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UNDER STRAIN

In capacitors performance d‘l_ds on dielectric

strength to withstand St:ain.‘ynre El-Menco capaci-

tors leave the factory they mill§t pass severe tests for

dielectric strength — at ’/e the working voltage,
insulation resistance anc #8r capacity value. El-Menco
fixed mica condensershlet and beat strict Army-Navy
standards. That's why you can rely on El-Menco

performance in yo@product.

£0 ALWAYS

Specify ‘lerested Capacitors by El-Menco...

‘ﬂ-lEY HOLD UNDER

‘srrany

ELECTRO MQTIVE MFG. CO., Inc.
WILLIMANTIC CONNECTICUT
= E nc u ;::it/eetotiér?})ogz’;/ 'for
Catalog and Samples
MOLDED MICA MICA TRIMMER

CAPACITORS

FOREIGN RADIO AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WITH OUR EXPORT DEPT. AT WILLIMANTIC, CONN. FOR INFORMATION.
ARCO ELECTRONICS, INC. 135 Liberty St., New York, N. Y.—Sole Agent for Jobbers and Distributors in U.S. and Canada
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A STANDARD CELL

©

IMMEDIATE DELIVERY

IN ANY QUANTITY

]
POST FREE
IN THE UNITED STATES & CANADA

SPECIFICATION

THE MUIRHEAD MINIATURE WESTON STANDARD CELL

E.M.F. 101859 VOLTS ABS +100xV AT 20°C

TEMPERATURE COEFFICIENT 40uV/°C APPROX.

DIMENSIONS 38" x§"x 7" OVERALL [9:8cm x 2:2cm x 2:2cm]

WEIGHT 21 oz. [70 gm]

MOUNTING MOLDED CASE—WITH PANEL AND CHASSIS FIXING HOLES
Our other types of Standard Cells will interest you. Write for literature.

ORDER BY CABLE—PAY BY YOUR OWN DOLLAR CHECK

MUIRHEAD & Co. L.

PRECISION ELECTRICAL INSTRUMENT MAKERS MU'RHEAD
BECI<ENHAM ° I<ENT ° EI\IGLAND ELECTRICAL INSTRUMENTS
Telegrams and Cables: MUIRHEADS ELMERS-END MU.27

ELECTRONICS — March, 1950 3



lization 1S

I
.=
o

NS EEEE GEIN SN EEED Shms GMEN ML MEEES Gmah EEED MEI WD SENS lDaG DDy DD GEaE SEmah I DEDN SEED DDEE SEmn S S E—

4
¥
[ P ]
ty
P
I
e
@
’
]
\
wosie

J
J
§
!‘, P x
\‘
/
u

o "S_i'-n.___, | s ‘é
4 S

o7 resistins g/

Specialization—and only specialization—can keep

i

manufacturers abreast of today’s resistance needs.
The constantly-growing multitude of resistor
applications demands full-time concentration on
resistance products. IRC has concentrated—for 25 years !
Result: —The widest line of resistance products

in the industry; parts designed to suit specific circuit 1OW-WATTAGE WIRE WOUND REQUIRE-
requirements in virtually every type of application; 'gs,}”swf: °vl,“ﬁﬂnﬁm{iﬁﬂ'.'zrfyslffpggnpﬁ

low-ranje stability and economy suit these
small, corpletely insulated resistors to use
in meters, analyzers, cathode bias resistors,
televisian circuits, low-range bridge circuits,
high stabfity attenuators, low-power igni-
tion circsits. Chezk coupon for Bulletin B-5

unbiased recommendations.



resistance and power
— . MVX high.ohmic, high v¢
exceptional stability. Con
that of Type MV, but distin
mounting through a hole i
insulating material without t,
. Long resis.
mits use of hiy,
on resistor while ke,
voltage per unit length or
path comparatively fow.
Check coupon for
Catalog G-2.

Type MP High Frequency
Resistors offer Zependable periormcnce and unusual stability, Special
resistance film cn a steatite ceramic form provides a stable resistor with
fow inherent inductance and capacity —entirely suitable for broad band
RF amplifiers, RF probes, dummy loads for transmitters, television side-
band filters, racar pulse equipment, and other circuits involving steep
wave fronts. Send coupon for Bulletin F-1.

offers many ad-
vantages tc engineers aad purchasing
agents. Ms modern 'S4’° diameter size
features a one-piece dual contactor of
thin, high-stress alloy; simplified single-unit
zollector ring: molded voltage baffes; and
special brcss element terminals that wiil not
loosen or become noisy whzn bent or
soldered. Increased arc of sotation pro-
vides same resistance ratio as larger IRC
controls. Salt-spray materials are employed.
Complete mechanization in manufacture
assures absclute uniformity and provides a
dependable - saurce of supply for small
control requirements, Coupon brings you
fuli details in.Catalog A-4.

When you have special need of maintenance or
experimental quantities of standard resistors in
a hurry, simply phone your local IRC Dis-
tributor. IRC’s Industrial Service Plan keeps
him fully stocked with the most popular types
and ranges—enables him to give you ’round-
the-corner delivery of small order requirements.
We'll gladly send you his name and address.

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

Power Resistors » Voltmeter Multipliers
» Insolated Composition Resistorse Low
Wottoge #ire Wounds * Controls
e Rheostots ¢ Yoltoge Dividars o
Precisions * Deposited Corbon

Precistors * HF ond High Valicge NAME
Pesistors ¢ Insulated Chokes. TITLE
INTERNATIONAL
RESISTANCE COMPANY COMPANY
491 N. Broad Strcet, Philadelphia 8, Pa. ADDRESSA w1 s’y snme® a AP

In Conada: International Resistance Co., Ltd,, Toronta, licenseo

@meeeramas- .

J F.ARNDT & CO.. ADVY. AGENCY



205E efficiency 60%
Power line to Antenna

EIMAC TUBES CHOSEN FOR
COLLINS" 50 KW (W TRANSMITTER

CW communications transmitter type 205E is an outstand-

ing example of engineering craftsmariship by Collins Radio. 50 Kw
Designed for military and civilian service between 4 and 26 Output
Mc. the 205E will provide 50 kw CW output with remarkable =R AT
economy from the standpoint of both power consumption 51/ kv 6 3IX2500A3
b t
and tube cost. 10 amps. grounded grid
Overall efficiency of the transmitter through all stages, from App. stage eff 90 -93%
the 230 volt power line to the antenna, is 55% to 60%.
15 Kw
Collins engineers say, "We can attribute the largest per-
centage of this performance to our use of Eimac tubes. The IPA STAGE
3X2500A3 triodes operate with tow filament-power, and 2 3X2500A3
their high power-gain and high efficiency permit economical Stage eff 76 - 839,
exciting equipment. lFurthe.r power saving is effected be- S o e
cause of the simple air-cooling requirement. o
. ; . lus r-f exciter

You, too, can take advantage of Eimac tubes’ functional . e
design, economical operation, and higher performance. !

) . Power suppli 230 volts
Complete catalogues covering operational data and charac- S eantrate "-——Kw
teristics on all Eimac tubes are available without charge . . . Blowers, efc. 8[5n ol
write today. P

244

Follow the Leaders ta

(1]}

EITEL-McCULLOUGH, INC. W
San Bruno, California /ss

The Power for R-F

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

1 ol ] RSy Db = e e e e
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that you never think about it, rests your costly assembly and your
reputation as a manufacturer.

All the effort and expense of designing and building a chassis can be
lost by one malfunctioning high resistance joint; all the care used in

building your reputation with the customer and dealer, wasted,ﬂ,ﬁ
It costs but the tiniest fraction of a cent to make a soldered joint. ..
why not use the world’s finest solder?

The only solder made with non-corrosive,
extra- active ERSIN FLUX!

Ersin Flux is exclusive te
Multicore and will not de

! l':;':,‘"l" ;r":a:::mw’:::";,:: Ersin Flux Is now fres from Three separate cores of flux

. objectionable odor and i arantee continuity of the
. 5;‘:?::“::":::""3:‘;"‘ - non-toxic In use. i stream, praventing *‘dry"*
molten solder, causing it to joints.
wet metals swiftly.

ﬁ___r Have you tested Multicore Solder recently?

Made of virgin
9 - 5 Although there are three Very rapld malting results Multicore’s unique proper-
" metalsonly.,. A oW cores of flux in Multicore, from the multiple core con- ties make perfect joints pos-
tin: 99.75 B the total percentage of flux struction which provides sible on difficult metals and
n: . o pure‘I- 10 solder is less than many thinner walls of soider than alloys, even If oxidized.
: Iead-"f99 97 % pure single cored sslders, are found In same gauge Ability to tin rapidly pro-
3 . -

-

single cored solder. duces perfect joints with
— o ja—y - less solder. Greater cover-
- - = ] \ age per pound.
1
Address U. 5. A. and Canadion inquiries to
MULTICORE SALES CORP.
164 Duane Street * New York 13, N. Y.

|TE FOR FREE TESTING SAMPLE AND Inquiries regardihg other territories to %
HELPFUL BOOKLET **MODERN SOLDERING” MULTICORE SOLDERS LTD.

Mellier House, Albemarle Street * London, W, 1, England




C0-AX SPACERS OF “TEFLON” HELP WORW

ELIMINATE REFLECTIONS . . . INCREASE EFFICIENCY

New spacers of Du Pont “Teflon’’ boost WOR-tv
transmission line efficiency from 66.1% to 76.4%.

WOR-tv coaxial transmission line
manufactured and installed by
Andrew Corporation, Chicago.

Coaxial spacers molded of
“Teflon” by Crane Packing Co.,
Chicago, Illinois.

These new coaxial transmission
line spacers of Du Pont ‘‘Teflon”
tetrafluoroethylene resin give
WOR-tv the ultimate in efficient
performance.

The dielectric constant of
“Teflon’’ (2.0) is only one-third as
high as that of ceramic. This sim-
plifies elimination of reflections
caused by impedance discontinui-
ties introduced at each insulator.

Total power loss is almost as
small as it would be with no insu-
lators at all! Thus, the efficiency
of the 850-foot line is boosted from
66.19, for conventional spacers to
76.49, for “Teflon,” permitting

8

the station to operate at a lower
power level.

The toughness and resilience of
“Teflon,” in addition, simplifies
installation of the line. And it has
the highest heat-resistance (serves
up to 500°F.) of all commercial
thermoplastics.

“Teflon” is supplied by Du Pont
in standard shapes (rods, tubes,
sheets and tape). Or we will rec-
ommend molders or fabricators
who can supply finished parts of
“Teflon.” Write today for more in-
formation. Our technical staff will
be glad to help you. E. I. du Pont
de Nemours & Co. (Inc.), Poly-

www americanradiohistorv.com

Plastics
Sales Offices: 350 Fifth Ave., New
York 1, N. Y.; 7 S. Dearborn St.,
Chicago 3, Ill.; 845 E. 60th St.,
Los Angeles, Calif.

chemicals Department,

#REG. U. S, PAT, OFF,

REG. V. 5. PAT.OFT,

Plastics

BETTER THINGS FOR BETTER LIVING
... THROUGH CHEMISTRY

March, 1950 — ELECTRONICS



Another Engineer’s Problem Solved™

l
: SUBJECT' 8000 Volt Radar-Indicator
I . Power Supply
|
| PROBLEM. To design a 400 cycle power supply
| o to the folowing specifications:
l Input volcage ¢ 115 VAC + 10 volts
| Input frequency : 400 cycles -+ 109,
I Output volts : 8000 VDC
I Output current : 3 milliamperes
I Output ripple 19,
| Regulation ¢ 80 volts per ma.
| Vibration ¢ Air Corps specs.
| Altitude ¢ 50,000 feet
Size : Small as possible
I Weight :  Light as possible
! Temperature range : —65°C to +85°C
| Humidity 1 959,
|

SOLUTION . The oil-filled construction used in our HiVolt Power Supplies
. is ideal for high altitude-high voltage operation. Expensive,
heavy, and bulky individual component containers are eliminated. Only two high voltage,
corona free insulators are required. All spacings can be reduced. Humidity is no problem.

The 400 cycle 7200 VRMS transformer uses a Hypersil core, but due to the superior insulat-
ing characteristics of the silicone fluid, the size and weight is materially reduced over a core
and coil operating in a container pressurized to 1 or 2 atmospheres. Silicone fluid was used
rather than mineral oil as it remains liquid at —65°C.

Two 2 ma. output 1Z2 rectifiers are used in parallel. The filter capacitors are Plasticon
Glassmikes (Type ASG). They are approximately 1 /4th the size of an equivalent 10,000 VDC
paper capacitor.

|
!

I

|

t

I

|

I

I

|

i

t

I

!

| The finished power supply measures 3-3 /4 x 3-3 /16 base by 5-1 /2" high, plus 2-1/2” high
! metallized-glass terminals. To eliminate voids the can walls are flexible enough to take up the
: differential expansion of the silicone. The total weight is 3 1/2 Ibs.

I

!

I

|

|

|

|

I

i

|

i

]

It is estimated that a conventional supply built on an enclosed chassis would occupy 2-1/2
— 3 times the volume and be 4-5 times as heavy.

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

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

Condenser Products Company

1375 NORTH BRANCH STREET - CHICAGO 22, ILLINOIS

ELECTRONICS — March, 1950 9



MOTOROLA "RESEARCH" LINE OF F.M. 2-WAY RADIO

i
and again by city after city for
superior adjacent channel performance

TYPICAL REPORT: "In compliance with test requirements, Motorola Inc.,
installed three 250-watt fixed station transmitcers (on 155.73 mc.; 155.79
mec.; 155.85 mc.). The Motorola mobile equipment selected the 155.73 mc.
station in all conditions with good results. No reception of the adjacent
channel station was noted even when the mobile unit was operated in the

immediate vicinity of the other transmitter.”

“RESEARCH" LINE OF F.M. 2-WAY RADIO

with revolutionary new developments engineered at
Motorola—the World’s largest laboratories devoted
exclusively to the development of radio communi-
cations  systems—specialists in this field for over
twenty years.

protectzon

. of your long-term
investment.  PROTEC-
TION against obsoles-
cence for many years to
come.

Specify Motorola
“Research” Line for per-
manence 17 FM 2-way
radio operation.

Communications & Electronics Division » 4545 W. AUGUSTA BLVD. - CHICAG

10 March, 1950 — ELECTRONICS
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New Centralab Medel 2 Radiohm Conirol —
this control is a twin unit switch type, un-
tapped. It has a single shaft.

New Centralab Model 2 Radiohm Control — New Centralab Model 2 Radichm Control —
Left, single unit plain type, untapped; right, control shown is a single unit switch type,
twin unit plain type, untapped. Both with tapped. Control has single shaft,

single shafts.




Model 2 Radiohm Co,_

New Centralab Model 2 Radiohm Control —

Left, twin unit plain type, front section
tapped; right, twin unit switch type, rear sec-

tion tapped. Both units have concentric shafts,

Centralab’s Model "R’ Radichm Control —
This control is wire-wound, 3 watts, Linear
taper. Resistance: 2 to 10,000 ohms,

TO MEET EVERY DESIGN NEED!

< i"fimx:l:a"\
ey
P " B
&> e
o <
-~ O
- -
;- -
» -,
- -
z S
. -
“, St
o .
4 "l ' OPEL
I i
i ,ff'
Hearing ‘ 1 Miniature
Aid ; Electronic

v

Centralab’s Model T Radiohm Control —
Model 1 Radiohm cqatrol available in
or switch tvpes.
Rated 1/10 watt,

lain
No larger than = dime!
Ideal for miniature uses.



.NT BULLETINS FOR YOUR TE,§ NICAL LIBRARY!
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Choose

Centralab Printed Electronic Circuits
973 — AMPEC — three-tube P. E. C. amplifier.
42-6 — CoupLATE — P. E. C. interstage coupling plate.
42-22 — VERTICAL INTEGRATOR — for TV application.
42-24 — CEraMIC PLATE COMPONENTS for use in low-
power miniature electronic equipment.
42-27 — MopEL 2 CoUPLATE -— for small or portable set
applications.
999 — PENTODE COUPLATE -
plate.
42-9 — I'ILPEC

specialized P. E. C. coupling

Printed Electronic Circuit filter.

Centralab Capacitors

42-3 — BC Tusurar Hi-Kaps capacitors for use where
temperature compensation 1s unimportant,
BC Disc Hi-Kaps— miniature ceramic BC capacitors.
-Hi1-Vo-Kars — high voltage capacitors for TV appli
cation.
695 — CERAMIC TRIMMERS — CRL trimmer catalog.
981 — Hi-Vo-Kars capacitors for TV application. For

jobbers

Look to CENTRALAB in 1950!

42-4
42-10 -

PENTODE C[]UPI.ATE !

From This List!

42-18 — TC CAPACITORS
tors.

814 — CAPACITORS high-voltage capacitors.
975 — FT Hi-Kaprs — feed-thru capacitors.

temperature compensating capaci-

Centralab Switches
953 — SLIDE SwWITCH applies to AM and FM switching
circuits,
970 — LEVER SwriCH -— shows indexing combinations.
995 — RoTAky SwiTCH — schematic application diagrams.
722 — SwitcH CataLoc — facts on CRL’s complete line of
switches.
Centralab Controls

— MobiL 17 Rapronm
cially produced control.

42-19 world's smallest commer-
Centralab Ceramics

967 — CERAMIC CAPACITOR DIELECTRIC MATERIALS.

720 — Crramic CaTaro— CRL steatite, ceramic products.

First in component research that means lower costs for the electronic

industry. If you're planning new cquipment, let Centralab's sales and engincering service work with you. Fot
complete information on all CRL products, get in touch with your Centralab Representative. Or write direct.

CENTRALAB
Division of Globe-Union Inc.
900 East Keefe Avenue, Milwaukee, Wisconsin

Yes—I would like to have the CRLbulletins, checked below, for my technical library!

0 973 ] 42-24 [] 429 ] 4210 [] 42-18 [] 953 ] 722
[] 426 [ 4227 [ 423 [] 695 1814 []970 [] 42119
[ 42-22 [] 999 ] 42-4 [] 981 1975 [ 995 [ 967
] 720
Name :
A drie s s e e P T e
City. oo State. ...

203-6 .

. TEAR OUT COUPON

l «———— for the Bulletins you want

Centzalab

Division of GLOBE-UNION INC. - Milwaukee




Kinney High Vacuum Pumps are at work in all
phases of low pressure processing — in the produc-
tion of television tubes, titanium, penicillin, elec-
trical condensers, coated camera lenses, dehydrated
foods, and scores of other products. Their
dependability and high pumping speed have
helped bring vacuum out of the laboratory and
onto the production line. Kinney Pumps are es-
tablishing important records both for length of
service and economy of operation. They are
virtually a “production must” whenever processes

when vacuvum is vital

you can count on K'NNEY

require fast pump down to low absolute pressures.
Performance is the big reason why Kinney
Pumps are so often specified “when vacuum is
vital”. Perhaps they can help speed YOUR proc-
esses or improve YOUR products. Write for
Bulletin V-45, describing the complete line of Single
Stage and Compound Vacuum Pumps. Kinney
Manufacturing Company, 3565 Washington St.,
Boston 30, Mass. Representatives in New York,
Chicago, Cleveland, Houston, New Orleans, Phila-
delphia, Los Angeles, San Francisco, Seattle.

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

KINNEY Vacuum Pumps

ELECTRONICS — March, 1950
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DC

Y DU MONT -

100

OSC'LLO_GRA y 3 £
[ ) PHY lHRO_UGHOUI THE SPECTRUM | Once again, DuMont h
} ' paces the modern

art of- ' 7 i
ot enzscﬂflography by extending the operation of oscillographs over
re frequency spectrum from d
-c to over 100 m
e ' egacycles, for the
newy of}[ new and broader fields of industry and research. In a group of
instruments covering this entire range, superior circuit design I}Dla
S

been ' ]
lexp')ertly 1ptegrated to give each instrument optimum perfo
ance in its particular category of applications o

5 CPS. TO 100,000 CPS.

Type 292—Outstanding develop-
ment in portable oscillographs
employing a new three-inch tube,
the Du Mont Type 3RP-A. Type
292 provides, good sensitivity,
balanced deflection, and other
performance features usually
found only in instruments employ-

ing a five-inch tube.

DC TO 200,000 CPS.

Type 304-H—A new standard of
performance in moderately priced
oscillographs. Offers such ad-
vances as many times full screen
expansion of sweep and vertical
signal; complete positioning; high
sensitivity at 3,000 volts accelerat-
ing potential high-gain a-c and
d-c amplifiers; both driven and
recurrent sweeps, sync limiting.

DC TO 500,000 CPS.

Type 250-AH—High-voltage
operation and high light output
for study of transient signals. New,
extremely stable sweep circuit
provides good linearity over its
entire range of sweep-time inter-
vals from 5 seconds to 10 micro-
seconds. Contains built-in voltage
calibrator and a variety of input
connections.

‘. . E
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ﬁv?: :; Mul‘n-band intensifier tube providing high sensi-
y and high light output at operating potentials up to 29

kv...Flat face insures maximum useful screen dicmerp i

minimum distortion of signals. Writing rates of the T e;X:”h

are extended in a modification incorporating meraliz:j scre;\

5 CPS. TO 10 MEGACYCLES

Type 303 — This new instrument
employs a five-inch cathode-ray
tube operated at 3,000 volts ac-
celerating potential and provides
‘over three inches of undistorted
deflection ot a sensitivity of 0.1
volt per inch. Both sensitivity and
frequency response ratings of the
Y-axis amplifier include the per-
formance of a built-in signal
delay line.

ELECTRONICS — March, 1950
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5 CPS. TO 15 MEGACYCLES

Type 294 —New high-frequency
oscillograph employing the sensi-
tive Type 5XP— Cathode-ray
Tube. Selection may be made at
the rear panel for accelerating
potential of either 7 kv. or 12 kv.
Sensitivity at 12 kv. 2+ 0.15 rms
volt per inch. Built-in signal delay

line permits foll display of steep

wavefronts, Built-in calibrator.

www.americanradiohistorv.com

Type 3RP-A— New, flat-face
three-inch tube permitting
operation from balanced de-
flection circuits. High sensitivity
is provided despite extremely
short overall length of 9%
inches. Specially designed

deflection plates minimize pat-

10MC

IN CATHODE-RAY TUBES

tern distortions.

Special Type — A specially con-
structed cathode-ray oscillograph
itlustrating the possible applica-
tions of a newly-developed high-
gain, wide-band amplifier having
a frequency response, within 3db,
from d-c to over 100 megacycles.
Sweep speeds as fast os 100
inches per microsecond will be
observed on the Type 5XP-

Cathode-ray Tube.

© ALLEN B. DU MONT LABORATORIES INC




(Top lest) 44" high vacuum triede. All copper paris of Revere
OFHC Copper. (Bottem l2fi) Country's most powerful high fre-
quency fransmitting tube; 345" high. (Above right) Paris of
large tube thot are mode of Revere OFHC Copper: Anode,
Anode Shield, Grid Ring with glass bead omitted from top edge,
and 2 of the 6 filamant ferminals with whick tube is equipped.

NATION’S
MOST
POWERFUL

Transmitting Tube

made with OFHC COPPER
supplied by REVERE

OFHC Copper also used by Federal Tele-
phone and Radio Corporation in its 4%2”
Triode with maximum rating of 600 MC.

THI—: large tube which you see at left stands
3454” high and is the most powerful high
frequency transmitting tube in commercial use
today. Two of these tubes used in the radio
station operated by the State Department make
it one of the most powerful short wave trans-
mitters in the country. That these tubes have
been in constant use for more than 4 years is a
tribute to the ingenuity of their makers and the
quality of the materials used in their con-
struction.

These transmitting tubes operate up to 22 MC,
delivering 200 kw at that frequency. An un-
usual feature of construction is the water-cooled
anode which is 19” long and is made from
Revere 6" copper tubing with 14" wall, fluted
for more efficient heat dissipation and tapered to
paper thinness where it is sealed to the glass.
Bottom of anode is drawn OFHC Revere Copper
silver brazed to the OFHC Revere Copper
tubing.

The small 415" high vacuum tfiode shown in
the upper left corner is used as a power amplifier
or oscillator and is the only tube of its size that
can handle up to 600 MC per second. It will de-
liver up to 750 watts. Anodes used on both these
tubes are Revere Copper.

In this application, where the copper must be
free from oxygen to protect the vacuum and
must have the ability to expand and contract
with the glass to which it is sealed as tempera-
tures change, without altering the characteristics
of the metal, only OFHC copper can be used. It
is because of the importance of the purity of
OFHC copper that Revere is most meticulous
in segregating it in processing. Each lot and
shipment is kept separate and conducted person-
ally through the mill.

In addition to utmost care in manufacture of
copper, brass and its alloys, Revere also offers
you the benefits of its Technical Advisory Serv-
ice. Many manufacturers of materials used in
electronics have found this service useful in
helping them iron the kinks out of their manu-
facturing difficulties, so it is entirely possible this
Revere service can be of help to you. Why not
call us in and see?

REVERE

COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
230 Park Avenue, New York 17, New York

Mills: Baltimore, Md.; Chicago, 1ll.; Detrost, Mich.;
Los Angeles and Riverside, Calif.; New Bedford, Mass.;
Rome, N, Y,—Sales Offices in Principa Cities,
Distributors Everywhere,
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quality control

At every production step, American Lava
Corporation makes periodic checks to assure

exuact compliance with all specifications.

HLJE2D

Savings in both time and cost result by preventing sub-standard production.
Quality is maintained. Delivery schedules are adhered to more closely.

Cost savings permit lower prices.

The well developed system of quality control at the American Lava
Corporation is another reason why it is known as Headquarters for quality

preduction of Custom Made Technical Ceramics.

4 8TH YEAR OF CERAMIC A
CHATTANOOGA 5, TE

AMERICAN LAVA CORPORA-TIO‘N

Offices: Metropolitan Area: 671 Broad St., Newark, N. J., Mitcheli 2-8159 = Chicago, 9 Svuth Clinton St., Centrai
61721 =+ Philadelphio, 1649 North Broad St., Stevenson 4-2823 * Los Angeles, 232 South Hill St., Mutual $076
New England, 38-8 Brattle St., Cambridge, Mass., Kirkland 7-4498 <+ St. Louis, 1123 Washington Ave., Garfield 4959



-hp- 608A VHF SIGNAL GENERATOR

SPECIFICATIONS

FREQUENCY RANGE: 10 to 500 mc in 5 bands.
ACCURACY: Calibration = 1%. Re-setability better than 1
me, at high frequencies. Total scale length approx. 90",

OUTPUT: 0.1 #v to 1.0 v. continuously variable. Calibrated in
volts and dbm.
IMPEDANCE: 50 . Maximum VSWR 1.2.
ACCURACY: 1 db entire range.

MODULATION:
AMPLITUDE: From O to 90% indicated by front panel meter,
ENVELOPE DISTORTION: 1% at 30% modulation.
INTERNAL: Fixed modulatior at 400 and 1,000 cps.
EXTERNAL: Any frequency 50 cps to 1 mc. 4.0 v. input.

EXTERNAL PULSE: Positive or negative, 4 v. peak. Good
pulse shape. Square wave to 1 tsec length.

LEAKAGE: Less than 1 pv.

RESIDUAL FM: Not over .0025% at 90% modulation.

POWER: 115/230 v. 50/60 cps. 150 watts.

SIZE: 12" x 14" x 18" deep. -hp- grey finish. Cabinet mounting.
PRICE: $850.00 f.0.b. Palo Alto.

Datua Subject to Change Without Notice

20

A NEW VHF SIGNAL GENERATOR

10 to 500 mc

High power output...Constant internal im-
pedance...Wide frequency range...Broad
modulation capabilities...Master oscillator
power amplifier circuit...Microsecond pulses
...Small residual FM...CW, AM or pulsed output

Here is a new general purpose laboratory generator of
broadest application. It offers a dircctly calibrated output
from 0.1 yv. to 1 v. for measuring gain, selectivity, sensi-
tivity or image rejection of receivers, 1-I' amplifiers, broad
band amplifiers and other VHI' equipment. The 1 v. out-
put (to a 50 ohm load) is available throughout the entire
frequency range for driving bridges, slotted lines, anten-
nas, filter networks, etc. The output circuit is directly cali-
brated in volts and dbm for fast rcading. No charts are
necessary.
DIRECT CALIBRATION

Frequencies from 10 to 500 mc arc covered in 5 bands,
and calibrated directly in mc on a drum-type dial having
effective scale length of 90”. The single-dial, ball-bearing
frequency control insures maximum convenience and ac-
curacy in tuning and re-setting.

Master oscillator and power amplifier circuits are enclosed
in a heavy cast aluminum shield, insuring high stability
and low electrical leakage.

NEW -hp- 417A VHF DETECTOR

This new -hp- instrument is a
super-regenerative (AM) re-
ceiver covering all frcquencies
between 10 and 500 mc. in 5
bands. Tt is designed for use with the -/p- 803/\ VHF
Bridge. It offers 5 uv sensitivity over entire band, quick,
easy operation, and a direct-reading frequency control.
The instrument is thoroughly shielded, and is suitable for
general laboratory use; for making approximate frequency
checks, determining noise, interference, etc. Price $200.00
f.o.b. Palo Alto.
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A NEW VHF BRIDGE

50 to 500 mc

First commercial VHF bridge...Based on an
entirely new principle...Direct impedance
readings, 2 to 2,000 ohms...Wide phase angle
...Useful to 1,000 mc...Makes every kind of
VHF impedance measurement

The new -hp- 803A VHF Bridge is the first commercial
instrument built to give you fast, direct impedance read-
ings in the 50-to-500 mc band. It can be used for any type
of VHI impedance measurement. This includes character-
istics of transmission lines, antennas, resistors, rf chokes
and condensers ; impedance of connectors, standing wave
ratios; percentage of reflected power, VHF system flat-
ness, etc.
BROAD FREQUENCY RANGE

The Model 803A operates on an entircly new principle
suggested by Mr. John Byrne of the Airborne Instcument
Laboratories.* It determines impedance by sampling the
magnetic and clectric fields of a transmission line. Phase
is measured by determining the point of cancellation of
these samples along a sccond transmission line. This meth-
od effectively overcomes the narrow frequency limitations
of conventional bridges, and permits the new -/4p- VHF
bridge to make readings at frequencies up to 1,000 mc and
down to 5 mc.

#A complete description of this principle and its application in
the -hp- VHF Bridge will appear in an early issue of the -hp-
Journal. Free copy on request.

HEWLETT-PACKARD COMPANY

2046A Page Mill Road + Palo Alto, California

Export: FRAZAR & HANSEN, Ltd, 301 Clay Street, San Francisco,
Calif., U.S.A. Offices: New York, N.Y. and Los Angeles, California

ELECTRONICS — March. 1950

-hp- 803A VHF BRIDGE

SPECIFICATIONS
MEASUREMENT RANGE: !mpedance magnitude, 2 to 2,000¢.

{Higher and lower values may be measured by using a
known length of transmission line as an impedance trans-
former.)
Phase angle from —90° to +90° at 50 mc and above.
CALIBRATION: I[mpedance: Directly in ohms.
Phase angle: Directly in degrees at 100 mc. May be readily
computed at other frequencies.
[0 (actual) =06 (read) x Frequency, mc/100.]
ACCURACY: Impedance magnitude, approx. = 5%.
Phase angle, approx. =3 degrees {over range 50 to 500 mc).
FREQUENCY RANGE: Maximum accuracy 50 to 500 mc. Useful
down to 5 mc and up to 1,000 mc. Maximum measurable
phase angle at 5 mc is —9° to +9°.
EXTERNAL rf GENERATOR: Requires an AM signol source of at
least 1 mw. High signal level is desirable. {-hp- Model 608A
VHF Signal Generator is ideal for this purpose.)
rf DETECTOR: Requires a well-shielded VHF receiver of good
sensitivity. (-hp- Model 417A VHF Detector is designed for
this use.)
SIZE: 14" x 14” x 8" deep. Smooth -hp- grey finish.
Cabinet mounting.

PRICE: $495.00 f.0.b. Palo Alto.
Data Subject to Change Without Notice

21



you caN 8e SURE.. iF 115

V%stinghouse

T
=

All of these outsiandimg advantages are
available in the cormpletz Westinghouse lines
of switchboard and pormble instruments. Ask
vour nearest Wesiinghcuse Representative.
Write for Catalog Sections 43-200 and 43-100.

www americanradiohistorv com



—Slash Instrument—
Inventory:

The most complete line
Meets A.S.A. standards
Shipments in 10 days

*

) o

Cut overhead on your panel instruments. Maintain production without costly stocks.

Westinghouse now offers the most complete line of panel instruments in the
industry . . . every one built to the rigid standards of “The American Standards Associa-
tion”. For emergencies, shipment can be made to meet every electrical requirement
within ten days of receipt of order at the factory.

Westinghouse Instrument Specialists are ready to help you plan. These men have
nationwide experience in solving instrument application problems of all kinds. Phone,
write or wire your nearest Westinghouse Representative, ask for C.S. 43-300, for
more information on panel instruments. Westinghouse Electric Corporation, 95 Orange
Street, Newark, New Jersey. J-40390

Speaiy Westinghouse aad/ be SURE of alf tree

INSTRUMENTS

www_americanradiohistorv com



Insulation Cements

| . for Electric Heaters

ZIRCON meets these

five basic requirements

- |
o !
Easy application. e S e l[
i
TYPICAL CHARACTERISTICS
Refractoriness. (The results shown apply to a particular
structure for cement applied in a specific
; manner. Any variation may alter results.)
Current leakage
minimized at op- Type of Cement A A B C
erating wattage
+] under humid conditions ASSEMBLY Dry Press Strip Mud Cast Dry Press
.or under an externally METHOD Flat lron Heaters Range Element Flat Iron
applied stress voltage.
OFERATING  0.002 M.A. 0.002 MA. 0.02 MA. 0.02 MA.
Stability of insula- |
(o]
tion and structure FE%T&FE'CAT' N 0.2 MA. === <0.5 MA.  0.03 MA,
through a 1000 2
hour-life test. RETURN
Té ?*:zORMAL' 15 to 30 sec. I 10 to 15 sec. ——
! *After current is turned on.
Reasonable cost. o
./’,/‘-'-‘—" = ———

Performance of Zircon insulation cements indicates an outstanding
group of compositions, both electrically and ceramically. Our trained
gr field engineers will be glad to bring you detailed information on
individual characteristics and applications. Write us. No obligation.

TAM
PRODUCTS

.S, Fat o,

Reglstered

> TAM is o registered trademark.

TITANIUM ALLOY MFG. DIVISION

NATIONAL LEAD COMPANY

Executive and Sales Office: 111 BROADWAY, NEW YORK CITY - General Offices, Works, and Research luboratories: NIAGARA FALLS, N.Y,
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“THE STANDARD TUNER”

MILLION TIMES

STANDARD TUNERS
ARE NOW OPERATING
IN OVER A MILLION
OUTSTANDING

TV SETS

More than one million TV
sets produced to date incor-
porate “The Standard Tuner”.
These are the sets the con-
suming public will want and

buy. The Standard Tuner’s

“The Standard Tuner.” The outstanding front

superior performance brings
end tuning assembly that an ever-increasing added brilliance and sparkle
£ . ifvi I M to the picture. Gives your TV
. vers a )
number of TV engineers are specifying. It covers selts Tl wal el v e

12 channels . . . gives higher sensitivity . .. quick feature.

interchanging of channel inductors . .. adaptable to U.H.F.

GOOD NEWS FOR SERVICE MEN
“The Standard Tuner" is now available 7 R "-i'-'-k-

/T e
/ i Al Sfandaad COIL Pnonuc'rs CO.,mc

j= J'!ICAGO . LO*BmA.NGELES -. BANGOR, MLCH

Jlm

..__"_I-_‘__‘I s - A :;_
: "“"‘*&r.a--i.," ] ’.‘J-A T
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Rectifiers range in output all the way up

to 75 KW — They aren’t made just in
the “dainty” sizes also available for radio and
television, The rugged, high powered Seletron
Rectifiers are ideal for diversified industrial
applications because of their flexibility and
high efficiency over a wide range of load.

POWER PACKS using Seletron Selenium

Pictured are a few applications for industry
as developed by Seletron users. Clockwise from
top right: Power Packs for electroplating and
similar processes; for general industrial use;
and elevator operation.

How about your rectification problems?
Seletron engineers will be glad to discuss them
with you. Write Dept. ES-27

OUTPUT: 45 KW,
220¥. Convection

Cooled.
35" xd8Yy'x2Y/y"

Let wus
bulletin.
teresting technical data
the of
selenium rectifiers.

send you our

I+ includes in-

regarding use

etrant-

OUTPUT: 75 KW, §t'.§§};

230V. Fan e

Cooled. R
8'4"'x5'10"'x4'7"

Reg. Trade Mork

QUTPUT: 1000 Amp.,
9Y. Fan Cooled.
24''x24"xb6"

0 Y N

!

j OLTUT: 25 KW,
4 230%. Fan
\‘l
2]
i}

Cooked.
284" x48"

(L T, T

SELETRON DIVISION

@ RADIO

Main Office & Factery: 84 Kerth 9tk St., Brooklyn 11, N. Y. o Sales Department: 251 West 19th St., New Work ((, & Y.

RECEPTOR COMPANY, Inc.

Since 1922 in Radio and Electronics
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Only the

BEST

pass these
tests

This operator is viewing the projection of a series
of spectrograms, and is about to measure the
intensity of specific spectral lines to determine the

quantity of certain chemical elements in the

samples being analyzed.

‘\'IE\

The spectrograph provides one of the most efficient means for precise metallurgical control. Samples
taken from a heat in the Driver-Harris melting furnaces are analyzed so rapidly by means of this
apparatus, that @ complete analysis can be obtained before the next heat is ready for pouring.
Thus any necessary adjustments can be made immediately—an outstanding advantage in controlling
the constituent elements of alloys being produced to extremely close specifications. The operator
is here seen adjusting the size of the analytical gap in the arc-spark stand of the Driver-Harris
grating spectrograph at the start of an exposure.

The quality of any manufactured item depends upon a number of factors,
but on none so much as “inspection”. And here, at Driver-Harris, we give top

priority to inspection.

Through every stage of manufacture, precise metallurgical checks and
controls are systematically applied to D-H Alloys to insure quality and uniformity
that are unsurpassed—recognizec the world over.

We have had 50 years’ experience in continuous alloy research and
manufacture. Every piece of D-H wire, ribbon or strip, and every casting
embodies advantages such as only half a century of accumulated know-how can
provide.

Whatever your requirements for electrical resistance and heat-resisting
alloys, send us your specifications. We shall be glad to make recommendations,
and supply you with the alloy best suited to your needs.

The research metallograph, the ultimate in A view in the Driver-Harris chemical laboratory

metallurgical microscopes, is applied to both —fully equipped for all standard types af

research and quality control at Driver-Harris. volumetric, gravimetric and colorimetric
analyses.

Makers of over 80 alloys for the electronic, electrical and
heat-treating fields—including world-famous Nichrome®*

Driver-Harris Com[wmy

HARRISON, NEW JERSEY

BRANCHES: Chicago, Detrait, Cleveland, Los Angeles, San Francisco

. _— *T. M. Reg. U. S, Pat, OR.
www americanradiohistorv com eg. U. S, Pat, OR.



“His receiver or equipment will have

a Dependable Stout Heart”/

The core is the heart of the circuit — in radio, TV,
short wave, FM, radar and in many forms of tele-
phonic apparatus. The dependable, stout heart can
only be built with the finest materials available.

Stackpole Carbon Company has unparalleled experi-
ence in the manufacture of quality powdered iron
cores. They know — and the firms they serve know —
the all-importance of minimizing fading and drifting.
They know that a core made with a G A & F Car-
bonyl Iron Powder represents the one surest safeguard.

Stackpole Carbon Company knows — and the firms
they serve know — that the gains thus made are all but

doubled by the savings which also occur — automat-
ically. If you can cut down the space and the weight
in your receiver or equipment, if you can make a sub-
stantial savings in wire, why specify any core material
except G A & F Carbony! Iron Powders?

We invite you to send for the free booklet described
below. We invite you to call upon our highly special-
ized research facilities for any help we canlogically ren-
der. We also invite you to ask your core maker, your coil
winder, your industrial designer, how G A & F Car-
bonyl Iron Powders can improve the performance of
the equipment you manufacture. It will cost you noth-
ing to get all the facts.

These unique properties tell why

G A & F Carbonyl Iron Powders are superior:

THIS FREE BOOK — fully illus-
trated, with performance charts
and application data — will help
any radio engineer or electronics
manufacturer to step up quality,
while saving real money. Kindly
address your request to Dept. 14.

PROPERTY
Spherical structure ...

Concentric shell structure
(some types only) .

High iron content ...

Absence of non-ferrous metals

Relative absence of internal
stress; regular crystal structure

Spheres of small size

Variations of sphere size .

ADVANTAGE

_Facilitates insulation and

compacting
Low eddy current losses

Exceptional permeability and
compressibility

Absence of corresponding
disturbing influences

Low hysteresis loss

Low eddy current losses; usable
for high frequencies

Extremely close packing

ANTARA. PRODUCTS

ENERAL
T GANILINE& FILM CORPORATION

444 MADISON AVENUE

NEW YORK 22, N. Y.

= Carbony
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Iron Powders. . .
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FOR MEASUREMENTS OF POWER + VOLTAGE + IMPEDANCE - ATTENUATION - STANDING-WAVE RATIO

These coaxial elements, each simple in itself, can be combined easily and quickly into many different measurement set-ups.
A relatively small investment in these versatile parts provides equipment for most U.H.F. measurement problems. Charac-
teristic impedance is 50 ohms wherever possible, and the Universal Type 874 Coaxial Connector i: used throughout.

I I

A
Has
874-B BASIC CONNECTOR — $1.50 874-C CABLE CONNECTOR — $2.00 874-P PANEL CONNECTOR — $2.25. 87--PC PANEL CONNECTOR wlTH CAP
For use an rigid 50-ohm, air-dielectric coaxial lines For use on G-R Type 874-A2 Polyethylene Cable For use on panels. Rear end fits — .2.75. For use on panels. Hinged cap

Type 874-A2 Cable shields connector when not in use. Rear
874-CB CABLE CONNECTOR — 474 pgpaNEL CONNECTORS—$225 end fits Type B74.A2 Cable. 874-PCB

$2.00. For use on Army-Navy For yse on panels. Rear end fits PANEL CONNECTOR WITH CAP —
Type RG-8/U Cable Army-Navy Type RG-8/U Cable $275. Same as 874-PC except rear end
fite Army-Navy Type RG-8/U Cable

2 -
W
N
N §
& L ::
N <
874-Q1 ADAPTER TO TYPE 874-Q2 ADAPTER TO G-R TYPE 274 — 874-Q7 ADAPTER TO G-R TYPE 774 — o — . B
N — $6.00. Plugs into Army- $5.00. Makes output of a coaxial $5.00. Plugs into any G-R Type 774 ) T ™
Navy Type UG-22/U and system avoilable at pair of %4-inch- Connector 3 1%
similar jack-type connectors spaced binding posts or bonana plugs - -E—
874-R20 PATCH CORD — $8.00. Three feet of Type 874-A2 874-R3) PATCH CORD — 874-R32 PATCH CORD — 74.Z STAND — $1%.50.

Polyethylene Cable with a Type 874-C Connector on each end  $4.50. Three-foot, ﬂ.exible $5.25. §imi|ar to Type 874- 2{ a wide ygrieyilcfscoaTxoia:Us‘;/Z?er:nsﬂf hzz:r';
874-A2 POLYETHYLENE CABLE — $0.50/ft., $27. 00/100 ft. coaxial cable terminated R3], with a Tvpe 274-ND bronze base — 22- nch vertical and 8-inch
Bulk cable — choracteristic impedance of 50 ohms +5% With Type 874 Connector Shielded Plug in place of horizontal brass rocs — three universal clamps

—double-shielded — good mechanical flexibility and phone tips phone tips — no rust or corrosion
» p » A U A B
AT4-L20 {
e B e e Sy -

874-1L10 50-OHM AIR LINE (10 CM) — $10
874-120 50-OHM AIR LINE (20 CM) (:Ilusfrafed) — Sl'l 00
874-130 50-OHM AIR LINE (30 CM) — $12.00
To space stybs or other elements of a coaxial system

874-EL 90-DEGREE ELL — $6.50 $74-7 TEE — $8.50
:,,,ﬂ F i 4 ERNE = =
o poru1m- . _ 28CM. MINS T L . 36.CM. MIN. .
48 CM, MAX. | ‘ 81 CM. MAX. T
e —— =S | ¥ : = S § -
&,} T e S
G

874-D20 ADJUSTABLE STUB (20 CM) — $15.00 . ; _ 4-JR ROTARY JOIN ]
874.D50 ADJUSTABLE STUB (50 CM) — $16.00 74 ‘4‘&.‘:'33;’;?,‘;".i‘fe”_“.in‘;'.?fcﬁ::;‘;ﬁea)s mf 6500 & OTAR T 3850

For matching or tuning, and use as reactive elements. Coaxial
lines with sliding short circuit moved by bakelite tube., Reference
marker facilitates use as wavemeter with scale

874-F500 500-MC LOW-
PASS FILTER ~ $22.50
874-F1000 1000-MC LOW-.
PASS FILTSER (illustrated)
22.5

874-K COUPLING

CAPACITOR — $12.00

- Short coaxial line
with  0.005 micro-

farad capaciter in

Used to lmprove accuracy % " series with inner
by reducing harmonics . conductor — trans-
from U.H.F. generators " ; . . mits h.f., blocks d.c,




(P Versatile, Inexpensive Gompanents - New Universal Connectors Eliminate Male-female Adapters -
[Exceptionally Convenieat - Excellent Electrical Characteristics « Ideal for Proposed U.H.F. T-V Band

874-WM  50-OHM  TERMINATION .

$8.00. Provides good impedance match . = .

from D.C. to several thousand mega 874-WN SHORT-CIRCUIT TERMI. 874-WO OPEN-CIRCUIT TER-

cycles. SWR less than 0.6 db up tc NATION — $3.50. A fixed short- MINATION — $3.00. A shield-
2,000 Mc, 1.0 db up te 4,000 Mc ing strap mounted in o connector ing cap fos open-ciscuited lines

COUPLING ELEMENTS

|
1

874-I:R R.ADIAl.’ING I.INE—$'|2.00. Short 1651-A BOLOMETER BRIDGE. For conveniently meas-
coaxial line with hole in outer conductor uring h-f power by either d-c substitution or direct-
that can be partially or completely covered + reading method, with the following three bolometer
by a rotatable sleeve — for coupling to ex- units:

ternal wavemeter or hetercdyne frequency e 874-H25* THERMISTOR UNIT (25 MW) — $40.00
meter h
= 874-H100* THERMISTOR UNIT (100 MW) — $40.00
Thermistors in coaxial holders with by-pass con-
denser — useful from 5Mc to several thousand Mc
874-HF* FUSE BOLOMETER HOLDER — $34.00
Similar to thermistor units, but for fuse bolom-
eters —fuse assortment supplied

874-GA ADJUSTABLE
ATTENTUATOR

$55.00. Mutual-induc-
tance (wave-guide-
below-cutoff) type

attenuator — atten- *External appecronce of oll three similar — illustrated
vation is adjusted by af lower lett
> turning sleeve — mi- 4 or pixep ATTENUATGR (20 DB PAD) 874-WL LAMP TERMINATION — $5.00. Flashlight bulb
f.’ﬁ'é‘foég’_ugégl%ﬁoﬂf; g;g;ﬁ_ﬂég&;%}nlﬂncg crometer-type indica $18.00. Pi-type resistance attenuctor for fre for rough power indication — 50 to 100 mw

: ; di quencies from de lo several thovsand mega. 2 <
loop on coaxial line — collet post, acting as a probe, tion — direct recding cyches (lower right in photo)

supplied for panel mounting mounted on c¢onnector L

874-VR VOLTMETER RECTIFIER — $25.00. Crystal 874-1B SLOTTED LINE — $220 For measurements 874-LVv. MICROMETER VERNIER ATTACHMENT —
rectifier across short coaxial line — useful fre of standing-wave ratic and impedance — 300 to $3°~°°-', FC’L ":ﬁ‘“};"e%'e}f‘" f°f high St’?ndlzihg-;/ave
~ ttor i . . R ratios by the ""width-of-minimum’’ metho

quency rt.:,r;‘ge. 15 Mc 7: 1:,500 Mc.d resnga,rhm _’)l‘OOO Mc — variations in probe couph.ng alcfng 1231-8 AMPLIFIER AND STANDING-WAVE INDI-
e LY RSl rsecior RASMICES potaChi line less than + 212 per cent —unique sim-  CATOR — $210.00. Amplifies and indicates slofted-
source nmpedf:nce also  useful as detector plicity of design — detector: ciystal ractifier sup- line crystal detector output in db

W o5 (/Ellusfra:d Zr bgHon) | plied, or suitable receiver — (Type 874-D20 1231-P4 AD':’USTABI.E AT;ENUATOR—{SS%SOA.FM
87 VOLTMETER INDICATOR — $65.00. Crysta Adjustable Stub shown in illustration plugged into increasing the range and accuracy of standing-
current indicator and calibrator for Type 874-VR slo::e-da line tunes wcrylsml‘ slow-m‘?aﬁg?l drive flﬂzoav]ep?eﬁ:ﬂrseénea'; ml?h Ty2poe0(;234163 Amﬁ'aga'
Voltmeter Rectifier. Range: 0.1 to 2 volts — regu - CUIT — $20.00. cy i

lated 60-cycle calibration voltage readily disengaged for free sliding cycle filter; frequency selected by switch

WRITE FOR A COPY OF THE JANUARY, 1950 GENERAL RADIO EXPERIMENTER FOR COMPLETE INFORMATION



THIS 1S NOT NEWS

to most designers and
engineers. But it is a
REMINDER to all!

Tried and Proved b} Industry
in hundreds of thousands

Of ms'u"uhons for COMPARE! The size of a Federal 26-Volt RMS

per cell Selenium Rectifier (front) with-an equivalent

MORE THAN 3 YEARS RSl e

The Federal 26-Volt Selenium Rectifier was the first power stack to oper-
ate at such high voltage, the first. to be accepted by industry, the first to
prove itself. No other manufacturer can match this record of performance.

Here’s what Federal’s 26-Volt RMS per cell Every Federal Selenium Rectifier, for every
Selenium Rectifier means to you: power conversion requirement, is backed by

@ LOWER COST... A smaller rectifier with fewer cells the engineering and production skill of Amer-
does a better job. .. at lower first cost and at lower ica’s oldest and largest manufacturer of Sele-
operating cost—in addition to the important reduc- nium Rectifiers. Write Federal today for in-

formation on your rectifier
requirements.

tion in cost of components.

@ HIGHER EFFICIENCY ... Fewer cells per stack mean
lower losses.

@ SPACE SAVING ... More design freedom resulting
from greatly reduced size of the rectifier unit.

@ GREATER VERSATILITY... New fields of application
are opened through the inherent advantages of lower
cost, efficiency and compactness.

Get the facts on 26-Volt RMS
Per Cell Selenium Rectifiers.
Send for your free copies of Fed-
eral’s new 32-page book, “Federal
Selenium Rectifiers From Milli-
watts to Kilowatts,” and Federal’s
“Packaged Power Data Sheet.”
Address Department F-713.

Federal Tlephone and Radio Corporation

R L TTAATCMIIN LS, *CELENIUM and INTELIN DIVISION, 100 Kingsland Road, Clifton, New Jersey
1 T&T's world- wide research and
engineering organization,

In Canada: Federal Electric Manufacturing Company, Ltd., Montreal, P, Q.
Export Distributors: lnternational Standard Electric Corp., 67 Broad St.,N.Y.
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A MESSAGE TO AMERICAN

INDUSTRY o

80th OF A SERIES

1950. ..
Owur Industrial Machine
Is Rzmm'ng Down

In his recent Economic Report to Congress Presi-
dent Truman chalked up a constructive advance in
his economic reasoning. He pointed out that if we
are going to attain the worth-while goal of a $300
billion national income in the next five years, we
must equip ourselves with more and better indus-
trial tools. Of all the dynamic forces of expansion
in America, he said, one of the most important is
business investment.

That is fine. It is basic common sense. We have
been saying that for years and we are glad to hear
the President say it too.

But having hit this new high in his economic
reasoning, the President failed to draw the right
conclusion. He made the mistake of accepting the
false conclusion that there is no shortage of busi-
ness funds to pay for more and better industrial
tools. “There are immense opportunities for busi-
ness investment in nearly every segment of thc
cconomy,” the President said, and further, “there
are in general sufficient funds available to busi-
nessmen who want to seize these opportunities.”

That just is not so — and the lack is not only
scrious; it can well be fatali

It is a matter of the most urgent national im-
portance that the President’s recognition of the

need of more and better industrial tools should be
followed by effective action. That calls for changes
in the national policies that are now blocking and,
unless changed, will increasingly block business
from meeting this need. If business cannot get
enough new tools, the result will not be higher, but
lower standards of living five years from now.

The President should talk this matter of busi-
ness investment over with Senator O’Mahoney,
the Chairman of the Joint Congressional Commit-
tee on the Economic Report. Senator O’Mahoney
would take to the discussion knowledge of the
investment situation recently acquired through his
conduct of a series of Congressional hearings.

If he told the President what he told the press
during the course of thesc hearings, he would say,
“the private capitalistic system is being seriously
threatened by a lack of venture capital.” That is in
direct conflict with the President’s conclusion that
“there are in general sufficient funds available.”

This serious shortage of adequate investment in
new plant and equipment is brought forth so that
all of us can understand it by McGraw-Hill’s an-
nual survey of American industry’s plans for in-
vestment in new plant and equipment in 1950,
which has just been completed.

continued on next page




BUSINESS' PLANS FOR 1950

These are the major findings of the McGraw-Hill survey of “Business’ Plans
for New Plants and Equipment” in 1950. Made by the McGraw-Hill Depart-

ment of Economics, the survey shows:

I. Industry —as represented by manufac-
turing, mining, transportation, and utili-
ties — now plans to invest $12.4 billion
in new plants and cquipment this year.
This is 13% less than was actually spent
last year.

2. Manufacturing industries alone plan
to spend $6.3 billion in 1950 for new
facilities. This is also 13% less than they
spent last year.

plans. The largest part of their funds,
65%, will go to replace and modernize
existing facilitics.

5. Profits and reserves arc expected to
provide 92% of the 1950 investment
{unds of manufacturing companies.
These companies count on new common
stock issues to provide less than one-half
of one per cent of the investment funds
they will need.

companies review their investment plans
monthly. Almost all companies go over
them at least quarterly. The survey shaws
that companies changed plans rapidly
during 1949 to meet changes in their
prospects.

7. Other industrics are also reducing
their investment plans in 1950 by 13%.
This coincidence arises from the fact
that utility companies, notably the elec-
tric light and power cormpanies, plan to
spend only slightly less than in 1949.
Railroads, on the other hand, are reduc-
ing their capital programs in 1950 by

&

3. Manufacturers as a whole expect their 0
1950 sales volume to about equal 1949’s.

4. Manufacturers will expand their ca-
pacity about 3% in 1950, under present

Two out of thrce manufacturing

A copy of a complete report on “Business’ Plans for New Plants and Equip-
ment” may be obtained by writing me at McGraw-Hill Publishing Company,
Inc., 330 West 42nd Street, New York 18, N. Y.

more than 40%.

The results of the survey, which are summar-
ized above, show that American Industry —as
represented by manufacturing, mining, transpor-
tation and utilities — is planning to spend 13 per
cent less for new plant and equipment in 1950
than it did in 1949.

Since the rate of investment in new plant and
equipment right now is apparently about 15 per
cent below the rate for 1949, the present level of
business investment may be relatively steady in
1950. That would relieve the fear, expressed by
President Truman in his Economic Report, that
“if the downward trend in business investment
were to continue, our prospects for full recovery
and continued expansion would be seriously en-
dangered.”

BUT, at the rate of investment planned by
American manufacturing industry for 1950, it
would take 40 years to modernize thoroughly our
present industrial plant and equipment. That
would still leave undone the job of increasing it
to meet the needs of an expanding econonty of
the kind sketched by President Truman in his
message.

In attaining cven this rate of investment, the
McGraw-Hill survey shows American business
must rely overwhelimingly on its own profits,
which have declined as the country has left the
postwar boom behind it. Most American com-
panies cannot sell new common stock except at
ruinously low prices. Here is one case where gov-

ernment action is really needed to help business
and help to keep a rising American standard of
living.

In order to get enough business investment to
assure the “full recovery and continued expan-
sion” sought by the President, our country needs:

1. Lower taxes on business incomie so as to re-
lease more money for new plant and equipment,

2. Liberalized depreciation allowances on old
plant and tocls so that business can buy new
equipment faster.

3. Repeal of the present double taxation of div-
idends which now are iaxed once as corporation
income and again as personal income.

It is encouraging to have the President explic-
itly recognize the key importance of adequate
business investinent in providing steadily expand-
ing prosperity. The next and most important thing
to do is to make this recognition effective by dis-
carding national policies which are blighting an
adequate volume of business investment.

President, McGraw-Hill Publishing Company, Inc.




TINY °

ol \MIKE

Now —take advantage of these new, space-saving,

miniature ceramic capacitors, designed for bypass and

coupling in ultra-compact assemblies. These ceramics

incorporate the same dependable performance built

into the highly specialized C-D ceramic capacitors,

used for years by the world’s largest manufacturers of

radio equipment.

C-D TINYMIKES OFFER YOU DISTINCT

ADVANTAGES IN CAPACITOR DESIGN:

® Jdeal for cramped chassis layouts:
diameter, only 5/32” thick.

® TINYMIKES are lighter than other types of same
capacity and voltage rating.

® Short current path and parallel leads reduce induc-
tance to lowest possible level.

® Resistance is fixed at a low level by solder-connected
leads directly to the high-purity silver electrodes.

® Use of two electrodes accurately positioned in rela-
tion to each other reduces eddy current losses to a
minimum and increases the Q.

only 19/32" in

1910-1950
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C-0 Best by eld fesr”

CONSISTEN'I'I.Y DEPENDABLE

ELL-DUBILIER

" CAPACITORS — VIBRATORS
ANTENNAS — ROTATORS — CONVERTERS

miniature ceramic

disc capacitors

® High dielectric -strength of the C-D ceramic, high
insulation resistance and low power factor assure
constant and dependable service.

® Protected against the effects of humidity by a spe-
cial phenolic coating and high-temperature wax
impregnation.

® Presently available in 500 volts DC working, with
units in the range of 1000 mmfd. to 5000 mmfd.
rated on a basis of guaranteed minimum capacity
over a temperature range of + 10°C to 4 65°C.
Units in the 100 to 150 mmfd. range can be supplied
at a tolerance of = 109 or +=20%.

Write today for complete technical data on these new
C-D TINYMIKE Ceramic Capacitors. Engineering inquir-
ies solicited. CORNELL-DUBILIER ELECTRIC CORPORATION,
Dept. K30, South Plainfield, New Jersey. Other plants
in New Bedford, Brookline and Worcester, Mass.;
Providence, R. I.; Indianapolis, Ind., and subsidiary,
The Radiart Corp., Cleveland, Ohio.
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for this Unusual New Gauge Control that
covers ALL the Useful High Vacuum Range

This new gauge control represents a real advance in the measurement and
control of high vacuum. In designing it, our engineers have ingeniously
simplified the long-accepted circuits . . . developed an instrument that is
smaller yet more convenient and flexible than ever before. The one
Jonization and two Thermocouple Gauges fill @/ the needs of scientific and

commercial work. But there are many other advantages, so write . . . foday.
* Type 501 Thermocouple Gauges and type 307 lonizasion Gauges exira.

INDUSTRIAL RESEARCH « PROCESS DEVELOPMENT / IIIl _‘ METALLURGY - DEHYDRATION ¢ DISTILLATIOR
HIGH VACUUM ENGINEERING AND EQUIPMENT — COATING + APPLIED PHYSICS
National Research Corporation

Seventy Memorial Drive, Cambridge, Massachusetts

{n the United Kingdom . BRITISH-AMERICAN RESEARCH, tTD., london S.W. 7, England — Gloigow S: W. 2, Scotland

See us at
BOOTH 133
IRE SHOW

FEATURES

Total Range:
1 mm.to1lx108mm.

One Logarithmic Scale :
0-1 mm. Hg.

Five Linear Scales:
0to 5 x 103 mm. Hg.
0to1x 103 mm. Hg.
0to 1 x 104 mm. Hg.
0tolx 105 mm. Hg.
0to1x10®mm. Hg.

Protective Circuit — lonization
Gauges have survived more than
100 bursts to full atmospheric
pressure.

Alarm Circuit indicates trouble or
controls auxiliary equipment.

lonization Grid Current can be
stabilized at 1, 5 or 10 mils.

Instantaneous comparative
measurements of high vacuum and
fore-pressure.

Low Leakage Cable assutes accurate
readings at pressures below
10 mm.

Readily Portable (with dimensions
of 13" by 11 13/16" x 9 3/8").

Qutgassing Circuit included.

March, 1950 — ELECTRONICS



RED BANK DIVISION OF

TVes B

Avid g -
'ON & o)

ey YNAAS,

Bendix dynamotors are built to supply the
exact power requirements of your equip-
ment—to work from any input voltage and
to deliver the necessary power at any out-
put voltage. Dual or triple output voitages
are available for high and low-level por-
tions of the circuit, or for biasing. For crit-
ical circuits, regulated outputs will simplify
your design problems, especially since a
regulated filament supply can be chtained
as a bonus when regulating the high voltage

- R
Sodadins s ot 2 b

- Prdmptly and at Muderate &Boﬁ!&

THE RIGHT DYNAMOTOR FOR EVERY PURPOSE

® Sizes—23%"” to 5V4” diameter © Outpet Veoltage—6 to

i

it

output. Beadix will build your dynamotors
to the usual military specifications or to
meet even more rigid requirements, such
as operation at higher temperature, or
altitudes in experimental equipment.

Samples or production units of special dyna-
motors are priced competitively, A definite
proposal will be made upon receipt of the details
of your problem. For immediate information
call our Engineering Staff —Red Bank 6-3600,
Red Bank, New Jersey.

® Power Range—10 to 1500 volts /
500 watts ¢ Single and multiple output RE‘ ﬁ"lﬂl(

® Input Voltage—6 to Gl Ul DIVISION
115 volts ¢ Pldin and regulated types /

RED BANK, NEW JERSEY

ELECTRONICS — March, 1950

BENDIX AVIATION CORPORATION
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cgLorON

. . . what's in it for you and your products ?

Timing Gears made from CELORON help build
STUDEBAKER’S reputation for dependability.

What's in CELORON for you . ..and your products? This different thermo-
setting plastic maintains strength and resiliency at temperatures up to 290°F.
Resists oil, water and many corrosive chemicals. It is 1/6 the weight of steel—
only 1/2 the weight of aluminum! Remarkably easy to machine, Continental-
Diamond’s CELORON gives you an unusual combination of light weight, high
strength, and wear resistance plus electrical insulating properties.

CELORON is another example why it pays to see C-D first in your search
for the right plastic. For plastics that provide practical combinations of mechan-
ical and electrical properties, call your nearest C-D office. Trained technicians
on hand at all times to help with your material selection problems.

CELORON —ideal for many mechanical and electrical applications

Specific Gravity .......coooivaas 1.35  Impact Strength (Izod)

Tensile Strength . ... .. ... .. 6,500 psi (per inch of notch)......... ... 2.3 Ft. Lbs.
Flexural Strength.......... 10,000 psi  Brinell Hardness—500 kg. load ... .. ...38
Compression Strength...... 25,000 psi (10 mm diameter ball—30 seconds)
Shearing Strength .......... 8,500 psi  Rockwell Hardness ..............co M105

D
e

BRANCH OFFICES: NEW YORK 17 o CLEVELAND 14 e CHICAGO 1l e SPARTANBURG, S. C. e SALES OFFICES IN PRINCIPAL CITIES.
WEST COAST REPRESENTATIVE: MARWOOD LTD., SAN FRANCISCO 3 ¢ IN CANADA: DIAMOND STATE FIBRE CO. OF CANADA, LTD., TORONTO 8

X
(_;m/mrmW/=Umw/n¢/ FIBRE COMPANY

e
Established 1895.. Manufacturers of Laminoted Plastics since 191T—NEWARK 10 « DELAWARE
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Filtered by FILTRON means
Radio Interference-Free Performance

FILTRONS are suppressing RF Interference in modern Military
Aircraft, Naval Equipment and Ground Signal Installations.

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

FILTRON’S completely equipped Shielded Luboratory is avail-
able for the RF Interference Testing of your equipment.

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

requirements.
e

P am
V. Aircraft FILTRONS,
-3 3" X 3" x 2"

2.5amp FILTRON for
5CV.D.C. operation,
,;/‘n x ,,/‘u X 7/3"

7 amp FILTRON for
115 V. A.C. 400 cy-
cles. 2" x 2" x 1Y,”

An inquiry on your Company leterheod

will receive prompt aftention

ne FHFRON co., inc.

38-25 BELL BOULEVARD

BAYSIDE,

NEW YCRK, N. Y.

STRATOJET

RADIO NOISE
FILTERS FOR:

Electronic Controls
Electric Motors
Electric Generators
Electronic Equipment
Fluorescent Lights
Qil Burners
Signa! Systems
Business Machines
Electric Appliances
Electronic Signs
Electronic Heating
Equipment

LARGEST EXCLUSIVE MANUFACTURERS OF RF INTERFERENCE FILTERS

BOEING B-4
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SENSITIVE RELAY
built for long service

SW RELAY

Sensitivity
Plus Dependability!

The new Allied SW relay offers
an economical combination of
both these important qualities.
Here are the facts on this
newest relay in the famous
Allied line

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

Be sure to visit the
Allied exhibit at the L.R.E.
Show, Grand Central Palace.
March 6to 9 ¢ Booth 279

SENSITIVITY:

COIL:

CONTACTS:

MOUNTING:

DIMENSIONS5:

WEIGHT:

Hermetically Sealed

Supplied
with
OCTAL PLUG
or SOLDER
TERMINALS

S$.P.D.T.
D.P.D.T.

Can be supplied

.012 watts d.c.
in A.C.

.05 waftts d.c.

Acetate insuvlated, bobbin or layer wound,
12,500 ohms max.

Silver, one ampere non-inductive load at 24
volts d.c. or 115 volts a.c. Armature contact at
frame potential.

One hole with locating lug. Also available with
dust cover or hermetically sealed, plug-in or
solder terminals.

Open Relay—1-15/16, 1-3/16", 1-5/8"
Sealed Relay—3-3/16" long, including plug,
1-13/32"" wide, 1-19/32" high.

2.5 ozx.

WEIGHT HERMETICALLY SEALED: 4.5 or.

SPECIAL
APPLICATIONS:

Sensitivity down to .003 watts $.P.D.T,, or .012
watts D.P.D.T. Palladivm or other precious
metal contacts for audio or low voltage cir-
cuits, tungsten or alloy contacts for higher
current or voltage circuits. Maximum input
4.0 watts at 20°C for 85° rise.

ALLIED CONTROL COMPANY, INC.

2 EAST END AVENUE, NEW YORK 21, NEW YORK

March, 1950 — ELECTRONICS



ALLEM B. DU MONT LABORATORIES, INC. o

at their BEST!

o LOWERED COST: A 4-section Inputuner at a marked saving
over previous 3-section Inputuners.

o REDUCED SIZE: Far more compact than previous Inputuners.
Utilizes latest Mallory-Ware miniature spiral-type Inductuner.*

o HIGHER GAIN: Over twice the r.f. gain of previous Inputuners,

e TV AND FM CONTINUOUS TUNING: Provides high-quality
reception from standard FM broadcasting stations, at no
added cost.

o IMPROVED SELECTIVITY: Added tuned input plus improved
circuitry permit interference-free reception.

Mt

ELECTRONICS — March, 1950

© ALLEN 8. DUMONT LABORATORIES, INC.

FIRST WITH THE FINEST IN J= |/ COMPONENTS

ELECTRONIC PARTS BIVISION °

e UNIFORM BAND PASS CHARACTERISTICS: Assure excellent
pictsre and sound quality on all channels.

o CHOICE OF INPUT IMPEDANCE: Provides for operation with
either 72-ohm or 300-ohm antenna systems.

o COMPLETE SHIELDING: Affords circuit stability and minimizes
oscillator radiation.

o LOW OSCILLATOR DRIFT: Accurate temperature cempensation
proxides freedom from necessity of retuning.

o ATTRACTIVE DIAL AND ESCUTCHECGN: Makes tuning easy
and adds eye appeal fo the TV set.

' Technical specifications and quotations on request.

*Trade-mark

www.americanradiohistorv.com

35 MARKET STREET, EAST PATER!ON, ¥. ).
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low=cost we-lding

production

General Electric engtineers have developed a new low-cost
method of precisicrn-control resistance welding for use in
many expensive assembly operations in the manufacture of
electronic equipmens.

This new welding method makes it possible for ¢ single
operator to weld 15 grounding ribbons and one resistor
lead tc the chassis of a television set in two minutes.

The control panel shown abcve provides for welding-
current acjustment to controt the amount of heat produced
in the welds. Once set, this control will keep successive
welding currents constant to insure accurate and consistent
welding of connecticns. Write for complete data in Bulletin
GEA-4175.

GENERAL

wwWw americanradiohistorv com
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one package—
Amplidyne plus Amplifier

The G-E electronic amplidyne con-
sists of a motor-amplidyne set, a high-
gain d-c balanced amplifier, and a
reference voltage supply. It is similar
to equipments used in drive systems
for radar antennas, searchlights, and
ship and aircraft gun mounts. Com-
mercially, it can be used in many
kinds of motor control systems for
close regulation of current, voltage
and speed—to limit torque, hold
tension, speed up acceleration, and
position accurately.

The electronic amplifier makes the
amplidyne respond quickly to sudden
changes in the control signal, and
gives it high sensitivity to small
gradual changes. These and other
features make it readily adaptable to
automatic programming and closed-
cycle processing control.

Applications range from power
supply for 14 to 114 horsepower mo-
tors to field excitation for large ad-
justable voltage drives up to 200
horsepower. For information, see
Bulletin GEA-4889.

e
g e

ELECTRIC
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TIMELY HIGHLIGHTS
ON G-E COMPONENTS

250 degrees of meter scale

General Electric’s new long-scale
panel instruments are designed for
applications where space is limited,
but ease and accuracy of reading are
required. These 3 Vs-inch instruments
have a 4.92-inch scale which covers
250 degrees.

The sturdy, attractive, molded
Textolite cases (round or square)
harmonize with other G-E panel
instruments. The mechanism is the
internal-pivot type—a reliable unit
construction which permits minimum
behind-the-panel depth. Accuracy is
within 59, of full scale on the recti-
fier type, 2% on all others. For full
details, write for Bulletin GEA-5425.

If you need it—

+ one degree accuracy

Electronic engineers are well aware
of the usefulness of selsyns. Whether
used for indicating or control, they
have proved themselves a reliable,
accurate, and rapid means of com-
munication.

G.E. produces a complete line of
selsyns—the high-accuracy type with
an accuracy of = one degree, and the
general-purpose type with a = five-
degree accuracy. All units have high
operating torque and are totally en-
closed with no exposed rerminals.
Indicators and transmitters are also
available in several models. See
Bulletin GEA-2176.

ELECTRONICS — March, 1950
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R varies inversely as E4

Thyrite® resistance material is in-
organic and has the unique electrical
property of varying inversely in re-
sistance as the fourth power (or even
higher) of an applied voltage. It has
stable electrical characteristics over a
wide range of operating conditions
and can be used with a-c, d-c, or
short-duration pulses. Because of this,
it has solved many problems for the
electronic design engineer.

Its most widely known applica-
tions are in the limiting of voltage
surges, the stabilization of rectifier
output voltages, the controlling of
voltage-selective circuits, and the
potentiometer division of voltages.

It is usually supplied in disk form
in diameters from 0.25 to 6.00 inches,
with or without mounting holes.
Smaller sizes are furnished with wire
leads. Complete information is con-
tained in Bulletin GEA-4138.

Cast glass bushings
make possible new designs

Originally developed by General
Electric for use in vital communica-
tion equipment, these unique bush-
ings are now successfully used on
such apparatus as power capacitors,
transformers (filament, modulator or
pulse), and rectifiers. They’'re made
of cast glass with sealed-in nickel-
steel hardware and can be readily
welded, soldered or brazed directly
to the apparatus. This eliminates the
need for gaskets and provides a per-
manent hermetic seal.

Because they are small and com-
pact, as well as vibration and weather
resistant, glass bushings make pos-
sible new designs, especially where
apparatus is to be airborne or where
high humidity or fungus growth are
special problems. Glass bushings will
not puncture or shatter under excess
potentials—either 60 cycle or im-
pulse. For more data, including sizes
and ratings, see Bulletin GEA-5093,

General Electric Company, Section D667-4
Apparatus Department, Schenectady 5, N. Y.

Please send me the following bulletins:

( ) GEA-2176 Selsyns
( ) GEA-4138 Thyrite Material
( ) GEA-4175 Welding Control

NAME

COMPANY.

ADDRESS. e B —

CITY. .. S ——

) GEA-4889 Electronic Amplidyne l

) GEA-5093 Glass Bushings
) GEA-5425 Panel Instruments l
_____________ STATE I
|
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elecironic voltage regulators

: ' e MAXIMUM ACCURACY
\" - e MINIMUM DISTORTION

® FREQUENCY INSENSITIVITY

*Output voltage 6 12 28 48 125 50008
Model in VA Capacity 1505 2508 20005 100008

5008 1000s 30005 150008

**Lload in amperes  5-15-40-100 5-15-50 5.10-30 15 5-10

Input voltage 95-130 VAC single phase 50-60 cycles:

adapter available for 230 VAC operation Regulation Accuracy *£0.1% 0.1% 0.1% 0.1%

Regulation +0.2% from 1/10 to full load Harmonic Distortion 3% max. 2% max. 3% max. 3% max.

Accuracy Input voltage 95-130 VAC also available for 190-260
VAC single phase 50-60 cycles

Ripple voltage 1%
RMS Max. Output voitage Adjustable between 110-120; 220-240 in
230 VAC models

Recovery time 0.2 seconds — value includes charging time
of filter circuit for the most severe change Load range O — Fuli load
in load or input conditions
+Adjustable+10%, —25% P.F. range Down to 0.7 P.F.
*+|ndividual models identified by indicating output voltage first NOTES: Regulators can be hermetically sealed.
then amperes. Example: E-6-5 6 VDC (@ 5 amperes All models temperature compensated.

SPECIALS Your particular requirements can be met by employing the ORIGINAL
SORENSEN CIRCUIT in your product or application.

SORENSEN REGULATORS can be designed to meet JAN specifications.

SORENSEN engineers are always available for consultation about unusual regulators to
meet special needs not handled by THE STANDARD SORENSEN LINE.

Wnite for Complete Literatune

AForensen . comary, v

375 Fairfield Avenue, Stamford, Conn.
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In any technical business
the specialist has a unique
value in his specific field.
It is logical that a manufac-
turer of a specialty product
should be of greater value
in his particular field.

As one of the largest producers
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 ¢ur prompt
technical service. Why mnot
bring your network problem
to us for the most practical and
economical solution?

v WRITE FOR TECHNICAL INFORMATION YONKERS 2: NEW Y ORK

ALL INQUIRIES WILL BE PROMPTLY HANDLED CASLE RDORESS ~BUANELL™



Jere’s light weight and much

SYNTHANE]

from this type of laminated plastics start

is half the weight of
aluminum. Moving parts made

faster, requirc less power to start, stop

and run . . . and light weight is only

one of the Synthane properties that make

it a valuable material for you.

With Synthane you get light weight, strength,
resistance to wear, dimensional stability and
excellent electrical insulation, plus

many other desirable mechanical,

electrical and chemical characteristics.

This unusual combination ol properties has

led to the use of Synthane in thousands

of applications in almost every industry.

It may be the material you have been

seeking to help make a good product

better or a process less expensive.

Electrical qualities such as high dielectrie
strength, low power lactor and low dielectric
constant, together with light weight and moisture
resistance have helped put Synthane in television
sets, transformers and many other pieces of
electrical and electronic equipment.

Hard, dense and abrasion resistant,

yet easy to machine, Svnthane is a widely

used material {or long-wearing, high-speed gears,
cams and rubbing blocks.

And so it goes in application after application
—Synthane pays for itself in extra advantages
over other materials. It may be helpful to you.
If you have a specific material problem,
write us outlining the situation. We will be
glad to help with material, design, or
fabrication of finished parts.
Synthane Corporation,

SYNTHANE] AT WORK IN INDUSTRY kS JPEIey WA,
5
Cleveland Pneumat ¢ Tool Compzny,
makers cf Aero! Landing Gear Sncck Strut foi the hy
U.S. Adr Fcree Bomber, B-26, selected Synthare A
¢s the right material for *he bearing shown d i - EI_ NG
because of light weight wear resistcacs, "45_ J PI.AST IGS WH E RE PI.ASTIGS B []
its antifliction quclities, good compressive strer 3th, 1&‘-:‘_
ex:ellent shock resistemce, and the slo-e ‘Heﬁ' T\ A
tolerances to which it may be fabriccred. : >
Are these qualities valvable to you?

44 March, 1950 — ELECTRONICS
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ARE YOUR ADDED VALUES

Synthane was the material selected for each of
the four parts shown at the right. Each manu-
facturer sought one or two specific character-
istics. In each application the user found that
Synthane was not only a better material for the
major requirement but gave him other desirable
properties. This is true of almost every appli-
cation, for Synthane is unusual for its combina-
tion of properties.

Synthane is strong, hard, light and dense.
Resists abrasion, corrosion, is easily worked on
slandard machine tools. It is an excellent elec-
trical insulator, has high dielectric strength,
low dielectric constant and low power factor.
It is a set plastic, dimensionally stable over a
wide range of temperatures.

' SYNTSHANE

L= =

SYNTHANE CCRPORATICN
& River Road, Oaks, Pa

Gentlemen:

Plecse send me, wizhout obligation, the camplete
catalog on Syn‘hae Techrica' P.asiizs.

WHERE SYNTHANE BELONGS
ELECTRONICS — March, 1950 45
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NEW PRESTO

PT-900 PORTABLE TAPE RECORDER

Here’s the answer for delaved special-events broadcasts—on-
the-spot recording—wherever there is a need for field recording
of complete broadcast quality. Look at these outstanding engi-
neering features:
Separate recording and playback heads, each with its own
associated amplifier, permit monitoring direct from tape.
High fidelity unit—50 to 15,000 CPS at 15” per second tape
speed. 3 microphone channels with master gain control in
recording amplifier. V.U. meter to indicate recording level,
playback output level, bias current and erase current, and
level for telephone line. 2-speed single motor drive system.
Don’t choose your tape recorder until you see the new Presto
Portable Tape Recorder. Write for complete details today.

RECORDING CORPORATION

Paramus, New Jersey
Mailing Address: P. O. Box 500, Hackensack, N.J.

In Canada : Waiter P. Downs, Ltd., Dominion Sq. Bidg., Montreal
Export: The M. Simons & Son Co., Inc., 25 Warren St., N.Y. Cabie Address: ‘‘Simontrice’* New York

SEE AND HEAR PRESTO AT I R E SHOW « SOUND ROOM D « GRAND CENTRAL PALACE

" March, 1950 — ELECTRONICS
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/
H ERE H ELP FOR YOUR TESTING
AND MEASURING PROBLEMS

Use one of these 3 instruments...or select from more than 300 other G-E stock instruments

You may find that General Electric engineers can
help you by recommending one of the many
G-E stock devices and instruments. Your problem,
especially if it is one common to industry, may
even justify developing new equipment, Send the
coupon today to Apparatus Department, General
Electric Company, Schenectady, N. Y.

To Cut Costs of Balancing Rotors
—use the G-E portable dynamic balancer

By using the G-E portable dynamic balancer to
balance rotors in their own bearings, you can dras-
tically reduce the time and cost of balancing rotors
in generators, motors, and in other machines. One
operator alone can balance two-bearing machines,
and he needs to make only three runs.

Ideal for factory-testing, you can use the device
for installation or maintenance work, and for field
service on any rotor within a speed range of 600 to
6000 rpm and weighing more than 30 pounds.
Write for GEA-320.

To Locate Leaks in Closed Systems

—yse the G-E Type M Leak Detector

By locating even the smallest leaks while your
products are on the production line, you reduce
operating costs, cut service expense in the field—
tand safeguard the good will of your customers.
Used in G-E refrigerator production for more than
two years, the Type M detector uses helium as a
tracer. The detector is so sensitive that it can
detect one part of helium in 200,000 parts of air.
Write for GEC-336.

To Detect Insulation and Winding Faults Quickly FOR HELP on your Testing Problems . . .
—use the G-E winding-insulation tester Mail this coupon toduy to:

You can speed up production-line testing of
motors, transformers, and generators by using the
G-E winding-insulation tester. At one G-E plant, for
example, more than 4000 motors a week are tested
with one device.

Less t}}an one minute is required for a complete Please send me descriptive information on in-
test, which includes resistance, impedance, turn-
balance, and complete high-potential tests; The
operator can determine the nature of the defects by
the wave shapes of the oscillograms. Write for
GEC-321.

General Electric Company l
Section N 687-16 |
Schenectady 5, N. Y. '

struments that will help me to test

Fm—————

GENERAL @3 ELECTRIC
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Mong/ynm FIXED STATION ANTENNA

EQUIPMENT IS USED THAN ANY OTHER KIND!

HERE'S WHY: The topnotch engineering that only the world's largest antenna equip-
ment specialists can give . . . the uniform dependability of Andrew equipment . . .
its superior performance . . . the fact that only Andrew makes a complete line of
fixed station antenna equipment.

But that's not all. An imposing parade of “firsts” maintain Andrew leadership.
Some current Andrew "firsts™ are 1) the exclusive Folded Unipole Antenna, 2) the
new Hurricane Models, 3) the Corner Reflector Antenna, and 4) a Very High Gain
Communications Antenna soon to be announced.

COAXIAL CABLE, Type 737. Significantly, there is more of this Andrew 74" diameter
cable now in use than all similar makes combined! You get a bonus of extra miles

added to your service radius because loss characteristics are exceptionally low,

FOLDED UNIPOLE ANTENNAS. Another Andrew “first” and made only by Andrew.
Thousands of these popular antennas are in usc at fixed stations throughout the
world. More new stations are using it than any other antenna. Users acclaim 1) its
quieter reception produced by the grounded radiating element, 2) the excellent im-
pedance match, and 3) its greater transmitting coverage.

Extra! Now available in Hurricane Models to insure uninterrupted operation
when you nced it the most.

COAXIAL ANTENNAS. Most economical where signal-to-noise ratio is high. Above
108 MCS only.

CARDIOID ANTENNAS. If you operate along a shore or border line and want your
signal to cover only a certain 180° area, this rugged antenna is made to order for
you. It concentrates your signal where you want it and doesn’t waste radiation where
you don’t want it.

CORNER REFLECTOR ANTENNAS. For narrow angle coverage or point-to-point relay-
ing. Concentrates your signal in the exact area where you want it, using a 60° beam.
Avoids interference to and from the remaining arca. For the 72-76 and 148-174 MCS
bands. Only Andrew makes a commercial model of this special purpose antenna—
another Andrew “first.”

VERY HIGH GAIN
COMMUNICATIONS ANTENNA

It will pay you, too, to use Andrew fixed station (soon to be announced)

equipment. Write for further information —today!

The highest gain antenna in mobile communica-

tions history. It actuaily delivers the full gain of
6.5 db as claimed —the some as increasing your

power 4%, times! Think of the economy. Now, for

E the first time, you can cover areas you couldn’t -
reach before! It's another pace-setting Andrew
“first.” Frequency range is 148-174 MCS.
CORPORATION . —— :

363 EAST 75th STREET *+ CHICAGO 19

World's Largest Autenna Equipment Specialists

TRANSMISSION LIRES FOR AM-FM-TV o ANTENNAS « DIRECTIONAL ANTENNA EQUIPMENT « ANTENNA TUNING UNITS « TOWER LIGHTING EQUIPMENT ~ CONSULTING ENGINEERING SERVICES
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CONOMY THIS YEAR

DESIGN FOR TRUE

.. Iransformers

BUILT TO MEET YOUR EXACT REQUIREMENTS

We have specialized knowledge, skill and a full range
of facilities for mass-produced economical units and
hermetically sealed transformers of all types, as well
as for large single and 3-phase transformers.

For a superior product, priced competitively . .. for
assured efficiency and long service life, let FERRANTI

build transformers to your precise needs.

CHECK YOUR REQUIREMENTS

Power and Rectifier Transformers up to 50 KVA (High Volt-
age or High Current). .. Saturable Reactors.. .. Special Cores
and High Temperature Insulation . . . Class B Hermetically

sealed Types.
®

Television Transformers . . . Control
Transformers...Audio Transformers
...Power and Audio Filter Chokes

We invite your inquiries

49
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tw - Cattlogs on -
SEALED LEADS
i MULTIPLE HEADERS
B\ISH‘“GS |
row avaiiable !

All the data you need on sealed terminals,

multiple headers and special gasket type bushings

for all electronic and electrical connections. Because of
wide diversity of design and size in all three types,

E-I standard stock items meet most requirements and
result in substantial economies. The catalogs illustrated
are most complete references and are available

to engineers, designers and purchasing officials on
request — without obligation.

s
iple headers
m‘ ‘s“ea od leads

| ‘m Write for

. your copies of -
E these FREE

\ catalogs today!

Lidty ant Speciestions

AR PR

Including many
standard types
suitable for most _

applications: 3 . EEm S

® E-| HERMETICALLY SEALED LEADS
With chemically bonded seal easily soldered or welded to housings. Impervious
to rust and dust, high moisture, shock and corrosion.

® E-1 HERMETICALLY SEALED MULTIPLE HEADERS
Every E-l header is of vacuum tight construction and absolutely strain free.
Other features are cushioned glass, tin dipping and silicone treatment.

® E-1 GASKET TYPE BUSHINGS
The ideal bushing for electronic applications. Offers high dielectric strength,
easy installation, improved sealing and shock resistant construction throughout.

For applications requiring other than standard types, E-I pro-
vides fast service on custom designs. Recommendations and es-
timates sent promptly on receipt of blueprints or pencil sketches.

EI ELECTRICAL INDUSTRIES-INC

MANUFACTURERS OF SPECIALIZED ELECTRONIC EQUIPMENT

44 SUMMER AVENUE, NEWARK 4, NEW JERSEY

March, 1950 — ELECTRONICS



... the efficient short-length tube
you’ve needed for small test equipmen?t!

GL-3MP1

CHARACTERISTICS

Heater voltage 63 v

0.6 amp
electrostatic
electrostatic

Heater current
Focusing method
Deflecting method

Screen phosphor, P1
fluorescence green
persistence medium

Over-all length 8%4" max

Bulb diameter 31/16" max

Min useful screen diameter 2%"

Base small-shell duodecal 12-pin

Basing 12F

Max ratings, design-cznter values
Anode No. 1, voltage 1,000 v d-¢
Anode No. 2, voltage 2,500 v d-¢

Typical operation, for Anode-No.-2 voltages of:

1,000 v 2,000 v
Anode No. 1,
voltage 200vto 350 v 400 vio 700 v
Grid No. 1,
voltage for
visual cut-off Ovio 63 v Ovto 126 v
Deflection factors:
Dl and D2 115vto 145v 230v1to 290 v
d-c per inch
D3 and D4 110vto 14Gv 220 v to 280 v
d-c per inch

GENERAL {3 ELECT

ELECTRONICS — March, 1950

* 8%" max length

ERE'S a proved 3-inch cathode-
H ray tube that makes it easy
for you to design test instruments
truly light and compact, conve-
nient to use. The tube may be
employed either in small oscil-
loscopes, or as a substitute for
meters in new-design equipment.

Small in size, appealing in
price, the GL-3MP1 also is
marked by advanced engineer-
ing. The tube has exceptionally
high light output. Its brilliant
spot is made possible by General
Electric's special method of ap-
plying the P1 screen. The spot is
held to a sharp focus through
eficient tube design and quality
manufacture. Moreover, deflec-
tion sensitivity is high; particu-
larly so for a short-length tube.

Tetrode design of the GL-3MP1
includes a No. 2 grid. Because of
this feature, fluctuations in first-

www.americanradiohistorv com

* 3 1/16" max diameter

anode voltage do not affect the
beam current, which remains
constant. The electron gun is a
Zero-Ib; type, meaning that the
first anode takes practically no
current. This permits use of a
low-current voltage-divider sys-
tem as well as a very small filter
capacitor in the power supply—
two vital steps toward circuit
simplicity and economy.

Ask, today, for price and fur-
ther facts about this fine G-E
cathode-ray tube—a type that
opens up new areas of sales for
the alert manufacturer of test and
service equipment. Also, General
Electric tube engineers will be
glad to consult with you person-
ally on the GL-3MP1’s applica-
tions to yoxr new design. Wire or
write General Electric Company,
Electronics Department, Schenec-
tady 5, Neu Yurk,

RIC

180-J286
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yI THIN WALL RINGS
FOR MAGNETIC FOCUSING ASSEMBLIES

Q«a&zzmdm@-w 2ROBLEM!

In TELEVISION SETS, magnetic focusing eliminates blur; gives clear, sharp
reception event during warm-up, or line voltage fuctuations; and the firsf foousing
adjustment is the last. The thin ring-type permanent magnets of Alnico V and V1
pmduced by Arnold for this use (sevcral sizes are pictured here) are cast, not
sintered, in order to save Ob first cost. It's a difficult job, but Arnold’s advanced
methods produce (hese rings i0 the desired quality andany quantity, without trouble.
__No matter what the application, in any grade of Alnico Of other marerials, you
ca? depend OO Arnold Permancnt Magnerts. Wwe'll welcome your inquiries-

o

THE ARNOLD P
N AL : "_‘u‘nf"“"’mnnnmé S "
| ’ SRR T OMPANY

ALLE-GH[E: L
i NY L
Speciclists anc - 147 East omu?'LUM STEEL CORPORA 4
‘ IPRcic ists and Leaders i 5 ario Street, Chicago 11 "I-§ TION
’ 1R0is

n the Desian
: ! Fn gn, Engineering o !
52 i e eering and Manufacture of PERMA

\NENT MAGNETS

|
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Type 557 Type 554 B e
Ceramicon Ceramicon ) g 3 f 3
Trimmer Trimmer 2

a5
&y

Erie Disc Ceramicons
Up to .OI MFD

Type TS2A Ceramicon Trimmer
1.5-7 MMF  3-13 MMF 4.30 MMF
3-12 MMF  5-20 MMF 7-45 MMF

Type 531 and 532

Tubular Trimmers . 3
0.5-5 MMF et
1-8 MMF g =

Button Mica Condensers
15 MMF—6,000 MMF

tor petter
e\ectronjc product

Cinch-Erie Plexicon Tube
Sockets with 1,000 MMF
built in by-pass condensers

w

THE dependability and accuracy
to close tolerances required for Tele-
vision and Broadcast applications
are combined in Erie Ceramicons Types L4, L-7, S-5 Suppressors
with compact design, tubular in for Spark Plugs and Distributors
form, for easy installetion on the
assembly line.

Erie manufactures a complete
line of Ceramic and Button Mica
Condensers for transmitter and re-
ceiver applications: Carbon Sup-
pressors, Custom Injection Molded
Plastic Knobs, Dials, Bezels, Name
Plates and Coil Forms. Complete
technical information on request.

High Voltage Double Cup
and plate Condensers
Up to 15,000 VOLTS

*¥Ceramicon, HiK, GP, Button and Plexicon are registered
WORKING

trade names of Erie Resistor Corporation.

ag .p...

ERIE RESISTOR CORP., ERIE, PA.

LONDON, ENGLAND TORONTO, CANADA

Temperature Compensating
Molded Insulated Ceramicons *
0.5 MMF—550 MMF
Temperature Compensating
Dipped Insulated Ceramicons
0.5 MMF— 1,770 MMF

Temperature Compen§ating
Non-Insulated Ceramicons
0.5 MMF—1,770 MMF

= ~

Erie “GP"’ iolded Insulated Ceiamicons
5 MMF—5,000 MMF

Erie “GP” Bipped Insulated Ceramicons
5 MMF—10,000 MMF

Erie “GP” Non-Insulated Ceramicons
5 MMF—172,000 MMF

-

Wy

Type 357 SN

Type 362

Feed-Thru Ceramicons
5 MMF—1.000 MMF
5 MMF—1,500 MMF

d o

*
Type  Types 323 Type Type
720A and 324 2322 2336

Insulated

Erie Stand-0ff Ceramicons
5 MMF—5,000 MMF

o w3 B

Custom Injection Molded
Plastic Knobs, Dials,
Bezels, Name Plates,

Coilforms, etc.




the FIRST all band-direct reading
SPECTRUM ANALYZER

10 MCS to 16,520 MCS

Polarad’s Model LSA Spectrum Analyzer is the
result of years of research and development. It
provides a simple and direct means of rapid and
accurate measurement and spectral display of an
" r.f. signal.

-
-
-
-

Outstanding Features:

® Continuous tuning. ® Frequency marker for measuring
@ One tuning control. frequency differences 0-25 MCS.
® 5 KC resolution at all frequencies. ® Only three tuning units required
® 250 KC to 25 MCS display at all to cover entire range.
frequencies, ® Microwave components use latest
@® Tuning dial frequency accuracy 1 design non-contacting shorts for
per cent. long mechanical life.
© No Klystron modes to set. ® Maximum frequency coverage
@ Broadband attenuators supplied per dollar invested.

with equipment above 1000 MCS. @ 5 inch CRT display.

The equipment consists of the following units:

Model LTU-1 R. F. Tuning Unit— Model LDU-1 Spectrum Display
10 to 1000 MCS. Unit.

Model LTU-2 R. F, Tuning Unit— . ]
940 to 4500 MCS. Model LKU-1 Klystron Power Unit.

Model LTU-3 R. F. Tuning Unit— Model LPU-1 Power Unit.
4460 to 16.520 MCS.

Where Used:

Polarad’s Model LSA Spectrum Analyzer is a labora-
tory instrument used to provide o visual indication of

the frequency distribution of energy in an r.f. signal
in the range 10 to 16,520 MCS.

Other uses are:

1. Observe and measure sidebands associated with
amplitude and frequency modulated signals.

Write for complete details

2. Determine the presence and accurately measure
the frequency of radio and/or radar signals. Visit our Booths 29 and 30
at the IRE show

3. Check the spectrum of magnetron oscillators.

4. Measures noise spectra.

5. Check and observe tracking of r.f. components of

6. Check twc r.f. signals differing by o small fre-

quency separation. Electronics Corporation

100 METROPOLITAN AVE. e BROOKLYN 11, N. Y,
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%ﬁ_@ governmeni agencies have

 THE
HEADER SEAL
GUARANTEED
IMPERVIOUS

TO EVERY

ELEMENT!

Visit Hermetic’s Booth Number 129 at the 1950 I\.R.E:\ Show, Grand Central Palace, March 6-9.

pany headquarters for glass-metal
headers that are impervious to every
element, even under the most ad-
verse conditions.

Hermetic headers withstand high
vacuum, high pressure, temperature
cycling, oils, compounds, chemicals
and corrosion.

TERMINALS AND HEADERS ARE
AVAILABLE IN RMA COLOR CODE

No matter what your requirements
are in design or production runs,
Hermetic’s creative engineering and
amazingly flexible processing will
save you time, mcney and effort and
will turn out hermetic seals of un-
rivaled quality for the ultimate in
performance.

\
%
oy

.
N O

o)

made Hermetic Seal Products Com-

The Only Seals
You Can Hot Tin Dip
at 525° F. for Easy
Assembly Soldering,
for a Strain and
Fissure-Free Sealed
Part with Resistance
of over

10,000 Megohms!

07

i

% /7//////

4

Your copy of the most complete §\\\
catalog ever produced on hermetic N

seals is available without cost or
obligation. Here, in 16 data-laden
pages, is the most thorough pres-
entation of factual material on her-
metic seals. Write for your copy. Let
us know how we can help solve
your problems in hermetic sealing.

N

Ao

)

PANY 20.37 so.6th st Newark 7, N.1. \

-

—
N\

N
i\

SFH

HERMETIC SEAL PRODUCTS COM
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Right: Desk panel ¢ccbinet rack

Below: Electronic control cabinet

Every manufacturer faces these two big problems
this year. But Karp can help to keep them off your doorstep.

If your product requires metal cabinets, housings, chassis or
enclosures, we can build them in a manner that will effect
time and money savings on your assembly line. Karp crafts-
manship is so accurate and thorough in detail that all units
will be completely uniform. All your components will fit
quickly and easily into place without forcing—without extra
efforts on your part.

The resultant savings of your time and effort can help cut
your costs and permit more competitive pricing, without
cheapening your product in quality and value.

Let us prove that Karp’s superior craftsmanship also means
true economy. Pin the coupon below to your letterhead for
more information.

KARP METAL PRODUCTS CO., INC

WHAT KARP CUSTOM CRAFTSMANSHIP OFFERS

® Practical help with design prob-
lems, to improve product and cut
cost.

® Our large accumulation of taols
and dies often can save you special
die costs ond time,

® The specialized skill of several
hundred of the finest metal crafts-
men; expert forming, drawing,
bending . . . welding with all latest
techniques.

® Finest quality painting and

finishing of all types in dustproof
chambers equipped with water
washed spray booth, Baking ovens
with timing. controls.

® Everything in sheet metal, from a
simple chassis or panel to the most
elaborate electronic apparatus
housings. Any metal, any gauge,
any size, any quantity—from a
single lot to large run quantities.

o Efficient production and on-time
deliveries.

' 215 63+d Street, Brooklyn 20, New York
1 Yes! Please send move information a1d PROOF of how your sheet
] metal workmanship can help us cut our preduction costs.
B Name
i Title . ...

Company ... . ... ... ...
! Address.... ... ... . SIS Pl . P
bociy ... .. L State .
O B0 E oy SN > om B BN BN BB u MM AN N0 SN M
56

' KARP
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METAL PRODUCTS C€O. ixc.

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

| Custom CGeaflomen in Fheel Melal
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The FAMOUS GENUINE

JENSEN MODEL 510

COAXIAL SPEAKER

BEST AT ANY PRICE - - -

Com parative tests with the most 2x pensive

types of two-way speakers will prove that
the Jensen Model 510 is the best regardless

of price.

The new, wide-angle acoustic lens of the

“510” is an example of Jenser leadership
inloudspeaker engineering. By adapting op-
tical principles io acoustics, this lens acts in

conjunction with the b-f horn to distribute

b-f radiation uniformly over a wide angle.
T his insures constant balance arid bigh qual-
ity reproduction throughous the whole
roomt. :

W hether the “510” is used for broadcass
monitoring, professional sound reproduc-
tion, or for homee entertainment systems, the
advanced Jensen electroacoustic design as-
sures the finest performance. '

W

ensen

ype RANGE

JENSEN MANUFACTURING COMPANY civisiON OF THE MUTER COMPANY

6607 South Laramie Avenve, Chicago 38, lllinois

ELECTRONICS — March, 1950

In Canada: Copper Wire Products, Lid., 351 Carlaw, Toronte
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an¢™""" NEW MINIATURE ELECTRICAL RESOLVERS

FOR COMPUTER PROBLEMS OF INDUSTRY

KEY COMPONENTS IN ARMA’S . 5

52
POST-WAR TECHNIQUE OF i 1620 —
ELECTRICAL “BRAIN BLOCK” ~§-.- o124
INSTRUMENTATION 8 W“
“Brain Block” instrumentation quickly de- .°I43%: Ei‘
scribes any custom arrangement of light, SIZE 03 093 EE

small, accurate standard Arma components RESOLVERS 078
to make precision instruments and controls.

TYPICAL SPECIFICATIONS [ e
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|03 @00 | 786832 | 400 =05 2 [ l 1000 0025 | 0° 0235 005 0§ I 35 012%Ed =70 05t0160 I 157 1070°¢ [ 78960 12
% - e R 1 i N A — — ——— |
03KK400 786833 | 4005 2 ! 1000 - 0025 | 00 035 005 05| 35| 012%E( =70 | 0.5t016.0 15°1070°C | 789640 12 |
103 | 03LL400 J 18681 [ 400 =05 1|2 1000 0025 | 00 038 005 05| 35 0| =70 0510160 | 1571070 C | 78340 12 Nate =1
4 | —_—— — — —
03 | 03MM400| 786835 | 400 »05 1 1 1.000 = .0025 0" 035 005 05| 35| 0l%E 70 0510160 15 t070 € 789640 12 Note =1
— _ L___ = e - . IO R | [ o a1 | "M
|03 | o3nnag0 | 786836 | 400 05 2 2 955 == 015 430'=30' | 005| 05 350 012%EfHl =70 0510160 5¢ | Not Required
| ERedl Rl e
|3 ' 03PPs00 | 786837 | 40005 2 1 955 =+ 015 £30=3"| 005 05| 35| 012%E} *70' 0510160 %5 C Not Required
[03 | 0300400 | 786838 | 400 + 05 1 2 955 = 015 4°30‘*30 005| 05 .35 012%E" | =70 ‘ 0510160 % C Not Required
| 03 | 03RR400 786839 | 400 == 05 11 955 == 015 430" = 30' | 05 ; .35[ 012%€ | =70 05t016.0 % ¢ ! Not Reguired

Deviations shown are maximum — Average deviation is much less. Quadratures and harmonics each never exceed 0.1% of the sum *E=Input

of the input voltages. Characteristics shown are attainable with indicated required auxiliary equipment and good engineering practices +E_=Sum of Inputs
for precision circuits. Note #1. One amplifier may be used with two resolivers of this type. $

These are the resolvers about which management men have been reading: “One . : : ﬁz;
of the means by which the many fast changing variables of industry can be co-

ordinated and electrically translated is Arma’s electrical resolver . . . the “brain RESOLVER CATALOG
block” that replaced a formidable aggregation of gears and slides previously used JUST PRINTED GIVES

to solve the trigonometric functions. It is used in instrumentation involving com- COMPLETE DETAILS

puters and action-triggering circuits, And, resolvers come oft Arma production [ ASK FOR A COPY

lines accurate to a degrec seldom equalled outside the precision model shop. They

fit interchangeably into instrument assemblies.”

A RMA C ORPORMATION

254 36th STREET, BROOKLYN 32, N.Y.
SUBSIDIARY OF AMERICAN BOSCH CORPORATION

o T AN 1 - X My FETTRIENE R T " TR xow .
ok M% ARMA ARMA ELECTRICAL RESOLVERS®: 'AlMA smcmos T ARMA INDUCTION MOTORS ~ ARMA INDUCTION
ssf? PIODUCTS \ GENERATORS () ARMA MECHANICAL DIFFERENTIALS C' ARMA ALTERNATING YOLTAGE COMPARATOR

PRECISION

lnns:o | £ * COMPUTING MECHANISMS * INDUSTRIAL CONTROLS /" STABILIZATION DEVICES  NAVIGATIONAL
" FoOR Fe EQUIPMENT  LIMITRON AUTOMATIC INSPECTION SYSTEM
E. . PRIVATE ’
" INDUSTRY % Licensed for use under Arma patents Nas. 2,465,824 and 2,467,648, License information availoble.
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FF THE PRESS!

HERE’S WHAT IT TELLS YOU

@ Design,manufacture, and spec- © SERVICE NOTES
ifications of G-E Welded Ger-
manium Diodes

H'ERE’S the book that digests all the facts

you should have on Germanium Diodes.
Contains valuable pages of up-to-the-minute
information on diodes and their applica-

How to install

How to check and inspect

General purpose types

tionsintoday’swideningelectronics market! Precautions

TV types
For designers and engineers who want Quads © DIODE APPLICATIONS
basic facts on the development, character- UHF diodes Typical circuit applications

and brief descriptions of

istics, advantages and circuitry of diodes, ® CHARACTERISTICS CURVES

diode characteristics as used

this carefully prepared General Electric man-
ual is a valuable tool. Includes specific data
on diode problems, characteristics curves,

36 curves on resistance, cur-
rent, voltage, temperature,
and efficiency. Also typical
distributions.

in circuits covering AM &
FM receivers, TV receivers,
measuring equipment, car-
rier current, miscellaneous.

electrical rating charts, circuit diagrams.
@ Pertinent articles and public presentations

Assembled in loose leaf fashion, the book on diode theory and application.

is tabbed by sections for easy reference. The

-'-‘-'--'--'-------------1
$1.25 price of this leatherette bound hand- i
. General Electric Company—Section 430 '
book includes supplementary sheets on new ] Electronics Pork
diode developments which will be sent to I Sremeiiemiok 0
you as they are published.Your copy is wait- 1 Please send me ...... copies of the new G-E Germanium '
d . [ | Diode Handbook ot $1.25 per copy—Postpaid. '
ing. Mail the coupon today! i
2 [J sill me [J Check or M.O. enclosed |
A4 . . NAME....... Febeseeaeresaiineenaes “aedeeessiraecnnasaoneen '
904 car /zz///o% cosz 272 i
| ADDRESS. 1 v\ veeenneannnnns (0000000a0a Ty r— e =
' (/5060008000000 2000 P o gretetelunetele O ATE N SR Te e lo e hre o e Lo leTe '
! L

GENERAL %2 ELECTRIC
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the New

PYRAMID

“Humidi-Seal”

(TUBULAR PAPER CAPACITOR)

A\

Ruggedly buiit to
withstand undue
vibration and rough
handting,

Outer tube
plastic impregnated

to prevent —»
moisture-absorption

Light outer coat
of high-temp wax
provides

double protection

Fach end
plastic sealed
against moisture

Leads anchored
securely in solid
plastic end

Type B5TOC “"Humidi l
Seal" capacitors are
specially designed for E
85° C. operation, even |
in the most humid at- E!
mospheres, and will meet bl
the severe present-day
demands of endurance in
television receivers, auto
radios, efc.

WRITE FOR COMPLETE LITERATURE

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

§ PYRAMID

PYRAMID ELECTRIC COMPANY

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

TELEGRAMS: WUX Paterson, N, J.
CABLE ADDRESS: Pyramidusa
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BUSINESS BRIEFS

By W. W. MacDONALD

Field-Trip Impression: Price
will be king in 1950 television.
Some manufacturers think lower
prices for 1949 picture sizes, or
the same prices for larger pictures,
can be achieved by better though
simpler ecircuits and savings
effected by improved production
techniques. Others think that
lowering of lists will be accom-
plished by just plain corner-cut-
ting, scme of it at the expense of
performance.

Both schools
probably right.

of thought are

Another Field Impression,
slightly mixed, is that the tube
is at one and the same time going
out and coming in.

We've seen germanium crystals,
dry-dise rectifiers and magnetic
amplifiers creeping into certain
electronic equipment. On the
other hand, we've also seen thyra-
trons and ignitrons substituted
for relays and even for heavy-duty
contuactors in new gear.

All in all, we think it would be
silly to sell the tube short.

Entirely Speculative, but never-
theless stimulating to some of our
friends in the aviation field, is this
trend of thought:

A good part of the cost of a
modern airplane is in its elec-
tronic equipment, so a few extra
dollars invested in electronics
would not break the bank. Some
of this equipment, like an auto-
matic pilot, already moves various
flight-control surfaces. This being
the case, it is conceivable that
similar electronic equipment could
be introduced between the pilot
and the control surfaces to take
over part of the job of manual

flying.
Several possibilities come to
mind. By a combination of elec-

tronic and manual control could
a small ship achieving supersonic
speeds be given the “feel” of a safe-
and-sane transport? Could elec-
tronic means of stabilizing flight
be substituted to some extent for
aerodynamic stability? Would this
permit economies to be effected in

the design of the airplane itself?
From here on it is your ball.

Important Trend everywhere
in evidence is an engineering
struggle to combine the funections
of electronic measuring - teleme-
tering - caleulating - indicating -
recording devices with those of
the garden variety of business
machine.

In fields of endeavor ranging all
the way from flight research
through conventional industrial
laboratory and production testing
to even more laborious clerical
operations modern electronic
equipment is gathering so much
data that man eannot comfortably
digest it. Thousands of people are
slaving away converting oscillo-
graphic and magnetic squiggles
and other hieroglyphics turned out
by electronic gear into plain old-
fashioned arithmetic and English
such as that turned out by busi-
ness machines.

What is needed is a bridge be-
tween the two devices, one that
need not be monitored by human
hands. Suitable component parts
are already known in many cases,
and the span has actually been
completed in a few highly special-
ized robots. But the problem still
lies largely ahead.

Building this bridge may very
well be the next great job for
engineers.

Poetry normally leaves us cold,
but we do like the piece entitled:

PANORAMA WITH SIGNS AND
SYMBOLS

By Harold Willard Gleason

\Where brackets’ jealous fingers
About black surds entwine,
The shy mantissa lingers
By tangents of the sine;
Binomials brood there bleakly
In corollary trees,
As minuends munch meekly
Cubed ‘'x”s, “y”’s, and “z”s.

There sigma curves assemble,
Prime radii outspread,
And variants, atremble,
By radicals are bled.
Sage scientists ecstatical
With gleeful ease construe such ;
But we, non-mathematical,
Would rather root than view such'!

Reprinted by permission and
Copyright 1949 by The New Yorker
Magazine, Inc., this little poem
comes to mind whenever we read
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| TERMINALS |

PROTECT PROCUCT
PERFORMANCE
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20 PIN PLUG-IN

HERMETIC TERMINAL

TERMINAL ILLUSTRATED
1S #2320HTO

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

All Fusite Hermetic Terminals are an interfusion of steel and
inorganic glass. Write Dept. E for specifications and complete

information.

THE FUSITE CORPORATION

CARTHAGE AT HANNAFORD, NORWOOD, CINCINNATI 12, OHIO

i
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SHOCK + VIBRATION NEWS

There’s a BARRYMOUNT
for each of your needs!

Y

P

1, N

AN
 AIRCRAFT MOUNTING BASES -

=

Standard bases with dimensions to govern-
ment specifications. Special bases to cus-

|

tomers’ exact requirements. 1

&2

- 8,
k.
=

For mobile, railroad., and shipboard elec-
tronic and electrical equipment. Also for
isolation above 2000 c.p.m., and for general

r.. sound isolation.

o 1 _;
5 WY, ,

' AIRCRAFT VIBRATION ISOLATORS N0y

Unit isolators designed to meet Army, Navy.
and CAA requirements. Stock mountings —
/4 pound to 45 pound load range. Others
on order.

R

SHOCK MOUNTINGS

INSTRUMENT MOUNTINGS

For electronic components, tiny fractional
H.P. motors, record changers, dictating
machines, and other lightweight apparatus.

o

g INDUSTRIAL MOUNTINGS 1

®
Free Cdfﬂlogf give dimensions and load ratings of stock
BARRYMOUNTS. Catalog 502 covers aircraft |

applications. Catalog 504 covers industrial and
general-purpose mountings. WRITE TODAY to

BARRY cor

Main Office 177 Sidney St. L] Cambridge 39 Massachusetts

Philadelphia
St. Louis

For fans. motor generator sets, transformers,
presses, other heavy industrial equipment.

THE

New York Rochester Washington Cleveland Dayton

Chicago Minnecapolis Los Angcles Toronto

BUSINESS BRIEFS (continued)

a technical paper with the mathe-
maties symbolixed up.

Licensed Radio Stations totaled
152,974 as of December 31, 1949,
broken down as follows:

Broadcast

Standard (a-m) ............ 2,234
Frequency-modulation ....... 788
Remote pickup ............. 649
Television .................. 111
Television (experimental).... 215
BEducational ................ 72
International ............... 37
Tacsimile 2 3:b85imeptaimaesE 0
Other ...................... 39
Nonbroadcast
Aeronautical ... .. 25,5613
Marine ....... ... o 22,390
Public Safety .............. 6,242
Industrial .................. 5,167
Land Transportation .. 3,497
Amateur g, emepop - 3- e 84,394
Miscellaneous .............. 1,626

Licensed operators totaled 589,-
706, broken down as follows:

Commercial ................ 393,450
Special Aircraft ............ 113.028
AMAateur ., o o5 pemus s g 83,208

We’ve Been Watching the new-
product announcements of manu-
facturers who put out thousands
of radios equipped with television
jacks for some sign of a unit that
would utilize these unused little
apertures. So far we've seen noth-

ing, and begin to grow suspicious.

Still Harping on the same string
—the need for more reliable small
industrial tubes—we predict that
if some established tube makers
refrain from designing types the
customer wants much longer, for
economic or any other reasons,
companies that have never lighted
a gas flame or pulled a vacuum
will take a whirl at it.

Incidentally, just the other day
we heard about a new line of tubes
now in production for use in air-
craft that have the following
characteristics:

Solid ceramic insulation
Improved heater welds
Oversize cathodes
Eight-wire circular stems
Mica eyelets welded to side rods
Larger grid side rods
Increased electrode spacings
Increased getter capacity
Getter-splash micas
Gold-plated grid wires
Higher vacuum

Pretest burn-ins

There are ten types in all, and
they have been in process of
design for two years.

One Of Our Readers has just
applied for a patent on a combina-
tion timer and rotary switch. Built
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into a radio, it not only turns the
set on and off at desired intervals
but also permits any one of
several tuned circuits, and there-
fore stations, to be preszelected.

The design seems fairly simple,
and appears to lend itself to
assembly by relatively unskilled
workers. Printed-circuit tech-
nique could also be used. We’'ll be
glad to pass inquiries from inter-
ested manufacturers along.

Admiral Telfair Knight of the
U. S. Maritime Service says that
insurance premiums covering
Alaskan shipping are reduced as
much as 50 percent when radar
navigation equipment is installed.
Scuttlebutt tells us that the aver-
age ship plying in these waters
spends $11,000 per year for insur-
ance.

Spencer-Kennedy of Boston had
a rep in Europe all last Summer
and reports that American labora-
tory electronic equipment is in
very high regard indeed. Export
drawback has been lack of dollars,
but an ECA grant to Italy in
December may be the forerunner
of other similar grants.

After One Year of experience, a
poll of bus and trolley drivers
operating 1,000 vehicles in St.
Louis indicates that 75 percent
like radio programs supplied by
Transit Radio through KXOK-FM,
15 percent are neutral on the sub-
ject and 10 percent object to the
idea.

Magnetic Tape of the oxide-in
type is specified by 78 percent of
the makers of recording machines,
according to C. J. LeBel of Audio
Devices. Red oxide is preferred
by 74 percent, black by 17, and 9
percent recommend both. Plastie-
base material is specified by 69
percent, paper by 17, ard either
plastic or paper by 14 percent.

When Bad Engineers Die their
first assignment in the hereafter is
to tune up five and ten-watt
marine radiophone transmitters.
By the time they have learned how
to adjust the four to nine inter-
acting tank and antenna-coil taps
for proper loading and resonance
they know precisely what hell is.

ELECTRONICS — March, 1950

SERIES 4

SERIES 41

SERIES 6

SPDT GENERAL PURPOSE SENSITIVE D. C. RELAY. Inex-
pensive Balanced armature for vibration resistance on aircraft at 50
milliwatt adjustment. Sensitive enough for V-T operated relay cir-
cuits; can be set to operate down to 10 milliwatts. Precision adjust-
ments for pull-on and drop-out. 2 amp. nominal contact rating. Coil
resistance up to 14,000 ohms.

SPDT VERY SENSITIVE D. C. RELAY. Balanced armature and
magnetic efficiency resist aircraft vibration on inputs as low as 6
millucatts. Withstands 500g shock without damage. Precision adjust-
ments. 2 amp. nominal contact rating. Coil resistance up to 16,000
ohms. Special adaptations: Built-in rectifier, two-coil differential
operation, constant voltage temperature compensation.

SPDT SENSITIVE RELAY AC-DC—KEYING. Unusual char-
acteristics at low cost. Same D. C. sensitivity as Series 1 but less
flexibility of adjustment. Available with long life and hounce-free
contacts, it is suited to high speed counting and keying. Mechanical
life exceeds 109 operdnons Good for plate circuits needing moderate
preclslon and vibration immunity. Contact ratlngs up to 5 amps.
Coil resistance to 14,000 ohms. A. C. sensitivity exceeds 0.1 V.A. at
60 cps. Serviceable on frequencies from 16—400 cps. Protects delicate
thermostat or instrument contacts.

MULTICIRCUIT POLARIZED SENSITIVE RELAY. Single or
double (differential) windings. Resistance up to 25000 ohms total.
Contacts up to 4PDT, 5 amp. nominal rating. Balanced armature for
strong vibration resistance. FORM X—Three Position or Null Seek-
ing. For automatic positioning or 2-Way process control. Sensitivity
(depending on contact complexity) from 10 to 100 milliwatts. FORM
Y—Biased (Spring Return). Use as an ordinary sensitive relay if a
complex contact combination is needed. Combines function of pilot
relay and contactor. Sensitivity same as Form X. Responds only to
one polarity. FORM Z — Latching (permanent magnetic). Replaces
mechanical latch electncal reset relays, where longer life and greater
vibration resistance is required. Sensitivity from 100 to 250 milliwatts.

SPDT SENSITIVE HIGH SPEED POLARIZED RELAY. Single
or multiple windings up to 14,000 ohms (single). Balanced armature.
Nominal contact rating 2 amps. For repeating telegraphic signals at
speeds up to 250 W P M. Small in size and welght Hermencally sealed.
Mechanical life exceeds 10° operations. FORMS X, Y and Z (see
Type 6 above) available in Series 7. Sensitivities from less than 1 to
10 milliwatts depending on form and requirements. Form X is useful
as the detecting element in positioning bridge circuits.

VARIETY OF ENCLOSURES
In addition to the open styles shown, SIGMA Relays
are available with dust-proof or hermetically-sealed

enclosures. Most types are available for either
plug-in or permanent solder-lug connections.

WRITE FOR FULLY DESCRIPTIVE CATALOG

IGM A Instruments. Inc.

62 Ccylon Street Boston Moss
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MALLORY
VIBRATORS

Mallory Vibrutors and Vibrapack
power supplies are based on
exclusive design and manufac-
turing methods that assure long,
trouble-free service. Send the
details of your application. Get
Mallory’s recommendation on
the Vibrator or Vibrapack power

supply best suited to your needs.
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Mallory Vibrapacks*

Replace Costly

Power Supply System

That’s value beyond the purchase!

Effect Tremendous Savings!

In one typical case, a simple and inexpensive circuit modifica-
tion, developed by Mallory, made it possible for a manufacturer
of mobile radio receivers to substitute Vibrapacks for a costly
and less efficient power supply system. The conversion saved
this Mallory customer $40,000 in the first vear! In addition,
thousands of dollars are being saved in maintenance costs.
Servicing the old system required hours of labor . . . the new
one requires only occasional replacement of the vibrator.

When you buy Mallory vibrator equipment you benefit by a
winning combination of dependability, economical perform-
ance and creative engineering.

And whether your problem is electronic or metallurgical,
what Mallory has done for others can be done for you!

Vibrators and Vibrapack Power Supplies

P.R.MALLORY & CO. Inc.

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

SERVING INDUSTRY WITH

Capacitors Contacts
Controls Resistors
Rectifiers Vibrators
Special Power
Switches Supplies

Resistance Welding Materials

*Reg. U.S. Pat. Off.
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»WHITE ON CYBERNETICS . s
W. C. White, having recently read
Wiener’s “Cybernetics”, writes:

“I have been convinced for some
time of two things. First, cyber-
neties is one of the most important,
if not the most important, science
of the second half of the century
as regards the many detailed
changes it may make in our way
of life. In the second place, elec-
troniecs is unquestionably the most
important single factor in this
science. Not only does it furnish
elements and techniques for the
‘brain’ but even more important it
furnishes the unique devices that
simulate many of the human senses
and thus furnishes what Wiener
terms the ‘impressions’ or ‘signals.’
I refer to the microphone (ear),
loudspeaker (voice), phototube (vi-
sion), each necessarily associated
with electronic amplifiers and con-
trol. There are also other electronic
devices that excel the human senses
In response to delicacy of touch,
temperature change, motion and
sense of smell for certain odors.

“This whole science has crept up
on us from many directions and
through many channels without our
fully grasping its full significance.
It seems to me that Wiener’s chief
contribution is putting it together
as a whole and naming it. Most of
us, I believe, have not seen clearly
that the ship’s steering engine, the
household thermostat with its antic-
ipatory heat coil, as well as the
memory tube, the computer and the
optical contour follower control for

ELECTRONICS — March, 1950

CROSS

TALK

machine tools are all parts of this
newly defined science.

“I will predict that in not too
many years the pages of ELEC-
TRONICS could, if you so desired, be
dominated by the electronic aspects
of this new science and there would
be an eager host of readers.”

These words have the persuasive
air of ordained prophecy. In fur-
therance of the program in the
last paragraph, we are happy to re-
port the receipt of a definitive
manuscript on electronic correlation
by Professors Wiesner and Lee of
MIT. We doubt such subjects will
dominate our pages, for the next
few years at least, but they will
surely have a prominent place.

»QUIZ . .. For some months we
have been amazed and baffled by a
series of “electrical essays” ap-
pearing in FElectrical Engineering
from the pens of Joseph Slepian,
Walther Richter and others. These
are impressive little problems,
couched in deceptively simple
language, which require a funda-
mental knowledge of electrical
theory plus considerable ingenuity,
Their purpose is partly entertain-
ment, partly stimulation to better
understanding of the art. We have
had little success with them, but
the answers are printed in succeed-
ing issues, and the denoument is
worth it in every case. Those un-
familiar with the essays are advised
to look them up.

All of which brings up the ques-
tion of whether a similar series of

purely electronic problems, demand-
ing less erudition, might not be wel-
comed by the readers of this maga-
zine. We will go searching for a
series of poor man’s electronic
essays, on the following conditions:
that five readers (about 1/60th
percent of the readership) will
write us expressing interest in the
same, and that one reader will send
us an acceptable essay, and its solu-
tion, to start the thing off. After
the prudent fashion of our esteemed
colleagues in the AIEE, no prizes
will be offered for correct solutions.

>LAMP TVI... Speaking of prob-
lems, we seek further explanation
concerning a most puzzling type of
television interference, first re-
ported in ELECTRONICS in the De-
cember 1949 issue, p 132. This is
produced by incandescent lamps in
good working order, notably from
old-type Mazda B bulbs having a
single filament wire draped zig-zag
fashion on a glass post. The inter-
ference appears most strongly in
the 50 to 80-mec region. W. C. White
wrote to say that 30-mec radiation
from such lamps had been detected
about 20 years ago, and the cause
had been ascribed to Barkhausen-
Kurz oscillations. It was found to
occur only in draped-filament lamps.
But other readers report the same
type of interference from modern
coiled-coil filament lamps. Can this
be a manifestation of the worthy
Drs. Barkhausen and Kurz also? In
any case, what is the mechanism?
Anyone in Nela Park got any ideas?
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Our Business in 1950

Until 1940, dollars revolved largely around radio. The next ten years included the

war years, in which the influence of the tube made itself felt in military circles and

throughout industry as well as in communications. In 1950 television may dominate,

but radio production should continue to be substantial and other electronic applica-

tions will reallv begin carrying the ball

FIGURES show that the electron-
ics industry has increased ten
and a half times in dollars from
1930 to the estimated volume for
1950. 1In round numbers this is
$103,500,000 to $1,100,000,000. For
the first time, peacetime electronics
will  cross the billion-dollar-at-
factory-value mark, although it
was well over four times that
amount at the peak of the war.

You who are in the field today
benefit by a metamorphosis unique
in industrial history. The war,
television, and industrial electron-
ics have brought about tremendous
growth, while radio has continued
to rank in importance with other
major electrical appliances. Esti-
mated radio-receiver dollars for
1950 are two and a half times more
than they were 20 years ago—a
matter of $92,500,000 in 1930
against $225,000,000 in 1950. The
percentage of radio-receiver manu-
facturing to the whole in 1930 was
roughly 90 percent. The figure for
1950 is about 20 percent.

In the figures for the first decade
dollars merely doubled, as the coun-
try dug out of the depression. But
in the second decade, boosted vastly
by the war but also in spite of it,
much greater gains were made and
the radio receiver has ceased to be
king. Electronics is a broadly

By WALLACE B. BLOOD

Manager, ELECTRONICS

applied art, the scope of which few
realize.

Readers of ELECTRONICS who
were a part of the industry in 1930
when this magazine was first pub-
lished (our anniversary is next
month) are now fortyvish and up.
The average subscriber today is
well below that age, so the figures
herein revealed may be quite new,
and certainly should be inspiring.

First Ten Years

When our April 1930 issue went
into the mail, it started to serve a
radio industry then about nine
years old. Prior to that date, bat-
tery sets had given way to plug-ins,
the speaker had been put into the
cabinet and a pretty fair noise came
out as the end result.

Applications of tubes to indus-
trial uses were largely gleams in
the eyes of a mere handful. There
was no conception of radar, little of
aerial navigation, certainly none of
guided missiles. Oscillate a tube

"’Readers of ELECTRONICS

who were part of the industry in 1930

are now fortyish and up . . . the aver-
age subscriber today is well below that
age . . . so the figures herein revealed

may be quite new, and certainly should
be inspiring”

at 100 megacycles? You're crazy!
It was just consoles, tabletop jobs
and a trickle of phono combina-
tions, a meager market in marine,
and amateur equipment, and some
playving around with this new
gadeget radio by police, forestry
people and the like.

The ten years prior to 1940 were
not conducive to rapid expansion.
With the depression and subse-
quent 1938 recession making things
tough, manufacturers had few dol-
lars with which to dabble in new
markets. Industrial applications
began to creep in, although in no
great dollar volume. The cathode-
ray tube permitted the timid intro-
duction of all-electronic television.
The “electric eye” began to look at
more and more things industrial-
wise. Welding began to be elec-
tronically controlled. High-fre-
quency power was creeping in as a
heating agent. But, at the end of
that decade, electronics other than
communications was of such little
moment that the big companies had
not even departmentalized it. A
great majority of electronic de-
velopments other than communica-
tions were conceived by individuals
—independent engineers and con-
sultants—but they had a gruesome
time trying to sell their brain chil-
dren to industry. Electronic de-




vices were looked upon as tricky
things, unreliable, delicate and
mysterious.

The industry did, however,
double itself in that ten years,
mostly because of radio, with its
progressing needs for replacement
parts. But many other industries
came out of the depression with
similar rapidity. December 1941
shot the starting gun of electronics
as it is today.

The Next Ten

It is not for this nontechnical
observer to describe the progress
in electronies brought about by the
necessities of war, the opening up
of the usable spectrum from a nar-
row hallway to a path the breadth
of which has not yet been measured.
It is easily said that the war pro-
pelled our industry ahead ten years
—twenty years. Those are just
numbers. But the practical side of
it is that private industry could
not have gathered up the billions
which went into technological re-
search and practical applications
that we had to have to win. It is
paradoxical that war inevitably ac-
celerates progress with fantastic
speed, because we are able to beat
the swords into plowshares.

The year 1946 presented the in-
dustry with the greatest problem it
had ever faced—a quick slide-down
from a war business of more than
four billions. We are far enough
along in history now to know that
the retreat was orderly. Beset by
shortages, quotas, black-markets
and a carpetbagging tvpe of con-
niving which tried men’s souls,
there were surprisingly few mortal-
ities, and are to this day. Only a
few remembered prewar company
names disappeared. A few more
merged. But the test of manage-
ment—and that is what it was—
was largely met.

The huge backlog for radio re-
ceivers was heavily cut into by
colossal production in 1947. True,
the sets were mostly of prewar de-
sign and were sometimes thrown
together with haywire and binding
twine, but the public got its clam-
ored-for radio and didn’t kick.

The year 1948 was the year of
redesign. With the pressure eased
for radio sets, smart management
saw gruelling competition rearing
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its head. They redesigned with
war know-how. Also, to the com-
plete surprise of practically every-
one, the infant television bounced
into long pants like no prodigy ever
seen before. Components, forced
to quality by JAN, began to shrink
in size. It was recognized with
astonishment that one television set
ate up three to ten times as many
components as did one radio set,
with only a few exceptions. Make
’em good, make ’em smaller, make
everything simpler—here we go,
boys, in a new entertainment field
which the public wants like all-get
out. Make ’em good, but get the
price down for the workman with a
family. The war years taught how
to do it.

So, 1949 became the year of pro-
duction. The quality has so far
been kept up, but innovations in
simplification, in production effi-
ciency (taught, too, by the war)
are bringing 1950 television sets
into the homes of people whom the
most enthusiastic thought could
not be reached on a price basis for
several years.

Dollars Versus Units

When you have scanned the ac-
companying graph covering twenty
vears of our business you will note
that the electronics industry is ten
and one half times greater than 20
years ago, five times greater than
in 1940. It is—in dollars. But it
is not in units—mnor in prewar dol-
lars.

The ELECTRONICS
INDUSTRY . . .

® Will do 10V times as much busi-
ness in 1950 as it did in 1930.

® Sales, at factory prices, should
top the billion-dollar mark.

® The Government is in the market
for about $300,000,000 worth of gear.

® Television production is expected
to reach 3,700,000 units.

® Radio should hold up above
8,000,000 sets.

® Industrial applications will
achieve more substantial dollar totals.

In units there are many vari-
ables. For instance, resistor-unit
totals for 1950 will probably be six
times the 1940 figure. But another
essential component, the speaker,
will be one third less in manu-
facture than prewar. As Dorman
Israel points out in his article in
January ELECTRONICS, ‘“‘In three
vears, tv has taken over the resistor
business, but not all traditional sup-
pliers of radio-set components have
fared so well. Those on the wrong
side of the ratio sign include the
makers of fancy dials, who have
converted to picture-masks, and the
variable-capacitor people who are
wrestling with head-end tuners,
many of which do not even use
variable capacitors. And lo! The
poor loudspeaker manufacturer.
Loudspeaker plants find it neces-
sary to convert to ion traps, focus
assemblies and other debased items
employing permanent magnets.”

Well, automobiles have shed
many things, including Prestolite
tanks, and now even the clutch
pedal is on the way out. Yet the
automobile business is still very
good indeed in spite of the changes
that have taken place.

We have so far stressed progress
in dollars. But a 1950 dollar is not
a 1940 dollar—it is 60 cents of a
1940 dollar. So, on a dollar basis,
1950 total business of $1,100,000,-
000 would represent a 1940 dollar
business of $663,000,000. Whole-
sale commodity prices are up 115
percent above prewar. Radio re-
ceivers are up about 200 percent,
the cost of living is up 75 percent
and consumer purchasing power is
up 113 percent. You figure from
that hodgepodge whether we are
five times bigger than prewar or
only two and one half times. It’s
a job for an economist.

The doubling up of radio receiver
costs has in it more than increases
in material and labor expense. If
there are 639 separate taxes in the
cost of a house, 151 in a loaf of
bread, and 150 in an Easter hat, it
is logical to assume that a complex
radio or more complex television
set loaded with taxed materials
made by scores of taxed manufac-
turers bears an extraordinarily
heavy load. Certainly a good share
of the excises collected at manu-
facturers’ level must be passed on
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to the consumer. “So varied are
the invisible taxes which impinge
on the innocent taxpayer that ex-
perts are unable to determine, with
any degree of exactness, how much
these levies cost him over the year
or what percentage of his total
taxes they represent,” wrote Robert
S. Bird in the New York Herald
Tribune.

Yet, with the burden of taxes
comparatively nonexistent in 1930,
with prices and labor costs more
than doubled since then, a house-
holder can buy a good television
set with a 1950 dollar today for
about what he paid for a good radio
with a 1930 dollar in that period of
twenty years ago. It is a great
tribute to technology that such a
thing can be accomplished.

Predictions for 1950

In its emergence from the war
the industry has resumed a sales
cycle which is not unlike that of
prewar. It becomes apparent that
television will be bought by the
public in about the same ratio by
months as has been radio. It is
even possible that the spring-to-
summer dip will be steeper because
of the lack of “portable” appeal—
though, heaven knows, we may get

portable battery-type television
some day soon.
Comparative curves showing

shipment of components, produc-
tion of television and radio, and set
shipment to retailers in 1949 are
shown in the second chart. This is
not an entirely normal chart be-
cause few parts makers antici-
pated the Fall cry for television,
and eased off too much in the sum-
mer months. Probably the compo-
nents curve is most indicative of
the normal seasonal curve.

When television goes on a buyers’
market, the retail-shipment curve
will surely sag deeper in May and
June. However, the chart presents
a study which should serve to stifle
the gripe about poor business in
warm months. It always has been
low, always will be low, and the
manufacturer who accepts such a
curve and plans for it will really
enjoy his golf or summer cruise.

In April 1949 we printed this:
“The economists (Department of
Commerce) estimate that 2,000,000
tv sets will be produced in 1949,
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worth $600,000,000 (retail). We
get optimistic and say 2,500,000 at
$750,000,000.” Lately published
figures (2,750,000) showed we did
all right.

We also called the turn on 8,000,-
000 radio sets against the Com-
merce figure of 10,000,000, and it
was a pleasure to be one of the few
who about hit it. So, with no little
trepidation we try again, for 1950,
this time sticking to the 8,000,000
radios and going up to 3,700,000 on
tv. Before us are tv predictions
ranging from 3 to 5 million, and
that’s quite a lot of latitude.

If you predicate your business on
three-seven for tv, we have a feel-
ing you won’t have to dump in the
distress markets or watch your
competitors grab business because

of your own underproduction. If
you do, you’ll find us somewhere
around Lake Athabaska.

Government, in 1950, is good for
about $300,000,000 in electronic
gear. It may go up. Depends on
Joe. Radio and tv also depend on
Joe and such luminaries as John L.
Lewis,

Industrialwise, electronics is ap-
proaching the point where it must
be used for a majority of control
and measuring operations or a
manufacturer will have to bow out
to his competitors. It is getting
that good in doing those things
which cannot be as efficiently and
accurately done by any other
means. This control business will
be the next number-one market for
the electron tube.
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Cooling air for final amplifier tubes is brought up through two
large glass cylinders. Perforated sheets form connections
between tube cathodes and input tuning capacitors

Intermediate plate tank and its output coupler are separated
by a Faraday shield to minimize transfer of harmonics. Funnels
on either side deliver cooling air

CONTINUOUSLY-TUNED

o B

By JAMES L. HOLLIS

Engineer
Collins Radio Company
Cedar Rapids, Iowa

f SRR

Nine adjustments required for frequency changing are located on front of two r-f

bays (center). Meters on top are rf line meters.

Two left-hand meters are only

used when driver is used as independent 15-kw transmitter

INCE THE OPTIMUM FREQUENCY

for transmission over a given
path varies annually, monthly,
daily, and even hourly, and since
the optimum frequency for one
path length may be different from
that for another, frequency chang-
ing is a big factor in high-fre-
quency radio communications.
Either several pretuned transmit-
ters or a single easily shifted trans-

mitter must be used for reliable
high-frequency service.
Multiple transmitters unques-

tionably provide for the most rapid
frequency shift. Initial cost and
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space requirements are usually pro-
hibitive, however, especially when
power outputs of 10 kw or more are
required.

The transmitter to be described
(Navy type AN/FRT-5 and AN/
FRT-6) has been developed for use
at key points in high-speed radio-
telegraph circuits where depend-
ability, versatility, and rapid fre-
quency changeability are of great
importance. It provides continuous
coverage over a frequency range of
4 to 26 megacycles with an overall
efficiency (output/primary power
input) varying from 55 to 60 per-
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cent. Several features new to trans-
mitters of this power and frequency
range are incorporated. Paralleled
medium-power tubes, servo-posi-
tioned tuning, complete air cooling,
relatively low d-c anode voltage,
and low-voltage rectifier tubes are
among these features.

Frequency changing of this 50-
kilowatt transmitter is accom-
plished entirely from the front
panel by means of nine control
knobs and a crystal selector. These
controls may be set initially from
individual frequency calibration
charts or from a setup chart if the
equipment has been previously
tuned to the frequency and dial
readings recorded. All circuits are
motor-driven and the maximum
time for travel from one frequency
limit to the opposite is one minute.
This means that the resonant cir-
cuits can be set quite closely to any
chosen frequency within one
minute. After the voltages are
applied, only three of these controls
need be checked to make certain
that they are exactly resonant and
operation can be resumed on the
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To decrease coupling to 50-kw plate tank (bottom), resonant
output coupler (top) is moved forward by means of chain drive
and lead-screw arrangement

Plate tank circuit with output coupler removed to show variable
vacuum capacitors and amplifier-tube anode assemblies. Sheet-
metal box between plate lines distributes cooling air

90-KW TRANSMITTER

High-efficiency operation on any frequency from 4 to 26 mec is possible without tank-

circuit switching.

Stages are individually tuned by motor-driven servo-positioned units

which may be preset for desired frequency in less than a minute

new frequency. An experienced
operator can make this change in
less than two minutes without
hurrying.

The Transmitter

The transmitter consists of a
grounded-grid power  amplifier
stage using six 3X2500A3 tubes in
push-pull parallel driven by an in-
termediate power amplifier using

two more 3X2500A3’s in push-pull.
The intermediate amplifier is
driven by a single 4-400A tetrode
which is preceded by a two-stage
frequency multiplier and an un-
tuned buffer. Oscillator output is
fed to tne buffer through a 50-ohm
transmission line.

The 3X2500A3 tubes were chosen
for the final and driver because of
their high perveance, which insures

high plate efficiency; their compacsy
structure, which minimizes stray
inductances; their low plate voltage
requirement, which reduces the
cost and complexity of the tank cir-
cuits as well as the power supplies;
and their low filament-power re-
quirements. All power amplifier
tank and output circuits use all-
copper variable vacuum capacitors
with 20-to-1 capacitance ranges. A

ADJ IND 15- KW ADJ IND
COUPLING QUTPUT COUPLING
POWER AMP
e ] — SIX 3X2500435 7. | outpur 50- Kw
A “13x2500 A3's r 1] (USRS \ COUPLER ouTPUT
- PARALLEL
| 1 [
MOITOR—DRIVEN SERVO— POSITIONING UNITS
R-F
DRIVER FREQ FREQ UNTUNED =
i ]| COLPLER MULT!IPLIER COUPLER mae—{ MULTIPLIER BUFFER —_——
44004 807 807 6AGT (50 OHMS
2V RMS
2-4.5MC)

Motor-driven servo-positioned adjustments are conirolled from front panel. Seven of these adjust continuously
circuits; the other twa adjust output coupling of the final and driver
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block diagram, presented on the

preceding page, illustrates the
functions of the nine motor-
driven servo-positioned adjust-

ments, Seven of these adjustments
are continuously-variable resonant
circuits. These circuits are me-
chanically driven by small low-
inertia two-phase reversible motors
geared so that approximately 2,000
revolutions of the motor will carry
the circuit through its complete
range. The motors are controlled
by relays through a servo-position-
ing system to be described.
Probably the most interesting
circuit and definitely the most diffi-
cult to develop, is the 50-kilowatt
plate tank and output coupler.
The plate tank circuit consists of
two 25 to 500-puf variable vacuum
capacitors (Jennings Type UXC),
two oppositely wound variable in-
ductors mounted with their axes
parallel and vertical, the output ca-
pacitance of the amplifier tubes, and
the connecting lead inductance. The
amplifier tubes themselves are
mounted in two groups of three
paralleled tubes each to form a
push-pull circut. Three tubes are
mounted in a common 11-inch diam-
eter anode housing which in turn is
connected to one vacuum capacitor
and one inductor by a wide con-
ductor. In order to minimize the
self-inductance of this connector,
and at the same time obtain reason-
able mechanical spacing between
components, a grounded box struc-
ture was placed between the two
conductors while the conductors
were made as wide as practical. The
effect was to form a very low im-
pedance transmission line section
between the tubes and the in-
ductors. By this expedient it was
possible to transfer a sufficiently
large portion of the required in-

Single-ended to push-pull coupler used

between driver and intermediate power

amplifier uses two identical capacitors
in a capacitance voltage divider
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ductance at 26 mc to the tank in-
ductors where it could serve a use-
ful purpose for coupling to the out-
put network. This box structure
also provided a very convenient
means of distributing cooling air
to the tank circuit components.

The coils remain stationary and
the drum-supported contact assem-
bly is rotated. Three sliding con-
tacts are mounted on the top edge
of the drum and arranged to match
the piteh of the copper coil. These
contacts have a small amount of
vertical and lateral freedom and
are spring-and-cam loaded so they
maintain balanced downward and
outward pressure with the weight
of the drum providing the loading
force. The drums are centerless
except for the driving spline at the
bottom. A second set of contacts
is mounted on a cross-connecting
plate to tie the drums of the con-
tacts of the two coils together. The
drums and cross-connecting plate
are made as large as practical to
reduce the stray inductance in the
cross-connecting path.

The contacts themselves are
hardened beryllium copper clips
heavily chrome plated and may be
easily removed for replacement.
A hard contact surface was found
to be necessary to prevent chatter-
ing and burning which always oc-
curred when softer materials were
used against the copper coil.

R-F Amplifiers

Since this is a grounded-grid
amplifier, the input voltage is ap-
plied between cathode and ground
or, because it is a balanced push-
pull ecircuit, between the common
cathode terminals of the two groups
of three tubes. The input imped-
ance is quite low being in the order
of 100 ohms balanced. Effective
r-f isolation of the filament termi-
nals from ground is provided by a
composite r-f choke consisting of

six filament wires inside of a
copper tube which in turn is
formed into a helix. One such

choke is used for each group of
three tubes. The six filament wires
provide three individual circuits so
that each tube may be independ-
ently metered and protected. In
each three-tube group all filament
terminals are capacitively coupled
to the r-f input terminal. The

Rotating coil and variable capacitor of
frequency multiplier tank circuit are ad-
justed by gear train at right

output coupling network of the in-
termediate amplifier is then coupled
through a short transmission line
to these input terminals.

The intermediate amplifier out-
put may be coupled directly to a
600-ohm antenna transmission line
and the first two units operated as
an independent 15-kw transmitter.

The intermediate amplifier plate
tank and output coupling circuit is
very similar to, although physically
smaller than, the 50-kw amplifier
plate tank. It is this output coupler
which supplies the input voltage
for the power amplifier. It was not
practical to design this output
coupler with the midpoint of its
capacitance branch grounded,
therefore, a pair of variable air
capacitors is connected from each
amplifier input terminal to ground
to provide the necessary low imped-
ance path to ground for the power
amplifier plate current pulse. This
variable capacitor assembly is
directly connected to a front panel
control and is set to produce an
approximately constant shunt re-
actance as the frequency is varied.
It is set up directly from a fre-
quency chart and is not adjusted as
part of the tuning procedure.

Very low inductance connectors
are required from the variable
capacitors to the common filament
terminals to push the natural reso-
nance of the circuit thus formed
above 52 me, the second harmonic
of the highest operating frequency.
Several other places in this coup-
ling circuit required carefully de-
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Nine of these servo control amplifiers and relay units enable
operator to make all adjustments at front panel of transmitter

when changing frequency

vised arrangements to prevent such
resonances.

The most unique coupling circuit
in this equipment is the one be-
tween the 4-400A single-ended
driver and the push-pull intermedi-
ate power amplifier. This is a
single circuit which simultaneously
provides the single-end to push-pull
conversion, a five to one impedance
change, and a resonant tank for
the driver stage.

The circuit of this coupler shows
L,, C, C. and C, to be variable ele-
ments mechanically coupled to-
gether to form a continuously-vari-
able resonant circuit. Capacitor C,
Is a d-c¢ blocking capacitor only.
The ratio C./C, is maintained at
approximately 5, which is the re-
quired ratio between driver plate
voltage and amplifier grid voltage.
Since C, is identical to C., the grid
voltages will be 180 degrees out of
phase and identical in value when
Cs is adjusted to pass all of the
current that flows in C,, the stray
tube and wiring capacitance.

Servo-Positioning System

Each of the variable circuits is
motor driven and controlled from
the front panel through a simple
servo-positioning system. The mo-
tors themselves are small, high-tor-
que, low-inertia, two-phase units
operated by two sensitive relays.
The positioning system is an a-c
bridge type in which the front
panel control is a voltage-dividing
potentiometer which constitutes two
of the arms while a second identical
potentiometer coupled to the driven
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circuit constitutes the remaining
bridge arms. Identical voltages
are applied across the potentiom-
eters so that any difference in posi-
tion between the manually-set
front-panel control and the driven
circuit results in a voltage differ-
ence between the movable arms of
the potentiometers. Since this is
an a-c bridge the output voltage
will have a 180-degree phase differ-
ence between unbalance in one di-
rection and unbalance in the op-
posite direction and thus provide a
sense to the system.

This voltage could be coupled
through a transformer to the grids
of a pair of control tubes whose
plate circuits each contain a relay
—one for forward and the other
for reverse operation of the motor.
If these tubes are operated with a
common a-c plate voltage of the
same frequency and phase as the
applied bridge voltage then only
that tube which has a positive grid
voltage swing while the plates are
positive will conduct and close its
relay.

In the actual equipment a voltage
amplifier is inserted between the
bridge output and the control tubes
to increase the setting accuracy.
This voltage amplifier, the control
tubes, the relays and their associ-
ated components are assembled on
a small chassis and arranged as a
plug-in unit.

Operating efficiency and ease of
tuning have been very gratifying.
Overall efficiency (a-c power input
to r-f power output) varies from 55
to 60 percent at 50-kw output.
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Variable inductor, two variable air capacitors and one vac-
uum capacitor are coupled together and driven through gear
assembly visible at right

The apparent efficiency of the
grounded-grid power amplifier
measures 95 percent, at the low-
frequency end, down to 89 percent
at the high-frequency limit. The
intermediate amplifier operating
independently will deliver 16 to 18
kw at efficiencies ranging from 77
to 83 percent over this same range.
The combined efficiency of the in-
termediate and the power amplifier
varies from 74 to 71 percent over
the frequency range. The efficiency
figures at the low-frequency end
are very nearly the calculated maxi-
mum tube efficiencies for the oper-
ating conditions. The drop off in
efficiency at the high-frequency end
is to a large extent the result of
tank and output coupler losses. This
means that these losses amount to
approximately 3 kw at 26 mec.

Operation

Changing operating frequency
does not involve the mad scramble
to change shorting straps, plug-in
capacitors, neutralizing circuits, or
complete inductance assemblies so
familiar to operators of this class
of equipment. The control dials
are simply rotated to the set-up
figures corresponding to the new
operating frequency, power is ap-
plied, and plate circuit resonances
checked. The tune-up procedure
for new uncharted frequencies is
almost as simple. The control dials
are set to the approximate dial
reading selected from the tuning
curves and a simple straight-
forward tuning procedure is fol-
lowed.
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Versatile X-Ray Intensity

This practical device permits rapid exploratory measurements, continuous monitoring

or work involving a large number of readings within a short time. Detector probe may be

carried by hand for portable applications or permanently mounted for gaging thin

DIRECT-READING x-ray intensity
meter was desired that would
be sufficiently sensitive to indicate
the leakage radiation from lead-
protected production-line “ray-
proof” housings. This implies a
sensitivity of the order of 0.2 roent-
gen (r) per hour, about 5 milli-
roentgens per minute, at one meter
from the target of an x-ray hous-
ing.

It was also desirable to measure
the full r output from a beryl-
lium window x-ray tube, previously
described by Rogers' as a high-
energy source of long-wavelength
x-rays. At 10 centimeters from
the tube target, the intensity of
the Machlett OEG-50T tube of this
type is about 58,000 r per minute.
A reasonable calibration was re-
quired to be maintained over the
wide range of x-rays from about
0.05 angstrom unit (260,000-volt
deep-therapy tube) to about 5 ang-
strom units  (thin  beryllium
window tube operating at 3,000 to
5,000 volts).

After passing through several
development stages, the direct-
reading r meter described herein
was evolved. It consists of an elec-
trometer tube and a triode d-c am-
plifier, a power supply, and a pair
of ionization chambers, one for
high-intensity work with direct
radiation, and one for low-intensity
work involving measurement of
scattered or leakage radiation.

Circuit Operation

Referring to the circuit of Fig. 1,
a beam of x-rays entering the ioni-
zation chamber through one of its
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materials during production

windows partially ionizes the air
in the chamber in proportion to the
amount of the radiation absorbed
in the air. Since a potential differ-
ence is maintained across the
chamber by the B supply, a current
flows through load resistor R, this
current being proportional to the
number of ion pairs produced in
the chamber, assuming that all are
collected. This, in turn, is propor-
tional to the chamber volume.

The signal voltage appearing at
the 959 No. 3 grid (which is its sig-
nal grid in this application) is pro-
portional to the amount of the
x-ray beam absorbed per unit
volume, to the chamber volume, and
to the load resistor R, provided that
the effective resistance of the
chamber while measuring the beam
intensity remains high enough so
that it, and not the load resistor K,
determines the current through E.
Since the International Roentgen
Unit (r) is defined in terms of the
amount of energy absorbed in one

Detector probe contains a one-cubic-
centimeter ionization chamber and an
acorn preamplifier

cubic centimeter of air at certain
standard conditions, the chamber
must be so designed (or calibrated)
that its indications may be in-
terpreted in terms of international
I units.

The high voltage is supplied from
a conventional full-wave rectifier
regulated by VR-105 tubes, and
supplied from the a-c line through
a Sola constant-voltage trans-
former. This double regulation
has been found to remove all traces
of line-voltage fiuctuation from the
B supply. The 6J4 heater is sup-
plied from a winding of the same
transformer, and is therefore also
regulated. The 959 fillament volt-
age was initially supplied from a
well-filtered rectifier system but
this was not found to be satis-
factory in that a rapid and random
fluctuation was observed. Operation
of this tube on a-c is precluded by
the hum voltage introduced, and so
a battery supply was added for this
tube alone. Provision was made
for adjusting the fllament voltage
to a predetermined value, which
may be checked as often as re-
quired on the panel meter by a
push-to-calibrate button.

Electrometer Probe

The x-ray detector head consists
of the ionization chambper with the
electrometer stage in a lead-
shielded compartment. This head
is carried by hand in probing for
x-ray leaks. The voltage developed
by the chamber is detected by the
electrometer tube and is supplied
to the 6J4 d-c amplifier.

Since resistor R is of the order
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Meter

By WILLIAM B. LURIE

Machlett Laboratories, inc.
Springdale, Connecticut

of 10° to 10" ohms (100 to 100,000
megohms), each chamber must be
so constructed that the leakage
path between electrodes provides a
leakage resistance large compared
with these values. Likewise, the
959 tube must be operated at elec-
trode voltages such that its signal
grid current is small compared with
the 107 ampere or so of ionization
current which flows. The electrom-
eter tube is operated with about
0.7 volt across its filament, conven-
tional control grid tied to filament
(positive end), screen grid at about
7 volts positive, suppressor grid
(acting as signal grid) at about 5
volts negative bias, and about 7
volts positive on the plate.

Since stock 959 tubes are used,
with no special selection, different
tubes must be operated at different
voltages to produce the same plate
current. It is necessary, in chang-
ing tubes, to keep the plate current
the same in order to keep the same
operating bias on the 6J4 tube.

In practice, each chamber has its
own preamplifier permanently at-
tached to it, to avoid making and
breaking, even with low-leakage
connectors, the very highly insu-
lated chamber collecting electrode
connection. To adjust the 959 plate
current to the desired point, its fila-
ment voltage is adjusted to bring
the 6J4 bias, and therefore plate
current, into the range which can
be handled by the zero set. This
has been found to be preferable to
either using the same preamplifier
with all chambers, or disturbing
several of the 959 and 6J4 electrode
voltages by resetting them for each
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Typical installation of x-ray gaging equipment in a rolling mill, to measure the
thickness of brass being rolled. The instrument described in the text can be used
in similar applications by mounting the detector probe under the moving strip

chamber at the time of change.

The 959 plate is returned
through 3.9 megohms to ground,
giving it effectively 200 volts as
plate supply, since its filament is
maintained at about 200 volts below
ground. The change in voltage
across this resistor with signal is
applied directly to the 6J4 grid,
this tube type having been chosen
for the d-c amplifier because of its
extremely high transeconductance at
reasonable plate voltages. The 6J4
steady-state plate current is bucked
out, and its change is read on the
d-c microammeter in its plate cir-
cuit as an indication of the x-ray
intensity.

Indicator

The limit of sensitivity of the d-c
microammeter is imposed by the
stability of its needle in x-ray-free
regions. The 6J4 plate current is
adjusted to 10 milliamperes, at
which operating point the tube has
a transconductance of about 12,000
microhmos, or 12 ma per volt. A
millivelt appearing at its grid, due
to a sudden thermal or electrostatic

change, or even random r-f pickup,
produces a 12-ua displacement of
the zero position of the meter.

The complete instrument has
been found to be quite stable after
warmup even when operated in the
same room as, and from the same
power line as, a 280,000-volt 15-ma
constant potential x-ray generator
with an exposed aerial system.

To change the full-scale sensitiv-
ity of the instrument, the microam-
meter may be shunted to, say, 200,
500, 1,000 and 2,000 pa full scale,
provided that the chamber is not
permitted to saturate (produce
more ion pairs than can be collected
in its volume at the operating volt-
age), and provided the 959 and 6J4
tubes are not operated bevond their
regions of linearity. Beyond these
limits, the chamber volume and
voltage must be suitably adjusted.

Since the small one-cubic centi-
meter chamber does not saturate
up to a very high x-ray intensity,
the chamber load resistor may also
be changed to vary the full-scale
sensitivity of the instrument. Re-
sistors of 100 megohms, 1,050, 10,-

75



500, 55,000, and 185,000 megohms
have been used with the chambers
and amplifiers described. Thus,
without changing the chamber
volume or voltage, by shunting the
meter and changing load resistors
the full-scale sensitivity is varied
over a range of 37,000 to one.

Meter Circuit

The meter shunt circuit is some-
what novel, in that its requirements
are that the resistance inserted into
the 6J4 plate circuit by the meter
and its shunts must be the same on
any range, and that the meter not
be damped by plain resistance
shunting, This is achieved by using
a 100-ua, 360-ohm movement as a
millivoltmeter. A voltage drop of
50 millivolts from the 6J4 plate to
the main voltage divider will pro-
duce 100 pa of current (full scale)
through the meter and its lowest
series resistor, the total resistance
being 500 ohms. On the next range,
(x2) the total resistance is still
500 ohms, with 100 ua through the
meter and its multiplier resistor,
totalling 1,000 ohms, or 100 milli-
volts drop, and 100 pa through the
1,000-ohm shunt. In this manner,
no low-ohmage resistances are
placed directly across the meter,
and the movement remains essen-
tially undamped.

With the 1-cc chamber used for
direct radiation measurements, the

minute are as follows:

Chamber

load resistor Microammeter range
(megohms) 0-100 0-200 0-500 0-2,000
100 53 106 265 1,060
1,050 5.02 10.04 25.1 100.4
10,500 0.5 1.0 2.5 10.0
55,000 0.095 0.19 0.48 1.9
185,000 0.028 0.057 0.14 0.57

The full-scale sensitivity with
this size chamber is then variable
between 1,000 or more r per minute
and about 1/40 r per minute (1.7 r
per hour) full scale. When used
with a 200-cc chamber, for detec-
tion of leakage radiation, the sensi-
tivity with the 55,000-megohm load
resistor is about 30 milliroentgens
per hour, and, though less stable,
is still quite usable for detection
and estimation of the leakage from
“rayproof” housings.

Chamber Construction

Each chamber and preamplifier
compartment is shielded from
x-rays except where the primary
x-ray beam passes through. This
is accomplished by covering the
entire assembly with sufficient lead
to reduce the intensity in unde-
sired places to a negligible value
for the hardest (highest voltage)
x-rays for which the chamber is
used.

To permit simple interchange-
ability of load resistors, the in-
terior of the preamplifier compart-
ment is made accessible. The cover
of the box can be taken off by re-
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FIG. 2—Construction of ionization cham-

ber. This assembly fits into a one-inch

brass cylinder with top and bottom
covers

tapped from the side so that the

lead top of the box remains
integral.
The chamber electrodes are

beryllium disks 0.005-inch thick,
beryllium being the most workable
conductor of low atomic number
and therefore low x-ray absorption.
The center or collecting electrode
is sandwiched between two annular
rings of teflon, which in turn are
sandwiched between the top and
bottom covers of a brass pill-box,
the whole assembly (other than the
top and bottom) being lead covered.
A hole is cut in the side of each
piece of teflon, through which a lead
is brought for the application of
voltage to the center electrode. To

full-scale sensitivities in r units per moving four machine screws this lead a brass sleeve is soldered
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FIG. 1—Complete circuit of meter includes an lonization chamber, electrometer tube, sensitive d-c emplifier and inverted power supply
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which fits over the suppressor-grid
pin of the 9569 tube. The leakage
path to ground from this point is
over the surface of, and through,
the 959 tube, over the surface of
the load resistor which is soldered
to the brass sleeve, and over the
surface of the teflon insulators in
the ionization chamber.

A steatite socket with the g,
region cut off is used for the elec-
trometer tube. This eliminates the
socket as a source of leakage. The
load resistor is placed inside the
preamplifier compartment, so that
it is shielded from hum pickup and
capacitive leakage. The plate load
resistor of the electrometer stage
is mounted on the amplifier chassis,
since at its level hum pickup and
leakage are less likely; it is still
shielded by the amplifier cabinet,
chassis, and bottom plate.

In its present state, the equip-
ment has been used for over a year,
with no modifications or repairs
other than battery replacement.
During this period it has been used
for a variety of tasks. The direct
output of a new very-low voltage
beryllium window tube for Grenz-
Ray therapy was measured at only
3,000 volts anode voltage, and was
found to be about 0.03 r per minute
per milliampere of tube current, at
a distance of 10 centimeters from
the tube target. The same tube
was used at 25,000 volts, at which
point the total x-ray output was
1,010 r per minute per milliampere,
as measured with the same ioniza-
tion chamber.

Shockproof and “rayproof” hous-
ings were also tested, with the leak-
age radiation at 50 centimeters
from the x-ray tube target known
to be about 0.1 r per hour. In this
case, it was of interest to probe
around, to locate the regions on the
housing from which the radiation
was emanating, and to determine
its direction of emergence. The
200-cc chamber served well for this
purpose.

Since this detection method is
quite sensitive to long-wavelength
x-rays, which are readily absorbed
by even thin layers of matter, and
since compact, rugged scurces of
these x-rays are now available in
the form of Dberyllium-window
tubes, the combination may be used
for thickness gaging of very thin
sheets of material such as metal,
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plastics, paper and coatings.

At present, a high-voltage X-ray
tube (the OEG-50) is used for con-
tinuous, non-contacting gaging of
the thickness of steel plate, brass,
copper, and aluminum while being
rolled in a rolling mill at thousands
of feet per minute. The roll pres-
sure is continuously adjusted to
maintain the plate at uniform
thickness while the operator ob-
serves the thickness deviation on a
large zero-center meter. The ac-
curacy of this method of gaging
has been quoted as being within
one percent (within 0.0002 inch,
for example, on 0.020-inch sheet
brass).

Complete x-ray intensity meter with
power supply at bottom and 200-cc
probe unit on top of case

By using the newly developed
EG-25 x-ray tube, the thickness or
freedom from tears of rolled paper
may be checked, or of cellophane,
or of aluminum foil 0.0005-inch
thick, or thinner, of plastic sheet,
of raper coating or even of paint
or lacquer thickness. The same or
better accuracy should be obtain-
able with the r meter described,
since even a slight variation of the
thickness of the material will pro-
duce a pertinent change in the
x-rays transmitted, provided the
total intensity of x-rays at the de-
tector is sufficient to be measured.
The use of an x-ray tube as a
source in such a gage is further
advantageous in that the voltage
and therefore penetrating power
may be adjusted to the optimum
value for the material being gaged,

the tube current and therefore total
intensity of radiation may be ad-
justed to the level necessary for the
thickness of material being gaged
and the intensity level is high
enough for simple, stable, fast-
acting detector systems.

Calibration Method

In calibrating any x-ray measur-
ing instrument, some reference
standard is necessary. In this case,
the standard was a Victoreen 250-r
nylon chamber, which has been
calibrated by the National Bureau
of Standards (Research Paper
1926) at voltages as low as 10 kilo-
volts. The direct-reading r meter
was calibrated directly against the
Victoreen r meter for voltages
down to 10 kv. Below this voltage,
the 10-kv calibration factor was
used, with an added correction ap-
plied for absorption in the chamber
window (0.005-inch beryllium) and
in the center electrode of the same
material. This factor becomes
rather large at long wavelengths,
being about 2 at 4 angstrom units
and 4 at 5.3 angstroms.

No satisfactory standard exists
against which to calibrate at these
wavelengths, and so the exact cali-
bration for every long wavelength
is only approximate. The instru-
ment is still usable, however, even
for voltages as low as 3 kilovolts (4
angstroms and longer) for com-
parisons between tubes, between
tube types, for thickness gaging
and for filter and radiation quality
determinations.

The instrument is easily carried
about by one person, and maintains
its calibration over long periods of
time. The only apparent disad-
vantages it possesses are a rather
long warm-up and stabilization
time, for about the first quarter-
hour of operation, and a rather
long time constant when the 185,-
000-megohm and larger load re-
gistors are used. Neither of these,
however, is objectionable.

The author wishes to express his
appreciation to Machlett Labora-
tories, Incorporated, for permis-
sion to publish this report on its
engineering development.
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Vibration is imparted by a loudspeaker cone. Tube
may be rotated ninety degrees for sidewise vibration
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FIG. 1—Vacuum-tube volimeter measures oscillator voltage required to
match microphonic output (with no signal input) of tube under vibration

Microphonics Tester

Convenient setup for quantitative determination of the effects of varying degrees of

mechanical vibration on vacuum-tube operating characteristics. Components used are

practically all standard laboratory equipment. A p-m loudspeaker imparts vibration

By NORMAN ALPERT

Servo Corporation of America
New Hyde Park, N. Y.

ICROPHONICS are inherent in
M all types of vacuum tubes.
Their existence presents a formid-
able problem when it is necessary
to measure or detect signals which
are of the order of 1 to 10 micro-
volts. The equipment described
here was designed to obtain quanti-
tative information about various
tube types and the effects of vary-
ing degrees of mechanical vibra-
tion on their operating character-
istics. The setup is made up of
standard laboratory parts, with
the exception of a few special, but
simple, jigs and fixtures.

Figure 1 is the block diagram of
the complete microphonic test ap-
paratus. The tube under test can
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be vibrated sinusoidally in any
plane parallel or perpendicular to
its base by means of a mounting
bracket which is connected to the

cone of a loudspeaker. This
bracket is shown in the close-up
photograph of a tube Dbeing
vibrated.

Procedure

The test procedure is as follows:
The tube to be tested is connected
to the speaker-driven bracket, and
the output of the audio oscillator is
fed into a push-pull 6AQ5 audio
amplifier (Fig. 4) which drives the
speaker. The oscillator frequency
can be varied from 7 to 7,000 cps.

With no input to the tube under
test, any output measured by the
cathode-ray oscilloscope will be the
result of microphonics caused by
the vibration imparted by the
speaker. The magnitude of this

microphonic output is noted. The
oscilloscope used has a sensitivity
of 7 mv rms per inch with its asso-
ciated 40-db audio amplifier.

As seen in the circuit diagram
of Fig. 2, the resistive component
of the grid circuit impedance of
the tube under test is about 10
ohms. Johnson noise is therefore
virtually eliminated in the grid cir-

| OUTPUT

i TO

AUDIO
AMP

(
|
1
>
>

FIG. 2—Tube voltages are furnished by
batteries through shielded flexible leads
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FIG. 3-—Optical lever system with dimensions exag-
gerated for clarity. In actual test setup, L is four feet

Distance tube moves during vibration is determined by width of light
band reflected onto etched glass scale visible at extreme left of photograph

for Vacuum Tubes

cuit. The d-c grid bias and plate
voltage can be adjusted for suitable
quiescent conditions.

After the amplitude of the mi-
crophonic output of the tube has
been noted, the audio oscillator is
removed from the speaker-driving
amplifier and applied to the grid of
the tube under test (attenuated 100
db). The oscillator output is ad-
justed to give the same output on
the oscilloscope as was ncted with
the tube being vibrated with no sig-
nal input. The magnitude of the
audio oscillator output is then
measured with a vacuum-tube volt-
meter and recorded as the effective
microphonic noise referred to the
grid.

FROM AUDIO
OSCILLATOR.

FIG. 4—The speaker is driven at var-
ious frequencies by a pair of 6AQS5's
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The acceleration imparted to the
tube is calculated by noting the fre-
quency and measuring the ampli-
tude of vibration by means of an
optical lever system similar to that
used with standard wall-type galva-
nometers. The light source is com-
posed of a condenser and a pro-
jector lens in conjunction with a
reticle which allows light to pass
through a tiny 0.00625 by 0.025-
inch rectangular opening. Light is
focused on a small mirror which is
cemented to a linkage plate that
rotates when a lever arm moves in
and out with the speaker cone
assembly. The light is reflected
from the mirror and is observed as
a band of light through an etched
glass scale placed four feet away.

From the expression for sinu-
soidal motion, the acceleration a is
given by

a=wz=01p2X
where a is the acceleration in G’s, f
the frequency of vibration in ecps,
and X the displacement from center
or neutral position in inches.

If o, as shown in Fig. 3, is small,
the rayvs of reflected light can be
considered to emanate from the
same point on the mirror. Also,

with B = 12 deg and L = 4 feet,
the error in assuming = is a right
angle is less than 5 percent. Hence
on this assumption

tana=-R—
d’
tan2a=2tana=—L—
_ Rd
2L

where d is the peak-to-peak deflec-
tion on the scale in em (d’ = d/2),
then

05275 X d _ 00562d

X = 3xXoLx2s L

where L is the distance between
scale and mirror, and X is the dis-
placement of the tube in inches as
required in  the acceleration
formula.

Since the amplitude of vibration
for frequencies above a few hun-
dred cycles is extremely small, the
acceleration for frequencies above
about 200 cps can only be roughly
determined.

The optical lever system is cap-
able of measuring displacements as
small as 0.001 inch with good
accuracy.
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The ELECTRON COUPLER
A Spiral-Beam UHF Modulator

UHF
POWER
SOURCE

ELECTRON
COUPLER

LOAD%

MODULATOR

FIG. 1—Basic electron coupler circuit

By C. L. CUCCIA
and J. S. DONAL, Jr.

Research Department
RCA Laboratoriecs
Princeton, New Jersey

HE ELECTRON COUPLER is a de-

velopmental tube which util-
izes several new principles for the
amplitude modulation of high power
at the ultra high frequencies. These
new principles arise from the use of
spiral electron beams to transfer
uhf power from an input system to
an output system. This is a true
energy transfer device since con-
version from direct-current energy
to alternating-current energy is not
involved, only the input uhf power
being available to the output sys-
tem. Control factors based on the
behavior of the electron beam dur-
ing the power transfer may be used
to control the transfer.

At low frequencies, modulation
and control of power is obtained
by using triodes and multigrid
vacuum tubes. High power outputs
are usually obtained by starting
with a lower power oscillator whose
frequency is carefully controlled
and then building up to high power
using a cascaded set of power am-
plifiers. Used in this manner, the

Based on a paper presented at the 1949
National IRE Convention in New York.
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tubes are unilateral control imped-
ances in that, in addition to ampli-
fying, they prevent variations in
the output eircuit from being trans-
mitted back to the input. Such uni-
lateral characteristics are extremely
important since the primary oscil-
lator should not be pulled in fre-
quency during a modulation cycle
as this causes distortion. In the
uhf region, power is obtained in a
different manner. Compact high ef-
ficiency generators, such as magne-
trons, contain virtually the entire
oscillator circuit within their en-
velopes.

Such uhf tubes are capable of
working at very high power levels,
and may be frequency stabilized
during continuous-wave or pulse
transmission by using spiral elec-
tron beams" *® or external stabiliz-
ing cavities for frequency control.*
Since high power is readily avail-
able, power amplification is a factor
which is not as important as control
of the power. Magnetrons, for ex-
ample, are difficult to amplitude
modulate without attendant fre-
quency modulation. It is for the

purpose of providing a means of
electronically controlling this uhf
high power that the electron cou-
pler was developed. The tube, a
two-cavity device with one electron
beam, has the characteristics of a
nonamplifying unilateral control
impedance.

Physical Characteristics

The electron coupler is a spiral-
electron-beam tube consisting es-
sentially of two adjacent cavities
which are coupled by an electron
beam. The input cavity is con-
nected to the generator and the out-
put cavity is connected to the load,
as shown in Fig. 1. A Dbasic con-
figuration using suitable resonant
cavities is pictured in Fig. 2 where
the arrangement is seen to include
a collector and a magnetic field par-
allel to the axis of the cavities. It
is assumed that there is no electro-
magnetic coupling between the in-
put and output cavities. Power is
absorbed by the electron beam in
the form of spiral or rotational en-
ergy in the first cavity. The rota-
tional energy is in addition to the

INPUT RESONANT
CAVITY ~~_ _

ELECTRON
BEAM “~- . __

OUTPUT RESONANT CAVITY

'ELECTRON GUN

A

OUTPUT

CINPUT

FIG. 2—Internal structure of electron coupler tube
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A two-cavity tube, consisting of an electron gun, two axially mounted cavities and a
collector, is used to modulate uhf power. Placed between r-f generator and load, the r-f

energy is imparted to the beam in the form of rotational energy with a transfer efficiency

of 70 percent

energy due to a direct-current beam
potential which transports the elec-
trons through the tube and deter-
mines their transit time.

Resonance Characteristics

The resonant frequencies of the
input and output cavities and the
frequency of the input power are
adjusted to the cyclotron frequency.
This frequency is

fo=2.794H X 108 (1)
where H is the magnetic field in-
tensity in Gauss and f. is the fre-
quency in cycles per second.

The resonant cavities which are
used in the electron coupler have
the particular property of introduc-
ing an alternating electric field
whose direction is transverse to the
path of the electrons through the
cavity. Each of the cavities pictured
in Fig. 2 has this property and con-
sists essentially of a pair of capaci-
tance plates which are connected to
an inductance loop. This cavity de-
sign is particularly useful because
it is simple and tunable. In the
electron coupler, which uses two of

FIG. 4—Experimental tube simulating beam region of the electron coupler

such cavities, complete decoupling
may be achieved by rotating one
cavity to a position so that trans-
verse electric field in one cavity is
in quadrature with the transverse
electric field in the other. In addi-
tion, such cavities may be designed
to be short compared to the wave-
length of operation. This is an im-

H ELEGTRON
© GUN

=
e B S e-s

orc

moO -

ROTATING
BEAM -~
SPACGE

FIG. 3—Beam configuration in the tube for three different values of transit time or loading

ELECTRONICS — March, 1950

portant practical consideration since
a magnetic field must pass through
the tube thereby necessitating the
use of an electromagnet or a
solenoid.

Input Cavity Action

In Fig. 3A, 3B and 3C, it is seen
that the electron trajectories in the
input cavity are all the same. The
major function of the cavity is the
absorption by the electron beam of
the uhf power. As the electrons
pass through the input cavity, the
frequency of the input power being
equal to the cyclotron frequency, an
absorption of energy by the beam
takes place in increments of in-
creasing magnitude as the electrons
progress through the tube. Since
this continued absorption can only
take place if the electrons, regard-
less of where they may be in the
cavity, see an accelerating electric
field at all times, all electrons will
lie on the line-directrix of a cone as
shown.

The beam spins with angular
velocity w = 2xf, and is phased with
respect to the transverse electric
field. When this field is a maximum
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FIG. 5—Experimental electron coupler, showing both input and output sections

and when, for example, its gradient
is positive from poleface A to pole-
face B, the electron beam will be
midway between the polefaces and
rotating in the direction from pole-
face B to poleface A. A quarter
cycle later, when the transverse
field amplitude is equal to zero, the
electron beam is passing in closest
proximity to poleface A. The elec-
tron beam continues to rotate be-
tween the polefaces with an ever
widening radius. When the elec-
trons leave the cavity, they will
have attained a maximum spiral
radius which will correspond to a
certain amount of rotational en-
ergy.

As the electrons pass through the
intercavity space after emerging
from the input cavity, no energy is
imparted to or extracted from the
electrons since no transverse elec-
tric fields are present here (in an
ideal tube). Each electron pursues
a helical path through the region at
a transit velocity prescribed by the
beam potential and for a beam of
vanishingly small eross section, all
the electrons form a cylinder-direc-
trix extension of the cone directrix
beam as shown in Fig. 3. The elec-
trons enter the output cavity with
the same spiral radius which they
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had when they emerged from the
input cavity.

Output Cavity Behavior

As the rotating electron beam
passes through the output cavity,
by virtue of the fact that these elec-
trons represent an oscillating space
charge with periodicity f. between
the pole faces, an induced current is
produced in the load of the output
system. In general, the incremental
current induced between a pair of
parallel-plane boundaries due to an
oscillating charge, dq, between them
is, for an incremental length of
travel through these boundaries,

dleiwet = —ddqf X v 2)

where d is the spacing between the
boundaries and v, is the trans-
versely directed velocity. The total
induced current is

dle ° (3)

where the integration is carried out
for the total transit time, <., in the
output cavity. If e, is the voltage
across the input cavity pole faces
and if e, is the voltage across the
output load, the electric field
strength, K, in the output cavity
due to the induced current flowing

through R, is determined by®

L ofVie
= e X2 ?1 ITbI X

& Rololy 4)
[8 Ve di® + Ro Io 1?)
where I, is the beam current in
amperes, R, is the output load in
ohms, V,: and V,, are the beam volt-
ages in the first and second cavities
respectively in volts and [,, d,, and
L, d, are the lengths and distances
between pole faces of the input and
output cavities, respectively, in
centimeters.

Equation 4 shows that there are
two methods available for con-
trolling the power output of the
basic electron coupler®: beam-cur-
rent variation and variation of the
beam potential, V., which will con-
trol the transit time in the output
cavity. The transit time control is
an important means of producing
amplitude modulation since no reac-
tion back to the input cavity is pro-
duced—the driving generator sees a
constant impedance at all times.

E2=—%

Transit Time Characteristics

A discussion of the nature of the
beam configuration in the output
cavity as a function of transit time
is particularly illuminating since it
yields insight into the overall oper-
ation of the electron coupler. Con-
sider the case when the transit
time, <., Vi, and R, are such that
the voltage, e,, across the pole faces
of the output cavity is equal in
magnitude but 180 deg out of phase
with respect to e,. If [, = [, and
d, = d,, the beam configuration in
the output cavity will be an exact
image of the beam configuration in
the input cavity. This configuration
resembles a cone whose apex is at
the exit of the cavity, representing
a complete extraction of rotational
energy from the coupling beam by
the transverse electric fields of the
output cavity. This case is pictured
in Fig. 83A and represents a 100-
percent transfer of power to the
output load—only the energy due
to the beam voltage V,, remains
with the electrons as they reach the
collector.

If the transit time 1, is decreased,
the electrons will not remain in the
output cavity long enough to give
up all of their rotational energy and
a truncated-cone beam, similar to
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that in Fig. 3B, will result. The
rotational energy represented by
the part of the cone which does not
occur between the pole faces, is, of
course, lost to the output cavity and
goes to the collector. Since the
power represented by a certain
cone-directrix beam radius will be
seen to be proportional to a square
of the radius, see Eq. 5, a decrease
in radius to one-half represents an
absorption of 75 percent of the ro-
tational power in the beam by the
output cavity load—the remaining
25 percent going to the collector.
For zero power into the output load,
the beam radius must not change
in the output cavity; all of the in-
put power, goes to the collector. It
can be shown that an increase in
loading will produce the same effect
on the beam configuration as the de-
crease in transit time.

If the transit time 1, is increased,
the electrons will remain in the out-
put cavity longer. The cone direc-
trix beam will converge to zero be-
fore the end of the cavity is
reached, as shown in Fig. 3C, and
the electrons will start to spiral out-
ward again, reabsorbing energy
from the cavity field. This reab-
sorbed energy goes to the collector.
However, the convergence point
cannot recede into the output cavity
beam space more than one-half of
the length of the cavity since no
more energy can be reabsorbed by
the rotating beam than is made
available by the entering electrons.
A decrease in output cavity loading

may be shown to have the same
effect on the beam configuration as
the increase in transit time.

Two cases based on the preceding
discussion, which represent zero
power into the load as a result of
transit time variation become im-
portant in considerations of output
modulation in which the output
power or voltage is varied within
certain maximum and minimum
values in accordance with the rate
and swing of the modulating signal.
The first is that which takes place
when the transit time is decreased,
by raising the magnitude of V.. to
such an extent that the electron
beam is passed through the output
cavity before it can set up a trans-
verse electric field. The other case
occurs when V,, is reduced to such a
value that the electrons reabsorb all
of the rotational energy from the
output cavity field. This latter
method is actually not practical be-
cause of space charge limitations
which will be discussed.

Power and Grazing Consideration

The attainment of a certain
spiral radius x by a cone-directrix
beam in the input cavity cor-
responds to an absorption of power
in watts which is described by the
equation

P=1.122X 102121,z (5)

where f. is the frequency in mega-
cycles, I, is the beam current in
amperes and « Is the maximum
cone-directrix beam radius in centi-

meters. The spiral radius is related
to the parameters of the first cavity
by

Bl

=236 (6)

where E, is the peak value of the
transverse electric field in volts per
centimeter, I, is the distance which
has been transversed by the elec-
tron beam in the input cavity and
Vs is the direct-current beam volt-
age in volts. For the cavity previ-
ously described, using a coupling
beam of #-inch diameter and 90
milliamperes at 800 megacycles, if
x = 1.25, the value of power which
can be absorbed in the input cavity
of the electron coupler is
P =1.122 X 1072 X 800% X 0.090 X
1.25% = 1,010 watts

This is not a maximum value but is
one which is safely within the graz-
ing limits. The cavity pole faces
are 6 centimeters long; the
beam potential necessary to yield
the deflection of 1.25 cm when for
example, E, = 2,000 volts per centi-
meter, is found from Eq. 6 to be

2
Vbl_[_z 36 X E‘l‘]
z f
2.36 X 2,000 X 67

1.25 X 800 = 804 volts

Space Charge Considerations

It is seen from Eq. 5, that the
power which can be absorbed by the
electron beam in the first cavity is
proportional to the beam current.
Therefore space charge limitations
will have an important bearing on

FIG. 6—Internal details of the input cavity
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FIG. 7—Internal details of the output cavity
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the power handling capabilities of
the tube.

If space charge is introduced into
a region in which an electrostatic
potential exists, this potential will
be depressed in the region of the
charge. For a particular tube geom-
etry and potential (which is a func-
tion of the boundary voltage) there
will be a corresponding maximum
amount of charge which can be sus-
tained.* " Beyond this amount the
potential in the vicinity of the
charge will drop to zero and some
of the charge will turn back, caus-
ing instability.

This maximum value of current
corresponds to a particular beam
voltage which governs the transit
time through the tube and is con-
nected with the power limitations
arising from grazing at the pole
faces. Even at a stable maximum
value of beam current, considerable
depression of the space potential
takes place. Hence, electrons in
various parts of an electron beam
of the cross-section determined by
the electron gun have different
transit times and, because of the
direct-current transverse electric
field components arising from the
potential depression, undergo some
translation in position. Therefore,
beam dispersion, which will be det-
rimental to the power transfer
efficiency, may occur.

For a cylindrical beam, #-inch di-
ameter and concentric with respect
to cylindrical boundaries of 13-inch
diameter (which are closely approx-

imated by the arcuate pole faces in
the experimental tubes), a current
of 150 milliamperes could be sus-
tained with a beam voltage of 750
volts.” In an experimental tube,
shown in Fig. 4, which accurately
simulated the region transversed by
the beam in the final tube, the pre-
dicted value was confirmed; 155
milliamperes was realized before in-
stability was encountered. In the
actual operating electron coupler,
an increase of beam current to
about 175 milliamperes could pos-
sibly occur at the same beam volt-
age, because of the increased prox-
imity of the spiralling electrons to
the pole faces and some spreading
of the beam.

Details of Construction

Figure 5 pictures an experi-
mental electron coupler showing the
glass press for the electron gun, the
input and output load line seals, the
tuners, and the water-cooled col-
lector at the top. The top part of
the tube is the output section and
the lower part, the input section.
The tube is made of copper with
monel lids which were atomic-
hydrogen welded to monel rings.
These rings im turn were silver-
brazed to each end of the body of
the tube.

Figure 6 shows the details of the
input resonant cavity, coupling loop
and tuner with the top lid of the
tube removed. The electron gun is
shown mounted on ceramics on the
lid of the input cavity.

FIG. 8—The electron coupler in operation between magnetron transmission lines
and load
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Figure 7 shows the output sec-
tion with its pole faces and a bel-
lows-controlled capacitance tuner
capable of tuning from 750 to 825
megacycles. The details of the out-
put resonant cavity, coupling loop,
and tuner are identical with those
of the input cavity with the excep-
tion that the entire output cavity is
mounted on ceramic supports. Thus
its potential can be varied inde-
pendently of the potential of the
rest of the tube. The connection
to vary the potential of this cavity
is made by a single lead which is
near the top of the tube, opposite
the glass exhaust lead, see Fig. 5.
The output cavity was water-cooled
in subsequent tubes to prevent the
continual evolution of gas from this
cavity when it gets hot during ac-
tual operation.

Experimental Results

An experimental set-up in the
laboratory, using an electron cou-
pler of the design shown in Fig. 5,
is pictured in Fig. 8. To the left is
seen the driving magnetron which
is capable of a 1-kilowatt output
and which can be tuned through the
tuning range of the electron cou-
pler. A transmission line connects
this magnetron to the electron cou-
pler in the center of the picture; the
output of the coupler goes to a
water-cooled resistance-load system
as shown. A standing-wave indi-
cator is included in the transmis-
sion line between the magnetron
and the electron coupler so that the
combination of voltages and cur-
rents at which the input cavity pre-
sents a matched termination to the
transmission line can be measured.
This information, when used with
the tube magnetron-Reike-diagram
and the measured input power, is
useful for making measurements on
the power input to the beam.

The method for operating the
magnetron—electron coupler sys-
tem is relatively simple. The cou-
pling beam voltage and current are
first adjusted to arbitrary values.
The driving magnetron is turned on
and tuned to the predetermined res-
onant frequency of the input cavity
of the coupler. The coupler mag-
netic field is then adjusted until
power is indicated in the output cir-
cuit. Each parameter, including the
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output cavity tuner, is then succes-
sively readjusted until the output
power is maximized, assuming that
the output load is properly matched
to the output cavity of the electron
coupler.

The power transfer efficiency of
the electron coupler was measured
at several power levels by using a
specially designed T-network in the
input circuit for a more accurate
measurement of the input power.
Power-transfer efficiencies up to
70 percent were obtained at output
power levels of up to several hun-
dred watts. More power output was
unobtainable because of the power
limitations of the driving magne-
tron which supplied both the cou-
pler and another load in the T-net-
work. This power transfer efficiency
was acceptable since many factors
were present which served to cause
a deterioration in the power output.
These were beam dispersion owing
to the fringe fields at each end of
the cavities, differing transit times
of the electrons affected by the
variations in beam potential over
the cross section of the beam caused
by space charge effects, and transla-
tional electric field components lead-
ing to grazing by outer electrons.
This grazing, if present, takes place
in the input cavity, since negligible
current is measured to the output
cavity which is independently main-
tained at a suitable voltage.

Beam-current control of the out-
put power is the most complete type
of control possible in the electron
coupler since when no beam passes
through the tube, no power appears
in the output. However, as the beam
current is reduced from some value
equal to or greater than that which
matches the line, the beam resist-
ance is reduced and the driving
magnetron will see a change in im-
pedance which will be a function of
the line length connecting it to the
electron coupler. This impedance
change may either decouple the
magnetron shifting its operation to
a low-efficiency portion of the Rieke
diagram, or it may load the magne-
tron further and possibly cause
spectrum failure or instability.
Either effect will cause frequency
and amplitude distortion during
modulation if not actually causing
the driving magnetron to suffer
damage. The situation may be
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partially redeemed by adjusting the
line lengths and by using a shunt
load, as was done by J. S. Donal, Jr.
and R. R. Bush? to make the fre-
quency variation during modulation
nearly negligible. Some power is
lost in this shunt load however,
which will reduce the overall effi-
ciency of the system.

Transit-time control of the out-
put power of the basic electron cou-
pler is a useful and practical method
of coutrol since it permits the tube
to function as a nonamplifying un-
ilateral control impedance. Varia-
tions in the output are not reflected
back to the input and the input im-
pedance of the electron coupler
therefore remains constant. Once
the voltage of the secondary cavity
is adjusted for maximum power
output, the output power may be
theoretically reduced by either rais-
ing or lowering the cavity voltage.
Actually, the only practical direc-
tion is an increase in cavity voltage,
since reducing the cavity voltage
will soon cause a space-charge in-
stability in the cavity and some of
the beam current will turn back.

Figure 9 shows a representative
curve of r-f output voltage across a
52-ohm load, as a function of out-
put-cavity voltage, for a beam cur-
rent of 50 milliamperes, a frequency
of 775 megacycles, and an input
cavity and collector voltage of 650
volts. It is seen that the r-f output
voltage is variable from a maxi-
mum value at E, = 520 volts to
virtually zero at an output-cavity
voltage of 1,700 volts. A repre-
sentative sinusoidal modulating
wave and its output counterpart are
included in Fig. 9. The characteris-
tic curve pictured in Fig. 9 is a
function of the tube parameters and
the peak-to-peak voltage necessary
for 100-percent amplitude modula-
tion may be altered by suitable
changes in cavity design. Although
a large peak-to-peak voltage may be
necessary for the amplitude modu-
lation of the electron coupler to a
satisfactory level, it must be re-
membered that no electrons are col-
lected by the secondary cavity and
the impedance of the output cavity
as seen by the modulator is a capac-
itive reactance. If very wide-band
amplitude modulation is desired,
then the modulator must be de-
signed so that its output into this
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FIG. 9—Operating characteristic curve
of the electron coupler with input cavity
beam potential of 650 volts

capacitive load is commensurate
with the requirements of the modu-
lation rate.

Higher Frequency Operation

As the frequency of operation in-
creases, the tube will become
smaller and smaller due to the de-
crease in size of the resonant cavi-
ties. However, the power handling
capabilities of the electron beam do
not necessarily suffer from the
change in tube size and may im-
prove. As is seen in Eq. 5, the ab-
sorbed power varies as the square
of both the frequency and the max-
imum spiral radius. An increase in
frequency from 800 to 3,000 mega-
cycles, for example, would require a
spiral radius of only 0.427 centi-
meter and a current of 50 milli-
amperes for the absorption of 1,000
watts by the beam. With an inter-
action space in the input cavity, 2.5
centimeters long, and an r-f field
strength of 1,500 volts per centi-
meter, the electron coupler would
require, see Eq. 6, an input cavity
beam voltage of 48.4 volts.
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THE COMMONLY USED technique
of photographically recording
cathode-ray traces is to place a hood
around the c-r screen and camera to
exclude all external light. The re-
sulting photographs show only the
trace against a plain black back-
ground.

To keep account of each photo-
graph, information must be kept on
file concerning sweeps, calibrations
and test conditions. Later, if
prints are made, it is necessary to
include a copy of the test informa-
tion with each print.

Considerable time, effort, and
chance for error can be eliminated
if the required information is re-
corded along with the c-r trace on
each photograph taken. This may
be accomplished by using an ex-
ternal light source to illuminate the
area around the tube face suffi-
ciently for it to show in the picture.
The lighting must be evenly dis-
tributed and not so bright as to in-
terfere with the clarity of the e-r
trace. The illuminated area is used
for calibration data and other per-
tinent notations.

Calibrated Screen

Oscilloscopes are customarily
equipped with a celluloid scale hav-
ing dark calibration lines. With
proper external illumination, these
lines will show in a photograph.
Normally, three shades of gray
must then be recorded on the film:
the light gray of the electron-beam
trace, the medium gray back-
ground, and the dark gray (black)
calibration lines.

ito de0 S40
Etectrical Degrees

Unretouched photograph of c.r tube
screen and data made by the technique
described
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Only one photograph need be taken when calibration lines and notations are illumi-
nated by the circular fluorescent lamp and recorded on film simultaneously with the
c-r tube trace

Improved
C-R Photographs

Extreme care with lighting is
needed to properly balance the three
shades of gray. It is difficult to
obtain a picture showing clearly the
light trace and dark -calibration
lines against the gray background.
This difficulty is overcome by pro-
viding for only two shades: light-
colored trace and light calibration
lines against a dark background.
Thus, legibility is increased since
only two tones are required in the
picture, white and black.

A calibrated screen having light-
colored calibration lines can be
made by spot welding or soldering
fine, shiny wires in a criss-cross
pattern on a metal frame. The ex-
ternal illumination reflects on the
curved wire surfaces and appears
on the film as white calibration
lines.

A suitable screen can be made
with 0.010-inch diameter tungsten

wire spot-welded to a steel frame. A
frame having a rectangular cut-out
24 x 3% inches is suitable for a five-
inch ¢-r tube. The frame is held
by screws and bushings in front of
the c-r tube face.

For a tube having a green
phosphor, a green plastic filter is
placed between the calibrated
screen and the c-r tube face to pro-
vide a darker background by filter-
ing out all light except the green
trace. A suitable green filter
can be made of #-inch thick DuPont
Plastacele C11872.

White paper masks having rec-
tangular cut-outs the same size as
the calibration frame are provided.
The mask is lightly stuck to the
frame with dabs of glue and nota-
tions written on it concerning
sweep speeds, trace height calibra-
tion, date, title of test or notebook
reference page. If two or more
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Alternative method of lighting the calibrated screen area, using a ground.glass dif-
fused light source and baffle to distribute light evenly on the tube screen and on
the surrounding area

Single picture shows clearly both the trace desired and

associated data such as a calibrated screen, test conditions

and other file notes. Evenly distributed light from either

of two light sources provides two picture tones for high

legibility of information

vertical scales are to be used fre-
quently, it is convenient to show
both scales on the mask and provide
a black paper arrow that can be
adjusted to indicate the scale in use.

IHHumination

The best source of illumination
was found to be a 32-watt circular
fluorescent lamp, mounted on a
frame. The lamp must be close
enough to the tube screen to avoid
reflections in the picture from the
c-r tube glass. A spacing of four
inches between lamp and screen is
satisfactory.

To record both the trace and scale
in a single exposure, it was found
desirable to lower the illumination
by operating the lamp at about 10
milliamperes from a 150-volt d-c
source with about 5,000 ohms re-
sistance in series with the lamp.
Other means for reducing lamp in-
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tensity are by painting or covering
the lamp with translucent material
such as nail-polish, lightweight
paper, or colored cellophane, or by
winding a spiral of opaque tape
around the bulb in a spaced toroidal
manner.

An alternative device for produc-
ing even, diffused illumination is an
8% 10-inch ground-glass diffuser
(Eastman x-ray illuminator, model
D) placed to illuminate the c-r
screen at an angle. Since the
amount of illumination reaching a
point of the tube screen from the
diffused source is approximately in-
versely proportional to the square
of the distance of the point from
the light source, means must be
taken to reduce the amount of light
reaching the bottom (nearer) part
of the tube. A cardboard baflie was
placed to distribute the light in-
tensity so that the top and bottom

of the screen receive equal illumina-
tion.

Proper lighting was obtained by
operating the 50-watt incandescent
lamp of the diffused light source at
80 volts.

For accurate control of illumina-
tion and to prevent reflections on
the c-r-tube glass from room lights
or windows, an opaque cloth is
placed around the camera and oscil-
loscope when making exposures.

Camera Installation

When extreme detail is required
in a photograph, a double-extension
view camera may be used; a 4X5-
inch film will record a 3 or 5-inch
c-r tube almost actual size. The
camera may be mounted on a tripod
set on the floor, or on a support set
on a table with the cro.

A 35-mm camera is convenient to
use and the film cost is low. A spac-
ing of nine inches between the cam-
era and cro enables most cameras
to cover the screen properly. A
frame to support the camera and
circular lamp may be fastened to
the cro with machine screws. To
enable the camera to focus at a dis-
tance of nine inches, a bushing must
be inserted between its lens and
body. A suitable bushing for a
Leica camera is # inch thick for a
lens having a focal length of five
em. This particular camera was
mounted in the support frame by
inserting the lens and bushing
through a hole in a camera bracket.
A thumb screw tightens against the
bushing to hold the camera
securely.

Exposure

Correct exposure for the scale
when illuminated by the circular
lamp operating at normal current is
less than the exposure required for
a typical cro trace. For example,
in one instance correct exposure
for the c-r trace was 0.1 second at
£:3.5, and correct exposure for the
illuminated scale was 0.1 second at
f:11. If only a few pictures are to
be taken, a single film may be ex-
posed twice—for the trace with
illumination off, then for the scale
with illumination on.
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Folded

Sideband Modulation

Basic principles of a proposed system of radio commmunication in which several kilo-

cycles of information bandwidth are transmitted in sequence in a narrow band on one

side of a carrier, and interfering heterodynes are eliminated by shifting them to the unused

N IMPORTANT CHARACTERISTIC
A of any communication system
is its effectiveness in the face of
interference. So far the effect of
interference on proposed narrow-
band systems has received scant
attention.

Present communication systems
are affected differently by inter-
fering signals. We have, for
example, heterodyne beatnote inter-
ference in a-m, capture effects
experienced in f-m, and tvi in tele-
vision. In wired communication
where channel separation can be
controlled, there is no serious
problem, but in wireless communi-
cation, particularly over long
distances, interference is always
possible. Therefore the measure of
the worth of any communication
system not only should include the
efficiency of modulation versus
bandwidth and noise, but also the
system’s effectiveness in rejecting
interference. Stated another way,
a theoretical communication system
will anticipate the factor of inter-
ference and will do something
about it.

Interference Problem

The fallacy of reducing the trans-
mitted bandwidth alone to reduce
interference can be illustrated as
follows. In the case of a single-
sideband amplitude-modulated sig-
nal, the removal of a heterodyne
beatnote caused by a carrier lying
within this band can only be
achieved by rejecting a portion of
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side of the carrier

this band either by filters or phase-
shifting networks requiring criti-
cal adjustments. In a double-side-
band system, the interference can
be removed more rapidly by simply
rejecting the whole sideband con-
taining the interfering carrier.!
In other words, greater actual
selectivity or signal separating
ability is achieved in the latter case
by using a transmitted bandwidth
twice that of the former. That the
reduction of bandwidth alone is not
the solution of heterodyne elimina-
tion can further be proved by c-w
operation. Such a system of com-
munication can be reduced to a
bandwidth of but a few cycles. De-
spite this reduction in bandwidth,
serious heterodyne interference
prevails when an interfering car-
rier falls within this reduced band.
Interference will affect narrow-
band systems in various ways. One

example is illustrated in Fig. 1.
The block diagram illustrates a
communication system with a band-
width required for the r-f emis-
sions of but 1 ke to transmit 4 ke
of information. This system is
essentially a simple single-sideband
a-m transmitter, with suppressed
carrier (replaced at the receiver by
local oscillator). Sequential modu-
lation is achieved by shifting the
carrier in 1-ke steps. Such a com-
munication system should prove
useful where channel separation is
effectively controlled. But its nar-
rowband usefulness will be im-
paired seriously should heterodyne
interference be present. If the
interfering carrier is 51 ke, a beat-
note of 1 kc will appear when infor-
mation of 200 to 1,200 cycles is
being transmitted. There would be
another of 2 ke in an information
band of 1,200 to 2,200 cycles, 3 ke

TRANSMITTED
BALANGED =R ENND
MODULATOR (FILTER)
50.2 KC TO 512 KC

A-F PASSBAND
-
200-4,2006PS

_T T_ MIXER/FILTER’__ A-F PASSBAND L—

PASSBAND
1 [T]s02kc Tosizke| |200-4200CPS

f% == - SYNCHRONIZED SEQUENCE SWIT(')H—->E/A
009 09

47[ a8[a9]50 47| 48[a9]s0

KILOCYCLES KILOGYCLES

CARRIER 0SC LOCAL 0sC
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SEQUENGE ‘

CARRIER INTELLIGENCE  THRU PASSBAND
FREQUENCY | {1,000-CPS BANDWIDTH FILTER)
50 KC 200- 1,200 CYCLES
JHE a9 xe 1200-2,200 CYCLES
s(| aeskc 2,200- 3,200 CYCLES
[;{ 47 KC 3,200- 4,200 CYCLES

FIG. 1—Block diagram of sequence modulation.

The received demodulated intelli-

gence is the same as that transmitted for each synchronized sequence
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By J. L. A. McLAUGHLIN

La Jolla, California

in the band 2,200 to 3,200 cycles
and a forth beatnote of 4 ke in the
band of 3,200 to 4,200 cycles. The
above illustrates simply one of the
possible types of interference char-
acteristies of narrowband systems.

Basic System

A communication system will be
described with a spectrum space
less than the message information
and means for eliminating hetero-
dyne beatnotes produced hy car-
riers falling within this band. The
basic principle of this new system
is illustrated by a series of steps in

Fig. 2.

At A is illustrated a conven-
tional amplitude-modulated car-
INTERLACED

) SIDEBANDS -
S ka2
' ---3Kc---'——-l
F, F
(8) /
l—*——’s KC—=—-~ -{
R F3
()
FZ
’-———uc————-{
it
0
= \ = e
s ke -]
_FOLDED
ﬁ ' SIDEBAND REPLACED
/ 4 \ ["CARRIER
b -3 ke-----
(E) ’1
REPLACED / ‘R\FE
CARRIER ]
FIG. 2—Steps illustrating the basic
method of eliminating two interfering
carriers
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An rf exciter unit for folded sideband transmitter appears in the foreground and
behind it is an adaptor for a receiver

rier, F',, in the presence of a second
carrier, F, also amplitude modu-
lated, which causes interference in
the form of a heterodyne or beat-
note.

The interference takes the form
of a continuous whistle of 8,000
cycles since this is the frequency
separation between carriers. If
this heterodyne whistle is elim-
inated the audible interference
remaining (demodulation of the de-
sired carrier with the undesired
signal's sideband) will be small,
This whistle or beatnote can be re-
duced or eliminated by a selective
circuit in the i-f or audio amplifiers.

If the two carriers are present
with respect to frequency in an i-f
amplifier with passband character-
istics as shown in Fig. 2B, and the
3,000-cycle heterodyne whistle has
been removed by one of the afore-
mentioned schemes, both signals
will be intelligible to somewhat the
same extent as listening to two
people talking at the same time.

The next step is to assume the
modulation in the sidebands of the
two transmitters to be identical.
The heterodyne whistle has been
eliminated and only one intelligence
is now being received. The audible
interference of the interlaced side-
bands is present, but small, com-
pared to the interference caused by
the heterodyne whistle.

Figure 2C shows a new interfer-

ing carrier, F,, and Fig. 2D illus-
trates its elimination by increasing
the selectivity of the i-f passband
as shown.

Folded Sideband

In eliminating the undesired car-
rier F, we have also eliminated
carvier F.. If F, is replaced in the
detector by a local oscillator of the
same frequency, demodulation of
the full information band of 3,000
cycles will be recovered despite the
reduced bandpass of the i-f which
as shown is but 1,500 cycles. Car-
rier F, demodulates the lower half
of its 3,000-cycle band (0 to 1,500
ke). The replaced carrier for F,
demodulates the upper portion
(1,500 to 3,000 ke) for F. sideband
which falls in the same spectrum
as the lower frequency half of the
sideband associated with carrier F..

The narrowed bandpass thus con-
tains a completely folded sideband
containing all the information, one
half of which belongs to carrier F,

and the other half to F.. Should
the interfering carrier F, fall

within the spectrum of the pass-
band, the process can be reversed
since the total transmitted spec-
trum of 3 kc contains two folded
sidebands of information, as illus-
trated in Fig. 2E. If carriers F,
and F, are alternately transmitted
the monkey-chatter interference
will automatically be removed and
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a  normal-sounding
result.

This is a simplified explanation
of FSM. The above case illustrated
requires a transmitted bandwidth
equal to the information, and with
means at the receiver to achieve
sophisticated selectivity such as to
eliminate a heterodyne falling
within any portion of this band
since but half of the transmitted
spectrum contains all the informa-
tion.

signal  will

Heterodyne Rejection

In a more elaborate form of the
system the transmitted spectrum
space can be reduced to but a few
hundred cycles and still retain at
the receiver the ability to reject
heterodyne beatnotes, as in the
above case. A system suitable for
transmitting an information band-
width of 4 ke in a spectrum space
of 2 ke is illustrated in Fig. 3.
Four carriers (suppressed or trans-
mitted) are employed.

Carrier F, provides information
from 0 to 2 ke. Carrier F, provides
the same information in the same
spectrum space but in an inverted
numerical order. Carrier F,
handles the information of from
2 ke to 4 ke. Carrier F, contains
the same information but in in-
verted numerical order similar to
that of the first two carriers. Car-
rier F, indicates an undesirable
carrier falling within the trans-
mitted spectrum. The shaded area
of the sideband indicates the sys-
tem’s halfband selectivity sufficient
to reject beatnotes which would be
produced by F,, the undesired car-
rier, beating with each of the sys-
tem’s carriers.

The passband of 1 ke at the re-
ceiver contains all the transmitted
information, for in sequence A
0 to 1 ke will be demodulated, in
sequence B 1 to 2 ke, in sequence
C 2 to 8 ke, and in sequence D 3 to
4 ke. Should the interference ap-
pear in the shaded portion, instead
of as shown, the system can be in-
verted since the other half also
contains the full band of informa-
tion.

Use of Filters

In order that a FSM system
effectively reject interference lying
close in frequency to the edge of
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the system’s acceptance spectrum,
a high degree of selectivity is re-
If this selectivity is to be
achieved in the i-f amplifier the re-
quired filters would be quite ex-
pensive. However, most of the
system’s heterodyne elimination
selectivity takes place after detec-
tion, where it can be accomplished
less expensively. This is illustrated
in Fig. 4.

For the sake of simplicity, the
system illustrated is of the two-
carrier type, in this case both being
transmitted alternately. The sig-
nal is converted to a low frequency

i-f of say 50 ke and is split into
two i-f filters with response curves
as indicated. The upper i-f accepts
carrier F, and has a bandpass of
roughly 1.5 ke. The carrier F, and
the undesired carrier F, will re-
ceive attenuation. At the output of
this filter’s detector, a lowpass filter
supplies the necessary high degree
of selectivity for the attenuation of
beatnotes above 1,500 cycles. Since
the beatnote between the system’s
carrier and interference is 2,500
cycles it will not be heard due to
the high selectivity of the lowpass
filter, plus the additional selectivity
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of the i-f filter system.

In the lower case, where carrier
F, and its sideband information is
shown, the beatnote will be 500
cycles, but at the output of this de-
tector a highpass audio filter is
used with high attenuation below
1,500 cycles, sufficient for attenua-
tion of the beatnote and all others
below the cutoff frequency.

In FSM systems employing more
than two carriers, audio bandpass
filters equal to the information of
each sequence are used in the same
manner as in the above two-carrier
system.

Figure 5 illustrates more fully
the transmitted spectrum with the
system’s two carriers at either edge
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FIG. 5—Frequency spectrum handled
by the receiver of Fig. 4

of it, together with an undesired
carrier falling in the unused half of
the system’s bandwidth. The used
portion is shown shaded. The terms
upper and lower sideband may
cause some confusion as the system
is essentially a single-sideband one.
The terms refer only to the rela-
tion of the information to each
carrier with respect to the numer-
ical frequency order. The shaded
area marked upper sideband for
carrier F, transmits information
from 0 to 1,500 cycles, whereas this
same half spectrum in the lower
case contains information from
1,500 to 3,000 cycles.

Frequency Inversion

In Fig. 4 two oscillators are indi-
cated. The condition shows B in
operation. This oscillator-mixer
circuit is of the off-frequency in-
verter type.! The frequencies of
the oscillators are such that in one
case the oscillator’s frequency is
the first i-f plus the second i-f fre-
quency. In the second case, the
oscillator’s frequency is the first i-f
minus the second intermediate fre-
quency. In FSM the second i-f
will be the mean frequency of the
system between the two carriers.
Switching from one oscillator to
the other inverts all frequencies
around the mean. The principle of
this system is illustrated in Fig. 6.
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FIG. 6—Choice of oscillator provides frequency inversion to take advantage of
the proper filter characteristics in eliminating heterodynes
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A marked improvement in signal-
to-noise ratio is achieved by the
squelch or gating circuits following
the audio filters (Fig. 4). Without
these circuits, when the carrier
handling the lower half of the side-
band is on, high-frequency noise
would be passed by the highpass
filter. The reverse is true for the
carrier handling the upper half of
the sideband frequencies. These
squelch circuits are normally open
and are only closed by the desired
carrier frequency.

The signal-to-noise ratio can be
improved further by making the
squelch circuits such that they re-
main open until the carrier is on
plus a certain percentage of modu-
lation. In other words, the gates
are closed only when information
sufficient for intelligibility is pres-
ent, rather than alternately and
cyclically in time sequence. This is
an important point because many
times a carrier may be on without
having any information to trans-
mit in its time sequence.

Still greater refinements along
these lines can be achieved in the
transmitter by information ampli-
tude sequence time instead of cyclie
time sequence. By these and other
refinements the information effi-
ciency can be raised to a greater
degree than by conventional ampli-
tude modulation means alone.
Other FSM systems employ nar-
rowband information sequence in-
stead of carrier sequence switch-
ing. In the case of suppressed car-
riers this reduces synchronization
problems since the reintroduced
carriers at the receiver can be on at
all times. One interesting FSM
variation, suitable for aircraft and
mobile use, permits two separate
voice frequencies and one c-w sig-
nal to occupy a spectrum space of
but 3 ke.

This article has been restricted
to the discussion of amplitude-
modulated systems suitable for
speech frequencies but any band of
information, modulated by more
efficient pulse systems, can be con-
verted to narrowband operation by
the heterodyning principles of FSM
outlined.

REFERENCE
(1) J. L. A. McLaughlin, Heterodyne
Eliminator, ELECTRONICS, p 83, March

1949.
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Simplified Multistation

Requires only two wires and ground for complete privacy between any two stations

among a maximum of eight stations.

The pulse-generating system used for automatic

switching can be adapted to remote control by wire, carrier or radio, when power lines

are synchrenized at transmitters and receivers

N CONVENTIONAL intercommuni-
I cation systems that do not em-
ploy centralized switching the de-
sired talking-circuit path is set up
at the calling station when a manu-
ally operated selector switch com-
pletes a direct-wire connection to
the called station. An intercom

By ANDREW W. VINCENT

Consultant
Rochester, N. Y.

employing centralized switching or-
dinarily requires that a circuit first
be established to the switching ap-
paratus; after this the circuit path
to the desired station is remotely
set up by a manual switch at the
calling station.

The cost of the direct-wire sys-

Central switching unit of the intercom, showing two rotary stepping switches and
neon glow lamps along lower edge of chassis
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Station for automatic call selection by

means of three-position switches, Ex-

treme right switch controls talk, listen
and release

tem increases rapidly as the service
area increases because the multi-
plicity of wires between stations
makes installation, relocation and
servicing difficult. In addition, the
extensive wire network increases
noise pickup. Central switching,
although it eliminates individual
station amplifiers and reduces the
number of interconnecting wires,
usually requires complex central
equipment to perform the remotely
controlled functions of call, talk,
listen and release.

New Central System

The centralized system to be de-
scribed uses a finder circuit with
no line relayvs, a pulse system for
station selection, one audio ampli-
fier, and simple three-position
switches at each station. The pulse
system employs an inductor and
eight different half-wave rectifier
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Intercom System
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FIG. 1—Wiring diagram of the central station, with connections shown for one substation in dashed box

scombinations to select eight unique
positive or negative voltage im-
pulses from a 60-cycle supply.

Up to eight stations can be used.
Each station is connected directly
to the central unit by three wires, a
balanced talking pair and ground.
The station units house a p-m
speaker, small selenium rectifiers,
resistors, a pulse inductor and keys
that set up eight different pulse-cir-
cuit conditions for station selection
and control the talk-listen and re-
lease functions. The keys are three-
position lever type with spring
return to center.

When a call is made the desired
station-selection key is operated
-and held until a completion tone is
heard in the speaker to indicate
that the system is not in use. The
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switching is completed and the key
may be released. The release of the
station-selector key completes the
connections to the amplifier and
the calling station is ready to carry
the message in the direction of the
called station. Operation of the
listen key reverses the talking di-
rection, allowing a reply. Operation
of the release key releases the sys-
tem for subsequent calls.

Line Finder Civcuit

The glow lamps in Fig. 1 are con-
nected to the P wires o: each of
the balanced pairs extending to
each of the speaker stations. The
common connection to the glow
lamps is in a circuit traceable to
ground through the 70-volt trans-
former winding and the grid circuit

of one of the tubes in the bridge
circuit.

When the system is idle, the relay
contacts complete this circuit in
which the 70 volts a-c of the trans-
former winding is impressed upon
each of the P station leads through
the glow lamps. Since the glow
lamp breaks down at and maintains
a voltage of about 65 volts d-c, the
voltage appearing across the re-
mainder of this circuit will consist
of sine-wave tops or pulses as
shown in Fig. 2A having effective
voltages in these peaks of about 25
volts.

When the station-selector keys
are in the normal position, the sta-
tion speaker voice coil is connected
across the balanced pair P and S.
Therefore the line capacitance of
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both the P and S wires to the
ground control wire is presented at
each of the lines as a capacitance
load between the glow lamp and
ground, since the speaker imped-
ance is small in relation to the re-
actance of the line capacitance.

This capacitive load causes sym-
metrical current pulses to flow in
the load capacitor. The time con-
stant of the R-C network in the
grid circuit is purposely made long
enough so that the d-¢ grid poten-
tial is unaffected and thereby main-
tains a balance within the bridge
circuit.

When the station-selector key is
operated at a calling station the
speaker is disconnected from the P
wire and the load circuit through
the rectifier R, or R;, and the pulse
inductor to ground is presented to
the glow lamp of the calling line.
The effect of the rectifier load
causes current pulses to flow in the
direction in which the rectifier con-
ducts. These rectified pulses cause
the R-C circuit at the grid to
charge either positively or nega-
tively, thereby unbalancing the
bridge circuit which operates the
finder start relay and the finder
switch. The finder switch, stepping
on its own self-interrupting con-
tacts, hunts over the station lines.

Because the rectifier constitutes a
resistance load, the rectified current
pulses are in phase with the voltage
and therefore lag the capacitive
current pulses. The connection of
the rectifier load on the one calling
line controls the bridge circuit even
while being shunted by the low-
shunt-reactance combination of the
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other seven line capacitances be-
cause the rectifier current compo-
nent is displaced from the capaci-
tive current component as shown in
Fig. 2B.

The finder stop relay is connected
between the P wiper of the finder
switch and the 24-volt tap of the
power transformer. As the finder
switch hunts over the lines, the
P wiper momentarily connects the
finder stop relay to each of the P
line wires. When connection is
made to the P wire of the calling
line, the rectifier load to ground
operates the finder stop relay which
stops the finder switch and operates
the finder cut-through relay which
locks up on its own contacts, there-
by seizing the link.

The movement of the S wiper
from the home position disconnects
the 70-volt transformer winding
from the glow lamps, thereby dis-
connecting, by the removal of a
sufficient breakdown voltage, the
common connection established by
the glow lamps to the P line wires.
This locks out the other stations
from the link by preventing the
operation of the finder start relay
and also disconnects the unbal-
anced load on the P line wires,
thereby bringing the lines into the

balanced condition in readiness for
the talking circuits.

Station Selection

The operation of the finder cut-
through relay starts the connector
switch and connects the P and S
wires coming from the calling sta-
tion, where they are connected to
a pulse circuit already set up by the
operation of the station-selector
key, to the associated central pulse-
matching circuit which will stop
the connector switch on the contacts
of the called line.

The principle of circuit selection
utilizes an inductance and selenium
rectifiers to break down the 60-cycle
power supply voltage into pulses
that allow 8 selections. The pulse
signals are individual, thereby obvi-
ating reliance upon combinations of
pulses and eliminating testing be-
fore the selection is determined.

If an alternating voltage E is
fed into an iron-core inductance
through a half-wave rectifier, a cur-
rent I will flow and the voltage
E, produced across the inductance
is the distorted sine wave shown in
Fig. 3B. Because of the effect of
the inductance in the circuit, the
current I and the voltage FE, is
partly carried over into the next
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FIG. 4—Talk-listen and release switch-
ing circuits

half cycle. This overlap of current
and voltage can be brought back to
occupy all or any part of the first
half cycle by inserting a parallel
resistance and capacitance in series
as shown in Fig. 3C. When current
flows in the circuit, the voltage
charge built up across the capacitor
cancels the voltage of the induct-
ance and causes voltage across the
rectifier to reverse sooner, thereby
reducing the duration of the cur-
rent in relation to the applied volt-
age F.

If a center tapped inductance is
used as in Fig. 8E it is possible to
reverse the phase of the E, voltage,
thereby producing E.. If a second-
ary rectifier is added it is possible
to segregate any one of the four
half cycles of E, and E.. These cir-
cuit combinations and their accom-
panying waveforms are shown in
Fig. 3G through N. By reversing
the polarity of the primary circuit
rectifier, the current flows during
the negative half of the cycle and
in the same manner as described
above, four more pulses can be
generated, occurring during the last
half-cycle of the applied voltage E.
This pulse-generating circuit can
be used for remote-control service
over a single pair of wires or to
modulate a radio or wire-carrier
wave to set up eight different cir-
cuit selections, assuming that the
same synchronized power source is
available at both ends of the con-
nection.

Control Circuits

In the system described, a 8-wire
system is necessary for the remote

ELECTRONICS — March, 1950

control of the talk-listen and release
functions. The three-wire selec-
tion circuit used, shown in Fig. 4,
is a modification of the basic selec-
tion system. The a-c voltage is
supplied at the central unit only,
thereby making a power connection
unnecessary at the speaker station.
The diagram shows a simplified cir-
cuit of the station switching which,
by the operation of the two rectifier
reversing switches A and B and the
phase-reversing switch C into their
eight possible combinations, sets up
the eight pulse circuit conditions.
The wipers of the stepping switch
set up the equivalent pulse circuits
at the central unit. When the pulses
are matched, current flows in the
pulse-load transformer which fires
the thyratron, operates the con-
nector-stop relay, and stops the con-
nector switch on the called line.

The operation of the connector-
stop relay sets up completion tone
and changeover relay circuits on the
calling line. The output of the 700-
cps phase-shift completion-tone os-
cillator is connected over the S wire
to the calling station, speaker voice
coil to ground through the rectifier
Ry or R and the pulse inductor.
The completion tone indicates that
the connector switch has stopped on
the calling line and that the station
selector key may be released imme-
diately.

The release of the selector key
operates the changeover relay over
the circuit traceable from the 24-
volt power transformer winding
through the rectifier bridge circuit
and changeover relay winding, the
primary pulse wiper of the con-
nector switch, the P wire, the
speaker voice coil, back on the S
wire and through the output wind-
ing of the completion tone oscillator
to ground. The bridge circuit pre-
vents the reversal of flux in the
changeover relay to allow lock-up
operation and introduces into the
circuit a rectifier which bucks the
station rectifier and thereby pre-
vents operation of the changeover
relay before the selector key is
released.

The changeover relay disconnects
the plate voltage from the tone os-
cillator, connects it to the audio
amplifier and connects the input and
output of the audio amplifier to the
calling and called lines respectively,

thereby completing the talking cir-
cuit.

Talk-Listen Circuit

The operation of the listen key at
the calling station grounds the talk-
ing pair P and S through the bridg-
ing center-tapped resistance, there-
by operating the talk-listen relay
which reverses the amplifier con-
nections to allow a reply from the
called station. The current inter-
ruptions to the talk-listen relay
cause very little disturbance in the
amplifier because of the balanced
center-tapped connections at the
line terminations. The isolation
transformer keeps the talk-listen
relay current out of the talk-listen
switching contacts, thereby pre-
venting switching transients that
would be caused by the normal devi-
ations from simultaneous contact
closure in a relay with standard
adjustment.

Release Circuit

The operation of the release key
disconnects the S wire from the
speaker voice coil and connects it
to ground. The talk-listen relay
circuit is completed as in the listen
function but the unbalanced current
in the isolation transformer causes
a transient voltage surge which
goes through the input transformer
and fires the type OA4 cold-cathode
release tube. The OA4 tube sup-
plies current through a differential
winding to knock down the cut-
through relay which returns the
finder switch to the home position
on its homing wiper, and interrupts
the holding current to the finder-
stop and changeover relays, thereby
releasing the system.

The R-C timing circuit fires the
other OA4 release tube at a prede-
termined time after the finder cut-
through relay operates unless the
talk-listen relay is operated which
discharges the capacitor and ex-
tends the timing cycle. This feature
releases the system when the calling
station is abandoned by the calling
party without releasing the system
or when there is a circuit failure
following the operation of the finder
cut-through relay. When a station
calls its own line the system is
automatically released by the ampli-
fier feedback voltage which fires the
0OA4 tube.
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As subject reads book in shielded cage, equipment measures voltage between electrodes on temples as it varies with eye position.

Resulting traces on recorder chart show variations in force exerted by extrinsic ocular muscles.
fatigue or other cause of muscular weakness

These data are useful as criteria of

Testing Eye Muscles

Progress of muscle-impairing disease such as poliomyelitis can be determined electroni-

cally by recording second derivative of eyeball potentials measured between electrodes on

opposite temples. Technique also evaluates fatigue in physiological research

By EDWARD R. POWSNER*
and KURT S. LION

Department of Eiology
Massechusetts Institute of Technology
Cambridge, Muass.

HE MEASUREMENT of muscular
Tstrength is an important prob-
lem in physiological research and
clinical medicine. The force of cer-
tain muscles and muscle groups
varies with the progress of a

* Now at Yale TUniversity School of
Medicine. New Haven, Connecticut.
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disease such as poliomyelitis, with
fatigue, and even depends upon
psychological circumstances. Such
measurements are usually made
with ergometers. These instru-
ments measure and record the out-
put of a subject working against a
load. A well known example is the
bicycle ergometer which is fre-
quently used in physical medicine
and in rehabilitation service.
Certain muscles or muscle groups
are not accessible to these kinds of
ergometric measurements, such as
the extrinsic ocular muscles, which
move the eyeball left and right, and
up and down. The eye has one out-
standing characteristic, however,

www americanradiohistorv com

which makes it possible to measure
the force of these muscles electron-
ically. It was found by Mowrer,
Ruch and Miller' that the eyeball
is polarized. The eyeball may be
represented by a sphere with a

positive and a negative pole. This
polarized sphere, turning in the
semiconducting medium of the

head, acts very much like a spheri-
cal potentiometer. Two electrodes,
placed on opposite temples to record
the eye potentials, serve with the
intervening media to act like slid-
ing contacts. Fenn and Hursh®
found that the potential thus meas-
ured depends on the angular posi-
tion of the eyeball in its socket. In
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stage handles second derivative,
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proportional to force of extrinsic ocular muscles that move eyeballs right and left and up and down
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any one subject the relation of
potential to position shows little
change from day to day.

This eyeball potential, if re-
corded, furnishes a graph which
indicates the angular position of
the eyeball as a function of time,
6(t). Differentiation of this volt-
age therefore indicates the velocity,
o = d 6(t)/dt, of the eyeball move-
ment. A second differentiation
furnishes the angular acceleration,
o = d°6(t)/dt? of the eyeball.

Once the acceleration of the eye-
ball is known, the force causing it
can be found easily from Newton’s
law. For translational movement,
force is equal to mass times accel-
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eration. For the rotational move-
ment of the eye this law has to be
modified into T = af where T is the
torque, a is angular acceleration
and I is the polar moment of in-
ertia of the eyveball. With some
simplification one can say that the
torque T is the result of the muscu-
lar force f acting at a radius r
from the center of rotation, so that
T = fr. The muscular force can
therefore be found from

o N al _dZO(l)_I—
7= ro r o de r

M

It can be shown® that the output
voltage e from the subject is pro-
portional to the angular position of

the eyeball, so that

de I

= @

The force of the extrinsic ocular
muscles is proportional, therefore,
to the second derivative of the out-
put voltage arising between the
electrodes attached to the patient’s
temples. 1In this equation k%, I and
r are constants; their values need
not be known for comparative
measurements. For absolute meas-
urements / and r can be approxi-
mated with reasonable accuracy
from anatomical data. The con-
stant k& is the overall calibration
constant and includes the subject,
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the gain of the amplifiers, the con-
stant of the differentiators and the
sensitivity of the recorder, all of
which can be measured.

D-C Amplifier Design

The first and most important
step in the present experiments is
the amplification of the eye poten-
tials so as to permit their recording
and differentiation. The smallest
important signals are of the order
of 25 microvolts. The slowest po-
tential has a period of 2 seconds.
At the other end of the frequency
response it is desired to have the
cutoff high enough to permit accu-
rate reproduction of the most rapid
rise times. Since it is desired to
record the output graphically, the
amplifier is designed with a slightly
higher cutoff than that of the best
available recording galvanometer,
which is about 5,000 cps. It was
felt that these requirements could
best be met by a direct-coupled
amplifier.

The high gain required, about
100 db, and the necessity of main-
taining the drift at a fairly low
level call for special techniques.
Batteries are used as the power
supply for all but the output stage.
Tubes and other components are
likewise selected for stability and
low noise. Double-shock-mounted
“red” tubes and wirewound re-
sistors are used in the first two
stages.

As shown in Fig. 1, the amplifier
consists of three stages with a gain
of 83,000 or 99 db. The stages are
direct coupled. Because of the com-

mon cathode resistors, the amplifier
is comparatively insensitive to
equal voltage variation of the two
input terminals. A Beckman Heli-
pot in the plate circuit of the first
stage permits balancing of the am-
plifier during operation when
necessary.

The high zero-signal voltage of
the third stage, which results from
the direct coupling between the in-
dividual stages, is reduced to zero
by the use of a cathode follower
stage. There is, of course, an in-
herent loss of gain in this arrange-
ment, but this is minimized by
making the negative voltage large
compared to the zero-signal plate
voltage of the preceding stage. For
the values used in this case, the
gain factor is 0.63. This results
in an overall amplifier voltage gain
of 54,000 or 95 db.

The fact that the oscillograph
galvanometers and, consequently,
the oscillograph amplifiers are
single-ended means that only half
of the gain of the amplifier can be
employed. Rather than employ an
additional stage to convert the
balanced output to a single-ended
input, the output is simply taken
from one half of the amplifier.
While this solution is simpler and
requires fewer tubes, it is neces-
sary to adjust the operating points
of the two tubes of the final ampli-
fier stage so both would be capable
of handling either positive or nega-
tive signals within the linear por-
tion of their characteristic. This
adjustment is made by selecting the
cathode resistor to give the proper
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FIG. 2—Example of pattern obtained while subject reads line of print. Direct trace
shows eye position during reading. Eye velocity is first derivative of eye

position potential.

Eye acceleration trace is second derivative, corresponding to

muscular forces that move eyeballs from side to side and up and down
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value of bias. Centering of this
stage is achieved as in previous
stages by adjustment of load
resistors.

The basic consideration in the
design of the differentiators is the
time constant of the R-C network,
which was arrived at experimen-
tally. The time constant of the first
differentiator is chosen at 0.01
second; that of the second, where
the additional stage of gain per-
mits, is decreased to 0.001 second.

The other important design con-
sideration is the degree of smooth-
ing. In general, the high-fre-
quency components present in the
noise are such that their derivative
will tend to mask the derivative of
the function. To avoid this diffi-
culty, the higher-frequency compo-
nents are removed from the signal
to be differentiated with a shunt
capacitor that acts in conjunction
with the input impedance of the
stage as a low-pass filter. For this
purpose a 0.5-microfarad capacitor
is used at the input to the first
differentiator and a 0.05-micro-
farad capacitor is used at the input
of the second differentiator. Math-
ematical computation, confirmed by
visual comparison of the filtered
and the unfiltered waveforms, has
shown that the smoothing does not
appreciably change the waveform,
but simply removes the noise com-
ponent of the signal. Both differ-
entiators were calibrated by means
of triangular waves of known rise
time.

Oscillograph Amplifiers

The amplifier for the oscillo-
graph galvanometer used for the
recording of the function itself is
direct coupled, while the amplifiers
employed for the two differentiated
functions are capacitance-coupled.
The major requirement for this
stage is high transconductance, a
current rating of 100 milliamperes
and a fairly low drift. The two
parallel 6AG7 tubes with a small
amount of cathode feedback meet
these requirements. In parallel
their total transconductance is
20,000 micromhos. A single-ended
arrangement was chosen. A bal-
anced stage could have been de-
signed, but when used with gal-
vanometers having no centertap it
would have required twice the
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power supply capacity now used.

Centering was provided by the
use of a variable current to oppose
the tube current. This centering
current was obtained from a 3-volt
battery and a variable resistance.
A gain control and an output
selector were also provided. The
latter permitted a meter or a shunt
resistor to be switched into the cir-
cuit in place of the galvanometer,

Bias for the two capacitance-
coupled amplifiers is provided from
the power supply through the grid
resistor. For the direct-coupled
amplifier it is adjusted by varying
the output voltage level of the
cathode follower stage. The am-
plifier is operated with a zero-sig-
nal current of 50 milliamperes in
either direction. With galvanom-
eters of highest sensitivity (1.7
milliamperes per millimeter) this
is equivalent to about 3 centimeters
deflection to either side of center.

A modified General Electric min-
iature oscillograph PM17 is used
for recording. For these experi-
ments it is equipped with galva-
nometers having a frequency re-
sponse of less than 1,000 cycles per
second.

The electrodes were made from a
head band taken from a set of
earphones. Brass holders were
machined to fit in place of the ear-
phone assembly. The electrode it-
self consists of a cup-shaped silver
button, about 5 inch in diameter,
supported by a straight silver wire
which fits through a hole in the
plastic mounting. A sponge-rubber
washer assures even pressure. Both
the position and the pressure of
the electrodes can be adjusted by
use of set screws.

Whenever two electrodes are
brought into contact with a human
skin, a polarization voltage up to
one volt may occur. Usually this
voltage is not constant, and there-
fore introduces a slow drift. A low-
impedance voltage source that is
reversible in polarity and continu-
ously variable over several ranges
is used to balance out this contact
polarization. A meter makes it
possible to record the magnitude of
the polarization if desired.

The subject is seated inside a
shielded and grounded cage. The
three voltage-amplifier stages and
the cathode follower, all battery-
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operated, are placed on a small
carriage. The three output termi-
nals of the amplifier are connected
to the corresponding terminals in a
shielded terminal box in the side of
the eage. From there connections
are made to the oscillograph am-
plifier and to the differentiators.

Calibrating Procedure

Prior to making a test, the ampli-
fier is allowed to warm up for 15 to
30 minutes. The subject is seated
against the center of the far wall
of the cage, facing a point on the
near wall midway between two
signal lights. The area under the
electrodes is cleaned and the head
piece put in place. The amplifiers
and associated equipment are then
adjusted and a series of calibration
tests made to check the relation be-
tween the eye position and the
measured eye potential. Calibration
involves having the subject hold his
head fixed and move his eyes to look
at numbered marks on the opposite
wall of the cage corresponding to
a certain angular position to each
side of a central point. The move-
ment itself starts quite abruptly;
preceding each movement there is a
small spike of about 10 microvolts
in the negative direction. This
either corresponds to an eye motion
through about two degrees or may
represent a muscle twitch con-
nected with the eye movement.

After the calibration test the
subject is given a reading task,
while the output voltage and its de-
rivatives are recorded. As de-
scribed by previous workers!, when
reading a line of print the eye does
not move continuously, but in jumps
(saccades). The position of the eye
is fixed towards a certain group of
letters or words, and then moves to
a new group. Occasionally, as
when the reader does not grasp the
meaning of a word, regression oc-
curs, wherein the eye jumps a step
back and then continues the usual
pattern.

A record of a reading pattern is
shown in Fig. 2. The first deriva-
tive pattern shows that the veloe-
ity of the return sweep is con-
siderably higher than that of the
saccades. The time required for the
saccades is almost the same as that
needed for the much larger angular
deflection of the return sweep. The

i

Electrode arrangement used on temples
of subject to pick up eyeball potentials

muscular forces expended for the
saccades as well as for the return
sweeps are surprisingly constant
for any one subject. The forces
needed for the return sweep are
from two to three times higher
than the ones needed for the sac-
cades.

The noise level in these records
is of the order of five to seven
microvolts. Inasmuch as the noise
level of the amplifier with an equiv-
alent resistor substituted for the
human subjeet 1is about three
microvolts or less, it may be as-
sumed that the noise is biological
in origin. Jaw motion, neck motion
and blinking, as well as other mus-
cular involvements, are the most
important sources of this noise.

The record of the forces exer-
cised by the extrinsic ocular
muscles may be of considerable
help in physiological investigations
or for medical diagnosis. It is also
expected to be of particular impor-
tance in the study of visual fatigue.
The method is applicable, of course,
to other muscles or muscle groups
if their action can be converted into
an equivalent voltage or current.

The authors wish to express
their thanks to the Illuminating
Engineering Society  Research
Fund for sponsoring this research.
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CURVE TRACER with

Unskilled operator using curve ftracer can achieve higher production rates at lower
test cost per unit than was previously obtainable with point-by-point production
testing of band-pass filters. Resultirg response curve is also smoother and more
symmetrical. Operator merely adjusts captive screwdrivers to make band-pass peaks
come within proper electronically produced limit lines on cathode-ray screen

By J. W. BALDE, J. C. BREGAR and K. L. CHAPMAN

Engineering Staff. Western Electric Radio Shops
Wmston-Salem, North Carolina

N RECENT YEARS, the cathode-ray
I oscilloscope  and  fraguency-
sweep generator have been adapted
to display the frequency-amplitude
characteristics of apparatus under
test. Results of tuning or coupling
adjustments are instantly shown
qualitatively on the cathode-ray
tube screen.

To adapt this setup for quantita-
tive measurements, a method of cal-
ibrating the cathode-ray display is
necessary. This problem has been
solved in numerous ways, one of
which is to have displayed on the
oscilloscope not only the curve of
the response of the apparatus under
test, but a'so a high limit and low
limit curve. This has besn done
both mechanically and electronic-
ally, the former by fastening a
graph of the high and low limit
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curves on the face of the cathode-
ray tube and the latter by electron-
ically switching in high and low
limit standards. The mechanical
arrangement has proved useful but
requires constant calibration due
to amplifier drifts, frequency drifts
and other uncontrolled variables.
The electronic method eliminates
errors due to these uncontrolled
variables; however, if a. large
variety of apparatus is to be tested,
the number of standards required
becomes a major problem.

Recently, a program of filter pro-
duction was started which required
testing many different types of
filters at various frequencies, for
use in rural power line carrier tele-
phone apparatus. With the high
and low limit method, an excessive
number of reference standards
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would have to be made, adjusted,
carefully checked, and maintained
with known recorded values for
each filter. Therefore, a program
was undertaken to develop a more
universal type curve tracer which
presents a graph-paper type of dis-
play electronically on the oscillo-
scope screen and requires no
standard high-low limit units. In
effect, what was desired was a
flexible frequency scale and attenu-
ation scale which produced a graph
effect on the face of the oscilloscope.
The response curve of the appara-
tus under test would then be read
against these graph lines.

Nature of Display

The curve-tracer display obtained
is shown in Fig. 1. It includes the
envelope of the gain characteristic
of a filter under test and three hori-
zontal lines. Each of the lines is
obtained from the same input volt-
age that is applied to the filter. This
input voltage is either applied di-
rectly to the detector circuit, pro-
ducing a zero loss-zero gain refer-
ence line, or is passed through at-
tenuators, producing a line at any
specified attenuation level. Three
such lines were decided upon, al-
though any number of lines could
be displayed. Such lines spaced
equally in attenuation or vertical
displacement form the vertical scale
of graph lines.

The horizontal frequency scale is
marked by negative intensity mark-
ers. Normally, only two frequency
points are indicated, each appearing
as a dark vertical line cutting all
curves. The frequency interval be-
tween the two marker lines is con-
trolled by key selection of crystals
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Electronic Graph Lines

Production testing and adjustment of band-pass filters, amplifiers and discriminators is

speeded up by making electron beam trace calibrated graph lines on c-r screen along

with response curve. Setup can be changed for different type of product in few minutes

which generate the lines. Here
again, any number of vertical fre-
quency marker lines could be dis-
played at the same time if desired,
forming a horizontal scale, but only
two were deemed necessary for the
present application. The vertical
lines can be set for any frequency
interval in steps determineé by the
crystals available. Since the marker
frequencies can be changed by key
selection without disturbing any
adjustments, intermediate fre-
quency points may be identified at
will.

The absolute frequency through
which the apparatus under test is
being swept is controlled by a sep-
arate tuning control which shifts
the frequency until it is set at the
desired point. Once set correctly,
the frequency markers are used to
produce the scale of frequency dif-
ferences. Such setting of frequency
markers is made to indicate abso-
lute frequency by momentarily in-
serting some high-Q resonant cir-
cuit of known frequency into the
transmission path in place of the
apparatus under test. The output
frequency is then adjusted till one
of the relative markers coincides
with the sharp pip displayed. This
effectively locates the frequency
markers with respect to absolute
frequency, while the difference be-
tween the markers is determined
with the accuracy of the crystals
generating the markers.

Technique of Use

What is needed for production
testing is a display which can uti-
lize the go-no go gage technique.
Such a display should indicate the
filter limits for center frequency,
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bandwidth and gain. Only two fre-
quency marks are needed, with the
interval between the marks set to
the bandwidth limit of the filter.
The filter is tuned for the desired
symmetrical curve, then shifted in
frequency till the curve is visually
centered between the markers.
Once centered by the filter tuning
adjustments, the gain and band-

FIG. 1—Example of presentation incor-
porating three horizontal and two verti-
cal graph lines along with response
curve, More lines can be produced by
the same electronic technique if needed,
each representing a known value

width factors are ready to be meas-
ured or checked.

The gain check is performed by
placing two attenuators in series
with the signal from the test cir-
cuit. One attenuator, mounted on
a remotely located control rack, is
set to the value of nominal filter
gain. The second attenuator, on
the test console, is a small-range

FIG. 3—Detector output wavetorm as
applied to vertical deflection plates of
c-r tube. Repeating this pattern 60 times
per second with 240-cycle sawtooth
sweep on horizontal deflection plates
serves to superimpose the four traces

2003 —
-
I —
o SAWTOOTH MULTI-
R RELAXATION le—8 VIBRATOR DETECTOR
0SC 240CPS 240 CPS
APPARATUS
T l 1 T TESTED
CRYSTAL KEY FRECIMOD RING o GATE TUBES MATCH&
CIRCUITS 2,000KC COUNTER CIRCUITS
] s
l BEAT 0SC |——’-| MIXER i»—y{ LIMITER I—)IATTENUATO;]

FIG. 2—A 240-cps multivibrator is the master control that makes the c¢.r beam trace
in sequence the response curve and the horizontal graph lines, with Z-axis modula-
tion producing the dark vertical lines
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attenuator with a locking device.
Thisg locking device is set to limit
the range of this attenuator to
the permissible range of deviation
from nominal gain of the filters.
When a filter has been tuned to
center frequency this small-gain-
variation attenuator is adjusted by
the test operator until the voltage
level of the filter characteristic
curve response at center frequency
coincides with a zero reference line.
If such coincidence cannot be ac-
complished within the available
variation of the small-gain attenu-
ator, the filter is known to be out-
side normal gain variation limits,
and is rejected.

FIG.
input impedance of filter under test
varies appreciably over range of fre.
quencies employed. The three horizon-
tal graph lines are now curved, but
their relationship to the response curve
is still a correct measure of gain or loss

4—Presentation obtained when

With the filter centered between
the frequency limits and the gain
check made, the other two horizon-
tal lines come into play. These lines
are so set that they indicate the
limits of filter loss at the nominal
frequency bandwidth limits. The
high limit line is set for 2 db, the
wide limit of that filter. A filter
narrower than the limit value will
produce a curve which will cross the
frequency marker line at a loss level
greater than 2 db.

A wide filter will not have suffi-
cient attenuation at the limit fre-
quency (+25 ke for one particular
filter) and its response curve will
cross the marker line at a point
above the 2-db line and be rejected.

In a similar manner, the low limit
line is set for the narrow bandwidth
limit (6 db) at the nominal width
frequency. Excessively narrow fil-
ters having too great a loss at the
specified bandwidth frequency will
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show on the oscilloscope as crossing
below the low limit line. A satis-
factory filter curve will cross the
marker lines between the two limit
lines.

Principle of Operation

In Fig. 2 is an overall block dia-
gram of the complete curve tracer
apparatus. The sawtooth relaxa-
tion oscillator operates at a fre-
quency of 240 eps, driving a react-
ance tube which frequency-modu-
lates an oscillator operating nomin-
ally at 2,000 ke. A beat oscillator
signal is mixed with this frequency-
modulated signal to shift the output
frequency to the range desired for
the apparatus under test. The
mixer output is amplified and lim-
ited to guarantee uniform ampli-
tude of signal over the frequency
range being swept.

The frequency marker circuits
are excited by a sample of the
2,000-kc frequency-modulated sig-
nal before mixing. The signal is
fed to crystals in the 2,000 to 2,100-
ke range serving as crystal filters.
At the output side of the crystal,
there is an inerease in transmitted
voltage at the resonant frequency
of the crystal. This increase is not
immediately usable to produce a
marker signal because of the round-
ing of such increase due to the Q
of the crystal.

The transient eflect at the fre-
quency of the crystal is sharpened
by a positive-feedback pulse ampli-
fier circuit. The amount of feed-
back, the capacitance across the
crystals, and the time constant of
the circuits are adjusted so a sharp,
clear, steady pulse is produced from
the crystal disturbance.

Operation of two crystal keys
produces two steep, narrow pulses
which sharply intensity-modulate
an oscilloscope trace. The two
notches or dark spots thus pro-
duced are separated along the
horizontal (frequency) scale of
the oscilloscope by a value deter-
mined by the differences of the
absolute frequencies of the crystals
involved. The distance separation
is therefore a function of the fre-
quency bandsweep of the f-m sig-
nal. The crystals can be selected
as close together as 2 kc and the

markers will be usable and steady.

Such frequency markers provide
a scale of relative frequency as ac-
curate in frequency spacing as are
the crystals. The frequency mark-
ers could be actuated by the output
f-m frequency (after mixing), pro-
ducing absolute frequency mark-
ers. The flexibility of the set with
regard to changing frequency would
be seriously inhibited, however,
since new marker crystals would
have to be provided for even the
smallest change in frequency.

By actuating the markers from
crystals operating at the high f-m
frequency and changing the output
frequency by heterodyning action
with a beat oscillator, the markers
become relative. Such relative
markers can be located in relation
to the absolute value of the output
frequency by coinciding any one of
the markers with the transmission
output characteristic curve of any
calibrated resonant circuit. The
combination of relative markers
and variable calibrated resonant
circuit is far more flexible than
absolute markers would be.

The gate tubes that serve as an
electronic switch receive the fre-
quency-modulated signal from the
mixer through four separate paths,
each having an attenuator. One of
the paths has zero attenuation. The
apparatus under test is normally
inserted in another of these paths.
The signal from all four paths is
combined at the detector by se-
quence-switching the input of the
detector to the signal from each of

Unified test position, with electronic cir-
cuitry and electrical matching networks
for filters located under console. Opera-
tor’s test jig clamps to front of scope.
masking all scope controls except cen-
tering, focusing and intensity
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the paths in rotation. This com-
posite detected signal is applied to
the vertical input of the oscillo-
scope. The signal is a series of
four pictures, each a frequency
response of the transmission char-
acteristics of the path involved.

A 240-cycle multivibrator syn-
chronized with 60 cycles is used as
the basic pulse generator for actu-
ating the ring counter used to
switch the gate tubes of the elec-
tronic switch and for synchronizing
the saw-tooth sweep generator.
Since there are four paths, the
basic switching rate of 240 causes
each path to be repeated 60 times
per second, a value satisfactory to
avoid flicker on a cathode-ray oscil-
loscope with a P-1 phosphor.

The waveform of the output of
the detector is as shown in Fig. 3,
with the four images in sequence.
These four images are superim-
posed on the face of the oscilloscope
of the curve tracer by driving the
horizontal sweep of the oscilloscope
with the 240-cycle sweep of the
relaxation oscillator. This sweep,
being the same as the frequency
sweep rate, causes all paths to
be displayed with the same hori-
zontal location for equal fre-
quencies, and persistence of vision
combines them into one picture.

Production Test Procedure

The circuits connected directly to
the filter under test are selected to
supply the appropriate voltages and
terminal impedances to the filter.
The circuits may take any form
necessary to provide a transmission
path through the apparatus under
test, terminated in the proper im-
pedances both to the curve tracer
circuits and the filter. Since the
circuits will vary with the filters to
be tested, little can be said here as
to what form such circuits will
take. They must be stable, linear
elements arranged so that the
transmission through the entire cir-
cuit is affected by the portion under
test alone.

Connections to the filter circuits
have been made low-impedance, For
production line testing, it is con-
venient to have the test position
placed right on the assembly line,
especially if conveyor belt operation
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Rack-mounted electronic circuitry serving installation of five curve tracers. Monitor

oscilloscope facilitates checking operation of test sets on production line. Locating

controls remotely from operators minimizes accidental shifting of adjustments and
simplifies maintenance

is planned. By connecting to the
filter circuits with low-impedance
cables, the rack-mounted electronic
circuit items of the curve tracer
proper can be located up to 40 feet
away without undue pickup due to
long lines. The filter circuits can
be combined with the oscilloscope
into a test console of small, con-
venient size. When there is a
group of such console work posi-
tions, the curve tracer components
can be located together with a mon-
itor oscilloscope to facilitate ob-
servation of the operation of the
sets.

When testing filter circuits over
a range of frequencies, the effect of
varying input impedance on input
voltage can be eliminated by pro-
ducing the horizontal attenuation
lines from a sample of the input
voltage to the filter. The horizontal
graph lines are then pulled down
along with input voltage as the fil-
ter impedance drops, and the rela-
tionship between them remains a
correct measure of the transmission
loss cr gain of the filter. Figure 4
illustrates such a curve of a filter
with input impedance variation.

When using the curve tracer with
a filter whose input impedance var-
ies, the variation in input imped-
ance can be used as a tuning aid.
The primary of the filter when

tuned will produce a dip or drop in
voltage at its resonant point. The
filter therefore can be tuned to
center frequency by observing the
db reference lines only. For three
or four-section filters where the
output voltage is negligible till all
tuning adjustments have been
made, this becomes very important,.

Conclusions

The curve tracer described here,
while initially designed because of
a particular need of one project, is
essentially a flexible tool. The
present model can test any appa-
ratus with a band spread from 10
to 70 kc at center frequencies of
100 to 700 ke. Such a curve tracer
could be constructed for any neces-
sary frequency and bandwidth. The
electronic graph paper method can
be used to observe and test many
different types of apparatus, in-
cluding amplifiers, receivers and
discriminators.

The design of the present curve
tracer apparatus was carried on
under the immediate supervision of
D. K. Briggs, F. E. Burley, and
D. R. Barney, department chiefs of
test engineering. The authors wish
at this time to express appreciation
for their encouragement and assist-
ance during the development
period.
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D-C AMPLIFIER Using

By CURTISS R. SCHAFER

Member, Technical Staff
C. G. 8. Laboratories, Inc.
Staniford, Conn.

Lomplete amplifier is nonmicrophonic and rugged enough to withstand use in

aruck over rough terrain. All internal ground leads are brought to lugs under

;mounting screws of UG-290/U input receptacle at left. Air-coupled chopper is

on top of chassis. During development, voltmeter at right was used instead of
a recording galvanometer

SE of air coupling between the
U exciting coil and the moving
contacts of this new d-c¢/a-c modu-
lator, or chopper, gives two advan-
tages over conventional choppers
used for breaking up a d-c¢ signal
to permit amplification in a high-
gain a-c amplifier. First, the exeit-
ing voltage for the reed is kept
entirely out of the field around the
contacts, so that no local noise is
generated except the thermal noise
due to contact friction. Second,
the modulating frequency may
range from 20 to 2,000 cycles per
second. A high carrier frequency
has definite advantages when it
comes to the reduction of hum in
an amplifier,

The new modulator consists of
two units, shown in Fig. 1. The
driver is a miniature loudspeaker
of the moving-coil type, with a
phenolic diaphragm which is air-
coupled to the chopper diaphragm
through a flexible plastic tube.
This driver is excited at a fre-
quency of 1,000 cycles per second
(in the present design) by the am-
plified output of a stabilized Colpitts
oscillator, which also supplies the
reference voltage to the discrimi-
nator.

The driver unit may be mounted
anywhere on the chassis, even in a
region of strong magnetic flelds,
and the chopper may be placed
right at the input stage.

The amplifier, oscillator and po-
Jarity discriminator ecircuits used
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with the air-coupled modulator to
provide d-c amplification are shown
in Fig. 2. One unique circuit fea-
ture here is the electronic ripple
filter for the plate voltage supply.
Electronic filtering gives smooth-
ing action equal to a standard filter
section consisting of two 40-uf
electrolytic capacitors and one 30-
henry choke. With its use, only
small values of paper capacitors are
required, chiefly for bypassing.
The partially filtered voltage at

the output of the choke may be
assumed to have a certain value of
direct current upon which there is
superimposed a nonsinusoidal al-
ternating current. During the
positive peaks the grid of the 5610
is driven in a positive direction, the
plate current increases, and the
plate resistance of the tube is low-
ered so that these positive peaks
are actually absorbed in the tube.
The reverse action takes place dur-
ing that part of the cycle when the
grid is driven more negative. The
2,000-ohm variable resistor is ad-
justed for maximum control (or
filtering), and locked. Variations
in line voltage from 90 to 130 volts
rms produce a change of only 0.02
percent in ripple voltage at the out-
put of this filter, and this variation
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FIG. 1—Flexible plastic tubing with dia

phragm at each end provides air coupling

between driver and chopper that breaks up weak direct current to permit amplification

in high-gain a-c stages. Locating driver

remotely keeps its stray field away from

chopper contacts, reducing noise
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Air-Coupled Chopper

New low-noise chopper, a-c amplifier and polarity discriminator together serve as stabi-

lized d-c amplifier for weak currents encountered in electrical oil-well logging, prospect-

ing, biophysical research and r-f power measurements. Circuit features include electronic
ripple filter, two independent feedback loops and stabilized Colpitts oscillator

has no effect whatever on the oper-
ation of the amplifier.

Amplifier Feedback Loops

Another feature of this d-¢c am-
plifier system is the use of two in-
dependent feedback loops. Degen-
erative feedback is used in both,
primarily to stabilize the overall
gain. Two loops are used so that
band-pass or high-pass filters may
be inserted between the loops (be-
tween the plate circuit of the 5654
and the grid circuit of the 5687) to
give almost any desired attenuation
to hum or other interference.

This amplifier has been designed
around the new 5600 series of min-
iature tubes developed by General
Electric and Tung-Sol for applica-
tion in the aviation services where

maximum reliability and uniform-
ity are required. Filter and bypass
capacitors are Sprague and Gude-
man miniature metal-based her-
metically sealed units.

The polarity discriminator, us-
ing a type 5726 tube (electronically
equivalent to a 6AL5), is basically
a phase detector in which the signal
voltage is added to or subtracted
from the reference voltage. The
resulting voltages are rectified, and
a filter is added so that the galva-
nometer may be used directly in the
discriminator circuit.

The reference voltage is derived
from the oscillator. Both sections
of a 5670 are fed from the oscil-
lator plate; one triode drives the
moving-coil transducer which is
coupled to the chopper diaphragm,

INFUT CURRENT FIRST FEEDBACK LOOP

SECOND FEEDBACK LOOP
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FIG. 2—Complete circuit provides stable amplification of weak direct currents and indi-
cates polarity as well as value of current on the chart of a zero-center recording

galvanometer.

In test, output varied linearly from 0 to 250 microamperes when input

was increased from 0 to 620 microvolis
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and the other section feeds the dis-

criminator. Phase shifts in the d-c
modulator and various amplifier
stages are such that the signal

voltage, when it enters the discrim-
inator, is in phase quadrature with
the reference voltage.

Overall gain of the d-¢c amplifier
is sufficient to give an output of
200 pa for an input of 500 uv,
which will drive a Piccard oil-filled
recording galvanometer full-scale
either side of zero center. Linearity
is excellent, stability is good with
regard to line-voltage variations,
and total noise generated in the
amplifier and modulater is less than
the equivalent of 3 wv d-¢ input.
Total drift is less than 5 percent of
full scale for the first hour of oper-
ation and less than 2 percent per
hour thereafter, over an ambient
temperature range of —30 to +130
F. Zero input gives zero output
without resort to bucking voltages.

Geophysical Applications

In prospecting for oil reserves by
the specific resistance method, two
buried nonpolarized electrodes, usu-
ally copper sulphate, are connected
to the amplifier input and pick
up a small fraction of the current
sent through the earth by gen-
erator electrodes. This gives a
measurement of soil resistivity.

In measuring self-potential in a
drill hole during electrical well-log-
ging, the two pickup electrodes are
spaced a few feet or a few yards
apart in the hole. Contact with the
various rock strata is obtained
through the medium of mud
pumped into the hole. The ampli-
fier will satisfactorily measure local
natural earth currents that produce
as low as 10 uv across an input re-
sistance of 0.5 megohm or more.
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Combining Positive

Experimental oufput-stage chassis.

By JOHN M. MILLER, Jr.

Broadcast Receiver and Television
Engineering Dept.
Bendix Radio Division
Baltimore, Maryland

Unit is capable of 5 watts output with 0.5-

percent harmonic distortion at 400-cps. Note small output transformer

T HAS BEEN PROVED that the ear
I can detect as little as 0.5 percent
of pentode distortion.* To achieve
this low degree of distortion in
typical pentode amplifiers, approxi-
mately 25 db of negative feedback
is required. This sacrifice in gain,
and the solution of the oscillation
problem outside the passband, in-
volve considerable added cost.

It is possible in a two-stage ampli-
fier to approximate the results that
would be obtained in a conventional
amplifier with 25 db of negative
feedback, by using a combination of
local positive feedback in the first
stage, and a moderate amount of
overall negative feedback. The
positive feedback has the effect of
increasing the gain of the first
stage. The general principle of
combined feedback has been known
for some time.?

The block diagram of a two-stage
amplifier with combined feedback is
shown in Fig. 1. The inherent volt-
age gains, with no feedback, of the
first and second stages, are repre-
sented by A, and A, respectively,
for very small signals; B, is the
feedback ratio of the feedback
around the first stage, and B. is the
overall feedback ratio, for very
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small signals. The feedback ratio
is defined as the ratio of the voltage
fed back to the voltage existing at
the point from which the feedback
is obtained. These are all complex
vector quantities, although their
phase angles are likely to be very
small in the vicinity of the amplifier
band center. In the ideal case
where there are no phase shifts, 4,
and A, are conventionally consid-
ered to be positive, and a feedback
ratio is positive when the voltage
fed back is in phase with the input.

Feedback Equations
The voltage gain is

A4, A4,

A=T=4B-ads - ~ @
N is the vector quantity by which
the gain without feedback, A,4,,
is divided. If B, is positive (which
would be the case for positive feed-
back), it has the effect of increas-
ing the gain A; and B, if negative,
tends to decrease the gain.

A term such as A,B, or 4,A.B, is
known as a feedback factor. In the
ideal case it will be a pure positive
or negative quantity, but in the
practical case, it will have a phase
angle that is the sum of the phase
angles of the factors involved.

When there is no phase shift in the
feedback network itself, the feed-
back ratio is considered to be a real
quantity, and the phase angle of the
feedback factor is equal to the sum
of the phase angles of the A’s in-
volved.

The output impedance Z, is

(1 — A:By)

2L N ¥ Zo/Z) — (1= 4,8y P
where Z, and Z,, are the load im-
pedance and inherent output im-
pedance of the output stage. It is
seen in the above expression that
when the product A,B, is positive, a
decrease in the output impedance
can result.

The expression for distortion and
gain stability is

D1 1—AIBI L
e +D2(-——N-—) |

DD, ( 1- I:;_KBL> ®)

The inherent gain increments D,
and D, in the first and second stages
are caused, for example, by a
change in applied static or instan-
taneous signal electrode voltages,
or aging of the tube, and D is the
resulting overall gain increment.
The parameters D, D,, and D, are
each expressed as a fraction of A4,
A, and A.. Equation 3 also holds
if D,, D., and D represent nonlinear
distortion.

Z2=

D=

Regeneration and Distortion

For most purposes, optimum per-
formance is obtained by designing
so that the product A,B, over the
useful range of frequencies is ap-
proximately equal to unity. (If the
negative feedback were temporarily
removed, the first stage would be in
a state of critical regeneration,
with a gain approaching infinity.)
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and Negative Feedback

Development of simple two-stage audio amplifier using a combination of local positive

feedback in first stage and a moderate amount of overall negative feedback to approxi-

mate the results obtainable from conventional amplifier with 25 db negative feedback

From Eq. 2, we now obtain zero out-
put impedance, and from Eq. 3 we
find that the distortion and gain
variation contributed by tne final
stage, including the output trans-
former, are reduced to zero. From
Eq. 1, the gain becomes 1/—B,. In
an amplifier using negative feed-
back only, it would be necessary to
provide an infinite amount of feed-
back gain reduction to obtain these
results.” Very good results can be
obtained even when A,B, departs
from unity by ==20 percent.

It will be seen from Eq. 3 that if
A B, exceeds 2, the distortion intro-
duced by the output stage will actu-
ally be greater than that which
would be produced by omitting the
positive feedback entirely. This

I S

INPUT

2

Bode’s® criteria in analyzing any
particular case. If, because of
phase reversal in the feedback
factor, a positive value of unity is
assumed at some frequency, Eq. 1
gives a gain value of infinity, indi-
cating oscillation. If the feedback
factor is positive and greater than
unity, oscillation will usually result,
although there are exceptional
cases, known as conditional stabil-
ity’, where oscillation does not
result. However, in good practice
it is customary to design so that the
feedback factor never assumes a
positive value greater than, say, 0.5.

Since the effective feedback
factor (A,B, 4 A,A.B.) must be
held to a value less than plus unity
at all frequencies to avoid oscilla-
tion, then if A,B, equals plus unity,
the negative feedback factor
A.A.B. must never become zero or
positive. This requirement cannot

be met; in fact, the asymptotic
phase shift in a loop containing a
two-stage resistance-coupled ampli-
fier and the primary and secondary
of an output transformer is at least
270 degrees at very high frequen-
cies with a resistance load. Thus it
becomes necessary to cause A,B,; to
assume a value other than unity at
frequencies where A,A.B, is posi-
tive. A phase shift must be intro-
duced into the feedback transmis-
sion network which, in conjunction
with the phase shift in A,, actually
reverses the phase of A.B, at very
high and very low frequencies, so
that it becomes negative feedback,
although its amplitude is then very
small. The local feedback factor
A,B, may now tend to oppose rather
than aid oscillation at extreme
frequencies where A4,4.B, is posi-
tive, although A.,B, is still essen-
tially positive and nearly unity

FIG. 1—Notation used for a two-stage
amplifier showing two feedback paths

shows the unsoundness with large
feedback factors of the balanced
feedback principle, in which A.B,
is made equal to —A4,4.B,, (N
equals unity), since the distortion
and gain variation are greater,
though reversed in sign, than if no
feedback at all were used.

Oscillation

It is apparent from Eq. 1 that
the quantity (A4,B, + A4.4.B.) is
analogous to the feedback factor
AB in a conventional feedback amp-
lifier, and may be considered to be
the effective feedback factor in de-
termining the possibility of oscilla-
tion. Thus we can use Nyquist’s* and

ELECTRONICS — March, 1950
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FIG. 2-—-Two-stage amplifier using combination feedback circuits
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Table I—Distortion Figures for
Various Combinations of Operat-
ing Conditions

Harmonic Distortion — 8 watts into
3.9-ohm speaker load

Har- |
monic| Frequency in Cps
[ 100 400 1,000

% 'Db| % |Db| % |Db
2 0.12 | 58 ’ 02 |5t 017 55
3 009 | 61| 024 |52 032 50
4 0.04 | 68 0015| 67| 0036 69
5 0.034 69 0.017) 75| 004 68
6 0.002 94 | 0.003 90 0.02 | 74
7 <0.001 — (<0001 — | 0.006 84
3 =% l — | ——  — 0006 8%
9 — —  — <0001 —
10 —’ — — | 6012 78
11 e (e —_— — <0001 —

Harmonic Distortion—3.9-ohm load

50 Cps, 2 Ke,
Harmonic 5 watts I watts

% Db % Db
] 0.7 43 0.1 60
3 0.88 41 | 0.23 53
4 | 0.03 70 0.006 84
5 0.08 62 | 0.02 74
6 0.01 80 | 0.002 94
i@ 0.02 74 | 0.008 82
8 0.004 | 88 —— —
9 0.002 | 94 —— —
10 0.002 | 94 —— —

Percent Harmonic Distortion—8 watts
into 3.9 ohms at 100 cps

No |Negative Pos-neg

Harmonic feedback|feedback feedback
2 0.6 | 0.07 0.12

3 6.0 202 0.094

] 0.15 0.01 0.04

5 0.6 0.08 0.034

6 0.2 | 0.08 0.002

7 0.2 | 0.0+ | <0.001

Percent Harmonic Distortion—38 watts
into 3.9 ohms at 400 cps

No ’Negatne Pos-neg

Harmonic feedback‘ feedback| feedback

2 1.4 | 0.3 0.2

3 7.0 2.4 0.24
4 0.6 0.1 ’ 0.045
5 1.2 0.08 0.017
6 0.14 | 0.02 | <0.001
7 0.27 0.02 | <0.001

Percent Intermodulation Distortion—
8 watts into 3.9 ohms, 1 to 1 volt-
age ratio at 60 and 100 cps

Fre- No  Negative| Pos-n
quency feedback feedback feedbac
60 Cps
2 ke — — 1.4
7 ke 40 8.0 1.9
12 ke — — 2.2
100 Cps
2 ke — 6.6 0.52
7 ke h — 5.8 0.81
12ke | — 6.1 1.0
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throughout the band of useful fre-
quencies.

The amplifier of Fig. 2 incorpor-
ates positive and negative feedback.
It is otherwise conventional, using
self-bias throughout, and a highly
degenerative self-balancing phase
inverter. The output transformer
is small, having a # X %-inch stack.
The copper efficiency is about 80
percent.

The overall negative feedback is
obtained from the secondary of the
output transformer 7T, and is fed
through R, to the cathode of V..
Shunt capacitor C, affords some
feedback phase correction at very
high frequencies. The feedback
gain reduction is 9 db, and becomes
11 db with the positive feedback
disconnected.

The positive feedback is obtained
from the grid of V, and is fed
through R, and C, to the grid of
tube V. The positive feedback
voltage is developed primarily
across R, and C., since the plate re-
sistance of V, is relatively small,
and the input resistance of the grid
of V. is high. The positive feed-
back is designed so that, with the
negative feedback disconnected, V.
will be near oscillation or oscillating
weakly. Since the voltage gain of
the stage V, is approximately 10,
about one-tenth of the voltage on
the grid of V, is fed back to the grid
of V. The resistance of R, is
therefore made about nine times
that of R., and C, has about nine
times the capacitance of C.. Thus
the phase and amplitude of the posi-
tive feedback is maintained flat over
the range of audio frequencies. Be-
cause of the highly degenerative
nature of the phase inverter, the
balance is not appreciably affected
by the additional load of the posi-
tive feedback network.

Some phase shift in the positive
feedback is obtained at extreme fre-
quencies in the stages V., and V,
due to electrode and stray capaci-
tances, and due to the blocking ca-
pacitors. The input capacitance of
the grid of V, causes a further
phase shift, so that the polarity of
the product A,B, reverses from
positive to negative at extremely
high frequencies. The input capac-
itance of V, is primarily dynamic,
due to feedback through its grid-
plate capacitance®, at very high fre-
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FIG. 3—Amplifier response curves for
various types of feedback with 0.5-watt
input to a 3.9-ohm loudspeaker load
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FIG. 4—Voltage regulation in db with
1-volt output into 3.9-chm loudspeaker
load

quencies where the overall feedback
is positive or small.

In some designs, it may be neces-
sary to connect a small capacitor
from the grid of V. to ground, or
to use a more elaborate phase-shift
network to obtain a sufficiently
rapid phase turnover in the local
feedback.

At extremly low frequencies most
of the local feedback current flows
through R, instead of through C.,
so that a phase shift is obtained,
which together with the phase-
shifting action of the 0.03-n.f block-
ing capacitors in stages V, and V,,
is sufficient to cause the desired
phase reversal. In practice, the
phase reversal frequencies are
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placed as far outside the desired
pass band as good stability permits.

Performance Measurements

Figure 3 permits the determina-
tion of the quantities (1—A,B.),
(1—A.B,—A,A.B.), or N, and ra-
tio (1—A.B,—A,A.B,)/(—A.B,).

Figure 4 indicates a negligibly
small output impedance, since the
output voltage varies only slightly
when the speaker load is discon-
nected. The regulation of 0.1 db
at 400 cycles may be compared with
the regulation of 2.7 db that is ob-
tained with the positive feedback
disconnected (11 db of negative
feedback remaining) or the regula-
tion of 19 db that is obtained with
no feedback.

The distortion indicated in Table
I would presumably be inaudible
even with a wide-range loudspeaker.
The intermodulation distortion
averages three or four times as
much as the harmonic distortion, as
would be expected. The table shows
that the positive feedback causes a
great reduction in distortion.

Design Improvements

The amplifier of Fig. 2 is not
represented as being the ultimate
in design of a positive-negative

made uniform over a wider fre-
queney range, the local positive
feedback could also be made effec-
tive over a wider range. A wide-
band output transformer would be
helpful. Reducing R,, R, R, and
R, and R,, and increasing C, and C,,
will also be helpful. The grid-plate
capacitance of V, could be largely
neutralized by shunting R, with a
small capacitor of, say, 3 micro-
microfarads. The last two meas-
ures would reduce the high-fre-
queney phase shift in the overall
feedback that is caused by the
Miller effect in V,. Also, R, could
be shunted with a small capacitor to
reduce the phase shift caused by
the grid-plate capacitance of V, It
would also be desirable to replace
R, by a network having a rapid
phase turnover at ultrasonic fre-
quencies and a small phase shift at
audio frequencies.

Low-Cost Amplifier

Figure 5 shows the circuit of an
economical amplifier. Type 6K6GT
output tubes are used, and the cur-
rent drain is so low that a 5Y3
rectifier is used at less than its
rated operating conditions, and
with resistance filtering only. The
hum is almost inaudible even in a

feedback amplifier, although it quietroom, being 67 db below maxi-

seems probable that most major im- mum level. In production, the out-

provements would involve cost in- put regulation rarely exceeds

creases. + 0.2 db, and the response is flat

If the negative feedback could be over the useful range of fre-
—————— —

0.03

250 |22
Trpuf forfez
t—

INPUT

10
MEG

=15V

6K6GT

+ 320V

FIG. 5—Complete schematic of a low-cost audio amplifier using combination
feedback
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1

Top view of complete low-cost audio
amplifier. Output transformer is mounted
beneath the chassis

quencies. No production difficul-
ties have arisen, although many
many thousands of units have been
manufactured, and no special selec-
tion of tubes or components has
been made. Numerous production
units selected at random for test
had an average harmonic distortion
at 400 cycles of 0.5 percent with 5
watts output. With a shock im-
pulse at the amplifier input, the
transient output across the loud-
speaker voice coil is negligibly small
after the first eycle.

The photograph of this amplifier
shows the output transformer to be
small. However, the harmonic dis-
tortion in the 60-cps output at five
watts is only one percent. The
6SN7GT driver-phase inverter is
not shown, as it is located on the
tuner chassis of the receiver.

Conclusions

In conclusion, it appears that
combined positive and negative
feedback offers considerable possi-
bility for improved performance in
pentode audio power amplifiers,
particularly where cost is an im-
portant consideration, and when
conventional mass-production tech-
niques are used.
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Measuring

The complete frequency measuring sys-

By R. L. CHASE

Brookhaven National Laboratory
Associated Universities, Inc.
Upton, N. Y.

HE equipment to be described

measures radio frequencies in
the range between 100 k¢ and 5 mec
to an accuracy of 0.1 percent in an
interval as short as 200 micro-
seconds. The method used is to
count the number of cycles from a
5-me¢ standard oscillator that occur
in a time interval corresponding to
a selected integral number of cycles
of the unknown frequency. The
precision of the measurement in-
creases linearly with the duration
of this time interval.

The system is particularly useful
for measuring instantaneous values
of frequency from a variable-fre-
quency source, when a measure-
ment of short time duration is
essential. The instrument was con-
structed in order to make precise
measurements of the frequency of
the r-f oscillator in a frequency-
modulated particle accelerator, but
circuits of this speed and precision

tem dses not quitz fill a standard rack should find many other applica-
Table I—Results of Frequency Measurements
Scaler 1 Scaler 2
Reading Reading
Nominal I'requency / B 5 (A-1)/B
5 me 528 530 1.9717 mc
1,017 1,053 1.9668
2,079 2’092 49665
4135 1162 4.9661
1 mc 515 2,614 0.98317 mc
1,028 5,223 0.98315
2,054 10,441 0.98311
1,103 20,861 0.98317
200 ke 513 12,80t 199.938 ke
1,025 25,606 199.950
2,050 51,239 199,945
1,098 102,45 199,943
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tions. The gate and scaling cir-
cuits, for example, might be used
in a high-speed counter-chrono-
graph for the measurement of
projectile velocities or for the
measurement of short life times in
radioactive decay schemes.

The details of operation may best
be understood by reference to the
block diagram, Fig. 1. The un-
known frequency (sine-wave or
other simple periodic wave shape)
is converted by a pulse shaper into
sharp pips synchronized with the
unknown frequency in a definite
and constant phase relationship.
The pulse shaper shown in Fig. 2
is a trigger circuit of the Schmitt!
tvpe capable of operating at fre-
quencies up to 5 me. It is followed
by a short differentiating time con-
stant of 0.15 microsecond. The
measurement is initiated by a start-
ing pulse derived from an external
source. This starting pulse trig-
gers gate-control flip-flop 1 to its
other stable state, opening gate 1.
The gate-control flip-flops are fast-
acting trigger circuits of the
Eccles-Jordan type, capable of pass-
ing from one stable state to another
in less than 0.05 microsecond. The
gates are type 6AS6 pentodes with
high suppressor-plate transconduct-
ance. The gate-control signals are
impressed on the suppressor grids
and the signals to be gated are
impressed on the control grids as
shown in Fig. 3.

When gate 1 opens, the pulses
from the pulse shaper pass through
the gate and associated amplifier
into scaler 1. The first of these
pulses triggers gate-control flip-
flop 2 to its other stable state, open-
ing gate 2 which passes a 5-mc sig-
nal from the ecrystal oscillator to
scaler 2. The scaling circuits
shown in Fig. 4 are composites of
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a Varving Frequency

Instantaneous measurement of slowly changing or fixed frequency between 100 ke and 5

me is made to an accuracy of 0.1 percent in only 200 microseconds. Designed to test

synchrotron controls. the circuits can be adapted to measurement of projectile velocities

designs by Fitch® and Higin-
botham®, which, in this arrange-
ment, run reliably at pulse repeti-
tion frequencies up to 5 me.

This cascaded-gate arrangement
starts the measurement of time
within less than one cycle at 5 me
(0.2 microsecond) after a pip from
the pulse shaper. This 0.2-micro-
second uncertainty is the control-
ling error of the svstem. It can be
reduced by going to higher master
oscillator frequencies, but this pre-
sents serious scaler design prob-
lems.

Provision is made to stop the
timing interval in synchronism
with another input pip. In this way
no additional error is introduced at
the end of the timing intervals.
The problem is somewhat compli-
cated bv the fact that a pulse is
delayed considerably in passing
through the scaling circuits. For
example, in the 12-stage scaler used
(scale of 4,096) a signal is delayed
approximately 7.8 microseconds. In
addition to being rather long, this
delay time is not entirely constant
but varies somewhat as tubes age.

For these reasons a coincidence
mechanism is used to close the
gates. Scaler 1 is set to produce a
trigger pulse as it records the last
of a predetermined number of
counts. This trigger pulse is im-
pressed and maintained for several
microseconds on the suppressor
grids of the type 6AS6 coincidence
trigger tubes. The control grids of
these tubes are continually supplied
with the shaped input pulses to
scaler 1. The first of these input
pulses following the initiation of
the trigger pulse from scaler 1
triggers both gate-control flip-flops
and turns off both gates.

Because the delay time through
scaler 1 may correspond to a num-
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or short-life radioactive decay

ber of cycles of the measured fre-
quency, this scaler, as well as scaler
2, is built with interpolating lights.
Thesa record the number of counts
arriving during the total counting

counts plus those which arrive in
the delay interval.

As an illustration, consider the
measurement of a radio frequency
in the neighborhood of 2 mc. As-

interval, the preset number of sume that an accuracy of 0,1 per-
A
A COINCIDENCE
< TRIGGER
STARTING FLIP-FLOP I TUBE
PULSE IN
- 4 S
PULSE GATE | &
LSHAPER AMPLIFIER SCALER|
*/\/\J\» {
UNKNOWN GATE COINCIDENCE
FREQUENCY CONTROL TRIGGER PL(J)LUSTgs
IMPUT FLIP-FLOP 2 TUBE I
Ir 10000
S5-MC CRYSTAL GATE 2 pa
Escmuroa ANy | SCACER]Z

FIG. 1—Block diagram of main circuits

FIG. 2—Pulse shaping circuit used to

used in the frequency measuring system change sine into triangular waves
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cent is required. This means that
the counting interval must include
at least 1,000 cycles of the standard
5-mc oscillator, which corresponds
to approximately 400 cycles of the
frequency to be measured. It is
therefore necessary to preset scaler
1 to 512 cycles (the first integral
power of 2 greater than 400), clear
the scalers by pressing the reset
buttons, and initiate the measure-
ment with a starting pulse. After
the measuring interval scaler 1
might read 517. This condition
would mean that 4 additional pulses
had passed through gate 1 during
the time that the 512th was passing
through the scaler. The next pulse
(517th) turned off the gates.
Gate 2 would then have been open
during 517 — 1 or 516 cycles of the
measured frequency, since the num-
ber of intervals bounded by =
pulses is m-1. If scaler 2 had re-
corded 1,299 counts, then the input
frequency would have been

5.000 me x (516)/(1,229)
1.9861 = 0.0015 mc

Figure 5 shows a typical series
of waveforms encountered in the
measurement of a frequency in the
neighborhood of 2 me. It is seen
that despite the delay in the scal-
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FIG. 5—Wavelorms appearing at indi-
cated circuits

ers, both scalers count cycles over
intervals that differ in duration by
less than 0.2 microsecond.

Table I shows the results of some
frequency measurements. Each

measurement was made with four
different preselected values for the
count in scaler 1 in order to test the
consistency of the system. At each
frequency the four preselected
counts were 512, 1,024, 2,048 and
4,096. Even in as short a measur-
ing interval as 106 microseconds,
the error is only slightly greater
than 0.1 percent.

Synchrotron Control Problem

In the 3-billion volt proton syn-
chrotron, the r-f master oscillator
will be frequency-modulated from
200 ke to 4.2 me in one second.

The author wishes to express his
gratitude to J. B. H. Kuper and
W. A. Higinbotham of the Elec-
tronics Division of the Brookhaven
National Laboratory for their ad-
vice and technical assistance, and
to R. V. Dvorak and L. O. Davis
for their help in layout and con-
struction. This work was done
under the auspices of the Atomic
Energy Commission.
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Noise Figure Chart

Gives noise figure directly in decibels from value of noise-generator diode cur-

rent required to double the noise power output of an amplifier from its no-input

value. The input impedance of the unit under test is the other parameter

By EUGENE D. JAREMA

Thermionics Branch
Evans Signal Laboratory
Belmar, New Jersey

HE NOISE FIGURE of a
receiver or amplifier is the
factor, expressed in decibels, by
which the signal-to-noise ratio
existing in a resistive source is

1,000

degraded in passing through the
receiver or amplifier, the band-
width remaining constant. The
signal-to-noise ratio is measured
at 20 deg C before the source is
connected to the receiver.

The most common method for
determining noise figures is by
using a temperature-limited di-

ode noise generator. Such a
noise generator is self-calibra-
ting. No correction factor is nec-
essary, providing the limiting
frequencies are considerably less
than the self resonance of the
noise diode and the electron tran-
sit angle is less than 90 degrees.
The load of the diode generator
must also be matched to the in-
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15/16” MALLORY
MIDGETROL

Electrical characteristics specially
designed for critical applications in
television, radio and other circuilts.
Insulated shafts are knurled for
ease in adjusiment. Shaft and cur-
rent-carrying parts provide 1500 volt
insulation . . . 134" diameler saves
space . . . phenolic materfal  elimi-
nates mechanical noise. Precision-
controlled carbon element provides
smooth tapers, quiel operation, accu-
rate resislance values, less drift in
television applications.

By Mallory

effects real customer savings

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

Such is the case with the well known Mallory Midgetrol.
Standardizing its diameter and shaft design resulted in cost
reductions for The
standard molded phenolic shaft provides a combination
hand knurl and screwdriver slot adjustment at no extra
cost . .. and it is available with either %4’ or 2¢’" bushing
length. In addition, the Mallory Midgetrol occupies less
space than larger controls, with no sacrifice in wattage rating.

radio and television manufacturers.

That’s service bevond the sale!

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

Television Tuners, SpeCIal Switches, Controls and Resistors

M
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Stable Instrument Amplifier

By PETER G. SULZER

Engineering Experiment Station
The Pennsylvania State College
State College, Pennsylvania

IN MAKING direct-voltage measure-
ments of high-impedance sources
such as vacuum-tube circuits or
electrolytic cells, it is frequently de-
sirable to place a low-gain amplifier
ahead of the indicating instrument
in order to obtain high current sen-
sitivity. Such an amplifier’ usually
requires that both terminals of the
indicating instrument be above
ground, a condition that is not de-
sirable when overload protection is
to be obtained with biased diodes,
or when special scale character-
istics are to be obtained with non-
linear circuit elements.

The circuit of Fig. 1 shows a
simple amplifier which permits
grounding of both the input and
the output terminals; it has the
additional features of low grid cur-
rent, 10" ampere, low output im-

pedance of 200 ohms and excellent
linearity over the input-voltage
range of = 5 volts.

The amplifier is stabilized by the
use of series-balanced bridge cir-
cuits®. The output stage consists
of V., a cathode follower, connected
in series with V, a dummy tube
constituting the other arm of the
bridge.

The plate circuit of V, presents a
very high incremental impedance
to the cathode circuit of V,; conse-
quently the cathode-follower gain
is almost unity, and is practically
independent of tube characteristics.
This condition holds provided that
the resistance of the indicating in-
strument is much higher than 200
ohms, which is normally true.

To correct for drift resulting
from heater voltage variations,

4100,000
+20V
(@]
INPUT Va5 18
i
_|_ Vie =
= 39 ., =
Y Ny
v, :
Vs 27,000 ; ;
3308 33V 5
gl ARA 5 Y
= 100,000 -105V

FIG. i—DBoth sizges of the amplifier employ series-balanced bridge circuits
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provision is made, by means of R,,
for the differential adjustment of
the heater voltages of V. and V..

The first stage of the amplifier,
consisting of Vi, and Vi, also em-
ploys the series-balanced circuit.
The tubes are operated with the
low plate supply of 20 volts, and a
heater supply of 38 volts to obtain
low grid current. The use of a
high cathode-bias resistor helps to
maintain the grid bias at the most
favorable point for low grid
current.

A number of measurements have
shown the amplifier characteristics
to be as follows: A linearity of 2
percent is maintained over the in-
put-voltage range of = 5 volts. The
grid current, determined by the
method given by Strong® varies
considerably over this range, it
being 107 ampere at zero input,
5 X 107 ampere at an input of

0.2 volt, and 10™ ampere at an
input of == 5 volts. The zero drift
was found to be about 10 millivolts
for a 10-percent change in heater-
supply voltage.

With a stabilized heater supply,
a drift of less than one millivolt
per hour was noted. This measure-
ment was made with a grid-circuit
resistance of 500 megohms. The
overall voltage gain of the ampli-
fier under open-circuit conditions is
approximately 0.9. Tube changes or
heater-supply voltage changes of
— 10 percent did not alter the gain
by more than 5 percent. It should
be noted that selected tubes were
not used during these tests.

REFERENCES
(1) J. N. Thurston, ELECTRONICS, 186,
p 102. Oct. 1943.
(2) Maurice Artzt, [LLLECTRONICS, 18,
p 112, Aug. 1945,

(3) John Strong, “Procedures in Ex-

perimental Physics,” Prentice-Hall, Inc,
N. Y. 1ytah.

Miniature Equipment

for Army

MINIATURIZED products for the

Signal Corps include a crystal rec-
tifier the size of a match head,
a field switchboard that weighs
but 22 pounds and a portable
teleprinter weighing 45 pounds.
Developed through Signal Corps
research projects, the field switch-
board designed by the Army may
be used for both wire and radio
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The finest solder made

for all television and radio

work . . . Everything Electrical

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.

Kester Solders are made only from newly
mined grade A tin and virgin lead. Fluxes
chemically correct.
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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 “SOLDZR AND SOLDERING TECHNIQUE”
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<A N Be sure 1o get your free copy ol
' Kester’s Technical Manual filled
S . - .
W oo with valuable information re-

garding the most advanced and
e cihcient industrial solders and
>« fluxes.

KESTER
SOLDER

Kester... Standard for the TV and Radio Fields

KESTER SOLDER COMPANY
4204 Wrightwood Avenue, Chicago 39, lllinois
Newark, N. J. * Brantford, Canada
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circuits. Its weight of 22 pounds
compares with a 72-pound switch-
board currently in use. The new
board takes up four-tenths of a
cubic foot as compared with two
cubic feet for the older type. Three
switchboards, each with a capacity
of 12 lines, can be connected to
provide switching for 36 cireuits.

The new portable teleprinter,
having a weight of 45 pounds,
will eventually replace equipment
weighing 225 pounds. The newly
developed teleprinter is considered
faster and stronger than its prede-
cessor.

During the war, field wire used
by the Army weighed 132 pounds a
mile. Recent research has resulted
in development of wire which
weighs only 48 pounds per mile.
The lighter wire has a talking
range, when wet, of 12 miles, as

compared with a 10-mile range of
field wire currently in use.

Miniature tubes take only 15 per-
cent of the space of older types,
while subminiatures in turn are
only about 10 percent the size of the
miniatures. Resistors are a tenth
of their wartime size, while capaci-
tors today take less than 25 percent
of the space they required in equip-
ment used in World War II.

The Signal Corps has found 400-
cycle a-c permits the use of smaller
and lighter components in much of
its electronics equipment. Also,
400-cycle generators themselves
could be made smaller and lighter
than 60-cycle equipment, for the
same power output. Engineers
have developed a generator weigh-
ing but 85 pounds that puts out as
much power as an older piece of
equipment weighing 120 pounds.

Radio-Controlled Toy Auto

SIMPLIFIED to just about the ulti-
mate degree, a radio-controlled toy
automobile has been invented that
employs one electronic tube in the
car and another in the transmitter.

As shown in the accompanying
illustration, the toy consists of a
plastic car powered by batteries.
The tonneau contains the receiving
tube and two relays. These are
covered by a transparent plastic top

for protection against rough treat-
ment by the user.

The control box contains the
transmitter which feeds an antenna
lead that can be arranged in a
circle of 50 feet in diameter. The
car operates within the circle and
from four to six feet beyond it.
Designed by John and Andrew
Yeiser of Berkeley, California, the
toy will sell for 25 to 30 dollars.

Operated by radio control, this toy autemobile covers a fifty-foot circle
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High-Resistance Measurement
By W. G. SHEPARD

Physical Research Dept.

Boeing Aurplane Co.

Seattle, Washington
ACCURATE measurement of resist-
ance below about one megohm is
usually made by means of a Wheat-
stone bridge using a galvanometer
for the null indicator. Above this
value the resistance of a galvano-
meter is too low to properly match
the high-resistance arms of the
bridge and insufficient indication
results. A vacuum-tube amplifier
connected to the output of the
bridge, however, offers a much
higher impedance and is quite effec-
tive since the voltage output of a
high-resistance bridge is compara-
tively high.

Figure 1 shows a bridge and

amplifier for the purpose. The
UNKNOWN RESISTANCE —
100X DECADE
DECADE +75V

1,000
e o
Ji
SENSITIVITY
33 <
0008 =S 433,000
T5v

FIG. 1—Circuit of high-resistance bridge
and amplifier for convenient measure-
ments up to 100 megohms

bridge consists of precision ratio
arms, a variable standard, which
may be a laboratory-type resistance
decade, and the unknown. Since the
ratio is 100 to 1, a 1-megohm
decade may be used for measure-
ments up to 100 megohms. The
accuracy of laboratory decades is
usually 0.1 percent or greater, and
the ratio arms, if not already this
accurate, may be adjusted by put-
ting a 0.1-percent resistor across
the unknown terminals of the
bridge and a 0.1-percent resistor of
1/100 the value across the decade
terminals and then correcting the
ratio arms until the bridge bal-
ances. The meter-amplifier cireuit
indicates to much closer than 0.1
percent except when measuring ex-
tremely high resistances, so the

(Continued on p 132)
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— Widely Used
Electrolytics in
TV Receivers Today

+ « + « Television set makers are turning to Sprague
as their major source for electrolytic capacitors.

. = « . Stability under maximum operating condi-
tions plus outstandingly l-o-n-g service life are
the reasons for this preference.

.. .. And expanded facilities, now being com-
pleted, permit Sprague to accept a larger portion
of your requirements. .

s. R n G U E SPRAGUE ELECTRIC COMPANY
North Adams, Massachusetts
PIONEERS IN

- ELECTRIC AND ELECTRONIC DEVELOPMENT
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Synthetic Mica—K:Mgi2A41:8i200F«

SYNTHETIC MICA has been crvstal-
lized by scientists of the National
Bureau of Standards. The synthe-
tic substance is said to have all the
desirable properties of its natural
version, with improved heat-resist-
ing characteristics.

The ingredients used are similar
to raw materials often used in mak-
ing glass: quartz, magnesite, baux-
ite, and a fluorosilicate compound.
The fluorosilicate is the crystalliz-
ing agent.

Process

After the initial mixing, the
quartz, magnesite and bauxite are
placed in a ceramic crucible and
heated for more than an hour at a
temperature of 1,000 C. This calein-
ing operation drives off carbon
dioxide and water which would in-
terfere with the formation of good
crystals of synthetic mica. The cal-

mica are

Ingredients for

melted in a special electric furnace at

1,400 C. Crystals form at bottom of
platinum-lined crucible on cooling

synthetic
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cined ingredients are ground to-
gether with potassium fluorosili-
cate, and the resulting mixture is
then packed into a platinum crucible
and melted in a special electric
furnace at 1,400 C. As the furnace
cools, mica erystals form at the bot-
tom of the crucible.

The most satisfactory synthetic
mica developed thus far has the
chemical formula K,Mg,.Al.87,,0,,F,.
This is equivalent to a form of
natural mica in which the hydroxyl
radical has been replaced by fluo-
rine.

Impurities may occur in the syn-
thetic mica in the form of milky
films parallel to the individual layer
or white patches between crystals.
Crystals free of impurities are clear
and transparent, and thin flakes are
easily split away along the planes
ol natural cleavage. The synthetic
form has physical properties which
compare favorably with natural
mica. Electrical measurements on
several clear flakes, 4 inch square
by s% inch thick, indicate a dielec-
tric constant of about 6.3. The larg-
est crystals grown so far at the Na-
tional Bureau of Standards have a
surface area of 4 square inches.

Satisfactory mica synthesis de-
pends to a large extent on the
materials used in the crucible lin-

ing. Ceramic linings are badly
corroded by a fluorine-bearing
melt. Carbon and silicon car-

bide crucibles are somewhat better,
but fluoride gases escape through
the relatively porous walls, and
fine carbon particles become im-
bedded throughout the synthe-

Flakes of synthetic mica are examined

under a binocular microscope for struc-

tural defects, such as <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>