and
in military laboratories, rather than
for further decentralization. This
trend is already being felt and will
undoubtedly continue toward estab-
lishment of numerous scientific
groups of substantial size under
direct Service sponsorship, largely
in universities, for concentrated
effort of direct military interest.
Highly qualified individuals are
now needed to help organize, join,
or assist groups in translating the
results arising from these more con-
centrated approaches into weapons.
While within such laboratories di-
rect military interests must of
necessity be emphasized, consider-
able opportunity will also exist for
work on basic problems related to
the applied aspects of the group’s
technical assignment.

In the physical sciences, a number
of such laboratories under joint
Service sponsorship are already
funectioning; some since 1946—for
example, at Harvard, Princeton,
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Columbia, Stanford, Massachusetts
Institute of Technology, Bell Tele-
phone Laboratories and the General
Electric Company, while at the time
of this writing others are in vary-
ing stages of planning or negotia-
tion.

Long-Term Objective

It must be noted, however, that
while establishment of larger units
and team play of necessity appears
to be today’s organizational trend,
it is also true that individuals
whose previous background indi-
cates outstanding qualifications for
lone effort, or effort with a small
assisting group, should be privately
supported or, if private support is
not available, should be supported
by the military. Equally important,
such persons must be further en-
couraged by allowing them to con-
tinue their work on geographical
coordinates of their own choosing,
for success in basic research begins
with the choice of the individual
and not necessarily by regimenting
all research personnel into million-
dollar facilities.

The Signal Corps, with its major
development interest in electronics,
fed from basic and applied research
within the field of the physical
sciences—in addition to substantial
contractual participation — plans
continuance of a basic and particu-
larly a strong applied research ef-
fort within its own laboratories to
supplement the fast-moving de-
velopment and engineering program
which naturally constitutes its prin-
cipal laboratory effort. This internal
research program carries a three-
fold objective: first, while it is
hoped such effort may lead to dis-
coveries vital to the military effort,
as a guaranteed by-product, it is
certain to assist in maintaining the
scientific environment necessary for
leadership in the field of electronics;
second, to maintain a corps of spe-
cialists available in an advisory
capacity to development engineers
working on new or improved equip-
ments; and third, to stand ready as
a highly trained technological re-
serve for the possible eventuality,
when all existing facilities capable

of assisting must be directed toward
the solution of intricate problems
thrown back from combat areas for
immediate solution.

In all the above, a strong stand
has been taken in support of contin-
uing a steady level of truly basic
research during the emergency, or
in fact even during total mobiliza-
tion or major combat should such be
thrust upon us. However, it is only
through the orderly superposition
of applied research, development
and production that new military
weapons can be born and made
available in time to troops. The in-
tricacies pertaining to the interre-
lationship between elements of the
scientific-engineering-military team
structure, further, make it impera-
tive that everyone in the chain ap-
preciate the contributions of the
others. Applied research, develop-
ment and particularly production
have long occupied pedestals of dis-
tinction in the minds of those
charged with military planning.
For basic research, it may be said
that never before in our history has
a better understanding and greater
appreciation of its importance ex-
isted than now. In spite of ap-
parent vicissitudes born through
the early rushes of the emergency,
it is still felt that the conditions re-
main for keeping a vigorous pro-
gram underway, and as we move
into the uncertainties of the future,
the Department of the Army, in its
contributions to the national de-
fense, does not intend to lower its
long-range technical sights.

The NAVY

By E. R. PIORE

Deputy Chief and Chief Scientist
flice of Naval Research
Washington, D. C.

HE HONORABLE Dan A. Kimball,

Under Secretary of the Navy,
and Commissioner Gordon Dean,
Chairman of the Atomic Energy
Commission, issued a joint state-
ment on December 15, 1950, which
read in part: “One very essential
condition for maintaining our na-
tional strength, whether for peace
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Checking growth of crystals at Squier Signal Laboratory

or for war, is that research in the
sciences, which is basic to all tech-
nological progress, be kept at a
high level.” This is a broad state-
ment of the Navy policy in regard
to basic research during this period
of increased military effort to im-
prove the readiness of our forces
in the field.

The Office of Naval Research,
after very careful thought, has
taken the following action to im-
plement the policy stated above:

(a) 1t is continuing the basic re-
search program at the same annual
fiscal level that the program en-
joyed prior to the recent increase
in military appropriations.

(b) At the same time, ONR has
increased the average life of con-
tracts for research.

It is hoped that these procedures
will give stability to the basic re-
search program and some assurance
to scientists and engineers during
this period of uncertainty and rapid
expansion of the military technical
effort in the country.

Basic Research Problems

The policy, and its implementa-
tion, is due to the expanded demand
for technical people occasioned by
the procurement program initiated
by the military services, and the
additional sums of money available
for research and development. A
large production effort in military
equipment always reflects itself in
an increased demand on develop-
ment facilities and engineering
manpower. It is felt that this de-
mand for manpower should not
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come initially from those engaged
in basic research. This group, al-
though small, is highly competent
and imaginative. It is the hope
that, pursuing the policy stated
above, this small group could be
kept initially as a reserve—scien-
tific shock troops. The policy is an
attempt to introduce some counter-
measure, however small, to the po-
tential flow of all technical man-
power to development of new weap-
ons. We are not prepared at this
time to commit all our technical re-
serves in ideas and manpower to
weapons and weapons systems. It is
desirable that the transition from
basiz research to development of
weapons be gradual and thought-
ful, and that the rate of this transi-
tion be determined by the character
of present and future military
needs.

Actually, at present, there is a
drift in university, industrial, and
governmental laboratories from
basic research to the study of more
urgent military problems. ONR
obviously is involved in this drift
by making funds available and by
indicating the existence of very ur-
gent unsolved problems. We are
calling on our reserves to some ex-
tent, but only after a very careful
examination of the areas that need
attention and the talents of the
people that can make an important
and vital contribution to those tech-
nical and military areas. This is al-
ways done in consultation with the
engineers and scientists involved.
It is necessary to assure ourselves
that the problems being tackled
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have a high probability of success-
ful solution—in a technical and
military sense—in a comparatively
short time.

Study-Group Approach

One finds at this time that the
major effort among those groups
which in the past have been en-
gaged in basic research is on analy-
sis and study of technical areas and
needs in the military services, thus
determining the new and additional
problems in applied research and
development that should be under-
taken now in our laboratories
throughout the country. In other
words, the emphasis is on studying
the situation rather than on setting
up large laboratories, such as the
Radiation Laboratory at MIT dur-
ing the last war. ONR is encourag-
ing this approach. It may insure
the proper and intelligent use of
our reserves. In addition, it com-
mits our reserves for a limited
period of time—for the duration of
a study. We are in a period of
identifying technical problems in
the military setting, and engineers
and scientists are familiarizing and
identifying themselves with these
problems. The state of readiness for
an intensified emergency is being
improved.

When the studies have been con-
cluded and the validity of the
results determined, it becomes nec-
essary to examine the recommenda-
tions and to ascertain how large a
load can be carried in the existing
laboratories and research and de-
velopment facilities. If the labora-
tories and research and develop-
ment facilities are inadequate, an
assessment must be made relative
to expanding the facilities and add-
ing new manpower to them on the
one hand, or establishing new facil-
ities and organizing new teams.
Then additional manpower may
have to be drawn from those groups
that are engaged in basic research.
Actually, certain critical technical
areas have already been found that
require at this time the establish-
ment of new groups so that our mili-
tary effectiveness can be increased
in those areas at the earliest pos-
sible date.

In summary, the Office of Naval
Research has been trying to main-
tain its program of basic research,
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superimposing on it study groups
and, when necessary, intensifying
work in certain applied and develop-
ment areas. At this time an attempt
is being made to keep to a minimum
disrupting influences on basic re-
search. :

How does electronics, an engi-
neering field, live in terms of this
brief and general summary? For a
moment we might as well forget the

definition of electronics—the edi-
tors of KELECTRONICS solve this
problem daily—and look at the

more troublesome problem of basic
research in an engineering field.

Broad Electronic Needs

Normally one looks to the sciences
for basic research and to engineer-
ing for the application of this in-
formation. The transistor came
from scientists who were concerned
with the solid state, rather than
from those who were trained in
electronics. However, one can
rightly argue that the future of
the transistor, as an important com-
ponent in electronic systems, de-
pends on basic and fundamental in-
vestigation from the engineering
rather than from the scientific
point of view. The control of vari-
ous parameters that make the tran-
sistor an important electronic de-
vice may not have a profound effect
on the theory of the solid state.

Another example of basic re-
search in electronic engineering is
the current activity in the statisti-
cal theory of communication, an-
alyzing the problem in the time
domain. Still another is continued
investigations of the interaction of
electron beams with themselves and
the electromagnetic field—exempli-
fied by the traveling-wave-tube type
of research.

Basic research in electronic engi-
neering is a fundamental and phil-
osophical approach to a problem
with the goal of controlling nature
in a reproducible manner, as con-
trasted to basic research in science
where the interest is in a more pro-
found understanding of the exter-
nal world. In presenting an argu-
ment for the retention of some
manpower for basic research, it is
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necessary that these engineering
problems have a broad and revolu-
tionary impact on some aspects of
art.

Nature of Current Work

The three examples are cited to
indicate that basic research is to be
found in engineering as well as in
the scientific fields. At this time it
does not appear that new functions
for electronic systems in warfare,
such as radar, which saw its bap-
tism of fire in the last war, will be
found. But unless we maintain a
strong basic research program in
electronics, the improvements in ex-
isting electronic warfare systems
will be marginal, accompanied by
an ever-increasing number of com-
ponents, tubes, and knobs, usually
with a reduction in overall relia-
bility of the system. We are looking
to those areas that will permit us to
modify radically the character of
the system so that its utility on the
battlefield can be increased. Auto-
motive power, the automobile, was
used in 1914-1917 and yet the Jeep
in the last war had a profound ef-
fect on the maner in which the war
was fought.

To be a bit more explicit, in a
certain sense the single factor that
imposes a severe limitation on
greater exploitation of electronic
equipments is lack of reliability.
The solution may come, not from
the direct-development approach to
increase the reliability of each com-
ponent, but rather from the intro-
duction of redundancy into the
components of the systems in a pre-
meditated fashion. Further analy-
sis may show that many compon-
ents are vestigial, and that other
components are obsolescent.

A more general, venturesome
statement can be made to the effect
that within the next few years pro-
found changes may be seen in the
design and application of electronic
systems. The backbone of these
changes is the current work in
progress in basic and fundamental
engineering investigations in vari-
ous laboratories. Some of the labo-
ratories are managed by industry,
others by government, and still

others by academic institutions.
Already there are results that need
further development to be incorpo-
rated into the military system.

It is well to point out that in the
last war we had and maintained
electronic superiority on all battle-
fronts and in all types of opera-
tions. This very important advan-
tage we may not be able to main-
tain. If perchance we lose it, one
available way to regain this advan-
tage is to have a reserve in being—
a reserve not only of brainpower
but also of fundamental ideas on
which the brainpower can draw.

With the large post-war expan-
sion in academic, industrial, and
governmental research and develop-
ment facilities and activities, one
may ask why we are already facing
the problem of committing our re-
serve. The answer is simple. The
expansion mentioned above kept
pace with the expansion of the na-
tional income. The new defense
effort is expanding our economy.
This imposes an additional load on
our research and development man-
power and facilities.

The AIR FORCE
By J. W, MARCHETTI

Director of Radio Physics Research
Aidr Force Cambridge Laboratories
Cambridge, Mass.

HE AIR FORCE as an organiza-

tion is a relative newcomer to
the field of basic research. During
the years of World War 11, it leaned
heavily on Office of Scientific Re-
search and Development organiza-
tions for getting its research done,
particularly in the field of elec-
tronies. During the past five years,
however, we have had to develop a
certain maturity in this field.

The signs are very clear that this
maturity is indeed being realized.
Only recently a new command has
been set up called the Research and
Development Command. The organ-
izational level of this command is
an indication of the seriousness at-
tached to its technical problems by
the Air Force. Although the new
command will earry the primary re-
sponsibility for equipments needed
by our fighting airmen, it will also
be vitally interested in basic or
background research. Just as in-
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dustrial concerns have found that
aggressive research departments
are their best guarantee of sol-
vency in periods five to ten years
ahead, so also do we realize that the
outcome of future wars may well
be determined by the quality and
quantity of basic research efforts
during years of peace.

Distribution of Contracts

The distribution of basic research
in electronics depends on the loca-
tion of personnel best fitted to
carry on that research. College
laboratories are the major recipi-
ents of basic research support and
usually such support is on an un-
classified basis. Industrial labora-
tories occasionally handle our basic
research problems, but only in those
instances where the particular skills
desired happen to obtain in men
having industrial affiliations. Serv-
ice laboratories are mainly dedi-
cated to applied research and de-
velopment engineering. The Air
Force Cambridge Research Labo-
ratory is an example of a labora-
tory dedicated entirely to research
in the fields of electronics and geo-
physies. At this laboratory, no de-
velopment work is done. Models are
built on an experimental basis or
theoretical analyses of problems
conducted. The choice between theo-
retical or experimental approach
depends for the most part on suit-
ability to the problem at hand. The
tvpical output of this Service labo-
ratory is a report telling how a cer-
tain job might be done and, per-
haps, some experimental gear on
which proofs of performance and
measurements can be made. The re-
search output of a Service labo-
ratory such as this may require
considerable engineering before a
useful end item is ready for use.
This additional engineering is done
either by another Service labora-
tory or industry.

Future Military Needs

Military operations are becom-
ing more and more a pitting of
scientific skill against scientific
skill. Under such conditions, the
easy-to-do technical things are
quickly put to the test of battle and
further progress in weapons can
only be made by inereasing our
store of basic knowledge. In the
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present emergency, one might sup-
pose the urgency of immediate
equipments would relegate to the
background any efforts on basic re-
search. We do not intend to follow
any such pattern, but will continue
the support of basic things regard-
less of any emergency that may ob-
tain. Experience has shown that
both basic and applied work need
one another’s mutual stimulus, and
striking a happy balance between
these two is as important as strik-
ing the balance between theory and
experiment.

One might wonder just how the
line is drawn between basic re-
search to be supported and research
that should not be supported. There
is little knowledge of a scientific
nature which in time of war has no
military application. Practically all
knowledge can be used in one way
or another in a battle and the sup-
pors thereof. Drawing the line is a
serious Service responsibility. A
decision must be made on the basis
of potential usefulness, cost, likeli-
hood of success, capability of the
manpower available, and need for
security. It is not our intent to
draw this line so tightly that due to
lack of breadth and scope of re-
search we will be unable to do our
job well. Nor can the Service draw
the line so loosely that it will be
criticized for getting into fields of
endeavor that are beyond its inter-
est or, in fact, interfering with the
interests of others. In making de-
cisions on research we will operate
quite similarly to a progressive
business organization in which the
profit motive has been replaced by
the motive of contributing to the
national security by assuring a
strong air arm.

Electronic engineers are vitally
needed by the Air Force as they
are indeed needed by almost every-
one else. The present scarcity often
seems to be a hopeless situation,
but for those whose memory goes
back a decade or so it is difficult to
resist a silent chuckle at the young
graduate who cannot make up his
mind what job to take because he
has at least three or four to choose
from. At least from his point of
view it is a healthy situation and
indeed I believe it is a healthy situ-
ation since it indicates to us that as
a nation we are making a concerted

effort to solve our technical prob-
lems, be they in research, develop-
ment or production engineering.
The scarcity of talent is a real in-
centive to the more effective utiliza-
tion of our present manpower. All
of us must be as effective as pos-
sible regardless of the particular
field we have chosen.

Mobilization Period Planning

During the past six years a tech-
nical type has evolved which Gen-
eral Roger B. Colton has called a
“military engineer”. He is an un-
usual sort of individual with tech-
nical training who knows in quite
some. detail the inside workings of
our military equipment and carries
around in his mind an odd assort-
ment of such letters and numbers
as AN/42; JAN7 and XDQ. This
man is usually a systems man and
his evolution indicates quite clearly
the major role of technical equip-
ment in our military operations.

From military engineer to tester
on the one hand and research scien-
tist on the other, one will find
within the Service the full gamut of
technical opportunity. In times of
stress the development and produc-
tion engineering is of course ex-
panded, but very definitely not at
the expense of our efforts on basic
research or applied research for
that matter. While the nut-and-bolt
portion of our work must expand
at a terriffic rate, it is quite true
that our research effort gets only a
modest increase, but it gets an in-
crease nevertheless, not curtail-
ment.

Just as we derive benefit from
sponsoring basic research I would
also like to feel that the art as
represented by its frontiers is also
advanced by this partnership. It
is rather the exceptional case today
when research can be done with
“love and string and sealing wax”,
or an occasional “ice pail”. More
often than not, it requires the team-
work of experienced men and finan-
cial support in excess of that avail-
able to private individuals. The
same forces which have created the
large industrial laboratory for the
solution of these problems have also
been responsible for the trend re-
search has taken in the Air Force.
We are very definitely in research,
for its sake and for our sake.
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Martin PSM.1 Marlin, latest design of antisubmarine flying boat built for U. S. Navy. Keel of hull goes under water from nose to tail,
giving greater stability when landing in heavy seas to listen for submarine that has submerged after being detected by radar or

other airboine electronic equipment

Airborne Submarine

Recent improvements in submarine weapons and electronic equipment, and corresponding

improvements in the equipment of aircraft designed especially for detecting and sinking

submarines. Sonar and hydrophones are carried on some air units

By T. B. SCHILLO

Electronics Engineer
The Glenn L. Martin Co.
Baltimore, Md.

UBMARINE WEAPONS and equip-

ment are improving. Equip-
ment now includes radar, radar
search receivers, radio and radar
jamming transmitters, hydrophones
and sonar. New torpedoes have
longer ranges and are more depend-
able. They can be fired from be-
yvond the range of underwater de-
tecting devices, leave no tell-tale
wake and are often equipped with
homing devices that guide the tor-
pedo to the sound made by the
ship’s propellers.

The submarine itself now uses
the snorkel breathing tube, so small
that it practically defies radar de-
tection yet permits diesel-engine
propulsion while submerged. En-
gines themselves are being im-
proved, making it logical to assume
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that submerged speeds will increase
to 25 knots. Furthermore, if the
Walter closed-cycle hydrogen-per-
oxide engine can be cured of its
habit of blowing up, there will be
no need for air intake and exhaust
tubes. This would eliminate the
snorkel, our last radar target.

If there should be another full-
scale war, we can be sure that the
submarine will be used by both
sides, not only for attacks against
shipping and naval units but also
for mine laying, as troop and cargo
carriers, as radar pickets to give
advanced warning of air raids, and
as guided-missile launchers.

Antisubmarine  weapons and
equipment are improving too. In
addition to radar, we have added
magnetic airborne detectors, sono-
buoys, radar search receivers, depth
charges, heavy-caliber guns and
rockets to antisubmarine aircraft.

The magnetic airborne detector
is usually suspended below the air-

plane by a cable while sweeping an
ocean area. Unfortunately, its
range is so limited that it is useful
only for localization when a sub-
marine is known to be in the vicin-
ity, or for continuous patrol of re-
stricted areas like harbor entrances
or channels.

Sonobuoys are dropped into the
water in a pattern by an airplane
when a radar-sighted submarine
submerges. A hydrophone on each
sonobuoy sinks below the surface
and a telescoping antenna shoots
above the surface. The hydrophone
picks up the noise made by the
submarine propellers, and the unit
transmits this noise by radio to the
aircraft overhead. Depth charges
are then dropped on or near the
noisiest sonobuoy.

In the early hectic days of World
War II, aircraft were usually de-
livered to the Navy without special
equipment. These aircraft were
sent immediately to modification
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New U.S. Navy long-range patrol plane for photo reconnaissance, mine-laying and antisubmarine duties. Known as the Mariin P4M-1
Mercator, the plane carries jet engines in the same nacelles with the piston engines, to provide additional power and speed for take-off

and when over the target area.

Detection Systems

centers. New equipments were be-
coming available so rapidly that it
was not possible to install them for
optimum performance and ease of
operation. In fact, the end result
was often a haphazard arrange-
ment of antennas, radars, direction
finders, bomb racks, searchlights
and guns.

The aireraft manufacturers, and
especially their aerodynamicists,
were not too pleased to find their
products resembling porcupines,
with performance seriously im-
paired by all these appurtenances.
As a result, even before the close
of hostilities, the concept of naval
aircraft design was changed to

that of an integrated weapon
especially configured for specific
missions.

One example of integration of
various equipment with an aircraft
is the Martin P4M Mercator. This
airplane was specifically designed
for mine-laying and bombing, and
is also an effective antisubmarine
weapon. All Navy airecraft must be
versatile. For that reason, the Mer-
cator, with only minor modification,
can be assigned secondary missions
of area search and reconnaissance.
Mine-laying missions require long
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Boil radomes face downward

range and heavy payload, along
with fire power, armor, and speed
for protection against enemy air-
craft and ground defenses. There-
fore, it was decided to install twin
turrets fore and aft and a deck tur-
ret. Provision was also made for
waist guns although these are not
normally carried in peacetime. Al-
lowance was made for installation
of protective armor plate for the
engines and crew.

The radar antenna is enclosed in
a streamlined radome aft of the big
bomb bay, and other antennas have
been streamlined or imbedded in
the ship. There are plastic sections
in the leading edge of the wing
which act as windows for these an-
tennas.

The Mercator appears to be a
twin - engine airplane. Actually
there are two jet engines, one on
each side, mounted just aft and be-
low the piston engines. In spite of
the Mercator’s size, its take-off run
is surprisingly short especially
when all four engines are used.
Under many load conditions, only
the piston engines are necessary for
take-off. If all four engines are
used, the jets are secured after
take-off because the piston engines

are fully capable of producing
cruising speed. The jets are again
used over the target area to mini-
mize the time spent in enemy terri-
tory under fire.

Another example of system en-
gineering is the Martin P5M Mar-
lin. Carefully specialized airplane
design combined with a selected
complement of electronic equip-
ment make it ideal for its primary
mission of submarine hunting and
killing in the open ocean. Like all
Navy aircraft, it has secondary
missions which include air-sea res-
cue, transport, hospital and recon-
naissance. With only minor modifi-
cations, it can perform any of these
missions.

The P5M hull has a long, deep
afterbody which permits it to land
and take off in heavy seas.

Another forward step in improv-
ing the aerodynamics of modern
aircraft is seen in the utilization of
the P5M engine nacelles. Depth
charges and torpedoes which used
to be suspended under the wings,
where they caused considerable
drag, are now housed in the na-
celles. Antennas have likewise been
either streamlined or imbedded to
improve over-all performance.
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PLANS FOR COMPATIBLE

HEN THE FCC announced its

decision to adopt the CBS
field-sequential color television sys-
tem last October, the Commission
stated that it would have been pref-
erable to adopt a compatible color
system, if such a system had been
ready for commercial use. The Na-
tional Television System Com-
mittee (NTSC) decided, shortly
thereafter, to set up an Ad Hoc
Committee to study compatible sys-
tems and to draw up broad stand-
ards on which field tests might be
based.

The Committee, formed on No-
vember 20, 1950, consisted of D. B.
Smith (Philco), Chairman, E. W.
Engstrom (RCA), T. T. Goldsmith,
Jr. (DulMont), I. J. Kaar (General
Electric), A. V. Loughren (Hazel-
tine). R. M. Bowie (Sylvania)
joined the committee later. The
committee members were chosen
to represent research organiza-
tions active in the development
of color television systems. Axel G.
Jensen of the Bell Laboratories
served as observer. The Committee
attended demonstrations of various
system proposals at the Hazeltine,
Phileco, DuMont and GE laborator-
ies and at the NBC-RCA color test
facilities at Washington. On April
19, 1951 it issued a unanimous
report to the NTSC.

The report contains five proposed
color system standards, drawn in
broad terms, but omits any detailed
numerical values, stating the latter
should be determined by industry
field tests.

The system defined by the broad
standards will, in the opinion of the
committee members, “provide for
the maximum utilization of the ex-
isting 6-mec channels (that
is) it will transmit the maximum
amount of information useful to
the viewer with regard to picture
clarity, color fidelity, picture bright-
ness, freedom from flicker and
other deleterious effects, of any
system of color television now

“Color” as used herein implies the
presence of brightness, hue and saturation.

“Chromaticity”’ implies the presence of
hue and saturation components only.
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FIG. 1—Block diagram of composite color

system as implied by the broad standards

proposed by Ad Hoc Committee

known to us.”

Composite System

Essentially the proposed system
involves the transmission of a high-
quality black-and-white picture sig-
nal in accordance with the present
FCC standards, which carries the
brightness information, plus a sub-
carrier within the video band which
carries the color (chromaticity) in-
formation. The color subcarrier is
so synchronized and modulated that
it causes minimum interference
with the brightness component.
Accordingly, portions of the color
image which appear predominantly
in shades of gray are substantially
free from interferences due to the

color subcarrier, while highly-
colored portions of the image show
dot-structure to a degree depending
on the degree of overlap between
the brightness carrier sidebands
and the color subcarrier sidebands
and the relative percentage of mod-
ulation. The technique of utilizing
a color carrier which is an odd
multiple of half the line scan fre-
quency as proposed by Dome of
General Electric is utilized further
to reduce interference. Observers
noted that this method of transmis-
sion was common to the experi-
mental systems demonstrated by
Hazeltine (March, 1950), RCA
(December, 1950) and Philco
(February, 1951).
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COLOR TELEVISION

Ad Hoc Committee of NTSC proposes broad standards for “composite system” using

by-passed monochrome signal and color subcarrier, recommends industry conduct field

tests to establish such items as chromaticity subcarrier frequency, manipulation of

primaries, details, color syne method and bandpass limits

The standards proposed by the
Ad Hoc Committee as a basis for
the industry field tests are as fol-
lows:

“1. The present FCC transmis-
sion standards for black-and-white
television shall continue to be used
for the transmission of compatible
color television.

“2  Chromatic information shall
be transmitted by means of a color
subcarrier modulated in amplitude
and phase with respect to a refer-
ence subcarrier of the same fre-
quency. The color subcarrier shall
be transmitted simultaneously with
the video signal and during only the
video portion of the composite sig-
nal.

“Synchronizing signals to trans-
mit information concerning the
reference subcarrier shall be trans-
mitted only during the synchroniz-
ing and blanking intervals of the
- composite video signal.

“2.1. To ensure practical invis-
ibility of the color subcarrier its
normal frequency, but not phase,
shall be related to the horizontal
scanning frequency in the following
manner: The color subcarrier fre-
quency shall be an odd multiple of
half the horizontal scanning fre-
quency.

“2.2. For standard operating

conditions, the amplitude of the
primary video signal and the ampli-
tude and phase of the color sub-
carrier shall be specified in terms
of a “proper” set of taking char-
acteristics.
(Definition: A “proper” set of
taking characteristics is defined as
a set, each one of which is a linear
combination of ICI distribution
characteristics.)

“3. The color syne signal shall be
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transmitted by means of a burst of
the reference carrier superimposed
on the back porech following each
horizontal sync pulse, in accordance
with the detail shown in Appendix
B (Fig. 2).”

The report does not contain a
graphical illustration of the pro-
posed system. The block diagram
shown in Fig. 1, prepared by
ELECTRONICS, illustrates the basic
principles. At the upper left is a
color camera which views the ob-
ject and produces three signals, cor-
responding to a proper set (see
Standard 2.2 above) of three pri-
mary colors (red, green and blue).
The camera scanning is controlled
by the sync generator, at the left,
which produces standard FCC
black-and-white sync signals, and
generates the color sync burst (Fig.
2) under the control of the color
subcarrier generator.

The three color signals from the
camera are passed through a linear
computer which transforms the
color signals into another “proper
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FIG. 2—Recommended form of color
synchronizing pulse. At left is FCC
standard horizontal sync pulse, followed
by a sinewave burst at the chromaticity
carrier frequency. Exact dimensions and
number of cycles in burst are to be
‘established by field test

set” of color signals, related to the
original camera output signals by
linear simultaneous equations with
constant coeflicients. This unit is
sometimes known as a “matrix
unit”. Its purpose is to secure
color signals whose form is better
adapted to transmission, with re-
spect to signal-to-noise ratio for ex-
ample, than the signals generated
by the camera.

The output of the matrix com-
puter consists of three signals, one
representative of the brightness
component, the other two of the
chromaticity = components. The
brightness black-and-white compo-
nent is passed with wide bandwidth
to a control amplifier where it is
combined with the sync signals and
the chromaticity subcarrier as
noted below.

The chromaticity components are
passed through low-pass (filters
(cutoff frequency not specified in
the report, but lower than that of
the brightness signal to the chro-
maticity modulator. Here the chro-
maticity signals modulate the sub-
carrier in amplitude and phase.
The subcarrier itself is generated,
as shown at the left, in a generator,
associated with the sync generator,
such that the chromaticity subcar-
rier freqency is an odd multiple
(455 or 507) of half the line-scan-
ning frequency.

The output of the chromaticity
modulator is a sinewave modulated
by the chromaticity signals, in such
a way that the chromaticity signals
do not interfere with each other
and may be separated at the re-
ceiver by a synchronous detector
demodulator. The chromaticity
subcarrier is then passed through
a bandpass filter which confines the
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signal to the upper portion of the
video band.

At the control amplifier (upper
center of Fig. 1) the black-and-
white signal, the synec signal with
sub-carrier bursts added, and the
modulated chromaticity subearrier
are combined. The composite video
signal thereby produced is passed
to a conventional 6-mec picture
transmitter and the resulting r-f
signal is radiated in the usual
manner.

At the receiver, shown at the
bottom of Fig. 1, the r-f signal is
amplified at r-f and i-f in the usual
manner and demodulated. The com-
posite video signal thus recovered
is utilized in three ways: to operate
the conventional sync and scanning
circuits; to control (by means of
the subcarrier bursts) the chroma-
ticity demodulator; and to actuate
a matrix unit.

At the chromaticity demodulator
the two chromaticity signals (pre-
viously mentioned in the deserip-
tion of the transmitter) are recov-
ered. The chromaticity signals
and the composite video signal are
then passed through a matrix unit
which performs, in principle, a
transformation similar to that
carried out by the transmitter
matrix unit.

The transmitter matrix and its
complementary receiver matrix can
perform in several ways. For
instance, the transmitter matrix
may deliver three color signals each
containing chromaticity and bright-
ness information, or the transmit-
ter matrix may deliver only two

ness) plus a separate signal con-
taining brightness alone. In either
case the receiver matrix must match
the scheme chosen at the transmit-
ter. Figure 1 illustrates the scheme
wherein brightness is held inde-
pendent of chromaticity after the
transmitter matrix and right up to
the color reproducer itself where
recombination takes place in the re-
construction of the picture.

It must be emphasized that the
diagram of Fig. 1 does not repre-
sent a specific system, and in par-
ticular it does not specifically repre-
sent the RCA, Hazeltine or Philco
systems demonstrated up to the
present. It is intended merely to
show in simple form one embodi-
ment of the elements of the system
implied by the Ad Hoec Committee
standards as stated in the report.

When the proposed compatible
color signal is used with conven-
tional (existing) black-and-white
receivers, the chromaticity subecar-
rier has a secondary effect, and the
image is produced essentially by
the brightness black and white por-
tion of the composite video signal.
Moreover, the chromaticity sync
bursts are so located in the sync
wave form that they have no effect
on the scanning of conventional
black-and-white receivers. Conse-
quently, when such receivers are
tuned to the color transmissions,
they produce images which are
virtually indistinguishable from
those produced by standard black-
and-white transmissions. The prin-
cipal difference, in the black-and-
white reproduction of the color

structure in portions of the image
corresponding to highly colored
parts of the subject. The visibility
of this dot structure depends on the
relative amplitude of the chroma-
ticity subcarrier sidebands and the
degree of overlap between the band-
pass regions assigned to the bright-
ness and chromaticity sidebands.
Among the important points to be
established in the field tests are
the amplitude and bandpass limits
which represent the optimum com-
promise between faithful color
transmission and the quality of
compatible reception on black-and-
white receivers.

Future Plans

The committee expressed the
hope that various organizations in
the industry would undertake field
tests within the scope of the pro-
posed standards, and recommended
that NTSC set up a program to co-
ordinate the tests and to publish
the results to interested industrial
and governmental agencies.

Several companies indicated to
the committee their intention to con-
duct such tests and gave details in
an appendix to the report. The Du-
Mont Laboratories stated that they
would conduct color tv tests on sta-
tion KE2XDN, Passaic, N. J. on
608-614 me and station KE2XDR,
New York, N. Y. on 708-714 me. In
addition, station WABD in New
York, channel 5, would be available
during off hours for experimental
transmission of compatible color
images, upon proper authorization
from the FCC. The General Elec-

chromaticity signals (no bright- signal, is the presence of a dot tric Company stated that it would
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FIG. 3—Color sync pulses
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used by Philco (A) and RCA (B) during field tests
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provide a uhf transmitter at Syra-
cuse, New York which would oper-
ate in accordance with the proposed
standards of the Ad Hoc Commit-
tee. Home-type receivers would be
constructed and operated in the
Syracuse area for sufficient time to
accumulate the required field-test
data.

The Hazeltine Corporation stated
that color television signals would
be available at their laboratory at
Little Neck, N. Y., although it was
not stated whether the signals
would be put on the air. Among the
types of signal to be tested was
the original RCA proposal, with
red, green and blue signals hav-
ing equal weighting and equal
phase intervals, with color subcar-
rier frequency of 3.58 me. This sig-
nal is essentially that demon-
strated by RCA in December, 1950
at Washington. A second system to
be tested would employ the modi-
fied constant-luminance signal de-
veloped by Hazeltine, in which the
color signals are weighted in ap-
proximate proportion to their
luminance, with unequal phase in-
tervals, with a 90-degree change in
the subcarrier phase on odd fields,
and with various color signal inten-
sities relative to the brightness sig-
nal intensity. Also tested would
be the use of oscillating color
sequence (red, green, blue on even
fields; red, blue, green on odd
fields) at color subcarrier fre-
quencies of 3.58 and 3.99 mc.

The Philco Corporation described
the compatible color system cur-
rently being tested at station
WPTZ, Philadelphia (channel 3)
between 9:00 and 10:30 a.m., Mon-
day through Friday. This is the
so-called “X-Y-Z” system described
by Philco engineers at the IRE con-
vention last March. The brightness
signal is of high definition and is
represented by the Y black-and-
white or brightness coordinate in
the I.C.I. system of color specifica-
tion. Two color-difference signals
(rather than the three shown in
Fig. 1), proportional to X-Y (red-
minus-brightness and 0.33 (Z-Y)
(blue-minus-brightness) are im-
posed in quadrature on the color
subcarrier. The subcarrier fre-
quency is 3.583125 me, which is
the 455th multiple of half the line-
scanning frequency. The subearrier
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burst used, shown in Fig. 3A,
consists of seven cycles, phased to
correspond with the phase of the
0.33 (Z-Y) component. The subcar-
rier phase is shifted 90 degrees on
alternate fields, returning to refer-
ence phase during the intervening
fields.

Test transmissions over the
NBC-RCA transmitter in New
York, station KE2XJV (WNBT,
channel 4) were planned during off
hours and have since begun. The
color subcarrier is 3.583125 mec, as
in the Philco transmissions. In ad-
dition, it was planned to test the
frequency 3.992625 mc (the 507th
multiple of half the line scanning
frequency) following investiga-
tions of receiver i-f characteristics
and the effect of oscillating the
color sequence.

The color sequence is green, red,
blue on one set of alternate fields,
blue, red, green on the intervening
fields, the reversal to be accom-
plished by interchanging the blue
and red sampling signals. Three
color-difference signals, with equal
weighting and at equal phase inter-
valg, are employed.

The subcarrier burst of the RCA-

NBC tests, shown in Fig. 3B con-
sists of nine eycles, plus or minus 1
cycle. The color difference signals
contain information having a flat
spectrum out to 2 me, and a grad-
ual slope to 30 db down at the
sampling frequency. The by-passed
black-and-white signal is flat to 3
me and drops off 6 db at 4 mc. The
camera taking characteristics are
such as to produce proper color re-
production on a receiver color re-
producer having the following pri-
mary colors: red —x =0.678, ¥ =
0.322; green — z — 0.204, y =
0.732; blue — « = 0.146, y = 0.088.

In releasing the report, W. R. G.
Baker, Chairman of the NTSC,
stated that the proposed standards
were not intended for submission
to the FCC but were designed to
serve as a basis for cooperative in-
dustry field tests. When the remain-
ing questions are settled by these
tests, over the period of the next
several months, definite numerical
proposals for a full set of compat-
ible color standards would be de-
vised and offered for the approval
of the industry, through NTSC,
prior to submission to the FCC.—
D.G.F.
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War-Emergency Operation

WOR has no trouble shifting frequency on its emergency Western Electrie

transmitter (above).

N EVERY RECENT period of na-

tional or local emergency, the
broadcast stations have played an
important part in keeping the pub-
lic informed and in maintaining
morale. At present, as during World
War II, the chief concern is their
possible secondary role as naviga-
tion aids to enemy aircraft. Re-
cently, the Federal Communications
Commission, acting as the appro-
priate government agency for the
several agencies concerned, out-
lined the problem to the broadcast-
ers with one possible solution.

For the broadcasters, the plan in-
dicates in a general way how they
will operate their transmitters and
what their program fare must be
during an alert. Whether they will
operate at all depends upon their
desire to cooperate in the overall
system. At present, there is no
plan for the operation of television
or frequency-modulation transmit-
ters after they have sent their
initial warning message. Only
amplitude-modulation transmitters
are considered for alert operation.

The engineering details are more
complex and many of them should
not be freely revealed. However,
the present plan has been designed
to furnish at least a minimum of
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Some other broadcasiers will find the job difficult

fairly good broadcast reception to
mo=t parts of the country and to
deny navigational information to
aircraft equipped with any type of
mogern direction-finding equip-
ment. Jts nature is such that even
if every single detail of the opera-
tion were known, direction finders
would still be unable to use the sig-
nals. Only widespread sahotage
and enemy control of the broadcast
plant can compremise the system.

Synchronous Frequency

The basis of the plan is operation
by all participating stations upon a
common or synchronous frequency.
Provicded each transmitter main-
tains a tolerance of +20 cycles (as
presently required under normal
service) great difficulty is experi-
enced in obtaining a line of position
with d-f equipmsant. And broadcast

chonnels.

BROAD PROBLEM

The problem of how to deny navigational aid to enemy aircraft in the event of
war is tremendcus. Just how complex it is becomes apparent to anyone glancing
ot an aeronautical chart, or listening for a quarter hour to airways ccmmunications
How can we, for example, silence radio ranges, beacons, loran and all
the rest without jeopardizing our own transportation at sea and in the air?

Making a minimum a-m broadcast service available at all times without offering
aid and comfort to the enemy, and his missiles, is a small part of the whole task.
The editors hope that this article may stir up ideas applicable to other services

reception of a common program is
excellent. In actual practice, sta-
tions can be grouped on a geo-
graphical basis using two or more
common frequencies throughout the
country. By this means, a greater
number of programs (appropriate
to the various areas) can be pre-
sented, one to a group, with good
reception in the coverage areas of
each group. Navigational informa-
tion is only very slightly enhanced
using several common frequencies.

It is known, however, that a
modern automatic direction finder
will indicate the direction of the
strongest signal in a common-fre-
quency group. Given sufficient
time, or with the aid of espionage,
an aircraft could eventually de-
termine the location of the strong-
est signal and from that, the orien-
tation of the desired target.

Sequential and Pulsating

To overcome the vulnerability of
simple common-frequency operation
two other techniques can be added,
either of which practically elim-
inates compromising the system for
military security. These techniques
have been termed sequential opera-
tion and pulsating power operation.
It should be remembered that in
every case, each station in a com-
mon-frequency group transmits ex-
actly the same program from a com-
mon source.

Common-frequency sequential op-
eration requires that each station
of a cluster or group operate inter-
mittently for about a minute. As
the first station leaves the air,
another immediately comes on.
Ideally, the sequence in which the

www americanradiohistorv com
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of Broadcast Stations

Stations in the a-m band, which have proved our best source of public information during

disaster and flood, must remain on the air for Civilian Defense.

How to prevent their

being used as targets for enemy missiles during an alert is explained

stations follow one another should
be varied. It will probably be neces-
sary during the initial stages of the
plan for each station to be manually
controlled and remain on the air
for as long as two minutes. Tests
show that transmission periods of
less than half a minute result in
greater deception. Eventually, elec-
tronic equipment may be available
so that the group sequence can be
controlled from a central point.

Pulsating operation can be em-
ployed either by single stations or
groups of stations and requires re-
ducing the output power of the
transmitter over a 10-to-1 ratio,
preferably in periods varying from
less than half a minute to not more
than a minute. It will obviously be
quite a trick to reduce power from
a 50-kilowatt transmitter down to
5 kw and this technique may not be
applicable in many cases. However,
it is planned generally to limit alert
power to 5 kw in order to equalize
signal strengths. Under common-
frequency pulsating operation it
may often be possible for stations
in adjacent towns or cities, if not
too close together, to transmit dif-
ferent program material.

Overall Plan

The block diagram gives a repre-
sentative picture of the various sta-
tion interconnections that would be
necessary. Orders originate in the
various air-defense control centers,
but their implementation will
largely reside in the basic key sta-
tions and the relay key stations.
Programs and control signals or
orders will progress to each indi-
vidual station by any one means or
combination of several means, in-
cluding land-line and direct pickup
of broadcasts.

While there is presently no com-
pulsion for any broadcaster to enter
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Chain of command for alert warnings from air-defense control centers via

basic-key and relay-key broadcast stations to satellites.
Circles represent stations in common-

phone; broken lines are radio links.

Solid lines are tele-

frequency groups

into these plans, it is obvious that
the effectiveness of the system in-
creases directly with the number of
stations in a group. Therefore, it
might be necessary for the F'CC to
draft certain broadcast facilities.
It is likewise apparent that the plan
will cost money. Estimates vary
from about $500 for a small station
to many times this amount for the
big ones. Costs of new crystals and
ovens, frequency changing systems,
antenna gwitching and retuning
mechanisms running into many
dollars will be paid for by the
broadcasters, according to the plan.
In addition, each station must pro-
vide itself with an alert receiver to
supplement wire lines. Since non-
directional operation will be used
during the alert, it may be less ex-
pensive to use existing auxiliary
antennas or even to erect simple
antennas where switching off all
but one tower of a directive array

might prove cumbersome and ex-
pensive.

The block diagram indicates that
a large number of permanent tele-
phone lines and additional toll calls
will be required just to set up the
system and rehearse operations.
These facilities will be paid for by
the government.

Operation of television and f-m
stations (as well as isolated a-m
stations) will be a matter for
further study. The former classes
of stations are generally operated in
the heart of a city and, as is partic-
ularly true of the Empire State
installations in New York City,
present an excellent target under
normal conditions of service. Be-
sides, in the event of widespread
power failures their utility would
be limited because there are so few
automobile or battery operated tv
and f-m receivers in the hands of
the public.
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Electronic Protection

Ceniral station in which alarm and suparvisory signals from subscriber’s premises are received and recorded

IDAY, the United States is fac-
Ting much the same situation as
in the early years of World War II.
Every effort is being made to cut
down any possibility of work stop-
rages in war plants. The electronic
industry, through the establish-
ment of security safeguards in. the
physical plant of each industrial
concern, can have a far-reaching
effect on this security program.

During World War II, the coun-
try embarked on a wholesale pro-
gram of plant protection, both Gov-
ernmental and industrial. New
concepts of plant protection were
developed and the use of protective
equipment together with normal
guard forces became essential in
order that manpower be spared and
the same ultimate plant safety con-
ditions obtained,

In February 1942, a review of
electronic intrusion-detection sys-
tems was presented in ELECTRON-
ICs. This article pointed out how
detection systems might be em-
prloyed to improve plant security
conditions.

Early equipment involved crudely
constructed manual and semiauto-
matic alarm-initiating devices from

96

By RICHARD Y. ATLEE

Engineering Supervisor
D. T. Company, Ine.
New York, N. Y.

which signals originated and were
sent over simple signaling circuits
to appropriate remote annunciation
points. These early “switches”
were sometimes supplemented by
time-clock equipment which added
a measure of safety against failure
of patrols or guards to regularly
send signals while making their
rounds.

Branching out from this funda-
mental watchman type of circuit,
additional “switches” were in-
stalled at points of entry, such as
windows, doors, and skylights.
Such switches were connected to re-
mote annunciating points to give
warning of entry ahead of the time
an intruder actually completed his
entrance. Later, windows them-
selves were supplied with metal-foil
circuits and barriers of dowel
screening were installed over sky-
lights and vulnerable wall and door
areas. Floor traps consisting of
switches actuated by trip cords
stretched about the premises
further complicated the life of an

intruder who had successfully
avoided any of the previously men-
tioned entrance barriers.

Complete enclosures such as
safes and vaults had similar pro-
tective devices applied to their
doors and any duct openings. These
devices were supplemented in more
recent years by vibration, tempera-
ture and air-pressure-operated de-
tecting equipment.

With very few exceptions, all the
early protective devices were con-
nected into simple d-c series cir-
cuits usually terminating in a relay
or similar device. Dry-cell batteries
were often used to power the
system.

The use of vacuum tubes as op-
posed to simple d-c relay circuits,
played a prominent part in subse-
quent development work. The the-
ory of the newer developments was
to provide equipment which would
signal the approach of an intruder
before, rather than after, an attack
upon a premises had begun. As in
the early stages of World War 11
and now, this latter consideration
is of particular importance in the
control of sabotage.

One of the first developments in
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for War Plants

Electronic devices offer increased protection against burglary and sabotage in plants

engaged in military produc

tion. Advanced design in photoelectric, capacity-alarm and

sound-detection systems as well as proposed boundary protection systems are discussed

the early 1930’s was the photoelec-
tric intrusion - detection system.
In the system, a beam of light pro-
jecting from a light source to a
light detector or receiver was ar-
ranged to actuate a local or remote
signal. At first, relatively crude
phototubes were worked to their
output limit in order to drive deli-
cate intermediate control relays
connected directly into phototube
circuits. Maximum useful beam
range rarely exceeded twenty feet.
Makers of most modern photo-
electric detection equipment use
standard prefocused or sealed-beam
lamps of high candle power, usually
modified to insure long life. Lenses
used at both projector and receiver-
detector are usually of the plano-
convex or biconvex type mounted
singly unless particularly sharp
beam patterns are needed. In the
latter case, multielement lenses are
sometimes employed. Focusing ad-
justments are provided to make for
easy maintenance and adjustment
at time of installation and after.
Improvements in phototube man-
ufacture at the present time
allow the industry to use either
photoemissive or photoconductive
anode surfaces with photocells of
the cesium oxide or lead-sulphide
type, respectively. Higher outputs
gained when using the photocon-
ductive cell give a system added
sensitivity and wider range of light
frequency acceptance. The latter
means that filtered light, normally
used in systems extending into the
infrared range for only a very
short portion of the spectrum in
early models, can now be success-
fully accepted over a wide range
of infrared light because of the tre-
mendously increased spectral re-
sponse of the photocell itself.
Increased knowledge in the design
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of filters makes the cell and the fil-
ter itself compatible.

Beam Lengths

Actual beam lengths used today
in commercial and Government in-
door applications do not often ex-
ceed 200 feet. Present day design,
however, permits extension of such
beams to several times this distance
by the use of mirrors, if necessary.
Interfering objects and other im-
pediments normally found indoors
frequently prevent installation of
single beams over these longer dis-
tances. It is usually found more
practical to break up the beam pat-
tern using more than one set of
light source and light detector-re-
ceiver.

Not long after photoelectric-
beam intrusion-detection equip-
ment became a reality, it was found
necessary to establish some sort of
guide relating to the speed of op-
eration expected of the system to
successfully detect normal intru-
sion. The guide was established by
trial and error through tests made
by reputable manufacturers and
was subsequently adopted by the
Underwriters’ Laboratories as a
standard. The standard states that
the speed of operation of the equip-
ment generally must be such that at
their least sensitive settings, photo-
electric detecting equipment must
initiate a signal when a cylindrical
object six inches in diameter with
its axis and direction of motion
perpendicular to the beam axis,
travels through the beam at a speed
of 8.8 feet per second (six miles per
hour) or less.

The d-c amplifiers used in the
static-beam photoelectric systems
(in contrast to the modulated type)
generally employ a single stage,
single tube or two tubes to provide

the necessary gain in an average
installation. These must be a com-
promise between sensitivity and
stability; excessive amplification
renders systems susceptible to pa-
ralysis or triggering by slight vari-
ations in ambient light. The limit-
ing effect of ambient light is
frequently minimized by placing
hoods over the projector and de-
tector-receiver lenses. Masking of
the phototubes themselves within
the detector-receiver unit is effec-
tive and serves to exclude extrane-
ous light from the phototube and to
confine energy reaching the light-
sensitive surface as much as pos-
sible to that originating at the
projector unit.

The masking described has an
additional feature of making it dif-
ficult for intruders to paralyze
photoelectric systems by shining
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flashlight beams and other outside
light sources into the phototube to
hold the circuit in the standby posi-
tion. The angle at which light must
enter to keep the circuit in its nor-
mal operative condition is also
quite critical.

The difficulty of maintaining ac-
curate beam alignment is multi-
plied by mirrors, particularly when
beam distances are extended to con-
siderable lengths. To avoid mis-
alignment, the general practice is to
mount mirrors in rigid frames,
supported by strong brackets fas-
tened to the floor instead of to the
walls.

While the light reflection loss in-
troduced by mirrors is normally
not more than 15 to 20 percent with
a silver-backed mirror, most com-
panies increase that loss factor to
as much as 50 percent in establish-
ing maximum beam distances when
mirrors are used. In such cases, the
mirrors cut down the basic units re-
quired to protect a given area but
introduce beam length reductions
which may be impractical and un-
economical. It is generally not
recommended that mirrors be called
upon to reflect beams at angles
greater than 45 degrees with re-
spect to their surfaces (90-degree
angle between incoming and outgo-
ing beams). Even at smaller angles,
the loss is sufficient to warrant
some reduction in beam throw rat-
ings for each successive reflection.

The 50-percent loss factor men-
tioned is considered practical
because of the major problem of

dust forming on mirror surfaces
and its consequent reduction in the
reflecting characteristics or reflect-
ing ability of the mirror. Cowls and
shades are often placed on photo-
electric equipment and mirrors to
reduce the dust formation. Often it
is found more economical to use
multiple or duplicate sets of equip-
ment rather than to try to extend
a single set of equipment in beam
length by the use of a mirror. This
is economically practical because of
the comparatively low cost of static
beam equipment.

Most companies today limit the
use of static beam equipment to in-
door applications because of the
serious paralyzing effects of ambi-
ent light from the sun and other
sources on the receiving equipment.

Modulated Light

To protect a perimeter ade-
quately against unlawful intrusion
outdoors, the modulated-light type
of photoelectric equipment is em-
ployed. Long-range coverage is
possible with modulated devices
and is important when considering
the protection of fence perimeters
for industrial plants engaged in the
production of war material. Some-
times where long beams are re-
quired indoors, outdoor equipment
of the modulated type may be used
to gain distances not attainable
with the static type.

Most modulated-beam systems
use projector units, lamps, optical
filters and lenses similar to those
found in static-beam systems. One

Inside photoelectric protection of warehouse. Two light sources
Beams protect
windows which run the complete length of both walls

are shown at right angles.
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such system is electronically modu-
lated rather than mechanically
modulated and uses low-power light
output, with consequent limitation
on beam distance. To return to the
preponderance of modulated sys-
tems now on the market, 100 per-
cent modulation is accomplished by
the use of a suitable interrupter in-
terposed between the lamp and the
lens and rotating at a predeter-
mined rate. The prime mover for
the modulator is usually a small
synchronous motor and the modu-
lator is designed to interrupt the
beam somewhere between 500 and
1,000 times a second.

Energy received by the photo-
tube is amplified and an audio
band-pass filter tuned to the modu-
lation frequency is included in the
amplifier. The receiver is sensitive
only to the frequency of the modu-
lated light and the final rectifier
stage of the amplifier converts the
received impulses into power with
which a d-c signal relay may be
operated.

As long as sufficient light inten-
sity is received by the phototube to
satisfy its threshold operating re-
quirements, comparatively wide
variations in ambient light inten-
sity do not paralyze or trigger the
system because amplification occurs
only at the critical modulation fre-
quency. Relay current may be held
within desirable limits by incorpo-
rating some form of ave in the
amplifier circuit to render the sys-
tem still more tolerant to the effects
of transient increases or decreases

A second location in the same warehouse. Here, two photocell
receivers are mounted at right angles. Beams reach the receivers
from light sources located at the other ends of both walls
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FIG. 1—Block diagram for outdoor capacity-type intrusion detec-
tion system of the type shown in Fig. 2

in light intensity. The system is
then insensitive to light from the
sun, a flashlight or modulated light
at other frequencies.

Continuous trouble-free mainte-

nance of outdoor photoelectric
equipment is so important that
most operating companies have

spent considerable sums over the
last few years to improve the basic
mechanical and electrical compo-
nents of such systems. Improve-
ments in motor modulator design
and electronic components have not.
been uncommon and attempts have
been made to make the systems
more consistent with the applica-
tion to which they have been placed.
The present manufacture of photo-
conductive cathode surfaces has in-
creased the range of infrared sensi-
tivity of such systems to a point
where they can now be used with a
greater degree of safety when sub-
ject to fogs and other interfering
media. While it is recognized that
these units ure bulky and are diffi-
cult to conceal in any perimeter in-
trusion - detection system, they
nevertheless offer a type of protec-
tion widely accepted by industrial
plant-protectiont engineers.
* Photoelectric intrusion detectors
are at a disadvantage where indus-
trial plants are laid out on ex-
tremely irregular property plots
and on hilly ground requiring cov-
erage of many vertical as well as
horizontal angles. Because irregu-
lar topography necessitates the use
of a plurality of units, such a sys-
tem is expensive. Capacity-oper-
ated relays are often used for such
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outdoor protection work.

Capacity relay equipment has
been used for protection indoors
during the last several years.
Where cubical content is not exces-
sive as in filing cabinets and safes
and where large metal objects do
not move from day to day with re-
spect to the safe, this type of pro-
tection is applicable. Many circuits
were used by protection companies,
all operating on the principle that
the capacity between antenna and
ground is relatively small whereas
capacity to ground added by an in-
truder approaching the system rep-
resents a considerable increase in
total eireuit capacity. As there is
always plenty of capacity change
on which to base usable circuit out-
put, adjustments can be made to
hold over long periods without
drifting, because the capacity be-
tween safe and ground remains
fairly constant.

Outdoor Capacity Systems

To handle the problem of irregu-
lar topography, an outdoor version
of the capacity relay system was
developed. By erecting antenna ar-
rays on suitable posts about the
perimeter of a war plant, it was
possible to follow land contours
with ease and provide a good pro-
tection barrier to an intruder. The
cireuit principle used for outdoor
perimeter systems was mueh the
same as that used for indoor safe
protection systems. Because the
effects of weather had to be taken
into account, provision had to be
made to balance out the effects pro-
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FIG. 2—Detail of capacity-alarm antenna wires on roof, showing
counterpoise and wire-tension springs

duced by rain, snow, ice and slow
growth of vegetation.

A system developed during
World War II and put into limited
use as a capacity relay system for
plant boundary protection has been
used within the last six years on a
larger scale. This system has been
extended to the protection of roofs,
as shown in Fig. 1, 2 and 3 and
other outdoor surfaces of buildings
themselves. Limitations with re-
spect to favorable ground condi-
tions thought important in the
early stages of development have
now been overcome by erecting a
ground counterpoise making the
system independent of surrounding
building or earth ground potentials.
Limitations on the amount of ca-
pacity which one electronic unit can
embrace still confine antenna
lengths to a maximum of about 200
feet on each side of a control unit.
However, protection of this type
must be zoned every few hundred
feet of length to permit accurate
guard response to alarms originat-
ing from a specific location.

Early models of capacity-type
equipment used a two-wire antenna
array until experiments proved
that better protection could be ac-
complished by a triangular an-
tenna configuration. The latter sys-
tem uses two antenna wires
stretched tightly about 18 inches
from the ground on insulator posts
spaced about 25 feet apart. The
third wire forming the triangle
usually is placed about 48 inches
above the ground.

Further experiments proved that
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with some slight reduction in sensi-
tivity, spur antenna extensions
could be connected to the triangu-
lar configuration to permit cover-
age up to distances of six to eight
feet above ground at boundary
points of particularly critical im-
portance. Thus, a curtain of pro-
tection produced by an induction
field of electromagnetic energy
radiating a foot or so from the an-
tenna array was produced. An ap-
proach to the array caused system
unbalance and a resulting alarm.
Frequencies used in the oscillator
portion of the circuit vary from 150
to 200 ke. The system is designed
to maintain a continual slight un-
balance between oscillator and tun-
ing sections under normal stable
conditions. A block diagram of the
circuit shown in Fig. 1 depicts the
components used. Entry of a
foreign body into the antenna field
introduces additional capacitive re-
actance back into the coupling coil
to which the antenna is attached
and tunes the coupling circuit in
the direction of resonance at the
frequency to which the oscillator
has been set. A sharp increase in
diode-detector current results. A
pulse is sent from the diode to the
amplifying circuits whose output
terminates in a signal relay in-
serted in the final stage.
Triggering of the circuit by slow
ambient variations in antenna to
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FIG. 3—Capacity alarm system on vaulted roof.

ground capacitance is minimized by
using coupling capacitors of several
microfarads between the amplifier
stages. Changes in capacity which
occur at extremely slow rates such
as those caused by weather condi-
tions do not build up sufficiently to
trigger the relay in the output
stage. Circuit values are adjusted
so that it is virtually impossible
for an intruder to move into the
antenna field slowly enough to take
advantage of this effect.

Because the capacity system lent
itself so well to boundary protec-
tion, considerable time and money
has been spent in improving upon
the principle in an effort to build
a more stable system having less
sensitivity to unwanted influences
such as radiated airborne r-f
energy, power-line surges, weather
effects and others. Present equip-
ment takes advantage of recent
tube refinement, eliminating the
use of electrolytic capacitors whose
life has been unpredictable and
greatly emphasizes the rugged con-
struction needed for important out-
door applications.

Use of the same principle has
been extended beyond that previ-
ously described for the protection
of safes to embrace protection for
critical areas indoors. A view of
the subscriber’s instrument for this
type of protection is shown in Fig.
4. A single-ended version of the
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Extra supports are used to make

antenna wires conform to roof contours
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outdoor capacity-relay equipment is
now in use to provide a protection
barrier for stockrooms and other
inside enclosures. Instead of using
conventional forms of screening,
inexpensive antenna arrays are
erected about an enclosure and
provide a complete wall of protec-
tion. Antenna arrays may take the
form of thin brass strips mounted
on either side of a doorway, on
showcases, wooden studding or
other building structure. Where
metallic surfaces are involved, suit-
able insulation is used.

Unlike the earlier versions of
safe and file-cabinet-type capacity
relays, as much as 4,000 puf of
loading on the expanded circuit in-
stead of the original 1,000 to 1,500
npf may be used. This new protec-
tion can be extended to factory-type
fenestra windows or to office case-
ment windows in place of conven-
tional foil and screens. The results
would be the same from a protec-
tion standpoint and the improve-
ment in appearance would be obvi-
ous.

Experimental Systems

Just as in World War II, design
engineers are now looking for even
better forms of protection. Under
study at this time are systems for
outdoor application using pulse-
modulated sources of high-fre-
quency radio energy designed to
beam the energy in much the same
manner as photoelectric without the
inherent faults with respect to
weather. Other forms of antenna
arrays using high-frequency radio
energy are under study and, while
none of these has been used ex-
tensively, they show the trend of
thinking and the application of
electronic principles being consid-
ered by engineers.

To improve and simplify the sys-
tems necessary to protect indoor
enclosures adequately, many com-
panies have for years considered
the problem of space protection. It
has always appeared logical that a
system capable of detecting motion
within a confined space and yet not
requiring complicated equipment
would be the ultimate ideal of the
protection engineer. Progress with-
in the last three or four years in
the design of space protection sys-
tems has resulted in the develop-
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FIG. 4—Chassis of subscriber’s instrument for capacity-type

FIG. 5—Chassis of

protection of sales and file cabinets

ment and testing of equipment
which will do just this with a mini-
mum of components involved. Al-
though extensive industry applica-
tion of this idea does not yet exist,
it should be noted that it may be-
come very useful.

An example of such a system is one
operating at a frequency slightly
above the audio range in which
sound energy is directed from a
transducer into an enclosure and
reflected back from the multiple
surfaces in the enclosure to a re-
ceiving transducer. If a stable con-
dition exists in the enclosure filled
with such energy, no signal output
is obtained. When motion ocecurs,
a frequeney change is presented to
the receiver. The new frequency
may be above or below the initial
transmitted carrier frequency. De-
sign of the receiving equipment is
such that it can diseriminate be-
tween the carrier frequency and the
difference frequency, using the
latter to initiate an alarm.

Space detection systems are not
new in principle, but long-term ex-
perience of the major operating
companies shows that wholesale use
of such a system must be ap-
proached with caution. There are
many interfering factors rendering
such systems unstable and until
these are properly evaluated, the
more tried and tested methods are
preferred. For instance, acousti-
cally actuated vault-protection sys-
tems are used in hundreds of loca-
tions today and will continue to be
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used for many years. These sys-
tems are designed to operate an
alarm when physical attack upon
the exterior surfaces of the walls
or ceilings occur. They do not
trigger on relatively low-level
sounds which might result from
common building vibration. De-
tecting devices installed within the
vaults function through sounds
transmitted to them from the out-
side through walls, ceilings or
floors. The subscriber’s instrument
chassis for a vault sound detec-
tion system is shown in Fig. 5.
Output voltage from the crystal-mi-
crophone detectors is amplified and
diode rectified. The resulting d-c
actuates a signal relay.

Established values of ambient
noise level specified by Underwrit-
ers’ Laboratories, Inc., are used as
guides by the industry in determin-
ing amplifier gain requirements.
Most systems are used in vaults of
masonry construction and the sensi-
tivity of the system depends on
whether or not the vaults are re-
verberant or nonreverberant.

Conclusions

The information presented cover-
ing systems suitable for improving
industrial plant security and pro-
tection has been based, for the most
part, on data of long standing and
on practices known to be effective.
Knowing the importance of plant
protection today, all major com-
panies dealing in this type of equip-
ment are continually looking for
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subscriber’s instrument for vault sound-
detection system

better and more economical ways to
do a protection job. Money ex-
pended for vresearch has paid
dividends and companies are well
aware that the field of protection
still has a large reservoir of un-
tapped ideas. The theoretical ideal
of a boundary protection system
might be said to comprise an in-
tangible barrier of controllable
thickness and perhaps unlimited
height. The barrier should be ca-
pable of handling all types of land
topography and should withstand
without difficulty the rigors of
weather and other similar phenom-
ena. Many of the systems on the
market today approach this ideal,
but all still have certain limitations.
The ultimate in protection for in-
terior spaces would anticipate the
elimination of most common forms
of traps and contacts and provide
intangible protection for the space
enclosed by four walls, a ceiling and
a floor. Good practice dictates that
such protection completely assured
of the absence of false alarms would
still require some supervision over
normal openings to an enclosure.
The next ten years will bring to
light many advancements and re-
finements of the basic principles
now incorporated in today’s equip-
ment. Meanwhile, the industry has
available now many types of equip-
ment from which to choose in im-
proving its security picture.

REFERENCE

(1) Electronic Intrusion-Detection Sys-
tems, ELECTRONICS, 15, p 38, Feb. 1942

101



Industrial TRISTIMULUS

NE requirement of an elec-

tronic colorimeter for indus-
trial use is that it detect small
color differences in the darker colors
quickly and reliably with a sensitiv-
ity surpassing that of the human
eye. A second requirement is that
the instrument be sufficiently rug-
ged, stable and simple in operation
for use as a production tool.

In the instrument engineered to
meet these requirements, operating
controls are reduced to a minimum.
The instrument measures on a
three-color basis known as tristim-
ulus colorimetry. The color that is
to be matched or evaluated is viewed

by the phototube first through blue
glass, then through green glass and
then through amber glass. The me-
ter indicates the percent difference
between sample and standard for
each of these primary colors. The
sample can be as small as one-half
inch in diameter.

The optical system, based on the
flicker photometer principle, is
shown in Fig. 1. Sample and stand-
ard are viewed alternately 30 times
per second just as in a spectro-
photometer. Illumination is pro-
vided by an incandescent light
source within an integrating
sphere. Color temperature of the
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FIG. 1—Optical system, shown in line for clarity. Actual system is folded for

compactness. Rotating decentered lens allows phototube to view sample and
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FIG. 2—Complete circuit. Motor switch operates synchronously with flicker-produc-

ing rotating decentered lens

microammeter. Selector switch positions are:
position; 3—high-sensitivity range
(65—150
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to convert a-c output

(90—110 percent);

of amplifier to d-c¢ for
1—check lamp voltage; 2-—stand-by
4—low-sensitivity range
percent)

source is preserved by voltage con-
trol and lamp calibration. Either
reflectance or transmission meas-
urements may be made on any com-
mercial color. The optics includes
four lens elements, field stops, stray
light stops, source filters, tristimu-
lus filters and a multiplier photo-
tube. Source filters permit compari-
son under standardized 2,848-deg K
incandescent illumination, daylight
iliumination (Corning 5900 filier)
or directly under illumination from
external sources.

Transmission measurements of
dyes and other liquids are made by
placing a sample and standard in
the openings of the transmission
measurement holder. Clamps are
provided for holding colored trans-
parent solid objects at the same
locations. Other clamps hold sample
and standard against parts in the
integrating sphere for reflectance
measurements.

A small a-c motor drives a de-
centered lens in the optical system
so that light from sample and stand-
ard are alternately focused on the
type 1P22 phototube. Actually, the
optics never completely eliminates
either sample or standard; instead,
it alternates from about 20 percent
sample and 80 percent standard to
80 percent sample and 20 percent
standard.

If reflected or transmitted light
from sample and standard are iden-
tical, the phototube output will be
unchanged by the flicker. If the two
differ, an alternating current will
be generated in the phototube cir-
cuit.

Electronic System

The electronic circuit of the eolor-
imeter employs a total of seven
tubes, connected as in Fig. 2. The
high-impedance resistor network
for the phototube is soldered di-
rectly to the tube pins. A high-
permeability magnetic shield is
then slipped over the tube and as-
sembled to a flanged metal base with
suitable gasketing. Three leads are
brought out, from the anode, cath-
ode and dynode 9. The entire net-
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COLOR MATCHER

Flicker-photometer type instrument using multiplier phototube in constant-current circuit

surpasses sensitivity of human eye in matching even darkest plastic, textile and dye colors.

Meter indicates brightness ratio of sample to standard for each ICI tristimulus color

work is potted with a special poly-
merizing resin that remains plastic
but fully protects the high-imped-
ance networks against moisture.
When installed in the instrument,
an electrostatic shield is fitted over
the terminal pins for final shielding.
The phototube tube is thus built
in to last for the life of the instru-
ment.

When light from the optical sys-
tem reaches the phototube, the
light consists of two components:
(1) A steady component represent-
ing the mean brightness of sample
and standard as viewed through the
particular source and tristimulus
filters selected by the operator;
(2) an alternating or flicker compo-
nent of magnitude representing the
difference in brightness between
sample and standard as viewed
through the same filters.

The circuit measures the steady
component and the flicker compo-
nent, and performs the computation
necessary to express the percentage
difference between sample and
standard.

The d-c¢ output of the phototube
is amplified by V, and V., which are
connected as a d-c amplifier. The
resulting voltage drop across the
cathode resistor of V., proportional
to the steady brightness compo-
nent, is applied to the cathode of V.
Variations in brightness change the
plate-cathode voltage of V, and
thereby change the loading that
this tube places on high-voltage
rectifiers V, and V.. As a result,
this tight d-c feedback loop controls
the voltage supply to the phototube
in such a manner that the mean cur-
rent output of the tube is sub-
stantially constant for steady-light
brightness variations of 5,000 to 1.
A given percentage difference in
any one color will then produce
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a proportional a-c output voltage at
V,. This is rectified by a commuta-
tor on the optical flicker motor, and
the resulting d-c voltage is applied
to a zero-center d-¢ microammeter
which is calibrated to read percent-
age difference directly. Flicker and
rectifier action are synchronous,
hence polarity of the d-c output
indicates whether the sample is
brighter or less bright than the
standard for a particular primary
color.

In effect, the sensitivity of the
phototube is varied inversely with
brightness of light reaching it, just
as the iris of the human eye acts to
decrease the eye sensitivity when
a brighter object is viewed. The
range of automatic accommodation
is comparable to that of the eye,
but is faster, has no fatigue factor
with time, and gives a sensitivity
exceeding that of the human eye for
variations of as much as 10,000 to 1
in brightness. This permits com-
parison of samples reflecting only
1 percent to an accuracy of % per-
cent of reflected light.

To assure measurements truly
based on color, regardless of illumi-
nation intensity, the instrument
computes the ratio of sample
brightness to standard brightness.
This ratio is indicated on a wide-
scale direct-reading meter with full-
scale range of 91 percent to 110
percent (corresponding to differ-
ences of +10 percent or —9 percent
in relative brightness). A less sen-
sitive scale range covers 70-percent
to 145-percent ratios.

A direct-reading micrometric slit
permits evaluation of colors relative

to white or colored reference stand-

ards beyond the range of the meter.

Comparison is on a tristimulus
basis. With properly calibrated
standards, colors can be defined to
high accuracy in tristimulus terms;
reflectances or transmissions as low
as 0.1 percent can be measured.

The 9001 regulator tube is oper-
ating satisfactorily despite an un-
usually high plate voltage. About 60
instruments are in service at pres-
ent, some of which have been op-
erating two years. Many of the
units work 24 hours a day, yet tube
replacement is practically zero. The
only tubes that gave trouble were
the 1654’s originally used in the
high-voltage supply. These have
been replaced with 1Z2’s which give
much better service.

Tolerance in Matching

Color matching involves getting
the meter readings for the three
primary tristimulus colors up to
100 percent or, from a practical
standpoint, sufficiently close to 100
percent to be acceptable to the ob-
server. The absolute tolerance to be
set for a measurement varies with
each industry. If all these numbers
go up and down together, corre-
sponding to a change in the bright-
ness of the color, experience to date
in the textile and paint industries
indicates that 2-percent tolerance is
acceptable. This means that if all
three numbers go up and down to-
gether from 98 percent to 102 per-
cent, regardless of how light or
dark the color is, the match will be
within eye color tolerance.

If one number wanders differ-
ently from the other two, there is
a difference in color rather than a
difference in brightness. Only about
1.5 percent can be tolerated for pre-
cision matches.
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New Cathode Design

By D. R. HILL

Philips Laboratories, Inc.
Irvington-on-Hudson
New York

Assembled planar type L-cathode

DVANCES in the electron tube
Aart in recent years have placed
severe demands on the heart of the
electron tube—the cathode. The
requirements for higher powers,
high-frequency operation, rugged
construction, and low-noise opera-
tion have taxed the capabilities of
the conventional cathode types to
their limit.

The great majority of electron
tubes employ cathodes of one of
three types: tungsten, thoriated
tungsten, or oxide coated. Some
of the more general characteristics
of these cathodes are given in Ta-
ble I.

With a specific application in
mind which required a cathode ca-
pable of high emission density and
good mechanical strength, a new
cathode was developed in the Phil-
ips Research Laboratories' in Hol-
land which not only provided these
characteristics but also gave excep-
tionally long life and good resist-
ance to poisoning. This cathode,
which has been designated the L-
cathode, should find wide applica-
tion in tubes of all types where re-
liable performance is desired,
especially where the cathode load-
ing is severe.

Figures 1A and 1B show two ex-
amples of this cathode: the cylin-
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drical type, especially applicable to
magnetrons; and the planar type
which is applicable to high-fre-
quency disk-seal triodes, klystrons,
cathode-ray tubes and other conven:
tional electron tubes. The materials
used in the construction of these
two types of cathodes and their
emission characteristics are iden-
tical.

The body of the planar type cath-
ode consists essentially of two sec-
tions formed from one piece of
molybdenum. The lower section is
open at one end and contains a fila-
ment for indirectly heating the
cathode. The upper section con-
tains a small quantity of barium-
strontium-carbonate and is sealed
by a cap of porous tungsten so that
the means of escape of the active
materials is via the pores of the
tungsten material. The porous
tungsten cap is formed by com-
pressing tungsten powder under
high pressure and sintering at
high temperatures. The photograph
shows an assembled I.-cathode of
the planar type.

Emission Characteristics

The first characteristic to be
considered in comparing the emis-
sion of different types of cathodes
is the variation of emission density

www._americanradiohistorv com

with temperature. This character-
istic is given in Fig. 2 for the L-
cathode and the three cathodes
whose properties are shown in Ta-
ble I. This cathode curve falls be-
tween that of the oxide-coated cath-
ode and the thoriated-tungsten
cathode. It should be noted that for
continuous operation only about
one hundredth part of the satura-
tion emission may be drawn from
the oxide-coated cathode. Higher
emission densities would result in
damage to the surface layer. There-
fore, it is apparent that under d-c
conditions the oxide-cathode cannot
practically operate over the range
indicated. The three other types of
cathodes can be operated continu-
ously close to saturation emission,
and of these the L-cathode has the
most favorable temperature-emis-
sion characteristic.

Another important cathode prop-
erty to be considered is its effi-
ciency; that is, the thermionic cur-
rent emitted in amperes per watt
of heater power. The theoretical
efficiencies of the four types of cath-
odes under consideration are shown
in Fig. 3. These curves are based
on the emission-temperature char-
acteristics and the radiation prop-
erties of the cathode surfaces. It
should be realized that the cathode
shown in Fig. 1B is much less effi-
cient than that shown in Fig. 1A
and that the over-all efficiency of a
cathode depends largely upon the
geometry,

It will be noted that the theoreti-
cal efficiency of the new cathode is
greater than that of the tungsten
and thoriated-tungsten cathodes but
less than that of the normal oxide-
coated cathode. From the curves
we can conclude that in applica-
tions where relatively small cur-
rent densities are required and
where the heater power require-
ments must be kept to a minimum,
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Improves Tube Reliability

High emission density and good mechanical strength are combined with good temperature-
emission characteristic and excellent resistance to high voltage and high-speed gas ions.

Structure contains reservoir of barium-strontium-carbonate emitting material

the oxide-coated cathode may have
preference. However, other factors,
which will be discussed further, en-
ter into the selection of a cathode.

———==-MOLYBDE NUM—"‘/"Z;

= /
/

Emission Mechanism

4

Since both the L-cathode and the : N @ BN— - _Vgg‘,-q%gg/ 7
oxide-coated cathode derive their j— " TUNGSTEN W A
emission from a supply of barium- - D> //
strontium-carbonate, it might be - ; 4:_5____5?,53[\'#%}\,17/ .
supposed that the L-cathode could - < il G
be regarded as a variation of the e > I %
oxide-coated cathode. However, if :: ;‘ FILAMENT--—===""1 o
we investigate the emission mech- — <
anisms more closely it is seen that [ > /
this is not the case. P

The L-cathode is quite different.
The thermionic emission from any 11
surface is largely determined by (A) (B)

the work function (the energy,
usually measured in electron volts,
required to transfer an electron
from the interior of the material
across the boundary into the adja-

FIG. 1—Cross section of two basic forms of L-cathode: (A) with cylindrical emitting
surface and (B) with planar type flat emitting surface

cent medium). In general, the
smaller the work function of the
material, the higher the emission
from the material at a given tem-
perature. Thus, by comparing
values of the work functions, an in-
dication can be obtained regarding
the behavior of the various mate-
rials as thermionic emitters.

The work functions of the four
cathode tvpes under consideration

are given in Table II. It is appar-
ent that the L-cathode has char-
acteristics different from a pure
metallic tungsten emitter and also
from a conventional BaSrO coated
cathode. It will be noted that of
those substances listed in the table,
the pure metal tungsten emitter has
the highest work function and the
oxide-coated cathode, a semicon-
ductor, the lowest work function.

The thoriated tungsten cathode has
a monatomic layer of thorium on
the surface of the tungsten which
greatly reduces the high work func-
tion of the tungsten. The work
function of the L-cathode lies even
lower than that of the thoriated-
tungsten emitter because of a
barium-on-oxygen layer on the tung-
sten surface which is more effective
than thorium in lowering the work

Table I—Summary of Characteristics for L-Cathode and Three Other Types

Type of Cathode |

Max. Useful Max. Useful
Thermionic Thermionic Poisonability
[ FEmission in Yield in

amp per em? amp per watl
Tungsten............ ... ... 1 0.006 | Small
Thoriated Tungsten. . . ... ... 2 0.070 Large
Oxide Cathode D-C.. .. .. 0.5 0.25 Large
Oxide Cathode Pulsed.... . .. .. ... 50 20.00 ! Large
L-Cathode. .. .. ... ... .. ......... 300 10.0 Small

Resistance Resistance
to High to High-Speed
Vollage ‘ Gas Ions
\
\
Good Good
Good | Poor
Poor Good for a short
Fairly good time
. Excellent Excellent
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FIG. 2—Saturation emission as a function of true temperature for L-cathode and
three other types. Vertical dotted line indicates maximum operating temperature
for each cathode. This situation can be realized under both pulse and d-¢ condi-
tions for all cathodes except oxide coated, the d-c emission of which is limited

function of the emitting surface.

The inactivated cathode has an
adsorbed laver of oxygen on the
tungsten and the surface layer of
barium on oxygen is formed during
the activation process in the follow-
ing steps:®

(a) The BaO is chemically re-
duced by the tungsten, forming Ba
vapor of low partial pressure at the
bottom of the porous tungsten plug.

(b) Barium is carried through
the plug by both a gas flow through
the pores and surface diffusion over
the pore walls,

(¢) Barium diffuses over the ex-
ternal emitting surface.

The barium which is slowly lost
by evaporation from the cathode
surface is continually replenished
from the reservoir. Termination
of life appears to be associated with
the exhaustion of the barium sup-
ply. This supply can be made rela-
tively large and accounts for the
long life characteristic of the L-
cathode.

Other Properties

The rugged construction of the
cathode and its smooth mat emit-
ting surface provide several advan-
tages. It is not subject to damage
while being mounted. The emit-
ting surface can be made flat to
within very close tolerances. In
high-voltage operations no perma-
nent damage results from arcing.
The coating of the metallic surface
is not subject to stripping under the
influence of high electrostatic forces
as is the case with the emitting
layver of the oxide-coated cathode.

The troublesome interface effects
found in oxide-coated cathodes are
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eliminated.® The cathode, while
subject to poisoning by oxygen
or oxygen compounds, recovers
quickly. In fact, these cathodes may
be used in demountable tubes where
all that is necessary for proper
operation after exposure to the at-
mosphere is a second activation
process.

Applications

Life has been found to be a func-
tion only of the temperature at
which the cathode is operated and
the quantity of barium in the pellet.
Life tests have shown that the
cathode when operating at 1,050 C
and at an emission density of 2
amp per sq cm has a life of
thousands of hours. As the operat-
ing temperature is increased, the
life is decreased so that when oper-
ating in the higher temperature re-
gions where the emission is 250 to
300 amp per sq cm, the life would
be expected to be reduced to some
hundreds of hours.

The L-cathode has been used
successfully in magnetrons, kly-
strons, disk-seal triodes, icono-

scopes, special cathode-ray tubes

Table II—Work Functions

Work
Type of Cathode Function
(volts)
Tungsten. . ....... .. .. | 4.14 to 4.63
Thoriated Tungsten....| 2.6 t02.9
Oxide-Coated Cathode..| 1.0 to1.5
L-Cathode. ........... 1.6 to2.0
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FIG. 3—Theoretical thermal efficiency

as function of saturation emission in

amperes per square centimeter of
cathode emitting surface

and other types of tubes where a
high degree of reliability is

required.
The smooth emitting surface
makes it possible to hold the

cathode-to-grid spacing to close
tolerances. In magnetron applica-
tions, while the secondary-emission
ratio has been found to be appreci-
ably greater than one, it is not as
large as the ratio found with con-
ventional oxide-coated cathodes. In
both reflex tubes and magnetrons
the cathodes have proved capable of
withstanding the heavy electron
bombardment which takes place. In
two similar reflex klystrons work-
ing in the 10-em region with a con-
tinuous cathode load of approxi-
mately 2 amp per sq cm, the L-cath-
ode had an average life ten times
greater than that of the conven-
tional oxide-coated cathode.

Other applications of the new
cathode are being explored. Some
of its remarkable characteristics
seem best suited for high-quality
tubes where long life, good mechan-
ieal strength, and rigidity are re-
quired. The cathodes have been
made available in experimental
quantities to Government labora-
tories and the electron tube indus-
try in this country, and produection
facilities are being established to
meet large scale requirements.
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Sidefire Helix UHF-TV
Transmitting Antenna

Radiation-attenuated traveling-wave helical antenna

provides power gain of 20 with a beaming bandwidth

of 20 megacycles at one-db points.

Design offers

advantages of structural rigidity and ease of installation

and adjustment

By LLOYD 0. KRAUSE

Broadcast Engineering Section
Commercial Equipment Division
Electronics Department
General Electric Company, Syracuse, New York

WO PRIME requirements of tv
transmitting antennas are high
gain and a uniform azimuth pat-
tern. Also desirable are a mini-
mum of feed complexities and a
structure capable of withstanding
all types of weather.
Antennas used thus far consist of
a multiplicity of bays, the power
gain being approximately equal to
the number of bays. Each bay re-
quires a feed point, with resulting
complications. To reduce the num-
ber of bays and feed points, each
feed point must provide illumina-
tion of an appreciable portion of the
total aperture. This may be done
by means of a traveling wave.

High-Mode Helical Radiator

The antenna described in this
article uses the traveling-wave prin-
ciple to excite a large portion of
the aperture from a single feed.
Further, this fraveling-wave is
made to suffer rather high attenua-
tion due to radiation loss. The far
end of the conductor may be left
open or shorted, rather than termi-
nated, with negligible effects from
the reflections occurring at the un-
terminated ends because of the
small amount of energy remaining
in the wave at this point. Thus,
each portion of the wire serves as

This article is based on a paper pre-
sented at the fifth annual NARTB Broad-
cast Engineering Conference, April 1951,
in Chicago,
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a radiator and as a feed for succes-
sive portions simultaneously.

Since horizontal polarization is
desired, it is necessary that the
traveling wave of current have its
greater component horizontal, yet
some vertical travel must be
achieved in order that required
vertical aperture may be secured.
A helix can meet the requirements
if its pitch and diameter are prop-
erly controlled.

The helix must meet certain di-
mensional requirements as neces-
sitated by the frequency. The cur-
rents at like points in each turn of
the helix must be in phase. Thus the
current, in progressing from turn
to turn, must be delayed for each
turn a time equal to that consumed
by an integral number of cycles. In
other words, each turn must be an
integral number of wavelengths in
helical circumference as measured
at the velocity of propagation along
the helix.

It is necessary, of course, to be
able to support this helical radiator,
preferably with a strong metal
mast. The spacing of the helix
from the mast must be such that
an appreciable amount of radiation
loss will occur along the helix per
turn. The total length of the helix
must be adjusted, commensurate
with the loss per turn, so that the
order of resonance occurring due to
end reflections is low enough to

WWW.americanradiohistorv.com

Four-bay 500-mc anienna offers power
gain of twenty

107



avoid partial cloverleafing of the
horizontal pattern because of the
resonant current component. The
active length of the helix must not
be so great that the beaming band-
width is too narrow because of
progressive phase shift, yet long
enough that a fair portion of the
aperture is illuminated by one feed.

The operation of the helix can be
analyzed by studying the radiation
from one turn, and then applying
well-known array factors to sum up
the effect of all the turns.

Figure 1 shows the calculated re-
sults for the vertical pattern up to
modes including the fifth (mode
numbers correspond to numbers of
wavelengths per helix turn). Note
that the one-wavelength mode radi-
ates rather uniformly in most di-
rections, better along the axis than
in its plane. This is the mode com-
monly used in the well-known end-
fire helices.

The one-wavelength mode does
not lend itself to practical mast sup-

port. The strong loop field passes
directly through the center of the
loop, and a large metallic member
causes serious disruption of normal
operation. By using a higher-order
mode, where the field at the center
is zero, and where the diameter per
turn is large enough to permit a
sufficiently strong support without
seriously disturbing operation, the
desired radiation characteristics
can be obtained.

Figures 2A and 2B show a sketch
of the instantaneous fields existing
in one turn of a first and second
mode helix. Figure 2C shows the
second mode helix field after a mast
of required supporting size (for a
power gain of 20) has been inserted
along the axis. The fields of the
one-wavelength helix would induce
large counter currents in a mast the
size of that in Fig. 2C. The net
radiation loss per turn, because of
the close mast spacing, would be too
small to permit construction of a
practical attenuated-traveling-wave
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FIG. 1—Vertical patterns from one turn of integral-mode helix with zero pitch and
attenuation. Patterns are shown up to fifth mode

(B)

FIG. 2—Partial instantaneous fields in firstmode helix without mast (A). in second
mode without mast (B), and in second mode with mast (C)
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antenna. The fields in the second
mode helix have not been seriously
disturbed and the mast counter cur-
rents are proportionately reduced.
The radiation loss per turn is now
large enough to result in a useful
attenuated traveling-wave. The
mast size may now be adjusted to
provide the desired loss per turn.

The mathematical analysis of one
turn for the unattenuated -case
shows that the azimuth pattern is
independent of azimuth angle or
helix pitech in the plane at right
angles to the helix axis, or the hori-
zon. However, the pattern grad-
ually becomes scalloped as the ver-
tical, or parallelism with the helix
axis, is approached. The depth of
scalloping is a function of the helix
piteh angle. No scalloping occurs
with zero pitch angle. The scallop-
ing is insignificant in the region of
the horizontal beam produced by a
practical helix.

Naturally, there is some compo-
nent of vertically polarized radia-
tion from the helix because of the
helix pitech. The percentage of this
component 1is appreciable when
based on the analysis of a single
turn. However, by making use of a
right and a left hand helix, placed
end to end and fed in the center, the
vertical components can largely be
made to cancel, while the horizontal
components are reinforced.

Four-Bay Antenna

The high-gain antenna is made
of four vertically-stacked bays each
having a power gain of five. Most
of the initial development work was
done on models in the 2,000 and
1,000-me region to facilitate con-
struction and handling. Since all
four bays of the high-gain antenna
are electrically identical, only one
bay will be described in some detail.
Operation in the second mode was
found to satisfy all electrical and
mechanical requirements. That is,
each turn of the helix is two wave-
lengths in circumference at the
velocity of propagation along the
helix. The antenna has thus come to
be called a second-mode side-fire
helical antenna.

The length of one bay is five
wavelengths. This length also cor-
responds to the distance between
feed points of the four bays. A
series feed is used and the distance
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between feeds must be an integral
number of wavelengths to yield in-
phase feeding of the four bays. The
five-wavelength bay spacing re-
sults in near optimum array factor
for the particular pattern produced
by one bay.

Figure 3A shows the vertical pat-
tern produced by one bay of a
500-mc model. Note the lack of side
lobes, in spite of the fact that each
bay in itself is in reality a multibay
array. This results from the expo-
nential energy distribution over the
aperture of one bay. Figure 3B
shows the horizontal pattern at-
tained for a one-day model having
certain constructional features.

Feed System

A right and a left hand helix are
used in each bay. Each helix has
five turns. The two helices are
placed end to end, and fed at their
junction, whieh is in the center of
the bay.

The use of center feed on each
bay prevents beam tilt in the beam
of the basic bays. The upper and
lower portions advance and retard
in phase, keeping the maximum field
on the horizon. However, the beam-
width will increase, resulting in a
net reduction of gain. The beam-
ing bandwidth is defined as the
total frequency separation between
the two points where the half-power
beamwidth has increased 1 db.

For television purposes, it was
decided to make this bandwidth on
the order of twenty megacycles, to
insure that over the channel the
gain variation would be negligible.
The beaming curve has a rather flat
bottom; the channel under consid-
eration may be placed on this fiat
portion. Feeding the two helices in
parallel has the advantage of reduc-
ing the feed resistance per bay to a
more convenient value.

By estimating the attenuation
and calculating the surge imped-

ance, it was found that the net dis-
tributed radiation resistance per
turn is on the order of 200 ohms.
In the uhf range, even such a high
value of distributed resistance re-
sults in insignificant phase angle in
the surge impedance of the helix.

The helices are supported by
Kel-F insulators. This material has
excellent mechanical and weather-
ing properties, combined with a
very low dielectric constant. A low
dielectric constant is desirable to
prevent reflections at the support
points. The loss factor is high com-
pared to polystyrene or Teflon, but
not high enough to resuit in suffi-
cient loss to cause damage to the
insulators, even with ten kilowatts
into one bay. There are, of course,
no resonant high-voltage points to
cause trouble. The ends of the helix
may be grounded to the mast to
provide lightning protection.

The intrabay feed system is
coaxial, with the mast itself serving
as the outer conductor. The inner
conductor is shorted to the mast a
quarter-wave above the top bay
feed for mechanical support and r-f
isolation of the rest of the mast.
The main-line input at the bottom
of the antenna is designed for 33-
inch line. This input enters the
mast from the side through a spe-
cial matched T. The inner conduc-
tor is again shorted to the mast a
guarter-wave below this input.

The individual bays are probe-
coupled to the inner conductor not
making direct connection. The
probes are adjusted so that each
bay receives one-quarter of the in-
put power. Impedance match is
maintained throughout the mast
coax for maximum bandwidth.

The hollow inner conductor is of
adequate size to permit the beacon
lighting cable to pass directly up
inside it. Thus a means is provided
for running this cable without dan-
ger of disturbing the antenna oper-

Closeup view of one bay of 500-mc sidefire helical antenna. Each turn of the
helix is two wavelengths long at the velocity of propagation along the helix
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FIG. 3—Measured vertical pattern (A)
and horizontal voltage pattern (B) of
single-bay 500-mc model

ation as might occur if the cable
had to be run outside the mast.

The series type feed system used
will cause overall beam tilt to re-
sult when the frequency is shifted
far enough from center. Over one
television channel the amount of tilt
occurring is inconsequential.

For very high installations it
might be desirable to tilt the beam
downward so as to graze the hori-
zon, because of the narrow beam.
This antenna lends itself admirably
to simply accomplishing this beam
tilt to the small amounts desired
without disturbing the impedance
and power distribution. Because the
currents on the antenna are of the
traveling-wave type, the instanta-
neous phase is a function of azi-
muth. Hence, by mechanically ro-
tating one portion of the antenna
relative to the other portion, beam
tilt can be produced because the
relative phase between bays has
now been effectively changed.

Sleet-melting is accomplished by
running sufficiently high 60-cycle
current through the helix Copper-
weld conductors.

To Professor Howard G. Smith
of Cornell University, who spent
the summer of 1950 with G-E, goes
much of the credit for development
of successful operating models of
this antenna. Credit is also due R.
E. Fisk, who contributed many
ideas and gave patient assistance.
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Traveling-Wave
Amplifier Measurements

Rapid sweep-frequency technique used at 4,000 mc can be applied to all broad-band

amplifier measurements. Oscilloscope display shows transmission accurate to 0.1 db and

XTENSION of microwave com-

mon-carrier circuits for trans-
continental television programming
has necessitated the development
of quick and accurate test pro-
cedures. Techniques described in
this article have direct application
at 4,000 mc, but the same methods
are also in general use in the
regions of both 60 and 400 me.

For general studies of broad-
band networks, amplifiers and par-
ticularly traveling-wave tubes, it is
advantageous to use sweep-fre-
quency measuring techniques. By
these methods it is possible at a
glance to observe either the trans-
mission or impedance characteris-
tics. When adjustments are made,
the effect on the overall characteris-
tic is seen. This is particularly im-
portant in double-coupled or stag-
gered-circuit work.

By careful design and construc-
tion of the measuring equipment it
is possible to make transmission
measurements to an accuracy of
better than 2 percent over ranges
of 500 megacycles in the 4,000 meg-
acycle common-carrier band.

A block diagram of the basic cir-
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return-loss values up to 40 db

By FREDERICK E. RADGLIFFE hybrid junction, passes through two

Bell Telephone Laboratories, Inc.
Murray Hill, New Jersey

cuit is shown in Fig. 1. At the left
is the r-f power source consisting
of a low-power microwave oscillator
of the close-spaced triode type driv-
ing a traveling-wave amplifier hav-
ing an output of about one watt,
which is sufficient for the type of
measurement to be described. By
mechanical means, the oscillator is
swept at a 60-cycle rate from 3,700
to 4,200 megacycles.

A small amount of power from
the traveling-wave tube is rectified
by a crystal, is amplified and fed
back to the grid-bias circuit of the
oscillator to provide envelope feed-
back around both the oscillator and
amplifier. In this manner the out-
put of the traveling-wave amplifier
is made flat to about =0.2 db over
the band.

The power passes two absorption- -

tyvpe frequency meters that provide
two markers on the oscilloscope
trace to indicate the band limits.
The power dividés equally in the

attenuators, and is rectified in two
identical crystals.

The outputs of the crystals are
switched at a 80-cycle rate by
a polarized mercury-type relay and
are alternately connected to the Y-
axis amplifier of a standard oscil-
loscope. Attenuators D and E are
adjusted until the traces coincide
and the gain of the Y-axis amplifier
is adjusted for a sensitivity of one
db per inch deflection between the
two traces as measured by either
attenuator D or E.

A circuit to be measured may
now be placed in the unknown posi-
tion. Attenuator D is adjusted
until the traces again coincide. The
gain or loss of the circuit is indi-
cated by the change in attenuator
setting and the flatness is indicated
to an accuracy of about 0.1 db on
the oscilloscope scale by direct com-
parison of the oscilloscope traces.

Figure 2 shows the waveshapes
of the control voltages referred to
the 60-cycle power-line wave. Wave-
shapes of oscilloscope blanking, 30-
cycle switch voltage, oscillator fre-
quency and oscilloscope sweep
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versus time are shown. The oscil-
loscope sweep voltage is made to
mateh approximately the oscillator
frequency-sweep characteristic so
that the frequency display is linear
to within 10 percent. Each time
the oscillator frequency is increas-
ing the 30-cycle switch operates con-
necting one of the two crystals B
or C to the oscilloscope. Hysteresis
effects of the mechanical sweep
mechanism are eliminated.

Figure 3 shows the circuit to
measure simultaneously both the
transmission and output impedance
characteristics of traveling-wave
amplifiers or broad-band networks.
Measurements at both high and low
power can be made. The circuit is
similar to the basic eircuit shown
in Fig.1 except for the addition of
a second hybrid junction, two cali-
brated attenuators, and a 20-foot
section of shorted waveguide.

The set is calibrated by omitting
the traveling-wave amplifier to be
tested and adjusting attenuators D
and E until the traces coincide as
before with attenuator G at maxi-
mum attenuation. The amplifier to
be measured is inserted and attenu-
ator D is adjusted until the traces
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again coincide. The change in at-
tenuator D setting is the gain. By
substituting a power meter for
erystal B and taking into account
the 3-db loss in the hybrid junction
and the loss of attenuator F the
power output may be measured.
The output impedance of the
traveling-wave amplifier with the
tube delivering its normal power
output may also be measured by ad-
justing attenuator G for a con-
venient amplitude of ripples on the
transmission characteristic such as
0.1 db. With this amplitude of rip-
ples the sum of the return loss of
the sending and load impedances is
45 db. For this ripple amplitude,
the return loss is the difference be-
tween 45 db and twice the sum of
the loss of the 20-foot waveguide,
the loss of the hybrid junction and
the attenuation of attenuator G.
The equations on Fig. 4 show
some simple relationships as used
in the long-line method of measur-
ing output impedance. Equation 1
is the frequency in megacycles be-
tween ripples related to the line
length. In this relation, V, is the
group velocity; L is the length of
the line in feet; and C is the veloc-

FIG. 4—Relationships used in the
long - line impedance measuring

ity of light. The line length is

chosen to provide the desired reso-

lution of impedance characteristic.
Equation 2 is the relation of the

standing wave as seen on the oscil-

loscope to the reflection coefficients
of the source and load impedances.
quation 3 is the relation of return
loss to reflection coefficient.

Equations 2 and 3 are plotted in
Fig. 4. For convenience the point
corresponding to a total W of 45 db
is chosen in making measurements.

The arrangement of apparatus
shown in Fig. 5 is used to measure
the input impedance of the travel-
ing-wave amplifier. To calibrate, a
short circuit is substituted for the
traveling-wave amplifier under test,
attenuator A is set to 40 db and the
gain of the oscilloscope is adjusted
until the signal trace is separated
from the base line by 0.1 inch. A
return loss of 40 db can now be
measured.

The base line is obtained by dis-
connecting one crystal from the 30-
cycle switch. The accuracy of
measurement is checked by connect-
ing a termination with a W of
about 40 db in place of the travel-
ing-wave amplifier under test and
setting attenuator A to zero db.
Movement of the precision termina-
tion will cause ripples to move on
the signal trace. If the balance of
the hybrid is good and the W of the
precision termination is satisfac-
tory, these ripples will be small com-
pared to a W reading of 40 db.

The traveling-wave amplifier in-
put impedance may now be meas-
ured by connecting it as shown and
adjusting attenuator A for 0.1-inch
deflection on the oscilloscope. The
return loss, is read directly as the
difference in attenuator A setting.
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HERE A MULTIPLICITY of in-

formation sources must be
observed, some system of scanning
or sequential sampling may be em-
ployed so that certain pieces of
measuring equipment need not be
duplicated for each information
source to be studied. Where the in-
formation sources are of low level,
special design problems arise. Sev-
eral high-speed scanning systems
are described below that are appli-
cable to low-level operation.

There are two general types of
scanners. First, scanners in which
the commutating element also car-
ries the information; and second,
the type in which the information-
carrying element is controlled by a
separate commutating system. The
capacitance scanner is one of the
first type.

Capacitance Scanner

Basically, the capacitance scan-
ner consists of a large number of
input plates to which the individual
signal sources are attached. The in-
formation applied to the input plate
is capacitively coupled to a pickup
plate which is moved successively
from one plate to another in a pre-
determined order.

Within the frequency limits of
the scanner, the capacitance system
is an ideal scanning device. The
noise components resulting from
the scanning operation are practi-
cally eliminated since the variation
in average d-c potential from input
element to input element is negli-
gible and no direct current flows
through the scanner. The noise
performance is limited by the out-
put impedance, Johnson noise, and
the losses through the scanner.

As is true with most mechanical
devices, the life of the capacitance
scanner is limited. Another basic
limitation of this type of scanner
is the top operating speed.

MERB Tube Scanner

For very high scanning rates it
is necessary to go to the use of elec-
tron beams or electronic circuits.
Figure 1 shows a cutaway view of
a typical multiple element radial
beam tube scanner. For the sake of
simplicity the abbreviation MERB

This article is based on a paper pre-
sented at the 1950 National Electronics
Conference. The Conference paper appears
in the NEC Proceedings.
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FIG. 1—Cutaway view of multiple element radial beam tube scanner

High-Speed

tube' will be used in connection
with this tube. Figure 2 is a photo-
graph of such a tube in a complete
50-element scanner. The arrange-
ment of the elements is shown in
Fig. 3.

The physical construction and
relative location of the elements is
similar to a standard pentode. A
commen heater and cathode are
located at the center as an electron
source. The next element out is
the inner grid or accelerating grid
common to all elements; next, the
screen posts, then the signal grids,
in the suppressor grid position, and
finally the plate. Each signal grid
is separated from the adjacent sig-
nal grid by a post. The MERB
tube shown in Fig. 1 has twenty-
five separate signal grids.

In operation, the tube is placed
in a strong uniform magnetic field
perpendicular to the cathode so that
the electron stream from the cath-
ode is focused into a radial beam
which flows through one of the sig-
nal grid elements to the plate. The

www . americanradiohistorv com

focusing of the electron beam is
controlled both by the strength of
the field and by the voltages on the
tube elements. By varying the volt-
age on this signal grid the current
to the plate can be varied. By rotat-
ing the field about the axis of the
cathode the electron stream can be
focused successively on each signal
grid. The focusing action of the
field produces a double-ended elec-
tron beam; with the result that all
elements are scanned twice with
each revolution. The scanning rate
is twice the number of elements
times the excitation frequency.

In the scanning system shown in
Fig. 2 the MERB tube is used to
scan 50 input elements. Each in-
put element has a preamplifier and
each element of the MERB tube is
connected to two preamplifier out-
puts. By switching the input pre-
amplifiers on alternately in groups
as each end of the scanner beam
comes around, all 50 elements are
scanned by one revolution of the
field about the MERB tube. This
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FIG. 2—Complete scanner using multiple-element radial beam tube to sample 50 different signal sources

Sampling Techniques

Space, materials and money can be saved by scanning low-level information sources and

using common amplifying, indicating and recording equipment. Survey of sampling sys-

tems helps designers choose best system for application to future developments

By B. R.

same system could be extended to
enable a 25-element MERB tube to
scan any multiple of 25 inputs.
The major precaution necessary
to keep the scanning noise of the
MERB tube at a low level is to oper-
ate with very low plate current.
Low plate current and reasonable
transmission is obtained by the use
of low voltages on the tube ele-
ments. This method of operation
necessitates accepting relatively
high loss through the tubes, about
6 to 1. The actual gain or loss
through the scanner is not in itself
too important except for its affect
on overall signal-to-noise ratio of
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the system. The secanner noise

should always be greater than the
thermal noise level in the scanner
output circuit. For most applica-
tions it has been necessary to use
a one-tube preamplifier ahead of
each element to get optimum signal-
to-noise ratio.

F-M Scanner

Figure 4 shows a circuit diagram
of an f-m scanner. This scanner
is the type in which a vacuum-tube
amplifier is provided for each input
element. The vacuum-tube ampli-
fier is normally biased off so that no
information can be transmitted

www._americanradiohistorv com

from the input to the common out-
put. When it is desired to read
information from that particular
input element the vacuum-tube
amplifier is biased on and allowed
to transmit the information to the

PLATE
__-POSTS

— SIGNAL GRIDS
TT~SCREEN
“T~—INNER GRID
T ~<CATHODE

FIG. 3—Physical construction and ele-
ment arrangement of MERB “tube is
similar to standard pentode
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output circuit. Several methods
are available for performing this
switching operation. The particu-
lar commutation control element
described here is called an f-m
scanner control unit. It has the
advantage that the equipment re-
quired at the scanner itself is small
and light and does not necessarily
contain vacuum tubes. Only one
line is needed between the scanner
and the control element, and the
control element can be remotely
located if necessary. The number
of elements is not restricted and
can be easily changed.

Each scanner element is provided
with a tuned circuit 7, and diode
rectifier D. Power is coupled into
each tuned circuit from a common
bus coming from the control unit.
When the common bus is excited at
the frequency of the tuned circuit,
an a-c voltage is transmitted to the
diode rectifier element and a d-c
output proportional to the excita-
tion on the common bus is applied
to the grid of the scanner tube. If
the tube is normally biased off and
the polarity of the rectified signal
is such as to bias the tube on, then
that particular tube can be turned
on by exciting the common bus at
the frequency of the resonant cir-
cuit. If each resonant circuit of
the different scanner elements is
tuned to a slightly different fre-
quency from the one next to it, the
circuits can be switched on in se-
quence by sweeping the common bus
excitation frequency through the
range of the tuned resonant cir-
cuits.

Smooth commutation from ele-
ment to element is obtained by us-
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FIG. 4—Typical {f-m scanner circuit
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FIG. 5—Subminiature {-m scanner elements

ing the tuned circuit resonance
curve as the switching pulse. A
smooth or linear sweep frequency
rate is used in this case. If de-
sired, an effective square-wave pulse
can be applied to each grid by step-
ping the frequency from that of one
tuned circuit to that of the next and
so on. It is also possible to stop
and turn on only one element at a
time and look at that element for
as long as necessary by merely ex-
citing the common bus at that
particular frequency.

Figure 5 shows two different
types of resonant frequency circuits
and diode rectifier elements. The
unit on the right and center uses
subminiature tubes and contains
both controlled preamplifier and the
switching circuit. The unit on the
left uses a germanium diode
mounted directly on the tuned cir-
cuit. The preamplifier is not
included.

Scanning Noise

A scanner as it operates, scan-
ning the input circuits, will gen-
erate in its output circuit a complex
voltage or current fluctuation which
is caused by the scanning action.
This noise voltage or current fluctu-
ation is a complex wave which re-
peats each scanning cycle. In gen-
eral, this scanning noise is larger
than the Johnson noise of the sys-
tem and is the noise level which

v

limits the application of the scan-
ner to low-noise circuits.

The scanning noise of a scanner
is actually made up of a broad
spectrum of finite frequency com-
ponents each of which is a multiple
of the scanning rate. The ampli-
tude of each of these components
decreases as the frequency of the
component increases. In practice,
the scanner output is fed into a
band-pass filter which allows only
the frequencies around the signal
frequency to pass.

If the proper restrictions are
placed upon the band pass of the
filter following the scanner it is
possible to plot a universal noise
characteristic curve for the scan-
ner. This noise characteristic will
be the same regardless of the actual
scanning rate of the scanner. The
restriction which must be placed
upon the band pass of the system
following the scanner is that the
band pass be just wide enough to
pass the important modulation
components introduced by the scan-
ning action. TUnder these condi-
tions the band pass becomes a fixed
multiple of the scanning frequency,
the multiplying factor depending
upon the shape of the scanner out-
put wave,

The actual noise characteristic
for a scanner can be obtained at
any practical operating scanning
speed. It is possible to evaluate a
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scanning apparatus with normally
available laboratory equipment and
using low or readily available scan-
ning speeds. If the information
obtained is plotted as shown in Fig.
6 with a horizontal scale which is
a multiple of the scanning rate, the
resultant curve is the noise char-
acteristic of the scanner and can be
applied to all operating scanning
rates for the scanner to determine
the circuits required ahead of the
scanner.

The two curves on Fig. 6 show
the noise characteristic of the
MERB tube scanner and the f-m
scanner. Both characteristics have
essentially the same shape. The
level of the noise curve depends
upon how well balanced are the dif-
ferent tubes or elements of the
scanner. If all of the elements are
exactly the same and are switched
simultaneously there will be very
little scanning noise generated.
Practically speaking, this is never
true; hence, the amount of noise
generated in a scanner depends
upon the patience and ability of the
designer to select tubes or design
a circuit to eliminate tube varia-
tions.

The actual rate of cutoff of the
noise characteristic curve can be
improved by the use of properly
shaped pulses for switching.
Smooth commutation such as that
available in the f-m unit will tend
to reduce the high-frequency com-
ponents of the noise. This is shown
by the faster decay in the char-
acteristic curve for the f-m scan-
ner. In this particular case the ele-
ment amplifiers were operated at
normal plate current levels. In
general, the level of the noise char-
actertistic can be reduced by oper-
ating the tubes at very low current
levels.

Reducing Noise

Once the noise characteristic of a
scanner is obtained it is fairly easy
to outline methods which can be
used to make a scanner operate at
lower signal levels. Two general
approaches can be applied. One is
to modify the external circuit to
make the best use of the scanner
noise characteristic; the other is
to work directly with the scanner to
try to reduce the level of the noise
characteristic.
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A study of the noise character-
istic curve will show that there are
two ways of reducing noise by ex-
ternal circuit modifications. One is
to increase the frequency of the
signal carrier and the other is to
reduce the band pass to the absolute
minimum required to pass the in-
formation. If the application per-
mits, raising the carrier frequency
is an easy way to reduce scanner
noise. If the signal frequency can-
not be changed, the operating fre-
quency of the scanner can often be
raised by mixing in the scanner.
The normal loss in gain due to mix-
ing must be taken into account so
that a larger increase in frequency
is required than would be needed if
mixing were not used.

In working with the scanner di-
rectly there are four methods or ap-
proaches for improving the noise
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FIG. 6--Noise characteristics of two
scanner types

characteristic or reducing the
amount of noise generated by the
scanning action. All four methods
are based on reducing the ampli-
tude of the variation between ele-
ments or reducing the switching
rate between elements:

(1) Reduction of the quiescent
or average d-c level of the scanner
to the absolute minimum necessary
to give useable results. The scan-
ning noise components are propor-
tional to the average current. If
the average current can be reduced
without a proportional reduction in
signal gain, a net improvement in
signal-to-noise ratio results.

(2) Balancing of all the scanner

elements so that differences be-
tween d-c element values are re-
duced to a minimum.

(3) Increasing the cross-over
time between elements. This can
be done by proper shaping of the
transfer conditions so that a mini-
mum amount of high-frequency
components is generated. In gen-
eral, the noise is generated during
the switching period between ele-
ments and is caused by dissimilar-
ity between elements of the scanner
or gaps in transmission between
elements. Any procedure which
tends to reduce the dissimilarity
and eliminate the gap or reduce the
rapidity with which the dissimilar-
ity or gap occurs will aid in reduc-
ing the amplitude of the high fre-
quency component generated by the
scanning action. An improvement
of this kind makes the noise char-
acteristic decay faster with in-
crease in signal frequency.

(4) Reduction of scanning rate.
If a slower scanning rate can be
tolerated, this will have the same
effect as increasing the signal car-
rier frequency. In addition, a nar-
rower band pass can also be used.

The foregoing methods for im-
proving signal to noise perform-
ance of a scanner can be applied to
any such commutating device. In
general, to utilize a scanner at very
low signal levels it is necessary that
the information in the signal be
available to the scanner at a fre-
quency higher than the scanning
rate. Just how much higher will
depend upon how low 4 signal level
must be observed and upon the
noise characteristic of the particu-
lar scanner.

The scanners described here have
utilized a switching characteristic
or wave form approaching a cosine
function in order to obtain smooth
commutation. Other switching
characteristics will produce a dif-
ferent scanner noise characteristic
curve, but the basic problems are
the same. Optimum scanner design
for any application requires a suit-
able compromise between circuit
complexity, switching characteris-
tics, scanning rate, and scanning
noise performance.
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Picture Generator

Simple equipment is added to conventional black-and-white picture-generating setup to

provide color-striped pictures for testing either simultaneous and dot-sequential systems or

field-sequential system. Complete adjustability of colors is possible

By R. P. BURR, W. R. STONE and R. 0. NOYER

HE CURRENT INTEREST in color

television systems is, among
other things, likely to produce the
need for a simple means of gener-
ating color television signals.

In the early stages of the present
monochrome television system, com-
plete camera chains were soon dis-
carded in favor of the simpler and
more reliable monoscope pattern
generator as a general laboratory
and test line video signal source.
In the design, development, and
manufacture of color television ap-
paratus, a simple and reliable sig-
nal generator is also highly desir-
able. Current techniques for the
production of color television sig-
nals rely heavily upon flying-spot
scanners or direct-pickup cameras.
Although these devices may be
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made reliable, they are not particu-
larly simple, nor are they inex-
pensive. In addition, the versatil-
ity of subject material provided by
such apparatus is a feature of ques-
tionable merit for routine testing.

The purpose of this article is to
describe a simple all-electronic
source of color television images
which may be added to an existing
black-and-white television installa-
tion. The unit will provide signals
for either simultaneous and dot-
sequential systems employing cur-
rent monochrome standards or for
the recently standardized field-
sequential system.

Output from the apparatus con-
sists of a monoscope or other tele-
vision test pattern upon which is
superimposed a series of five verti-

www americanradiohistorv com

cal bars. The hue and saturation
of each bar is independently vari-
able and under the operator’s con-
trol. Any color combination what-
ever, including black or white, may
be obtained. The color signal gen-
erator derives its input signals,
including the monoscope pattern,
from existing television equipment.

Color Mixers

A block diagram of the signal
generator is shown in Fig. 1. The
black-and-white video pattern to be
“colored” is inserted at the lower
left of the sketch. Following ampli-
fication in the two-stage video am-
plifier, the signal is applied simul-
taneously to the three mixer, or
modulator, stages marked green,
red and blue. When no modulating
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For Color Television

signal is applied to the three mix-
ers, we may assume that the gains
of each mixer-output tube combina-
tion may be so adjusted that the
green, red, and blue output signals
are indentical, or nearly so; that is,
the apparatus becomes essentially
a triple output distribution ampli-
fier. For a properly balanced three-
color display, this condition will
correspond, by convention, to a
black-and-white picture. To obtain
a color picture, the gains of the
mixer tubes must be individually
modulated in some desirable man-
ner. One form of modulating
signal which produces a useful geo-
metrical color pattern may be ob-
tained from the components shown
in the upper portion of the diagram.

A negative composite blanking
signal, that is, a white picture, is
used as the triggering voltage for
the input stage of a chain of five
one-shot multivibrators. The trig-
ger amplifier and first multivi-
brator are arranged to fire on the
trailing edge of the blanking wave-
form, so that operation of the cir-
cuit begins synchronously with the
start of the television system trace
time. Upon completion of its turn-
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over cycle the first multivibrator
triggers the second of the chain;
the second fires the third, and so
on, until the action terminates with
the operation of the fifth and last
stage.

Each multivibrator is adjusted
to have a pulse width of approxi-
mately one-fifth the system trace
time, so that the entire action re-
quires one line of the television pic-
ture. Consequently, the voltages
applied to the cathode follower
stages consist of five successive pul-
ses occurring in time sequence
across the picture from left to
right.

The cathode followers (which
also operate as limiters) are pro-
vided with a network of three po-
tentiometers and three resistors in
each of their cathode circuits. The
object of this arrangement is to
permit any amplitude of any one or
more of the five pulses to be de-
livered to the three bus bars
marked green, red and blue. The
bus bars, in turn, are connected via
suitable amplifiers to the suppressor
grids of the green, red and blue
mixer-modulator tubes, so that
modulation of the input video sig-

nal in accordance with the various
pulse amplitudes is the end result.

Figure 2 illustrates the functions
of the various components of the
block diagram. The blanking sig-
nal which triggers the five multivi-
brators is at the top. The second
line shows the output of the trigger
amplifier, an inversion of the input
voltage. The first pulse generator
output is shown on the third line
of the chart. The second, third,
fourth, and fifth pulses are gener-
ated in sequence—each one gen-
erated by relaxation of the previous
stage.

A random mixture of the five
pulses is shown at the center of the
figure, while modulation of a video
signal by this waveform is shown
on the remaining lines. It should
be noted that the bottom line,
marked final output, represents the
signal for one color only. When
the apparatus is adjusted to pro-
duce a color picture, the three sig-
nal outputs will differ from one
another as the green, red, and blue
content of the picture varies across
the image.

Since the timing of the pattern
generator is determined entirely by
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FIG. 3—Circuit of keying pulse generator.

The switch adjusting the multivibrator

fime constant allows quick changeover from present standards to field-sequential
standards

the repetition rate of the input
blanking signal, operation at line
rates other than that standardized
for black and white television may
be obtained by changing the five
pulse durations appropriately. To
accommodate operation with the
field-sequential color television sys-
tem, we have included a ganged
switeh in the active grid time con-
stant of each multivibrator, which
may be used to halve the pulse
width. The waveform chart would
be the same for the higher speed
operation.

Trigger Circuit

A simplified schematic diagram
of the trigger amplifier and one of
the pulse generators is shown in
Fig. 3. The multivibrator is of the
cathode-coupled one-shot type and
is straightforward in design. The
negative composite blanking signal
applied to the grid of the 6AHG6
trigger amplifier causes an abrupt
drop in the amplifier plate voltage
synchronous with the trailing edge
of the blanking signal. The 6SN7
multivibrator and the 1N34A diode
are arranged in such a way that the
pulse generator is sensitive only to
negative-going voltages. Accord-
ingly, operation of the multivi-
brator is initiated by the trailing
edge of the blanking signal.

The relaxation time of the multi-
vibrator is controlled in the usual
manner through the application of

118

a variable bias voltage to the active
control grid. In addition, as previ-
ously noted, a switch is provided to
vary the time constant in this grid
by a factor of two-to-one so that
operation on either field sequential
color standards or current black
and white standards may be ob-
tained. The second multivibrator
of the chain is triggered by recov-
ery of the first inasmuch as a large
negative voltage drop appears at
the first multivibrator output plate
at this point in the cycle.

Mixing of the pulses generated
by the multivibrators of Fig. 3
occurs in the cathode circuits of the
five cathode followers which are
shown at the center of the block
diagram. In Fig. 4 may be seen
the manner in which the five
cathode-follower outputs are com-
bined into three independently vari-
able modulating waveforms. The
word ‘“independent” is based on the
assumption that one percent cross-
coupling between the various pulse
amplitude controls is tolerable.
Practical laboratory experience
with the equipment indicates this
to be the case.

Mixer Circuit

The circuit arrangement is such
that any amplitude of any pulse
may be applied to any one of the
three bus bars by appropriate
manipulation of the fifteen potenti-
ometers. With reference to the

FIG. 4—Fifteen potentiometers in pulse
mixer circuit shown permit adjustimemt
of color in each band

generated color pattern, it might
be said that the potentiometers of
cathode-follower number one cor-
respond to the red, green, and blue
values of bar number one in the
color picture, and so on.

Initial amplitude adjustment of
each keying pulse is provided by
a screw-driver adjustment, so that
the pulse voltages from the cathode
followers may be equalized. The
10,000-ohm resistors between the
potentiometers and the bus bars
provide isolation from ecrosscou-
pling. A simple two-stage ampli-
fier is provided to raise the output
from each color bus bar to a level
suitable for operation of the video
modulator tubes.

One of the modulator stages is
shown in Fig. 5. The video signal
is applied to the control grid of a
6AS6, while the pulse modulation
voltage is applied to the suppressor.
The d-c component is reinserted for
both input signals so that operation
of the modulator will be unaffected
by variations in duty cycle of the
video or pulse information. A meter
is provided which may be switched
into the cathode circuit of each
modulator tube for the purpose of
setting black current to within a
few hundred microamperes of cut-
off. Each modulator is followed by
a conventional high-impedance cur-
rent driver for low-impedance lines.
The signal delivered to a 75-ohm
cable from each output may be ad-
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justed to a maximum of two volts
peak-to-peak. The output signal
does not contain synchronizing in-
formation since sync is seldom, if
ever, present on a video signal at
this point in a color television sys-
tem.

Color-Monochrome Switch

Finally, the pattern generator
contains one very useful device
which will be appreciated by those
who have been working with color
television systems. This is a switch,
called a COLOR-MONOCHROME switch,
which may be operated to produce
an unmodulated black-and-white
output from the apparatus. When
set to the COLOR position, the gener-
ator produces the color pattern
set-up on the control panel. When
the switch is set to MONOCHROME,
the generator becomes essentially a
distribution amplifier; that is, the
video signals on all three outputs
are identical, and are unmodulated.
This arrangement is useful for
checking the color balance of sub-
sequent apparatus.

Some typical laboratory applica-
tions of the pattern generator’s
color signals might be of interest.
For this purpose we will choose a
monoscope test chart modulated so
that the colors produced are red,
green, white, yellow and blue as
shown in the test pattern photo.

Oscillograms

First, this color signal may be
appl%ed to a dot-sequential color
transmitter and the resulting video

output observed on an oscilloscope
operating at line rate. The oscil-
logram of Fig. 6A shows the sync
signal, the color sync burst, and the
video information together with the
superimposed color carrier. The
transmitter we are observing
samples the color information at
symmetrical angles, and is adjusted
in accordance with the operating
practice implied in the early pro-
posals for a color television system
of this type. It can be seen that
the red, green, and blue areas,
being saturated single colors, cause
the color carrier to swing below
black. For the yellow area, which
is a saturated two-color area, over-
modulation beyond reference white
occurs, while for the white central
area, the color carrier disappears
altogether,

If the color carrier is removed,

as in Fig. 6B, it may be seen that

this transmitter is correctly ad-
justed to weigh red, green, and blue
equally in the monochrome compo-
nent of the transmitted signal. It
is worthy of note that for any one
color the contribution to the mono-
chrome is one-third; for yellow it is
two-thirds; and for white, of
course, three-thirds.

Having checked the transmitter
adjustments, the performance of
the color receiver may be examined.
It is desirable that the receiver re-
produce the colors of the original
scene with reasonable accuracy.
That is, the phase of the local color
subcarrier oscillator at the receiver
must be correctly located.
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FIG. 5—Video information is fed to control grid of modulator, while pulse modula-
tion voltage is applied to the suppressor
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FIG. 6—Oscillograms show waveforms
with different combinations of informa-
tion, as explained individually in text

Let us connect the oscilloscope to
the blue video signal channel of the
receiver and observe the result. The
original colors were red, green,
white, yellow and blue, in that
order., Therefore, an oscilloscope
connected to the blue channel
should show no signal during the
red and green bars, full signal for
the white area, no signal for the
yvellow bar, and full signal for the
blue area. The oscillogram of Fig.
6C shows that this is not the case.
Due to misphasing at the receiver,
both the red and green areas of the
signal show some output in the blue
channel. In particular, the blue
tube is slightly illuminated during
the red area while it is driven below
cutoff during the green area. In
addition, the blue tube is not at
full brightness during the blue
area. Obviously, a readjustment of
the receiver phase control is re-
quired. This operation is readily
performed by adjusting for mini-
mum signal in the red and green
areas.

Figure 6D shows conditions pre-
vailing in the blue channel for cor-
rect phasing.
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STEP MULTIPLIER RACKS (first, third, fifth and seventh racks from left) in missile simulator section of Project Typhoon com-
puter, In foreground is servo-controlled missile model to show attitude of missile constantly during solution of target-interception problem
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FIG. 1—Basic block diagram of step multiplier FIG. 2—Method of handling input volitages of both signs in multiplier
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Step Multiplier in
Guided Missile Computer

Need for test firings of new missile designs is minimized by simulating missile and target

characteristics with new 4,000-tube analog computer. Required precision is obtained

with reversible binary counter and relay-operated conductance networks in step multiplier

ROJECT TYPHOON is a large-
Pscale analog-type computer
built specifically for the investiga-
tion of problems relative to the de-
sign of complete guided missile
systems, under contract with the
Office of Naval Research, Special
Devices Center.
divided into several sections, each
of which handles some particular
phase of a complete guided missile
system problem. The major sec-
tions are (a) the missile simulator,
(b) aerodynamic computer, (c)
guidance computer, (d) target sim-
ulator computer, (e) recording and
display devices and (f) power sup-
ply to operate complete simulator.
The input to the missile simula-
tor computer consists of voltages
representing aerodynamic forces
along the three missile axes (roll,
pitch and yaw), aerodynamic
torques about the three missile
axes, initial position of missile in
earth axes, initial spin velocities
about the three missile axes, initial
linear velocities along the three
missile axes, and initial attitude of
missile axes relatives to earth axes
expressed as direction cosines.
The output consists of missile
position in earth coordinates, mis-
sile velocities in earth axes, missile
linear velocities in missile axes,
missile angular velocities (spins)
about missile axes, and missile at-
titude in terms of direction cosines
of missile axes relative to earth
axes. Among the components re-
quired for this section are several
high-speed multipliers of high pre-
cision. High-precision multipliers
were required particularly for
maintaining orthogonality of the
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The computer is.

By EDWIN A. GOLDBERG

RCA Laboratories Division
Princeton, N. J

earth and missile axes systems as
the computation proceeds. The step
multiplier as desecribed in this ar-
ticle was developed for this appli-
cation. Thirty-six multiplications
and eighteen integrations are made
in this section.

The guidance computer is a flex-
ible arrangement of components in-
terconnected by means of patch
cords in a manner dependent on
the nature of the guidance system.
It receives information from the
target simulator and missile simu-
lator and delivers its output to the
aerodynamic computer.

The aerodynamic computer re-
ceives missile velocity, altitude and
attitude information from the mis-
sile simulator, and missile fin de-
flection information from the guid-
ance computer. It computes the
aercodynamic forces and torques,
and routes this information to the
missile simulator section. Thus, a
closed-loop computing system is
formed,

Target trajectory is generated as
target position in earth coordinates
by the target simulator. Target
maneuvers are made by operation
of target speed, climb and turn
controls.

The recording and display de-
vices consist of two Electronic As-
sociates Variplotters which are
normally used for missile and tar-
get trajectory plotting in both the
horizontal and vertical planes,
eighteen GE photoelectric recorders
which may be used to record any

eighteen variables desired, a mis-
sile model which assumes the atti-
tude and fin deflections of the
missile being simulated, and a
three-dimensional trajectory model
which moves objects representing
the missile and target in three
dimensions.

An idea of the size of the com-
puter may be gained from the fol-
lowing tabulation of certain com-
ponents:

Stabilized Computing
Section D-C Amplifiers Servo Units
Aerodynamics. .. .. 135 6
Guidance......... 148 11
Missile Simulator. . 135
Target Simulator. . 9 2
Recording. ....... 18
TOTAL........ 445 19

There are a large number of
various other types of components
which have not been tabulated. For
example, a large bank of polysty-
rene capacitors in the guidance
computer makes possible 80 simul-
taneous integrations in this sec-
tion. The computing equipment is
mounted in 43 special racks, each
rack being 9 feet high. Forty of
the racks are standard width, and
three are double standard width.
About 4,000 vacuum tubes are em-
ployed, and the total power con-
sumption is 46 kilowatts.

Step Multiplier Design

Project Typhoon requires a mul-
tiplier of very high precision and
moderate speed of response, for ap-
plication in certain critical parts.
Servo-type multipliers to meet both
requirements seemed to be beyond
the realm of practicability, and no
all-electronic multiplier investi-
gated had sufficiently high accu-
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racy. As a consequence, the step
multiplier was developed.

In principle, the step multiplier
and servo multiplier are similar.
Figure 1 is a basic block diagram
of the step multiplier. The count
stored in the reversible binary
counter is made proportional to the
input variable X. The conductances
of the relay-operated conductance
networks are each made propor-
tional to the count stored in the
reversible binary counter, and
hence are proportional also to -the
variable X. Thus, if a voltage Y is
applied ta the input of one of the
conductance networks (V), the out-
put current will be XY and will
appear as a voltage proportional to
XY at the output terminals of am-
plifier VIII,

The reversible binary counter
either counts at a rate determined
by the frequency of the oscillator,
or the number in the register re-
mains stationary, depending upon
the value of the input voltage to
the polarity-sensitive gate circuits.
If this input voltage exceeds a cer-
tain positive value, the counter will
subtract one unit for every pulse
from the pulse former. If this in-
put voltage exceeds a certain nega-
tive value, the counter will add one
unit for every pulse from the pulse
former. Should this voltage be zero,
or any value between the minimum
add or subtract voltages, the count
will remain stationary.

If the current fed back to the
summing point of amplifier VII
from conductance network 1V is of
the same magnitude but of opposite
polarity relative to the current fed
to the same point by the variable

X, the output of VII will be zero
and the count will remain station-
ary. Should this not be the case,
the counter will count in the proper
direction and change the conduct-
ance of IV until the aforementioned
condition prevails. Thus, if G is the
conductance of each conductance
network, K is the input voltage to
conductance network IV and X is
the input voltage to summing con-
ductance g¢,,

G= Xa/K 0

The input currents to amplifiers
VIII and IX will then be

tyir = XYa/K

ux = XZp/K
The output voltages of amplifiers
VIII and IX will be

— XY/K (2)
— XZ/K (3)

Eviny
Erx

since the feedback conductance of
each amplifier is g,.

Negative values for G are not
obtainable since the conductance
networks are composed of passive
elements only. Hence, some scheme
must be provided so that negative
and positive values for X may be
handled. This may be accomplished
by effectively adding a fixed voltage
C to X of greater magnitude than
X will ever be, and subtracting a
voltage CY/K from the output of
the multiplier. This is illustrated
in block diagram form in Fig. 2
for two different output arrange-
ments. One output, E;;, will be
—XY/K, while the other output,
E\x, will be +XZ/K. 1t is conven-
ient to choose C = +4-75 volts, K —
—T75 volts, and a value of G for the
conductance networks equal to g,

when the count in the counter is
half of the full-scale value. The
multiplier thus arranged is capable
of accepting values for X which
vary between +75 volts and —75
volts.

Reversible Binary Counter

Figure 3 is a block diagram of
the reversible binary counter. Posi-
tive pulses are continuously fed into
pulse input terminal B. The count
of the counter will remain station-
ary when the value of the error in-
put voltage at terminal 4 is zero.
If the error input voltage increases
in a positive direction, the voltage
on the subtract bus will rise to
zero and will be prevented from
going positive by the diode limiter.
This places the subtract gates in
the active state so that they can
transmit pulses. The add gates will
be in the inactive state because the
potential of the add bus will be neg-
ative. Further increasing the
error input voltage will energize
the pulse gate so that pulses pre-
sent at terminal B will be trans-
mitted to the counter, and one unit
will be subtracted from the count
of the counter for each pulse ap-
pearing at B.

For negative error input signals,
the potential of the add bus will be-
come zero, and the add gates will be
made active. The subtract bus will
be negative and the subtract gates
will be inactive. Further excursion
of the error input signal in the
negative direction will activate the
pulse gate, and will cause one unit
to be added to the count for each
pulse appearing at input B.

Thus, the counter will either add
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FIG. 3—Block diagram of eleven-stage reversible binary counter
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or subtract one unit from the count
for each pulse at input B, depend-
ent on the polarity of the error sig-
nal at input A. The particular mode
of operation is obtained by proper
choice of the carry-over connections
by means of the add or subtract
gates.

Figure 4 is the schematic dia-
gram of the first two stages of the
counter. The other 9 stages are
similar. Diode commutating tubes
are used as coupling elements to
insure positive counting. The out-
put of each trigger pair is differ-
entiated at the input grid of each
gate tube so that the gate tubes
transmit pulses. Only negative in-
put pulses will change the state of
a trigger pair; positive pulses have
no effect.

Each trigger pair has associated
with it a neon light to indicate its
state. Two pushbuttons per trigger
pair are available for setting the
state of each stage of the counter,
or in other words, the count when
the error input voltage is either
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zero or is disconnected. The output
of each stage drives an amplifier
which in turn controls the relays of
the conductance networks asso-
ciated with that stage. Pulses for
operating the counter are obtained
from the blocking oscillator circuit
of Fig. 5.

High-Speed Relays

The rate at which the multiplier
(X) may be varied and still have
the values of the conductances in
the variable-conductance networks
accurately follow is a function of
the speed at which the associated
relays can operate. Since high-
speed operation was desired, the use
of high-speed relays was necessary.
It was not possible to find a suitable
commercially available relay so one
was specifically designed for the
job. It is characterized by an ex-
tremely light armature which is
carefully damped by proper use of
tungsten-loaded rubber dampers.
The relay exhibits no chatter, and
will either close or open within 100

microseconds after application of
control voltage to the coil.

Relay Drive Amplifiers

The time required for a relay to
close or open is a function of the
rate of rise or fall of the coil cur-
rent, among other things. Conse-
quently, a relay drive amplifier cir-
cuit was designed to cause the coil
current to rise or fall as rapidly as
practicable without damaging the
coil insulation. The rate of rise of
current through a coil, with resist-
ance and capacitance disregarded,
is given by

dI/dt = E/L 4)

where dI/dt is the rate of change
of current in the coil, E is the volt-
age across the coil and L is the in-
ductance of the coil in henrys.

To obtain rapid rise of current,
E must be large. However, the
maximum current must be limited
to a safe value, otherwise the coil
would burn up. The high-speed re-
lays used were designed for a
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steady-state coil current of 50 ma.

A constant-current type of drive
amplifier is used. Since the tube
drop would normally be high for
tubes driving closed relays, the tube
dissipation would be high, necessi-
tating the use of fairly large tubes.
To reduce tube dissipation, a re-
sistor bypassed with a capacitor is
inserted in series with the plates
of each parallel group of tubes. Ap-
proximately full plate supply volt-
age is impressed across the relay at
the instant the drive tubes are made
conducting. As the current builds
up in the relay coils, the voltage
drop across the relay coils decreases
and the voltage drop across the
tubes increases. The capacitor
across the series resistor will
charge up rather slowly, and thus
this network will have negligible
effect upon the rate of buildup of
relay current. In the steady-state
conducting condition, there will be
very little voltage drop across the
relay coils, little across the tubes,
and considerable voltage across the
resistor-capacitor network.

When cutting off the tubes, the
voltage developed across the relay
coils will be a function of the coil
current, the capacitance across the
coils, the inductance, and the resist-
ance across the coils. Neglecting
the capacitance, the peak voltage
will be E. = I.R,, where E, is peak
voltage developed across the coils,
I. is coil current at the instant that
current is cut off, and R, is resist-

ance shunted across the coils. To
prevent E. from exceeding a safe
value, R, must be chosen accord-
ingly. If R, is made too small, the
time for opening will be excessive.

Typhoon incorporates multipliers
with either four, six, nine or eleven
relay coils per drive amplifier. The
relay drive amplifier in Fig. 6 is
designed to drive nine relay coils in
parallel.

Yariable-Conductance Networks

Each variable-conductance net-
work consists of eleven T networks
whose inputs and outputs are paral-
leled, and one non-switched con-
ductance. The transfer conduct-
ance of each T network may be
made zero (relay closed) or a pre-
determined value (relay open).
Transfer conductance values for
the various different networks in
a set are chosen on a scale of two
basis.

The signal amplifiers used in con-
junction with the step multiplier
are all similar, and are of the wide-
band.chopper-stabilized type* shown
in Fig. 7. Their use eliminates the
necessity for manual adjustment of
d-c zero offset, and they do not
drift.

Interpolation Effect

Should the value of the variable
X be such that the conductance net-
works cannot accurately match this
condition because their conductance
values vary by discrete steps cor-

I
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FIG. 7——Circuit of stabilized d-c amplifier used with step multiplier
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responding to 1 part in 1,024, the
conductance value will oscillate be-
tween the two adjacent values
which straddle the value called for
by X.

A partial integrating circuit is
used in the feedback network of
the error-sensing amplifier (ampli-
fier VII in Fig. 2). The gain of
this amplifier for d-c is 11 times
the gain for frequencies above a
few cycles. The incorporation of
some integration in this network
is necessary for stable operation of
the feedback loop when the loop
gain is high.

Performance

The step multiplier is very simi-
lar in principle to the servo type of
multiplier which incorporates a
gang of similar linear potentiom-
eters. Multipliers whieh tracked
very well were needed in the mis-
sile simulator section. The step
multiplier meets this requirement
very well since each conductance
network may be adjusted to the cal-
culated value within +0.001 percent
of full-scale conductance. It was
not possible to obtain potentiome-
ters which would track as well.

The speed at which X may be
varied yet have the counter track
is a function of the oscillator fre-
quency which drives the counter,
and also a function of the relay
speed.

Since the relays require about
100 microseconds to close or open,
they are the limiting factor in
speed of operation. An oscillator
frequency of about 1,000-cps is
used, and consequently about one
second is required to change the
value of the multiplier (X) from
zero to full scale. The rate at which
the multiplicands (Y and Z) may
be changed is a function of the
band width of the conductance net-
works and associated amplifiers.

The author wishes to acknowl-
edge the contributions to the proj-
ect of A, W. Vance, who conceived
the basic principle of the step multi-
plier, and R. F. Brady and F. F.
Shoup, who jointly contributed to
the development of high-speed re-
lays employed.
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Use of cadmium-sulfide crystal in a detector for inspecting cans of baby food. Partially filled can has paper band around it as
does nozzle holding crystal. Light above nozzle is illuminated briefly as low-content con passes between x-ray source at left and nozzle.

Beam Stabilizer
for Industrial X-Rays

Transmitted beam intensity is held within close limits by use of cadmium-sulfide crystals in

stabilizer bridge circuit. Industrial inspecting equipment may then be used to detect small

changes in beam intensity caused by minute flaws in opaque objects

PPLICATION of x-radiation to

high-speed automatic inspec-
tion of opaque objects for minute
flaws has increased the require-
ments for x-ray beam stability over
those previously encountered.

For an automatic system of x-ray
inspection to compete successfully
with radiography or fluoroscopy, it
must offer the resolution obtained
by these methods. It is necessary
to detect, on the basis of trans-
mitted radiation, variations in
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Generai Electric X-Ray Corp.
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x-ray intensity of a few percent.
This is mest easily accomplished by
designing the associated detecting
equipment to be extremely sensitive
to slight wvariations in intensity.
Two units embodying this precise
control are now undergoing tests,
each installation requiring special
adaptation and engineering.

In a single-channel system, a com-
parison method using two detectors
may be used to reduce the effects of
x-ray beam instability. For the

wWWW.americanradiohistorv.com

scanning of large, irregular shapes,
a multiplicity of inspecting stations
is needed. To attempt to com-
pensate each individual station
against beam changes is a major
project and usually results in a sys-
tem that is difficult to keep in bal-
ance. The apparent answer to this
problem is to stabilize the x-ray
source itself in such manner that
the transmitted beam intensity is
held within close limits.

Regulation of the x-ray beam for
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this application is complicated by
two factors. The first is that the
x-ray output is proportional to the
first power of the tube current and
the square of the applied peak tube
voltage. Commercially available
regulators are not satisfactory be-
cause they work on the rms value
of the wave. Furthermore, wave-
form distortion is prevalent in
x-ray transformers.

The second factor that con-
tributes to the problem is the rela-
tion of x-radiation transmitted
through material and the voltage
applied to the x-ray tube. Refer-
ring to Fig. 1, the addition of any
material between the beam and the
detector has the effect of making
only the higher values of impressed
x-ray tube voltage effective in de-
termining the intensity received.
This means that a change in ap-
plied x-ray tube voltage of a few
percent will result in a change of
the order of ten times percentage-
wise in the intensity of the beam

‘Tl
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FIG. 1—Quality of x-radiation trans-
mitted as aluminum is added between
x-ray tube and detector

transmitted through the material.

The previous discussion leads to
one conclusion regarding the sta-
bilization of x-ray beams; the de-
tecting element of such a stabilizing
loop should be x-ray sensitive with
the same amount of filtration be-
tween it and the x-ray tube as is
shown by an object to be inspected.

Stabilization Methods

The x-ray tube current may be
stabilized to within 0.1 percent by
an electronically controlled series
impedance in the primary of the
filament transformer.®? This method
has been used to control x-ray out-
put by adapting a photomultiplier
and fluorescent sereen in a compari-
son circuit.®* Regulators of the
saturated-inductance type do not
function satisfactorily to regulate
x-ray tube voltage because of their
waveform distortion.* Another ap-
proach has been to adapt a series
tube regulator,” such as is used in
laboratory power supplies. This
has the disadvantage of requiring
the regulating loop to be insulated
to withstand the x-ray voltage,
which often exceeds 100,000 volts.

For simplicity and economy it is
desired that the regulation of the
x-ray tube voltage take place in the
primary of the high-tension trans-
former. The regulating device used
should be one with less than 6
cycles response time and should in-
troduce a minimum amount of

COOLIDGE
X-RAY TUBE,
’

S jpmen moes /

[-=-==--=" 20,000 VOLTS --------

COLLIMATORS |}

INDICATOR
(BELL, MARKER
EJ.ECTOR)}

FIG. 2—Application of cadmium-sulfide crystal for checking blast fuses. Amplified
output from the crystal is used to actuate any convenient mechanism for indicating
a fault in the fuse train
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waveform distortion.

Recently, numerous references
have been made to the use of cad-
mium sulphide as a detector of
x-radiation.*™® This material has
several advantages. The first is its
natural amplification and the second
is its high absorption of x-rays
as compared to other detectors. The
radiation transmitted by an object
is only the hard radiation and an
efficient detector of this type of
radiation is needed.

Because of the density of cad-
mium and sulphur as compared to
the gases used in ionization cham-
bers, it is possible to use a thick-
ness of CdS that will absorb prac-
tically all of the radiation. The
intensity-wavelength ratios of Fig.
1 are preserved in such a detector.
Crystals of CdS have the further
advantage of retaining their
natural amplification which, in some
cases, is in the order of 10° even
when the crystals are reduced to
small cross sections. This makes
for a compact, extremely efficient
detector.

A sketch of the setup used for
checking fuse trains by means of a
cadmium-sulfide detector is shown
in Fig. 2. In this application, a
i-in. void in the powder train inside
a %-in. diameter cord can be de-
tected with the fuse moving at the
rate of 60 feet per minute. The in-
dicator may consist of any one of
many possible relay-actuated de-
vices. The relay may operate a
meter, chart a graph, work a rejec-
tion lever to remove the product
from the line, ring a bell and so
forth.

A fundamental electronic prop-
ertv of semiconductors of the
cadmium-sulphide type lends itself
very well to regulator service. Over
the intensity range encountered,
the number of electrons present in
the conduction band at any time is
a linear function of the incident
intensity. However, any decrease
in intensity results in the electrons
starting to recombine in accordance-
with the familiar relation dn/dt =
—bn* where b is the recombination
coefficient and 7 is the number of
electrons present in the band. Any
change in the beam intensity will
show up as the square of the
change, as the current measured is
proportional to dn/dt. This is a
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distinct advantage from the stand-
point of regulator performance.

The variable-ratio autotransform-
er-type regulator was chosen for its
simplicity and low waveform dis-
tortion. Referring to Fig. 3, the
CdS crystal is used in a bridge cir-
cuit similar to the way a resistor
would be used. The CdS crystals
behave as a resistor, the resistance
of which is a function of the in-
cident intensity. Unless the power-
carrying capabilities are exceeded,
the crystals obey Ohm’s law. If the
voltage is doubled, the current for
a given incident intensity is
doubled.

Regulator Performance

Output from the crystal-resist-
ance bridge circuit is passed
through a bridged-T network that
serves to stabilize the regulator
loop. The network output voltage
is compared with the reference volt-
age of a VR105; any difference is
amplified and used to control the
regulator tubes. In this case, two
triode-connected 6L6’s were used.
These tubes control the saturable
inductor serving as part of the com-
mon leg of an autotransformer.
Characteristics of the saturable in-
ductor used are shown in Fig. 4.

To check regulator performance,
three runs covering three-hour
periods were made on typical work-
days. An aluminum filter was
placed in the beam to establish the
condition shown in Fig. 1. To re-
cord the output, a special fluo-
rescent-screen photomultiplier pick-
up was used; arranged to eliminate
falling off of response with time.
The output of the amplifier was re-
corded by a high-speed photoelec-
tric recorder. Figure 5A shows the
output of the x-ray generator with-
out the regulator. In this case, the
output varies over =15 percent.
The large increase at 4:30 is at-
tributed to the factory shutting
down at that time.

Using an identical setup, a com-
mercially available electronic regu-
lator of the saturable-inductor type
was placed between the line and the
x-ray generator., Figure 5B shows
that this regulator affords consider-
able improvement but still leaves
much to be desired. The control-
ling element of the regulator loop
in this case was a temperature-
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limited diode. An attempt was made
to schedule the tests over the same
period, as experience has shown
that Figure 5A is typical for after-
noon line conditions at the factory.

The commercial regulator used
for Figure 5B is better than it ap-
pears in this application. It is be-
cause of the relations existing in
an Xx-ray generator as previously
described that commercially avail-
able regulators perform as they do
when used to stabilize x-ray beams.

Figure 5C shows the effect of
placing the CdS regulator on the
line. KEssentially the only differ-
ence between the results as shown
by Figz. 5B and 5C is that the error
voltage fed to the regulator loop in
the case of Fig. 5B is proportional
to the rms value of the stabilizer
output and in the case of Fig. 5C is
proportional to the intensity of the
x-rays transmitted through the
filtering material.

Since the regulator was devel-
oped specifically for automatic in-
spection applications, no provision
was made to handle wide kilovolt-
age variations. Inevery application
of this type the x-ray generator
is set to the optimum kilo-
voltage by means of an autotrans-
former. The regulator loop then
serves to vary the applied kilo-
voltage by =30 percent about the
mean value in response to the out-
put of the CdS crystal. The vari-
able resistor in the bridge circuit
serves to balance the bridge in the
middle of the range once it is estab-
lished. It is not anticipated that
voltage variations outside this
range will be encountered in prac-
tice.

On the basis of laboratory inves-
tigations still in progress, changing
of the crystal characteristics with
use appears to be insignificant.
Once installed and calibrated, the
stabilizer should maintain constant
X-ray output and penetration re-
gardless of x-ray tube aging.

The author wishes to acknowl-
edge the assistance of A. L. Pace,
Industrial Section, General Electric
X-Ray Corporation, in taking vari-
ous measurements.
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D-C Amplifier with

Input required to bring output to zero is less than 1.6 times peak-to-peak thermal fluctua-

tions in new contact-modulated d-¢ amplifier, corresponding to zero-offset of 10" ampere

on current ranges and 1 microvolt on 20,000-megohm-per-volt voltage ranges

By WILL McADAM, R. E. TARPLEY and A. J. WILLIAMS, Jr.

Research Department, Leeds and Northrup Co., Philadelphia, Pa.

N ANNOYING characteristic of
A.practical amplifiers is that
when their signal inputs are zero,
their outputs are not exactly zero.

The zero-signal output, or noise
output, from an amplifier may con-
tain components of all frequencies
within the transmission band of the
amplifier. For example, amplifiers
for d-c, to which this discussion is
confined, can have in their zero-
signal outputs very-low-frequency
components and a d-c component.
These output components can be
brought to zero by the application
of an input having proper magni-
tude and polarity. Zero-offset is
herein considered as the amount of
amplifier input required to bring
the low-frequency and d-c compo-
nents of the output to zero.

In measurements made with d-c
amplifiers, zero-offset can be a com-
ponent of error, since at any time
the amplifier output represents the
amplified sum of its signal input

This article is based on a paper pre-
sented at the 1950 National ILElectronics
Conference. The Conference paper ap-
pears in the NEC Proceedings.
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and its zero-offset. The error aris-
ing from zero-offset is variable in
nature because its origin lies in
sources affected by uncontrolled
conditions such as ambient tem-
perature, line voltage and stray
fields. Without special measuring
techniques, the limit of uncertainty
in measurements made with an am-
plifier cannot be less than the maxi-
mum zero-offset of the amplifier.
While zero-offset error can be elimi-
nated by making measurements of
the differential type, in general this
requires removal of the signal from
the amplifier, an inconvenience at
best and often a practical impos-
sibility.

The Noise Problem

A contact modulator has previ-
ously been described® which pro-
duces zero-offsetting voltages not
exceeding 0.5 microvolt and zero-
offsetting currents not exceeding
1 X 10 ampere. Using this con-
tact modulator, d-c amplifiers have
been constructed® having zero-off-
sets less than 0.5 microvolt with

input circuits of about 10* ohms.
Zero-offsets not greater than 1 X
10 ampere have been observed
when these amplifiers were adapted
to 10° ohm input circuits. No ampli-
fier, however, has been available in
which the zero-offset is at the same
time limited to both 0.5 microvolt
and 1 X 10™ ampere. The problem
was to build an amplifier in which
the zero-offset would be limited to
these two values simultaneously and
so approach the limits of perform-
ance imposed by its contact modu-
lator much more closely than either
of the two amplifiers mentioned
(5 x 107 watts as compared to 2.5
X 107 watts for the 10* ohm circuit
and 1 X 107 watts for the 10° ohm
circuit).

It is suggested in the previous
paper® that since the thermal-agita-
tion noise in an amplifier repre-
sents the final limit of certainty in
measuring with the amplifier, a
figure of merit for the zero-offset
might be its value relative to
the theoretical thermal-agitation
noise.**"** The amplifier described
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with the 10* ohm circuit exhibited
zero-offset which exceeded the peak-
to-peak thermal-agitation noise by
a factor consistently less than 7.

The amplifier to be described uses
the contact modulator mentioned
above, and has characteristics ap-
proaching closely the limits imposed
by the contact modulator. The am-
plifier zero-offset is at the same
time less than 1 microvolt and less
than 1 X 10™ ampere.

Amplifier Design

The amplifier is arranged pri-
marily for current measurement, as
shown in Fig. 1 and in more detail
in Fig. 2 and 3. It employs the
parallel-type feedback useful for
current measurement." The action
of the circuit is to reduce the cur-
rent into the input converter to a
small fraction of that flowing in
R, thus causing the steady-state
impedance between the input ter-
minals to be very low (a small frac-
tion of R, so that measurements are
of the null-current type).

All amplification in the system is
done at a carrier frequency of 60
cps in R-C coupled amplifier stages
having poor low-frequency trans-

mission characteristics. Synchro-
nous rectification of the a-c
amplifier output and overall d-c

feedback are used to stabilize the
effective gain to a high degree.
The d-c feedback current, or the
d-c voltage developed across a part
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of the feedback circuit, is used as
the amplifier output and hence as
a measure of the input quantity.

With sufficient gain built into the
forward or p path of the amplifier,
the effective current gain is deter-
mined solely by the ratio of resist-
ances R and R,. This ratio must,
therefore, be accurately known. In
a single-range model of the ampli-
fier, following the arrangement of
Fig. 1, the ratio R/R, was made 2
X 10° so that a 100-microampere
output instrument was deflected
fully by an input of 50 x 107 am-
pere. The zero-offset of 1 x 107
ampere caused by the input con-
verter thus amounted to only 2
percent of the range.

A zero-offset representing at once
a current of 1 X 10" ampere and
0.5 microvolt dictates an input cir-
cuit impedence of 0.5 megohm.
However, because the amplifier was
meant to be primarily current-
sensitive, a value of 1 megohm was
chosen for R to favor the perform-
ance for current measurements.
The amplifier input circuit impe-
dance is thus about 1 megohm,
since it is largely determined by
the value of R, and the maximum
zero-offset represents both 1 x 107
ampere and 1 microvolt. Power-
wise, this is 1 x 107 watt.

The good current sensitivity of
the arrangement just described
suggests its use for voltage meas-
urements. The adaptation is sim-

www.americanradiohistorv com

ple, the only requirement being the
inclusion of an accurately known
resistance in series with the cur-
rent-measuring terminals. A sec-
ond 1-megohm resistor has been
included for this purpose, as shown
in Fig. 3, giving the instrument a
basic voltage range of 50 micro-
volts with a current drain of 5 X
10® amperes at this input voltage
(20,000,000,000 ohms per volt).

Range Changing

The usefulness of an amplifier as
a measuring instrument is greatly
enhanced by the provision of mul-
tiple-range features. Range-chang-
ing can be accomplished in this type
of amplifier by varying the ohmic
value of R or R, (Fig. 1), by vary-
ing the portion of R traversed by
the unkuown current, or by chang-
ing the ratio of the current flowing
in R, to the total output current.
An early method of range-changing
for a current-measuring amplifier!
consists of connecting one input
terminal to a movable tap on the
known resistance E. The current
gain then depends upon the posi-
tion of the tap. This method has
the advantage of keeping essen-
tially constant the uB product of
the amplifier, hence its stability
against oscillation for various
ranges. Further, it has the advan-
tage of minimizing the potentiaf
drop between input terminals for
all ranges; the input impedance,
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therefore, is decreased as the range
is increased. However, the method
has the distinet disadvantage that
the noise output of the amplifier
appears as a constant fraction of
full output, regardless of the cur-
rent range of the instrument.

The behavior of the amplifier
noise output with the range-chang-
ing method just mentioned is illus-
trated in Fig. 4A. Increase in the
measuring range with a constant-
valued input signal can be seen to
result in decrease in the average
(desired) output without any cor-
responding decrease in the noise
output. The noise, therefore, repre-
sents greater input equivalents on
greater ranges.

A preferred range-changing
method is one which yields a noise
output which diminishes as the
measuring range of the amplifier
is increased, and also incorporates
the advantages of a constant uB
product.

Range-changing by varying the
ratio of the current flowing in R,
to the total output current produces
the desired reduction of the noise
output with increasing range. How-
ever, any change in this ratio is a
change in the feedback transmis-
sion B (the attenuation from the
output terminals to R, is changed).
Range-changing by this method,
therefore, can fulfill the constant
1B product requirement necessary

to preferred range-changing only
if changes in the value of B for
range control are accompanied by
simultaneous inverse changes in the
value of p.

This preferred method of range
changing is accomplished in the
amplifier, as shown in Fig. 2 and 3,
by including variable divider net-
works in both the pu and B paths.
Operation of these variable dividers
is from a common shaft, and they
are so arranged that an increase of
attenuation in one divider is accom-
panied by a simultaneous decrease
of attenuation in the other, main-
taining the product of the attenua-
tions of the two dividers constant
(except for the three lower ranges
as explained below). The values of
R, R,, and B are chosen so that on
its narrowest range, the amplifier
has the same current sensitivity as
the single-range version mentioned
previously in connection with Fig.
1, 100 microamperes output for 50
X 107 ampere input. As in the
single-range circuit, provision for
voltage measurements is made by
inclusion of a fixed multiplier re-
sistor, hence the range-changing
mechanism provides a voltage
range corresponding to each cur-
rent range.

The changes in output signal and
in output noise caused by changing
the amplifier range in the preferred
way are illustrated in Fig. 4B. The

noise output can be taken to rep-
resent a constant noise current (or
voltage) at the input terminals of
the amplifier.

With a 100-microampere output
instrument, the performance of the
amplifier shows a slight progressive
falling-off on its 250, 100 and 50
micromicroampere ranges. This oc-
curs because the limited forward
gain available requires that the puf
product for these three lower
ranges be reduced below its value
for the other ranges. The falling-
off in performance is most obvi-
ously an increase in response time,
the time for 99-percent response
on the 50 X 10 ampere range be-
ing about 6 seconds as compared
with about 2.5 seconds for the
higher ranges.

When it is essential to have both
a 2.5-second response time and a
50 X 10™ ampere range, the 100-
microampere output instrument
should be replaced with a 10-micro-
ampere instrument, and the scale
multiplier set to 10 (the normal
setting for a 500 x 10™ ampere
range). Since 10-microampere in-
struments are somewhat special, it
has been found convenient to use
a fast, narrow-range electronic re-
corder for the output device. To
simplify shielding, a voltage re-
corder with a 0.1-volt range has
been used by connecting it to ter-
minals in the amplifier normally

A-C
= mmo o= I o e it o |
| I R-F SHIELD-~~ I A T 1
R ]
) Sk ,
! | | PV WA .
oo { 3 :
| [ _INPUT s s o |
I s V’-CONVERTER 3 I < !
I ) —o
L N, T t
| )| o s s o gn g e T 3 S
I AJ 2 % 3 bt =
I ] f—o ‘
| = - < \\ 1
| = -
l____._) (A D-C ON 12SL7 FILAMENTS e N e s
V‘SOO)J)JF \\
5,0002
%% 0000 \
s |l s ————
04 :»/ 02 INPUT
3t t 3} FILTER
CURRENT _L—aa b3
INPUT = Q4 D-C
~ - Al
—_—— ¢3! ouTPUT
= | MEG CONVERTER
v KV Al 83
| MEG R 3‘{
———— 310
VOLTAGE =~ - 000 <4000 pf
INPUT

I

L_VOLTAGE OUTPUT

FIG. 3—Simplified circuit diagram of multi-purpose contact-modulated d-c amplifier. Calibrated woven-wire l-megohm resistor in
voltage input lead sets impedance level at 1 megohm

130

August, 1951 — ELECTRONICS



supplying 1.0 volt of output.

The impedance appearing be-
tween the input terminals of the
amplifier is low for d-c and low-
frequency inputs, for which rebal-
ancing can be completed, but it is
higher for higher-frequency inputs,
for which rebalancing cannot be
completed because of delay. The
delay in rebalancing depends on the
time-constant of the low-pass filter
in the B circuit (Fig. 3) and the
gain around the feedback loop. The
delay has been found experiment-
ally to result in a rebalancing time
of about 2.5 seconds (for 99 per-
cent response to an abrupt change
of input) on all but the lower three
ranges. An approximate equivalent
circuit can be found by a calcula-
tion involving the experimen-
tally-determined rebalancing time,
the experimentally-determined gain
around the feedback loop and the
circuit values shown in Fig. 3. An
equivalent circuit that approxi-
mates the amplifier input closely on
all but the three lower ranges con-
sists of a 1-megohm resistance
shunted by the series combination
of a 543,000-henry inductance and
a 1,700-ohm resistance.

Reducing Zero-Offset

The use of a contact-modulated
amplifier avoids most of the zero-
offsets connected with amplification
which are encountered in direct-
coupled amplifiers that follow con-
ventional design practices.

Even with contact modulation,
however, zero-offsets can arise from
disturbances of electric, magnetic,
mechanical and thermal nature.
Preventive measures against zero-
offset are chosen on the basis of the
frequencies of the disturbing sig-
nals and their point of entry into
the circuit. Zero-offsetting disturb-
ances in the amplifier have been
broken down into three classes—
those of power frequency, those of
radio frequencies and those of
lower frequencies in or near the
pass-band of the amplifier. The
zero-offset resulting from each of
these types of disturbance can
be attacked nearly independently,
using techniques appropriate to the
frequency range of the disturbance,
as described with considerable de-
tail in a previous paper.!

In building the present amplifier
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all of the precautions so described
were used, but at first the zero-
offset was discouragingly large. Its
source was traced to the resistors
and the capacitors used in the input
filter, as shown in Fig. 3.

The one-megohm resistor used
for current measurement and the
companion one-megohm multiplier
resistor added for voltage measure-
ment must be made of wire in order
to have a satisfactorily low tem-
perature coefficient of resistance.
In order to minimize loops in these
resistors and so minimize the volt-
age developed in them by changing
magnetic fields, woven wire resist-
ors are used. Early resistors of
this type were suspected of caus-
ing zero-offset. Fig. 5A shows the
result of a test to determine if
this zero-offset resulted from ther-

mal disturbances. A temperature
gradient was set up in a resistor of
this type by increasing the ambient
temperature 20 degrees in 10 min-
utes. The resulting gradient pro-
duced a current of about 2 x 10™
ampere. While this temperature
change is more severe than would
be encountered under ordinary
service conditions, the test showed
that production of current by re-
sistors could result in considerable
zero-offset. Figure 5B shows the
result of a similar test on a resistor
of similar construction made from
a different resistance alloy. The
generated current is small, in spite
of the severe temperature change,
showing that this resistor qualifies
for use in the amplifier.

The four capacitors used in the
input filter (Fig. 3) were suspected
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of causing zero-offset, so they also
were given the temperature gradi-
ent test. Fig. 6A shows the results
of a test on one of the four capaci-
tors using an early type of con-
struction. While the temperature
change is more severe than would
be encountered under ordinary
service conditions, it is evident that
use of such a capacitor could result
in considerable zero-offset. Figure
6B shows the effect of a similar
temperature change on a mica
capacitor’ of about the same capaci-
tance value. The generated current
was small, in spite of the severe
temperature change, showing that
this capacitor is qualified for use
in the amplifier.

132

Figure TA shows a typical record
of the output of the amplifier
equipped with good resistors and
capacitors. At one time when the
zero-offset appeared to be about
0.35 x 10 ampere a signal of
—0.35 X 10 ampere was applied
to the input, bringing the average
output back to the zero-output line.
From more extensive tests it ap-
pears that the zero-offset will not
exceed 1 X 10 ampere. Using this
figure, the ratio of maximum zero-
offset current to theoretical peak-
to-peak noise current is 1 x 10/
0.65 x 10 = 1.6.

Figure 7B shows for comparison
a typical record of the amplifier
described in a previous paper' for

which the ratio of maximum zero-
offset voltage to theoretical peak-
to-peak noise voltage is 0.5 x 10%/
0.073 x 10 = 7. The present am-
plifier therefore shows a factor of
improvement of more than 4 based
on the figures of merit represented
by these ratios.

Applications

The amplifier which has been de-
scribed in this paper is not com-
mercially available; to date only a
few experimental units have been
built. The units which have been
completed, however, have found a
number of uses in our own investi-
gations and elsewhere.

As might be suspected from its
characteristics, the amplifier is par-
ticularly well suited to the measure-
ment of insulation resistance; its
current sensitivity permits the
measurement of high resistances
with only small applied potentials.
For example, with only 1 volt ap-
plied, a micro-micromho of leakage
can be detected.

Its capabilities in making high-
resistance measurements make the
amplifier useful in studies of ca-
pacitor dielectrics. In addition to
the simple insulation resistance
characteristics of dielectrics, the
phenomena of absorbed charge in
capacitors, residual and thermal
outputs from capacitors and cur-
rent outputs from resistors are
effects which have been studied
with the amplifier.

The authors are grateful to J. W.
Harsch, W. D. Voelker and C. A.
Alberts for the mica capacitors
used, and to W. H. Packer for his
continuing assistance in the devel-
opment of the contact modulator.
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/ QUANTITY PRODUCTION OF LOW
LOSS MICA COMPONENTS . . .

exclusively a CINCH feature . . .. and another
contributing factor to the choice of CINCH

electronic components as STANDARD

FOR MORE THAN A QUAR-
TER OF A CENTURY--
CINCH HAS CONTRIBUTED

\ STANDARD ELECTRONIC | o oo o

COMPONENTS TO INDUSTRY i
AND THE ARMED FORCES

*

. » « PRODUCING *“‘FIRSTS”” FOR SPECIFIC COMPONENT
USES HAS CONTRIBUTED TO CINCH’S POSITION IN
ELECTRONIC COMPONENT PRODUCTION.

And the performance of these and all CINCH components has proven
them to be of the utmost in quality, of insulation and other materials,

tooling, fabricalion, plating and printing, vacuum waxing and work-
manship.

CINCH facilities and engineering experience and ability assure the
satisfactory fulfillment of any assignment for an electronic component.

Consult CINCH
Y ‘ CINCH MANUFACTURING CORPORATION

1026 South Homan Ave., Chicago 24, lllinois

Subsidiary of United-Carr Fastener
Corporation, Cambridge, MussA
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Field-Power Conversion

Direct-reading conversion chart enables quick transfer of propagation data from field-

strength to power-density values. Gain in db above 1 microvolt per meter and gain or

loss in db above 1 microwatt per square meter shows at a glance

N calculations involving prop-
I agation curves it is often con-
venient to do the computation in
terms of power density rather
than in terms of field strength,
which is given in most propaga-
tion curves. Changing field inten-
sity into power density can be
greatly simplified by the conver-
sion chart.

The chart is based upon the
equation

By ROBERT E. PERRY

Elecirvical Engineer
Boeging Aireraft Co.
Seattle, Washington

where E is the field intensity, P

is the power density and 120~

is the resistance of free space.
The conversion chart is direct

can be found in terms of the
scale on the right side by read-
ing directly across, or it can be
read in terms of the upper or
lower scale by reading over to
the diagonal line and then up or
down to the desired scale.

For example, a field of 500 uv
per meter corresponds to a power
density of approximately 7 x
107° watts per square meter. It
is 54 db above 1 ;v per meter, or
about 32 db below 1 uw per

EZ
P= ey reading. A value on the left scale square meter.
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Type R—2 walls

Mallory J

Type E—7 walis

P -~ Wire Wound

and contribute to the dependable performance for which

fod Pads of 2,4 iandh 7 waits. all Mallory components are known.

I
I . L'
| Eleetrical Characteristics | C
| | OnNIrois
I I
| Resistance Values ] . .
. I offer designers n
I Various ranges from 2 ohm ﬁe esigner wide ra 8¢
I .
| up to 150,000 ohms. : of types and ratings
|
: Standard Tolerance : From television, through a host of industrial uses, to
I i19%§ special tolerances | precision instrumentation . . . Mallory wire wound con-
I available. | trols find a host of applications. And all of the necessar
l | PP y
I Available Tapers : type and rating variations are found in the group of four
I &
hown above.
I Linear taper is standard, | )
| pe ; ©o
I Special combinations can be | Precision windings, durable contacts and rugged con-
: supplied. : struction make Mallory wire wound controls more than a
: B : match for the exacting demands of critical services . . .
atings
| |
I I
I I
I |

| Further information is available on request.

Television Tuners, Special Switches, Controls and Resistors
SERVING INDUSTRY WITH r

Electromechanical Products
Resistors Switches
TV Tuners Vibrators

P.R.MALLORY & CO. Inc.

Electrochemical Products
Capucitors Rectifiers
Mercury Dry Batteries

Metallurgical Products
Contacts Special Metals
Welding Materials

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA
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TUBES AT WORK

Including

INDUSTRIAL CONTROL

Edited by RONALD K. JURGEN

Radio to Save Lives..............
Automatic Sheet-Folding Machine
Impedance Measurement at Audio Frequencies.................

Ultrasonic Soldering Iron.........

Circuit Printers for Flat and Cylindrical Surfaces................
Automatic Audio Level Riding.....
Wide-Range Voltage Regulators. ..

Aircraft Communication System. ..

A-M or F-M for British VHF Broadcasting.......................
Electronic Shuttle-Bonding Technique...........................

An Automatic Time Announcer. ...

Radio to Save Lives

THE AIR FORrRCE'S big A-3 lifeboat,
dropped by parachute in air-sea
rescue operations, will soon have
radio control that will bring it up
to survivors, allow them to board
and then set the boat on course by
an operator in the plane which
dropped the boat. By simply ma-
neuvering a stick on a small control
box he can take over when the A-3
hits the water and keep control un-

til the survivors can take control.

The A-3 itself is of all-metal con-
struction, measures 30 feet long
and is designed to carry 15 men. It
is powered by a four-cylinder
water-cooled engine, housed in a
water-tight compartment. Carried
“bombed up” under the SB-29 (re-
search and rescue version of the
B-29 bomber), the A-3 is dropped
by a 100-foot parachute.

The new radio-controlled lifeboat is shown just after being released from beneath a

: - = R

Boeing SB-29 Superfort
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When the boat hits the water, the
chute is jettisoned by an explosive
charge. A sea anchor goes out as
the chute is released and holds the
boat in position.

Before development of the radio-
controlled system, the A-3 was
dropped in the vicinity of the sur-
vivors, allowing for drift. The sea
anchor held it in place, and if all
went well the survivors drifted
down to the boat. With the new
system, the boat comes to them.

Transmitter and Receiver

After the chute is jettisoned, the
operator in the carrier plane takes
over on a five-frequency transmit-
ter which is matched up by a five-
frequency receiver in the boat. He
sends his first signal from the con-
trol box. This, in order, releases
the stabilizing fins which held the
boat steady in descent, frees the
rudder board, opens the engine’s
air vents and cranks the motor in-
termittently. When the motor
catches and is running at a fast
idle, the sea anchor is released.

At the operator’s next signal, the
engine speeds up, the reduction
gear goes into forward, and the
boat moves ahead. The operator
can control its direction right and
left and a flux-gate gyro compass
connected to the servo electric sys-
tem on the boat will keep it on
whatever course he sets.

The operator stops the boat when
it comes up to the survivors’ raft
and idles the motor while they
board. The boat is equipped with a
walkie-talkie radio set for com-
munication between the rescued
men and the operator in the plane,
who will then set the A-3 on its cor-
rect course. The gyro compass will
keep it on that course with only
slight wvariations that can be
checked by a magnetic compass.

The boat itself is equipped with
duplicate controls and a manual
over-ride which would enable the
survivors to break off the radio con-
trol at any time.

The A-3 is equipped with rations,
survival equipment and gasoline
enough to cruise 800 miles. If the
distance is longer than that, the
boat can be resupplied from the air,
since its preset course will be
known.

The system, developed by the
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The finest solder made

for all television and radio work

. . . Everything Electrical

R

Kester Plastic Rosin-Core and Kester “Resin-
Five’’ Core Solders are recognized by the
trade as outstanding for the finest type of
radio, television and electrical work.

These two Solders, which are available
in the usual single-core type, can now also
be had in a 3-core form,

Only highly skilled craftsmen are employed
by the Kester Solder Company. Flux formu-
las and specifications are rigidly adhered to
for perfect uniformity.

Making Kester Solder is an exact science
from the raw material to the finished prod-
uct, Everyone knows and prefers Kester be-
cause it can be relied upon to do the job
right every time, even under the most diffi-
cult soldering conditions.

WRITE FOR FREE COPY “SOLDER AND SOLDERING TECHNIQUE”

Be sure to get your free copy of

Kester’s Technical Manual filled with

valuable information regarding the
most advanced and efficient indus-

trial solders and fluxes.

KESTER

Kester... Standard for the TV and Radio Fields gL0EE]

KESTER SOLDER COMPANY
4204 Wrightwood Avenue, Chicago 39, lllinois
Newark, N. J. * Brantford, Canada
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Equipment Laboratory of the Air
Materiel Command and built by the
Westinghouse Electric Corporation,
is expected to be completely in-

stalled in all the Air Force’s A-3
boats by early 1952, Transmitters

have already been installed in all
SB-29’s.

Automatic Sheet-Folding Machine

By RoNALD C. WALKER

Reading,

PHOTOELECTRIC relay equipment
was recently installed in a British
laundry for the purpose of folding
sheets. The apparatus performs
the operations which previously
required the attention of two girls
and ensures that the laundered
sheets are neatly folded twice in
the same direction.

Before reaching the detecting
point in the various stages of pro-
cessing, the sheets pass through an
ironer and thence are fed on to a
conveyor comprising a number of
parallel webbing belts. When each
sheet reaches a certain point in its
forward travel on this conveyor,
the leading edge intercepts a light
beam which actuates the relay in
an associated amplifier.

The photocell relay admits air
pressure to a series of pneuma-
tically operated claws arranged in
line at right angles to the direction
of motion. The leading edge of the
sheet is then gripped and held ana
at the same time slightly raised
above the moving belts which con-
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England

tinue to carry the end portion of
the sheet forward and underneath
the stationary front edge, so that a
fold is formed.

When the two halves just over-
lap one another, the fold is com-
plete and the trailing edge uncovers
the light beam again. The claws
then release and the sheet travels
forward in the folded condition,

After the first fold, the sheet
moves on to another detecting point
where the process is repeated with
the aid of a second and similar
photoelectric equipment, thus giv-
ing a second fold.

Though the photoelectric appara-
tus in this particular case is em-
ployed for folding sheets, it is
equally applicable to industries
where textiles, leather, paper and
so forth have to be handled in the
same way.

A further application of light-
sensitive cells in the laundry has
resulted in considerable saving of
fuel. After the clothes are washed,
they are dried by passing on a mov-

Automatic sheet-folding machine operated by photocell relay circuits

ing conveyor around a room heated
by a steam radiator. The drying
process is accelerated by means of a
fan which circulates the hot air.
The fan, which is controlled by a
simple photoelectric relay, is in the
circuit as long as the light beam
spanning the room is intercepted
by the clothes being carried around
on the conveyor,

If, for any reason, there is a tem-
porary hold up in the material being
loaded on the conveyor, the light
beam is no longer obscured and the
fan is shut down. As soon as more
clothes come along, it starts up
again. This ensures a considerable
saving of fuel by preventing the
operation of a large fan when no
clothes are in the room for drying
purposes.

Impedance Measurement at
Audio Frequencies

By PaurL W. KLIPSCH

Klipsch and Associates
Hope, Arkansas

DURING the course of loudspeaker
development, the necessity for mak-
ing voice-coil impedance measure-
ments was continuous. The in-
ductometer impedance bridge was
capable of yielding the desired in-
formation but was slow due to the
necessity of balancing simultane-
ously the resistive and reactive com-
ponents. Several methods involv-
ing a single resistance balance to
obtain equal voltages across a cali-
brated resistor and the unknown
were tried.

The most desirable indicator was
found to be a cathode-ray oscillo-
scope in which the vertical and
horizontal deflections serve respec-
tively for the voltage measuring
devices across the unknown im-
pedance and across a calibrated
variable resistor.

In Fig. 1, R is a calibrated slide-
wire resistor or decade box and
Z is the unknown impedance. The
cathode-ray oscilloscope is illustra-
ted in simplified form.

Operation

The operation is as follows: a
known resistor is substituted for
Z, preferably of a value within the
known range of variation of Z.

(continued on page 154)
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«+. FOR HIGHER

Same v-a rating! At the left is a fila-
ment transformer for a radio transmitter
wound with double vinyl-acetylinsvlated
wire and impregnated with synthetic var-
nish. It is rated at 1,000 hours life under
85°C. ambient temperature operation,
At the right is the same transformer,
redesigned, and wound with Ceroc 200
and impregnated with silicone resin. It
has a rated life of 10,000 hours at
160°C. ambient temperature operation!

RATINGS IN SMALLER WINDINGS

Shrink the size ot small transformers, chokes, relay coils, and other
wire-wound electrical components by winding them with Sprague’s
CEROC 200 Magnet Wire.

This wire has an exclusive ceramic-silicone insulation which per-
mits continuous operation at 200°C. Size for size, it safely carries
far larger currents than ordinary magnet wires using conventional
insulating materials. Consequently, CEROC 200 can save both copper
and magnetic materials for you.

Write for Engineering Bulletins 401 and 403B

% ; Wherever higher temperatures and severe mechan-

ical stresses are present, investigate CEROC T, the most heat-resistant
of all magnet wires! For specifications on this 250°C. ceramic-Teflon
insulated wire, write for Engineering Bulletin 402F,

B G mE SN 4 B m e
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v
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PIONEERS IN

- ELECTRIC AND ELECTRONIC DEVELOPMENT :

CEROQC is a registered trademark of the Sprague Electric Company.
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THE ELECTRON ART

Edited by JAMES D. FAHNESTOCK

Converter Circuit for Phase-Shift Telemetering..................
A New Analog Computer........
Measuring Power Factor of Low-Loss Dielectrics. ... .............
Self-Erecting Weather Station. . ...

Zero-Impedance Power Supply Termination.....................

Stress-Strain Recorder

Converter Circuit for Phase-Shift Telemetering
By F. G. WILLEY

Servo Corporation of America
New Hyde Park, New York

TELEMETERING is the name com-
monly applied to the transmission
of data from one location to
another. A quantity which is to
be telemetered may be of one of
two types: (1) A scalar quantity
has a value which lies between two
specified numeriecal limits. (2) A
cyclic quantity, such as the angular
position of a shaft, has no mini-
mum or maximum limits and is
capable of continuous rotation.

A cyclic quantity may be ex-
pressed as a periodic pseudo-scalar
quantity, as in angular measure-
ment where we count up to 360°
and then arbitrarily start counting

again from zero. In many servo
and telemetering applications, the
arbitrary jump to zero is incon-
venient to mechanize.

A cyclic quantity may also be ex-
pressed, or recoded, into two or
more continuous periodically-vary-
ing scalar values. This produces a
system having no discontinuities
but requiring two or more chan-
nels for transmission. A common
example of this is the standard syn-
chro which codes the position of a
shaft as relative amplitudes of
three carrier voltages:

E sin wt sin
E sin wt sin (6 +7120°)

Commercial plug-in assembly containing
two synchro-data telemetering circuits

E sin wt sin (6 + 240°)
where O is the angle of the synchro
shaft.

Coding Systems

Since the data to be transmitted
actually represents only one quan-
tity (angle) it should be possible to
find a means of coding which would
produce a single transmittible sig-
nal which is cyclic in nature rather
than scalar. A quantity which has
the required characteristic is the
phase shift of a single frequency
carrier from a reference wave of
the same frequency. Thus in order
to transmit N different cyclic
quantities, it is necessary to trans-
mit (N 4+ 1) sine waves of the

same frequency, the extra one being
{continued on p 212)

MEASURING POWER

FACTOR OF LOW-LOSS DIELECTRIC MATERIALS

Equipment used at National Bureau of Standards for making power factor medasurements on low-loss dielectrics.
as low as 10 may be made to three significant figures from 1 k¢ to 300 mc,

mounted on negative resistance circuit.
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details and circuitry, see p 224)

i

Measurements

In the center is the micrometer electrode and coil
Power supplies and measuring instruments are shown in background.

(For complete
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METER

TYPE 160-A

50 kc. to 75 me.

Radio frequency circuit design often requires the accu-
rate measurement of Q, inductance and capacitance
values. For this application the Type 160-A Q-Meter has
become the uncompromising choice of radio and elec-
tronics engineers in this country and abroad.

Each component part and assembly used in the manu-
facture of this instrument is designed with the utmost care
and exactness. Circuit tolerances are held to values
attainable only in custom built instruments.

With the 160-A Q-Meter, as with other Boonton Radio
Corporation instruments, the keynote in design is to
embody accurate direct reading features which save
time and simplify operation.

SPECIFICATIONS

Oscillator Frequency Range: 50 ke. to 75 mc. in 8 ranges.
Oscillator Frequency Accuracy: =1%, 50 kc.—50 me.

*=3%, 50 mc.—~75 me.
Q Measurement Range: Directly calibrated in Q, 20-250. “Muyl-
fiply —Q—By' Meter calibrated at intervals fram x1 to x2, and also
at x2.5, extending Q range to 625.
Q Measurement Accuracy: Approximately 5% for direct reading
measurement, for frequencies up to 30 mec. Accuracy less at higher
frequencies.
Capacitance Calibration Range: Main capacitor section 30-450 mmf,
accuracy 1% or 1 mmf whichever is greater. Vernier capacitor
section +3 mmf, zero,—3 mmf, calibrated in 0.1 mmf steps. Ac-
curacy =0.1 mmf.

Catalog “"H* containing further information available upon request.

DESIGNERS "AND MANUFACTURERS ‘OF THE Q METER
FAREQUENCf MODULATED SIGNAL GENERATOR

+ QX CHECKER
BEAY FREQUENCY

GE[”.ATOR AND OTHER DIRECT READING INSTRUMENTS.
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EXAMINE THESE

Voredl Keading
Toalivees-

WHICH SIMPLIFY

ACCURATE MEASUREMENTS

l OSCILLATOR FREQUENCY DIAL.

This large 4%' open faced dial has
eight overlapping frequency ranges,
each calibrated directly in kilocycles
or megacycles, with scales conven-
iently divided for maximum read-
ability. A vernier dial drive enables
fine settings to be made with ease.
All frequency ranges are accurate to
within = 1% except the 50-75 mega-
cycle range which is accurate to
*+=3%. The clearly marked range
change switch located directly be-
neath the frequency dial facilitates
rapid and positive selection of the
desired frequency band.

2 Q-TUNING CAPACITANCE DIALS.

L-C dial serves twofold purpose
of (1) conveniently and accu-
rately indicating tuning capaci-
tance directly in MMF, and (2)
providing an effective inductance
scale which also becomes direct
reading at certain defined fre-
quencies shown on frequency
reference plate. Incremental ca-
pacitance dial at right calibrated
from 43 MMF through zero to
— 3 MMF, accurate to =0.1 MMF.

3 Q-VOLTMETER AND MULTIPLIER METER.

BOONTO

BOONTON-N-J- U-S-A-

www_americanradiohistorv com

For the indication of Q values the 160-A
Q-Meter employs a Weston Model 643 Meter
calibrated directly in terms of Q overthe range
from 20-250. The damping of the mefer
movement is ideal for the rapid determina-
tion of exact resonance without sluggishness
or overshoot. The lance type pointer enables
Q readings to be obtained to the nearest
unit. Located directly beneath the Q voli-
meter is the “Multiply-Q-By" meter which
provides Q multiplier factors of X1 to X1.5
in 0.1 steps, X2, and X2.5 thereby extending
the useful range of Q indication to 625. This
meter is carefully matched to a particular
thermocouple element for maximum
accuracy.
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NEW PRODUCTS

Edited by WILLIAM P. O'BRIEN

Interesting Laboratory Devices Are Featured . .. Technical Data

Are Given for New Miniature Equipment . .

. Thirty Bulletins

Are Described

o TV VORI S

Lighthouse Tube

GENERAL ELECTRIC Co0., Schenec-
tady, N. Y., has put into production
another in the series of lighthouse
tubes used in radar during World
War II. The GL-2C39A high-mu
triode can also be used in radio
communications and other military
equipments. TIts nonmilitary appli-
cations include aircraft traffic and
location controls, broadcast relay
equipment, microwave test appara-
tus, and utility telemetering and
communications systems. The tube
can operate at full rating up to fre-
quencies as high as 2,500 mc. Maxi-
mum d-c plate voltage is 1,000 volts
and dissipation is 100 watts.

Square-Wave Generator
ELECTRO - MECHANICAL RESEARCII,

INc, Ridgefield, Conn. Model
43A square-wave generator s
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a versatile laboratory instrument
for use in testing audio, video and
r-f amplifiers and networks. It in-
cludes a wide-range variable-fre-
quency multivibrator that drives a
two-stage clipper circuit to produce
negative-going square waves. Fre-
qency range is from 6 cycles to
1,000,000 cycles with self-contained
generator. Output voltage is ap-
proximately 24 volts peak-to-peak
when the generator is operated on
a 115-volt line. The voltage is de-
livered at the end of a 300-ohm
transmission line that is 24 in. long
from driving point to termination.
Power consumption is approxi-
mately 125 watts at 115 volts, 60
cvcles.

Laboratory Moniltor

TRACERLAB, INc.,, 130 High St,,
Boston 10, Mass. Developed specif-
ically for use as a routine contam-
ination monitor in radioactivity
laboratories, the SU-3B laboratory
monitor is especially useful for sev-
eral important applications. They
are: checking laboratory bench
tops for contamination; checking
laboratory glassware in tracer ex-
periments for adequate decontami-
nation; steady monitoring of labo-
ratory background counting rate to
detect large scale fluctuations; and
monitoring fingertips and labora-
tory coats for contamination., The

instrument is compact, direct read-
ing and a-c operated, and it has
three full-scale meter ranges of 200,
2,000 and 20,000 counts per minute.
It comes completely equipped in-
cluding a mica end-window Geiger
tube enclosed in a detachable probe
assembly connected to the instru-
ment by a convenient length of
flexible cable.

Stroboscope

THE SYNCHROSCOPE Co., 57 William
St., New York 5, N. Y., has intro-
duced a portable flashlight-type
stroboscope capable of indicating
synchronous speeds. It is ideal for
production and laboratory testing
as well as field servicing of syn-
chronous motors, time switches,
timing devices, aircraft motors,
generators, business machines and
other devices using synchronous
speeds. The instrument uses an
electronic cold-cathode triode tube
that rectifies the line source and
gives off a pulse of light only dur-
ing the positive portion of the a-c
cycle.

High-Power Amplifier

NeEwcoMB Aupio Probucts Co.,
6824 Lexington Ave., Hollywood 38,
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DICTAPHONE CORPORATION

did it — checked the average life of over 25,000,
RAYTHEON CK510AX Subminiature Tubes used
in their Time-Master Transcriber and found these
tubes were good for five years of operation (more
than 9000 hours on the job) before replacement
could be expected.

Performance like this is taken for granted by
thousands of users of Raytheon Submiaiature Tubes.
That’s why they are standard throughout the world
— more of them in use than all other makes combined.

-
. o — ;
This chart glves you at a glance the characteristles of representative Raytheon Subminiature Tubes
l Motuel
; Type No, Remarks Maximum  Maximum Fitament Conduct.  Power TYPICAL OPERATING CONDITIONS
E - Diametar length Or Heater ance Output Plate Screen Grid
3 HEATER CATHODE TYPES tnches Inches  Volts Ma. umhos MW Volts Mo. Volts  Ma: Voits
= CK5702/CK805CX  Charactertics of 8AKS 0.400 1.5 6.3 200 5000 120 7.5 120 2.5 Rk = 200
s CK5703/CK&08CX  Triode, UHF Oscillotor, % watts ot 500 Me 0.400 1.5 6.3 200 5000 120 9.0 Rk =220
- CK5704/CK606BX  Diode, equivolent 1o one-half 6ALS 0.318 1.5 6.3 150 1500c 9.0 i
| CK5744/CK819CX  Triode, High mu, 0.400 1.5 6.3 200 4000 250 4.0 Rk = 500
CKs784 Choracteristics of 6AS6 0.400 .5 6.3 200 3200 120 532 120 s -2.0
CK5829 Similar to 6ALS 0.300x0.400 1.5 6.3 150 1170c 5.0 per saction A
CK5975 Triode, Amplifier Oxcillgtor 0.400 1.5 6.3 175 4000 200 12.5 Rk = 680
CK5995 Half Wave Rectifier 0.40¢ V.75 6.3 300 45 Inverse peok 850 volty
FILAMENT TYPES
. 1AD4 Shielded RF Pentode 0.300x0.400 1.5 1.25 100 2000 45.0 2.8 45.0 0.8  Rg=2meq
1AGS Diade:Pentode Det. Amplifier 0.285x0.385 1.5 .25 10 350 45 0.8 s 0.25 Rg=5meg
1AH4 Pentode, RF Amplifier 0.285:0.385 1.5 1.25 40 750 45 0.75 45 0.2 Rg=S5meg ]
2€31.32 Shielded RF Pentode for pocket radio 0.300x0.400  1.56 1.25 50 500 22.5 0.4 22.5 0.3 Rg=5meg
2635-36 Outpu! Pentode for pocket radio ©0.290x0.390  1.56  1.25 30 6 45.0 V.48 45.0 0.0 -1.25
2G21-22 Triode Heptode for pocket radio 0.30020.400  1.56 1.25 50 60 22.5 0.20 22,5 0.30
; conv. cond.
RK61 Gas Triode, Exp. Radio Control 0.550 1.8 1.4 s0 45.0 1.5 Special Circuit
CKS10AX Double Spece Charge Tetrode Amplifier  0.285x0.385  1.25  0.625 50 . 1501 45.0 0.06 0
oth umts
. CKS12AX Low microphonic voltoge amplificr 0.285x0.385  1.25  0.625 20 374 22.5 0.125  22.5  0.04 -0.625
CK526AX Output Pentode 0.285x0.385 1.5 1.25 20 400 3.7 22.5 0.45 22,5 0.12 s
5 CK527 AX Output Pentode 15 ma. filament 0.285:0.385 1.5 1.25 'S 225 0.75 22.5 0.10 22.5  0.025
=S CK529AX Shielded Output Pentode 0.285x0.385 1.5 1.25 20 350 1.6 15.0 0.32 15.0 0.075  -1.25
CK534AX Voltage Amplifier 0.285x0.385  1.25  0.625 15 304 15.0 0.0047 15.0  0.0014 -0.625
CK335AX Output Pentode 0.28520.385 1.5 1.25 20 350 1.6 15.0 0.32 5.0 0.075  -1.25
CKS74AX" Shiclded Pentode RF Amplifier 0.285x0.285  1.25  0.625 20 160 22.5 0.125 22.5 0.04  -0.625
CK5672 Output Pentode 0.285%0.385 1.5 1.25 50 450 5.0 67.5 3.25 67.5 1. -6.5
i CK5676/CK556AX  Triode, UHF Oscillator 0.285x0.385 1.5 1.25 120 1600 135.0 4.0 -5.0
CK5677/CKS6BAX  Triode, UNF Oscillator 0.285:0.385 1.5 1.25 60 450 135.0 1.9 ~6.0
CK5678/CK569AX  Shlelded RF Pentode 0.285x0.385 1.5 1.25 50 1100 67.5 1.8 67.5  0.48 0
CK5697 /CKS70AX  Blectrometer Triode Max. grid current
521013 omps. 0.285x0.400  1.25  0.625 1.5¢ 12.0 0.22 -3.0 4
€X5785 High voltage rectifier 0.30080.400 1.5 1.25 15 0.1 Inverse peak 3500 voits
: 5851 Closs €. RF Beam Tetrode 0.400 1.6 .25/2.5 120/60 1600 125 5.5 125 0.9 -7.5
CK5886/CKS71AX  Electrometer Pentode Max. grid current
| 2x10-13 amps. 0.285%0.400 1.5 1.25 10 1.6t 0.5 0.20 Triode Conn. -3.0
i Cxs5889 7.5 ma. filoment electrometer pentode 0.400 175 1.a2s 7.5 0 12.0 0.004 4.0 0.004  -2.0
Ig=3x10-1% amps. mox.
i CK6029/CKS7IAX  Teiode, High Freq. Oscillator 0.30020.400 1.5 1.25 200 2000 90.0 .0 -4.0
| i CK6050 Triode, UHF Osciltator 0.285x0.385 1.5 .25 120 1600 135 4.0 -5.0
;'" | CK6088/CK522AX  Output Pentode 0.285:0.385 1.5 1.25 20 450 12 22.5 0.30 22,5 0.08 0
VOLTAGE REGULATORS
CK5783 Voltage reference tube — like 5651 0.400 1.625 Operating voltage 87. Operating current conge 1.5 to 3.5 ma.
CKX5787 Voltage regulator .0 Operating voltoge 100. Operating current ronge $ 1o 25 ma.

&K ® ® Voltage Gain Ratio,

T
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Calif. Model E-50D amplifier pro-
vides two individual 25-watt output
channels on separate controls for a
total of 50 watts of undistorted
audio power. Flexibility makes it
ideal for installations in which
individual control is desirable si-
multaneously for two auditoriums
of different power requirements. It
has inputs for three microphones
and one phonograph. Distortion is
less than 5 percent for each 25-watt
channel. Ample inverse feedback
insures good output regulation. An
amplifier jack on the chassis per-
mits connecting another E-50D
thus providing a total of 100 watts
from four separately controlled
channels.

Small Oscilloscope

THE HICKOK ELECTRICAL INSTRU-
MENT Co., 10527 Dupont Ave,,
Cleveland 8, Ohio. Model 380
Miniscope has a frequency cover-
age to 2.5 mc and features a sensi-
tivity of 0.1 rms volt per inch, di-
rect connection to c-r tube elements,
provision for z-axis modulation and
a telescopic light shield. It is de-
signed for industrial and labora-
tory engineering use. The instru-
ment measures 6 in. wide x 9 in.
high x 13% in. deep, and weighs
only 14 1b. Price is approximately
$290.

Isotope Ratemeter

THE VICTOREEN INSTRUMENT Co.,
5806 Hough Ave., Cleveland 3, Ohio.
The model 524 is a laboratory-
quality counting ratemeter for de-
tecting and measuring alpha, beta
and gamma radiation. Six ranges
of sensitivity are provided with
full-scale readings from 300 to 100,-
000 counts per minute, A three-
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position time-constant selector and
an enclosed loudspeaker for aural
monitoring are featured. Provision
for a scintillation counter as well
as adaptability for various special-
ized counter tubes are incorporated.
The instrument requires 110 volts
a-c.

Variable Loudness Control

INTERNATIONAL RESISTANCE Co.,
401 N. Broad St., Philadelphia 8,
Pa. Revolutionary in the continu-
ously variable audio-compensated
control, as opposed to former single
or double-tapped, or stepped-type
controls, the type LCI offers the fol-
lowing advantages: greater smooth-
ness of adjustment; easy installa-
tion, requiring only three connec-
tions; less space requirements than
previous controls now on the
market; and it is less expensive
than controls with required taps or
the step-type control and associated
components previously required to
get equal performance. Complete
information as to installation, per-
formance and specifications is
found in a 14-page leaflet, with full
charts and graphs.

D-C Capacitors

GENERAL ELECTRIC Co., Schenec-
tady 5, N. Y,, hag available a new
line of capacitors that meet all the
requirements of F characteristics
of JAN-C-25 for 100-volt d-c units.
For applications where an expected

life of 1,000 hours is satisfactory,
the rating can be increased to 150
volts and temperatures to 40 C. Test
results show that there is negligible
change in capacitance from —40 C
to 105 C and the units give full life
expectancy at temperatures as low
as —55 C. These thin-paper, thin-
foil capacitors are comparable in all
ways with previously offered paper
dielectric units and, in addition,
are smaller in size and lighter in
weight.

P 4

Germanium Diode

BERKSHIRE LABORATORIES, 506 Lex-
ington Road, Concord, Mass. The
GCD-1 high-back-resistance ger-
manium diodes pass JAN-1A crys-
tal specifications for cycle im-
mersion in hot and cold water and
for temperature cycling. Continu-
ous reverse working voltage is 80
volts maximum; peak back voltage
for zero dynamic resistance is 90
volts minimum; ambient tempera-
ture range is —50 to 475 C; aver-
age life, more than 10,000 hours;
and shunt capacitance, 0.8 uuf. The
diodes operate satisfactorily from
d-c to above 100 me. Price is $2.50.

Electronic Counter

1200 Sol-
diers Field Rd., Boston 34, Mass.,

(continued on page 248)

GENERAL CoNTrOL Co.,
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ACTUAL
SIZE

HERMETICALLY-
SEALED //, -

TUBULAR PAPER CAPACITORS by PYRAM l D

Pyramid Type PG “‘GLASSEAL’’ miniature paper capacitors
bled i I tubes with ol | - TEMPERATURE

are assembled tn metal tubes with g ass-metal terminals. RANGES: —55° to + 125°C.
They will fully meet the most exacting demands of high CAPACITANCE

RANGE: .001 mfd. to 1.0 mfd.
vacuum, high pressure, temperature cycling, immersion VOLTAGE RANGE: 100 to 600

v.d.c. operating

cycling and corrosion tests.

Your inquiries are invited

& PYRAMID Electric Company

GENERAL OFFICES and PLANT NO. 1 PLANT NO. 2
1445 HUDSON BLVD. NORTH BERGEN, N. J. 155 OXFORD ST. « PATERSON, N. J.
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NEWS OF THE INDUSTRY

Edited by WILLIAM P. O'BRIEN

NBS Opens New Lab Center

Aerial view of National Bureau of Standards’ Corona, Calif., laboratories

ESTABLISHMENT of a new National
Bureau of Standards laboratory
center at Corona, Calif., to be de-
voted to various phases of electronic
research, development and engineer-
ing was recently announced. To be
known as the Corona Laboratories,
the new center will be primarily
concerned with technical problems
of importance to the Department of
Defense. About 22 buildings form-
erly used by the Navy are being
renovated to accommodate NBS re-
search and development activities
being transferred there from Wash-
ington. Limited operations began
at the laboratory in June and full-
scale operaticn is planned for
September.

In the near future the most im-
portant activity at the Corona lab-
oratories will be the development
of guided missiles. Every phase of
missile development will be covered,
from theoretical and applied re-
search to construction of experi-
mental parts and units. An analog
computer is being set up in the
laboratories to be used in flight
simulation problems where trajec-
tories of guided missiles must be
computed mathematically. The
computer, occupying about 1,000
square feet of floor space, can solve
problems in minutes that would take
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trained mathematicians weeks to
solve. Other equipment at the new
center will include electronic labo-
ratories, machine shops, wind tun-
nel, jet engine test cells and altitude
chambers.

Technical Writers Needed

AN URGENT need for technical writ-
ers exists in the Ordnance Develop-
ment Division of the National
Bureau of Standards. Salaries
range from 84,600 to $6,400, de-
pending upon the applicants’ ex-
perience and education.

This Division is engaged in re-
search and development of elec-
tronic ordnance devices for the
armed forces. Examples of the type
of work reported in the division
are:

(1) Experimental work inenergy
radiation and propagation, static
fields, electronic systems and elec-
tronic circuitry for military appli-
cations.

(2) Development of radio trans-
mission lines and filters, antenna
designs and radiation and collection
systems, and research and develop-

ment in electronic circuits for these..

systems, including gating circuits
and servo loops.
(3) Electronic

packaging and

www_americanradiohistorv com

production techniques on electronic
assemblies.

(4) Design and development of
electron tubes to meet unusual re-
quirements. b

(5) Statistical analysis of field
test data, including studies directed
toward devising new and better
testing plans and techniques.

Further information concerning
the work and the benefits of Gov-
crnment employment can be had by
writing to the Personnel Officer,
Division 13, Nuational Bureau of
Standards, Washington 25, D.C. A
booklet describing work at the
Bureau will be sent on request.

FCC Nonbroadcast
Applications

The Federal Communications
Commission in announcing revision
of its Form 401, “Application for
New or Modified Radio Station Con-
struction Permit (Other than
Broadcasting)”, warns that appli-
cants who use the old, unrevised
form after August 1, 1951, may
have the application returned. The
new form will contain questions in-
volving recently adopted Part 17
of the rules that concern the con-
struction, marking and lighting of
antenna towers and supporting
structures.

RTMA Election Report

ROBERT C. SPRAGUE, president of
the Sprague Electric Co., was re-
elected chairman of the board of
directors of the RTMA at its recent
convention in Chicago. The board
also reelected Leslie F. Muter as
treasurer, and renamed W. R. G.
Baker as director of the engineer-
ing department, James D. Secrest
as secretary and general manager,
and John W. Van Allen as general
counsel.

Two new directors and 12 former
directors were elected. The new
directors are Robert S. Alexander,
president of Wells-Gardner & Co.

.,and Harlan B. Foulke,: vice-presi-
dent and director of sales of Arvin
Industries, Inc. Reelééted for
three-year terms are: Benjamin
Abrams of Emerson Radio & Phon-
ograph Corp.; Max F. Balcom of
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{he BSR range of Phonographs now leads the field in both &es gn
and appearance. The resources of a medery factory ccapzd
with vears of experience enab’e us to make these claims anc still
szl at comperitive prices. {
MODELS  LLUSTRATED
(ili4. Three speed Phonograpa unit with high fidelity pick-—p
a3d automatic stop. The pick-Lp is complez wath two pernzneit
sapphire stylit and the turntablz is fitted wath removabe mbter
mat. MUT4. Three speed Phonomotor. Speec change is effectzd
meerely by rotation of the sxed change <ncb. The turitable
dumeter is 10 inches. MUIS. Fhonomotor fo- 78 R.P.M. ony
enploys an -8 inch diameter turntable and is extremely robust
. reliable and inexpensive.
Further details evwi'able on  appicatmn.

U.S. Warehoure and Offices
SAMCO PRODUCTS COMPANY

36 Oak Avenue, Tuckahoe. N. Y.
Telephone: Tuckahoe 3-9391

{

T Y

01d Hill, Staffs. England Grams: ‘Electronic Old Hill, Cradley Heath.'

Made by Birmingham Sound Reproducers Ltd.,
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H. C. Bonfig of Zenith Radio Corp.;
Herbert W. Clough of Belden Mfg.
Co.; John W. Craig of Crosley Di-
vision, Aveo Mfg. Corp.; E. G. Fos-
sum of Stewart-Warner Electric
Div.; G. Richard Fryling of Erie
Resistor Corp.; J. J. Kahn of
Standard Transformer Corp.; F. R.
Lack of Western Electric Co., Inc.;
W. A. MacDonald of Hazeltine
Electronics Corp.; and A. D. Pla-
mondon, Jr., of The Indiana Steel
Produets Co.

Revised Maritime
Service Rules

THE Federal Communications Com-
mission has announced an order
making overall revisions to Part
7, Coastal and Marine Relay
Services and Part 8, Ship Service,
of their Rules and Regulations,
effective July 23, 1951.

Although the order is so volu-
minous, some 300 pages, that copies
are not generally available, it is
planned to publish it in a future
single issue of the Federal Register.
This edition can be ordered prior to
publication at about 20¢ a copy
from the Superintendent of Docu-
ments, at U.S. Government Print-

Avug. 15-18: 1951 APCO Con-
ference, Everglades Hotel,
Miami, Florida.

AvUG. 17-18: 12th Annual Sum-
mer Seminar of the Empor-
ium Section of IRE, Empor-
ium, Pa.

AuG. 20-23: AIEE Pacific Gen-
eral Meeting, Multnomah Ho-
tel, Portland, Oregon.

AuGg. 22-24: Seventh Annual
Pacific Electronic Exhibit and
West Coast Annual IRE Con-
vention, San Francisco Civie
Auditorium, San Francisco,
Calif.

Aug. 28-SEPT. 8: Eighteenth
British National Radio Show,
f]arls Court, London, Eng-
and.

SEPT. 10-13: Annual Electronic
Parts Distributors’ Conven-
tion and Show, Cleveland
Auditorium, Cleveland, Ohio.

SEPT. 10-14: Sixth National In-
strument Conference and Ex-
hibit, sponsored by Instru-
ment Society of America, Sam
Houston Coliseum, Houston,
Texas.

MEETINGS

OcT. 2-4: Twenty-Eighth An-
nual Session of the Communi-
cations Section of the Associ-
ation of American Railroads,
Chateau Frontenac, Quebec,
Canada.

Ocr. 8-10: AIEE Conference on
Aircraft Equipment, Holly-
wood Roosevelt Hotel, Los
Angeles, Calif.

OcT. 22-24: 1951 National Elec-
tronics  Conference, Edge-
vsilater Beach Hotel, Chicago,
In.

Ocr. 22-26: AIEE Fall General
Meeting, Hotel Cleveland,
Cleveland, Ohio.

Oct. 29-31: Radio Fall Meeting,
sponsored by IRE, and
RTMA, King Edward Hotel,
Toronto, Ontario, Canada.

Nov. 1-3: Third Annual Con-
vention and Audio Fair Exhi-
bition of the Audio Engineer-
ing  Society, Hotel New
Yorker, New York City.

Nov. 12-15: NEMA Convention,
Haddon Hall, Atlantic City,
N. J.

ing Office, Washington 25, D. C.

Among other objectives, the re-
vised rules are intended to enhance
safety of life at sea by providing

Not a view of storm-tossed television antennas as seen in the United States but

the normal rooftop scene of any British city. In England, the receiving dipoles are

oriented for vertical polarization of the transmitted signals instead of the horizontal
polarization used for tv transmissions here

148

type approval or type acceptance
for radio equipments, by requiring
installation of automatic alarm-sig-
nal keyers and inauguration of a
radiotelephone distress frequency
at 2,182 kilocycles. It is noted, how-
ever, that outside of the Great
Lakes region, there exists no formal
monitoring service for this fre-
quency.

Other provisions include expan-
sion of service for public corre-
spondence and limited service sta-
tions, particularly at the very-high
frequencies between 152 and 162
mec.

The so-called Marine-Utility class
of station has been authorized for
low-power, portable vhf radiotele-
phone operations characterized by
the needs of harbor pilots. A
Marine Fixed class using the band
between 2,100 and 2,210 ke is avail-
able for transmission of the com-
munications incident to off-shore
oil-well drilling.

NTSC Reorganizes

THE National Television System
Committee, which recently released
an ad hoc committee report on a

(continued on page 275)
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WHEN EMERGENCY CALLS FOR jé’é’/

radio network is liaked ©
hospital anbalaacesby twc-
way mobie rigs equnppe:l
with Sylvenia receiving and
transmitt:ng tubes. Imme-
diately the Minneapolis Pa-
lice headquarters hears of
an accidert, a General Hos-
pital ambulancz is alerted
by 2-way radio and routed
to the scere.

Minneapolis calls on Sylvuma tubes

' ,- : In Minneapolis, when seconds count, po-

: 5 lice and hospital authorities know they
can count on the sure performance of Syl-
vania high-quality tubes.

In scores of other critical assignments,
including railroads, airlines, steamships,
and taxi cabs, yowll find Sylvania tubes
get first call.

Now available in types and sizes for
every need . . . from subminiature, low-
drain battery types to television receiving
and picture tubes. For full information
and ratings about the types you need, drop
a line to: Sylvania Electric Products Inc.,
Dept. R-1108, Emporium, Pa. Sylvania
Representatives are also located in all for-
eign countries.

. # S
i o i - e / - .. .‘
g . ~ s = - 1@; ‘>
\ \Q \QNNIVD‘RSI\R’
3 This quick, efficient coordination between the Minneapolis > — ‘

] In Minnezpolis, the policz
[

Police cars nearby are
also instructed to go to
the location and lend
whatever police help is
needed.

Hospntall and the Police Department has been an important
® factor in enabling this city to win the National Safety Council
award as the nation’s "Safest City” ... for 2 successive years.

RADID TUBES; TELEVISIN PICTURE TUBES; ELESTRONIS PRODUCTS; ELECTRONIC TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS; TEL