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WHAT ONE USER SAYS...

. the ease with which thev can be
driven to full output, the simplifica- &
tion of cooling arrangements, the
relative immunity to heavy over-
loads, and the moderate plate vol-
tages required result in a combi-
nation not easily surpassed.”

AMPEREX INTERCHANGEABILITY

Amperex tubes will fit into all types of transmitters

for which they are intended, and may be inter- Imperex Type ZB-120 Trans-
changed or used to replace tubes of other manufac- mitting Tu:l‘. Filament  voli-
ture without need for circuit readjustment and ugry OO [galis) ¢ or (DG,

k : . N Filament  current, 2 amperes.
without impairment of transmitter performance. Amplification factor, 0. Grid-

to-Plate  Transconductance  at
120 ma., 5000 micremhos. Direct
Interelectvode Capacitances:
grid-to-plate, 5.2 puf; grid-to-

SPECIALLY PROCESSED GRAPHITE ANODES.. filament, 5.3 puf; plate-to:

filament, 3.2 ppf.

_in manv of our exclusive designs make for more uniform |
temperature distribution, absence of change in characteristics with
time, and a higher initial vacuum which keeps tubes harder and
assures longer life.

Amperex Type HF-3000 Trans-
mitting tube. Filament wvoltage,
21 to 22. Filament current, #0.5
amperes. Filament emission, 0
amperes.  Amplification  factor,
16. Grid-to-Plate Transconduc-
tance of plate current of 1 am-
pere, 6500 micrnmhos. Direct
Interelectroade Capacitances:

3 grid-to-plate, 10 puf; grid-to-
nmPEnEx filament, 13 ppf; plate-to-fila-
ment, 4 ppf.

+.++THE HIGH PERFORMANCE TUBE
Amperex Type 891-R Trans-

Many standard types of Amperex tubes are now avail- mitting Tube. Filament, itaun-
able through leading radio equipment distributors. The ’I””’ ;J'/” ;’;’ “"Ig/('j'ﬂ'““' ur
Amperex Special Application Engineering Department oghaar ol G S mGAgeiR”

" —awpltage per unit, 11, current
will gladly work with you on the solution to your per unit, 60 amperes; amplifi-
pressing problems. cation factor, 8. Grid-to-Plate
Transconductance al a plate
current of 0.75 ampere, 000
micramhos. Direct Interlectrode
Capacitances: grid-to-plate, 30
unf; grid-to-filament, 16 ppf; §
plate-to-filament, 3 puf.

AMPEREX ELECTRONIC [ORPORATION

25 Washington St., Brooklyn 1, N. Y., Export Division: 13 E. 40th St., New York 16, N. Y., Cables: “‘Arlab”’
Canadian Distributor: Rogers Majestic Ltd. o 622 Fleet Street West, Toronto
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RESONANT TRANSFORMERS

This high voltage application invelved a min-
imum size requirement. For maximum com-
pactness, the final transformer produced has
a turns ratio of 115/5,800, but a voltage
ratio due to resonance of 115/10,000 V.

CONDENSER — PULSE WELDING
TRANSFORMER

This transformer is designed for a small pre-
cise spot welding set. For this type of appli-
cation, design factors include High Q and
maximum surge power transfer. The trans-

former shown is the equivalent of 100 VA

in size, but handles 1,000 VA pulses.

VARIABLE AC SATURATED INDUCTOR

This inductor is part of a voltage sensitive
non-linear network. By adustment of the in-
ductor with a specific capacitor, peak non-
linearity can be adjusted over a substantial
range in voltage. ‘

HEy

SPECIAL CONTROL TRANSFORMER

In this odd application, the requirements
were that the primary current go down with
increase in load current. In actual practice,
when normal load is placed on the secondary,
the primary current drops 50%.

The UTC application engineering section is available for your problem,

150 VARICK STREET

NEW YORK 13, N. YV,

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y., CABLES: ""ARLAB" ’
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partners in

e “Impossible” is a word that is not recognized by engineers. To dam a mighty
river, tunnel under it or suspend a bridge across it—things such as these that once
seemed pure imagination were made possible by instruments devised to ref'ne

and extend human faculties, to translote the precision of engineering thought
into action. '

Keuffel & Esser Co. is proud to have played so large a part in making such in-
struments widely availabla. In this way K & E equipment and materials have been
partners of the engineer and draftsman for 78 years in shaping the modern
world. So universally is this equipment used, it is self-evident that K & E have
played a part in the completion of nearly every engineering project of any
magnitude. Could you wish any surer guidance than this in the selection of your
own “partners in creating’’?

Not only for construction and building, but for setting up precision machine
tools and long production lines, in the fabrication of large ships and aircreft,

experienced engineers know that they can

® rely utterly on K & E transits and levels.
creutl n Coated lenses for increased light transmis-
sion, precision-ground adjusting screws,

chromium-coated inner center and draw

tubes, completely enclosed leveling screws, improved achromatic telescopes—all
these typify the advanced design of these instruments.

.. Jargest
~ telephone system

o/

.+« . the world’s
busiest tunnels

Drafting. Reprodurtion,
Survesing Fquipment
and Materials.
Shae Rulei,
Measuring Tapes.
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How many ways can this
NEW BOOK help you?

WESTINGHOU S F
NETALS & ALLays

lor cammusications 399 electronic equipment

Here’s real help for communications and electronic
equipment designers . . , a fact-packed, thoroughly-
illustrated book on Westinghouse metals and alloys.

This new book includes complete data, performance
characteristics and applications for more than a dozen
Westinghouse metals and alloys in five major classes:
magnetic; electrodes, filaments and contacts; sealing;
joining; and high temperature. An extensive table
permits a detailed comparison of Westinghouse and
other metals and alloys.

Your nearest Westinghouse office can supply you
with copies of this new, authoritative book and a
Westinghouse engineer will be glad to help you find

4

new ways to put these metals and alloys to work in
your own product designs. Write today for your copy
of B-3369. Westinghouse Electric Corporation, P. O.
Box 868, Pittsburgh 30, Pa. J-94672

VVestinghouse

PLANTS IN 25 CITIES . , . OIFICES EVERYWHERE

December 1945 — ELECTRONICS
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. . . another Westinghouse guide
prepared specifically for engi-

neers who design electronic and
communications equipment

This new, helpful book is another of many
Westinghouse guides developed especially to
help communications and electronic engineers
gain outstanding performance in their designs.

Here is a quick check list of some of these
metals and alloys described in the book . . . what
they are, where to use them, what they will do.

Your nearest Westinghouse office will be glad

to work in applying them to your own designs.

.

A QUICK CHECK LIST OF WESTINGHOUSE METALS AND ALLOYS

(R Sl.

<7 Al

N\

Y] %1}\%
=Y o=
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ealing Kovar “A” and Dumet are notable achieve-

ments 1n the search for tighter bonds between metal and glass.
For example, Kovar “A” is easy to form and machine in large
sections, seals perfectly into hard glass and solders readily.
Dumet, on the other hand, is well suited to sealing with soft
glass and is used extensively for leads and element supports.

Electr Cupaloy, molyb-
denum and tungsten are three Westinghouse metals with high
purity and exceptional physical properties. Cupaloy—a nearly
pure copper, alloyed with silver and chromium-—offers many ad-
vantages because of its high yield and tensile strengths, contrasted
with the softness of copper. Tungsten is hard, dense, has a high
melting point, and makes a perfect seal with glass. “Moly”, a
metal with a promising future, finds wide usage because it can
be made gas-free quite easily.

EQUIPMENT FOR THE |
COMMUNICATIONS INDUSTRY

= ——— . — - e
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INeti¢ These five metals—Hipernik, Conpernik, Hiperco,
Hlpersﬂ and Puron—practically blanket the needs of all non-
permanent magnetic circuits, whether commonplace or critical.
They offer a variety of characteristics in permeability, efficiency,
purity and strength. Each has its own peculiar properties which
—where applicable —improve performance far beyond the
capacity of previously used materials. Puron— the magnetic
characteristics of which are useful in fundamental research—
is employed commercially as a spectroscopic standard. The other
four are used entirely for magnetic circuits.

-

©1
O \/k/

4 Westinghouse Phos-Cop-
per, 35 Alloy and solders play an important role in every phase of
industrial joining, and the particular characteristics of each
metal fit it especially for certain joining operations. Comparative
data and discussion make quick selection possible.

Westinghouse has just compiled a new
catalog on general-purpose switches, relays
and other devices. The devices listed in this
catalog have been refined over many years to
meet the exacting demands of engineers re-
sponsible for plant. performance. The catalog
contains data on the following classes of prod-
ucts: Indicating Lamps and Wiring Devices,
Pushbuttons and Control Switches, General-
Purpose Relays, Contactors, Prassure, Vacuum
and Limit Switches, Timers, Protective Relays
and Photoclectric Devices.

cmmongans &

bysipy
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ORIGINATORS OF FILTERETTES

)

THE CURE OF RADIO NOISE is a highly specialized task that involves
much more than simply “hooking a condenser across the line”. It requires
exact knowledge of the proper size and type of capacitor to use . . . of the
correct place to add it to the noise-making circuit . . . of the necessary
length or positioning of connecting leads . . . and of many other seemingly
trivial, but actually vital, bits of information that cannot rightfully be
expected of the electrical design engineer.

This exact knowledge is available to you when you must provide radio
silence for electrical apparatus, Just send us the offending equipmei’\t
and we will measure its radio noise output according to standard speci-
fications, will design the most efficient Filterette to cure the noise, will
specify the proper means of installing it, and, upon your adoption of our
recommendations, will authorize your use of the FILTERIZED label that
tells buyers your apparatus will not interfere with radio reception. This
service is free o users of Tobe Filterettes. .. write for details.

TOBE DEUTSCHMANN CORPORATION-CANTON, MASSACHUSETTS

wWWwWWwW._americanradiohistorv.com

THE ACCEPTED CURE FOR RADIO HOISE
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MICA CERAMIC INSULATION
,; TO YOUR SPECIFICATIONS

Holds to Tolerances up to +.001"

In part after part, and in any quantity,
Mykroy molds and holds to critical toler-
ances. In this, the only ceramic which can
be molded under heat and pressure to such
close tolerances, are combined many other
highly desirable properties that distinguish
Mykroy from all other types of insulating
materials.

Unique in the class of glass-bonded mica
ceramics, Mykroy possesses electrical char-
acteristics of the highest order which do
not shift under any conditions short of
actual destruction of the material itself.
Furthermore it will not warp—is imper-

70 CLIFTON BLVD., CLIFTON, N. J.

vious to gas, oil and water—w thstands
heat up to 1000° F and will mel char or
carbonize.

Its mechanical strength is compcrable to
cast iron and because it bonds firmly to
metals it is particularly svited to. molding
parts with metal inserts. Even where price
is a factor it competes with many stand-
ard insulating materials of lower electrical
properties.

For improved performance amd better
quality in your new products investigate
the many advantages of Mylaey. Write
for samples and full information.

MADE EXCLUSIVELY BY

NIC [A)
/i 7RG ,’ HANIM

CHICAGO 47; 1917 N. Springfield Ave., Tel. Albany 4310 2
EXPORT OFFICE: 89 Broad Street, New York 4, New York

ELECTRONICS — December 1945
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A-C’s Electronic Heater Gives You

NEWACWAY

A-C’s Electronic Heater cuts production corners
with new service features, wide application range.

STURDY, Long-Life Oscil-
lating Tubes — fully pro-
tected by overload relays,
water filters and pressure
switches.

NEW Coupling System,
developed by A-C, keeps
losses low, permits adapta-
tion to most applications
without use of radio fre-
quency transformers.

CHOKE COIL protects
rectifier tubes from dam-
age by high-frequency ra-
dio currents.

HEAVY-DUTY Trans-
former for handling over-
loads, other extreme op-
erating conditions.

3-PHASE Rectifying Sys-
tem obtains maximum
power from electronic
heater, prevents unbal-
anced load on power lines.

INDIVIDUAL Filament
Transformer for each rec-
tifier tube, easy to get at.

LARGE Indicator Panel
for easy reading — shows
at a glance when power is
on, grid and plate cur-
rents, filament voltage.

AUTOMATIC Timer con-
trols heat sequence from
2/10 seconds to 2 minutes,
makes unit easy for un-
skilled operators to use.

ALL Controls on one panel
for easy change in appli-
cations. No other internal
adjustments needed. Pro-
tected from tampering by
door and lock.

MODERN Industrial Cabi-
net encloses complete unit.
All-Steel construction.
Mounted on casters for
mobility.

SAFETY FEATURES:
Heavy-duty control, high
water-temperature switch,
fuses, interlocking
switches on doors to pro-
tect operators.

%r : Poraw /?;«A@?Z’écm
 Guipmeitfo L L
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Fast, Uniform Production! compare-

»OLD WAY!

A-C’s Electronic Heater is clean, automatic —
easy to operate. . .increases output, cuts cost.

/ ;

FAST Il sLow NEW l OoLD
Electronic Heat | Furnace Heat Controlled Heat | Uncontrolled Heat
A-C's Electronic Heater doubles and redoubles output of hard-  Compare ideal hard surface and tough core of metal at left
ened metal parts because entire heating operation can be com-  as treated by Allis-Chalmers Electronic Heater . . . with deep,
pleted in a matter of seconds! Compare this with slow heat, irregular hardening and brittle core of metal at right, as’treat-
time-waste of conventional methods. ed by conventional methods.

NDUCTION HEATING at its newest and finest — that’s what Allis-Chalmers
] Electronic Heater offers you! This great, new all-in-one production tool gives
you flexible, selective, controllable heat for brazing, annealing, forging — yet it’s
simple to operate, requires no special skills. Write for further details about this

modern answer to many modern production problems, or send samples for free
laboratory test. No obligation. ALLIS-CHALMERS, ELECTRONIC DEVICES SEC-
TION, MILWAUKEE, WISCONSIN. A 1972

HEAR THE BOSTON SYMPHONY: Saturday, American Broadcasting Co.

L

__ MILWAUKEE

S TR

B m

W
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Send card for mechanical
and electrical specifications.

L

Here’s the answer to your UHF design problems. Noiseless
operation — no rotor contacts — symmetrical layout. The
new “VU” type variable capacitors can be used in conven-
tional tuned circuits at frequencies as high as 500 mega-
cycles. Write for folder with full technical data.

HAMMARININGD

THE HAMMARLUND MFG. CO., INC., 460 W. 34™ ST., NEW YORK 1, N.Y.
ESTABLISHED 1910 MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT

10 December 1945 — ELECTRONICS
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High power oviput,
long life, feature

these transmitting
tube stalwarts?

@ TYPE GL-892
Water-cooled. . . $170

@ TYPE GL-892-R
Forced-air-cooled . $345

HERE is proved power, dependability, and long
service life for the large AM transmitter owner or the-
manufacturer using electronic heating. General Elzctric
Types GL-892 and GL-892-R have demonstrated their
reliability in broadcasting and industrial sockets oper-
ating 24 hours a day, 7 days a week. With broad appli-
cations as high-power amplifiers, modulators, and
oscillators, Types GL-892 and GL-892-R also are
adaptable as to filament supply, their 2-unit filament
permitting operation from 2-phase or single-phase a-c,
as well as from d-c. For complete data to supplement
the basic ratings at the right, see your nearest G-E Office
or distributor, or write Electronics Department, General
Electric Company, Schenectady, N. Y.

CHARACTERISTICS

and GL-892-Rshownabove, Types GL-891
and GL-891-R also are available at the
same prices, and are similar in design
characteristics except for the amplifica-
tion factor, as given below.

Three-electrode high-vacuum power tubes
for use as amplifiers and modulators in
broadcasting and communications equip-
ment—also oscillators in industrial elec-
tronic heating. Besides Types GL-892

Rating GL-892 GL-892-R GL-891 GL-891-R
Filament voltage v v v i1y
Filament current 60 amp 60 amp 60 amp 60 amp
o . Max plate voltage 15,000 v | 12,500 v | 12,000 v | 10,000 v
ecrzf_::l;e';o meet youv “Pplicdﬁon Max plate current 2 amp 2 amp 2 amp 2 amp
or replacemers needs. Max plate input 30 kw 18 kw 18 kw 15 kw
Max plate dissipation | 10 kw 4 kw 6 kw 4 kw
| Amplification factor | 50 50 8 8

Notes: (1) Filament voltage and current given above, are per unit of 2-unit fila-
ment. (2) Maximum frequency for all four tube types is 1.6 megacycles at max
plate input; up to 20 megacycles at reduced ratings.

GENERAL @) ELECTRIC

161-D12-8850

TRANSMITTING, RECEIVING, INDUSTRIAL,
SPECIAL PURPOSE TUBES - VACUUM
SWITCHES AND CAPACITORS

ELECTRONICS — December 1945 1
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Miceo-77¢ RELAY

Television’s first MICROWAVE link

ENERAL ELECTRIC’'S Micro-
Tel relay—first 2000-mega-
cycleradiorelayinhistory—heralds
a new era in network operation
that will bring television and FM
to more people at less cost.

® This simple relay, which elimi-
nates connecting wire lines and
costly right-of-ways, consists of a
low-power microwave FM trans-
mitter, a microwave FM receiver,
and a highly directional transmitting
and receiving antenna system which
gives eacl watt of transmitter power
the effectiveness of approximately one
million watts, The system is simple,
economical and provides unat-
tended operation.

® Today, General Electricis testing
a Micro-Tel link betweenthe studio
and transmitter of its great televi-
sion station WRGB in Schenectady
—a distance of 12 airline miles.

Soon, the world’s first television
microwave relay — equipped by
G. E. and operated by the Interna-
tional Business Machines Corp. —
will be added. This relay will ex-
tend to New York, Philadelphia,
Baltimore, and Washington. Addi-
tional links will follow . .. for tele-
vision programs, full fidelity chan-
nels for network broadcasting,
facsimile channels, and multiple
business machine channels —-si-
multaneously in both directions.

® Further expansion of this net-
work and the establishment of

Authentic Guide to Television Programming

others will bring television, broad-
casting, and business machine ser-
vices to smaller communities.

® Whether your requirements are
for Micro-Tel relays, complete tele-
vision broadcast stations, or Intra-
Tel systems, look to General Elec-
tric for your equipment. Plan now
to visit Schenectady to study G-E
broadcast facilities. Wednesdays
and Fridays are “open house” days.
Write for the folder “How to Get
To Schenectady,” or ask your G-E
broadcast equipment representa-
tive to help you plan your visit.
Electronics Dept., General Electric
Company, Schenectady 5, N. Y.

Write for the new book “Television Show Business,” by Judy Dupuy. Published
by General Electric. $2.50 per copy. Address: Electronics Department, General
Electric Company, Schenectady 5, N. Y.

Receiving antenna and receiver for General Ely
experimental Micro-Tel link in Schenectady.
extreme simplicity of installation. The hor:
antenna is only 2 feet in diameter,

For earliest possible delivery of your broadcast equipment, place your order now.

< ~—— - - — - o
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This proposed 150-foot relay
tower accommodates up to six
microwave transmitters and
receivers that are capable of
relaying television and high-
fidelity radio programs, fac-
simile pictures and business
machine messages.

The G-E microwave television link. With the Micro-Tel link transmitter and antenna with highly directional reflec-
Micro-Tel relay, G.E. contributes another major tor atop mast at WRGB. This system gives each transmitted wart of
development in television and broadcasting. output the effectiveness of approximately 1,000 watts.

Lighthouse tubes make television microwave relaying possible. For maximum station dependability and performance, use G-E electronic tubes.

AM - TELEVISION - FM __ ;0 2%/
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ONE OF A SERIES EXPLAINING HOW ELECTRONIC TUBES CAN BE USED 10 IMPROVE EQUIPMENT DESIGN

Diagram shows how the
welding-machine operator
starts and staps current-
flow instantaneously by
excitation of G-E ignitrons.
The two tubes are reverse.
coupliad, so that each ons
handies halt of the a-c
power cycle.

A. Water connections
Water connections

Welding transform-
er prlmary

Welding transform-
er secondary

Resistance welder
machine

B.

C.

D.

E.

F. weld initiating
6.

H.

l.

ltc

K.

switch

ignitor excitation
and control circuit

ignitor connections
Anode connections
Cathode connections
A-C power supply.

IGNITRONS “'trigger™

the heavy currents

for resistance welding

\ N important use of G-E ignitron

A tubes is shown above—control-
lmg the primary current of resis-
tance welders. The same benefits of
split-second, positive “valve” ac-
tion, with no mechanical linkage
and no arcing between movable
contacts, are provided by G-E igni-
trons for other control circuits—
furnace, motor, etc.—involving
heavy electrical currents.

® Current control is but one of this
tube’s functions in industry. An-
other is current conversion—a-c to
d-c. Here ignitrons offer the ad-
vantages of silent operation, no ro-
tating parts, no need for lubrica-

P 2Ty M

GENERAL«.@'

INDUSTRIAL, SPECIAL PURPOSE TUBES

TRANSMITTING, RECEIVING,

14

tion, no mechanical upkeep.

® Steel-jacket construction and
mercury-pool type cathode, among
other features, make the G-E igni-
tron sturdy, dependable, and long-
lived. Learn more about this ver-
satile electronic tube from G. E.’s
new Booklet ETI-21, “Ignitron
Tubes and How They Are Used.”
Its 24 profusely illustrated pages,
complete with selected circuits, tell
the full story of ignitrons and how
they serve industrially. Telephone
your nearest G-E office or distribu-
tor, or write Electronics Department,
General Electric Company, Schenec-
tady 5, New York.

www.americanradiohistorv.com

IGNITRON FG-235-A. .. $75.

This tube is one of the most widely used
G-Eignitrons. Itisasteel-jacketed, water-
cooled, gas-filled triode with mercury-
pool cathode, used for welder and other
heavy current controls, and as a low-
power current converter. For welder-
control service, ratings are: max kva de-
mand 1,200, with corresponding avg
anode current 75.6 amp—max avg anode
current 140 amp, with corresponding
kva demand 400. (These ratings are for
voltages of 600 v rms and below.) Ignitor
requirements are 200 v and 30 amp. .. .
Ratings for current conversion will be
supplied on request, in which case please
include a brief description of the appli-
cation or circuit.

ELECTRIC

182.Di2-8880

YACUUM SWITCHES AND CAPACITORS
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The phenolics are the most versatile of ull
plastics. Naturally, this makes their use
practically universal throughout industry.
Tn the electrical manufacturing field, for
example. you will find phenolic molding
compounds being used for literally thousands
upon thousands of vital parts The Novex
Combination Projecior Viewer shown above
serves as an excellent illustration of this
point
housing was molded from a Durez phenolic

Jts sturdy beat-resistant plastic
compound.

This Novex Combiration Projector
Viewer effectively demonstrates the
practical, sales-stimulating use to
which Durez phenolic molding com-
pounds can be put. Its durable, eye-
appealing 14”-long body is molded in
one piece. The complete unit embodies
several molded Durez parts. With
molded-in inserts, these, naturally,
help to make assembly a simple
process and keep production costs
at a minimum,

Heat-Resistant Housing

By molding the housing for this Com-
bination Projector Viewer of Durez,
the manufacturers gain the heat-resist-
ing and heat-insulating characteristics
so necessary for the efficient operation
of amachine of this type. Furthermore,
a rugged yet lightweight construction
results.

Properties of the Phenolics

Just as the Novex Corporation found
a Durez phenolic plastic that fitted
their job, so have many other manu
facturers. Such desirable properties as
heat and moisture resistance and di-
electric strength make Durez com-
pounds of unusual value to electrical
manufacturers. Additional inherent
characteristics such as highest dimen-
sional stability at temperature ex-
tremes, excellent moldability, and
impact strength make them extremely
useful to the automotive industry.
Closure manufacturers find the eye-
appealing, non-bleeding finish of
molded Durez to be the answer to

PHENOLIC
RESINS

their materials problems. Time and
again the versatility of the more than
300 Durez phenolic molding com-
pounds has provided the solution to
the materials problems of the imag-
inative design engineer.

Competent Assistance Available

The Durez laboratory technician is an
experienced man. Years of successful
development work and the continuing
leadership of Durez phenolic plastics
attest.this. Your custom molder is also
an experienced man. Many new mold-
ing methods and processes make his
service even more valuable than be-
fore. Put these two men together and
you’ll stand an excellent chance of
coming up with the answer to any
practical plastic materials problem
which you may have, The services of
the Durez staff are available at all
times to you and your custom molder.
Durez Plastics & Chemicals, Inc., 3212
Walck Road, North Tonawanda, N.Y,
Export Agenis: Omni Producls Corporation,
10 East 34th Strect, New Dork 16, N. V.

For e s simi——

f MOLDING COMPOUNDS
INDUSTRIAL RESINS |

OIL SOLUBLE RESINS i

PLASTICS THAT FIT THE JOB

ELECTRONICS —~ December 1945
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AEW RCA MINIATURES!

INCLUDES NEW COMPACT TYPES FOR

® Here it is—that latest addition to the peacetime line
of minialures. . . 5 new miniature types that provide per-
formance equivalents for the popular prewar kit 125A7,
125Q7, 12SK7 (or 128G7), 35Z5GT/G, and 50L6GT—
and 4 other tubes introduced as performance equiva-
lents to the 6SA7, 6SG7, 65Q7, and 6SH7.

These 9 new RCA miniatures bring to 35 the total num-
ber of tubes in the RCA miniature line—and all but 2
were developed by RCA engineers. i

Such RCA pioneering means two important things to you:

I. That RCA knows your nceds—keeps an eye on
the industry—is ever striving lo give you the
tubes you want when you want them.

2. As the originator of miniatures and as the
largest producer of them ever since their intro-
duction, RCA can assure you of superior tube
quality and unifermity at prices that are right.

For data on these 9 new tubes, send coupon.

If you are designing radio equipment and need tube-
application assistance, don’t forget that the RCA appli-

RCA, Commercial Engineering Department,
Section 62-41E, Harrison, N. J.

I'd like all the data available on the 9 new RCA minia-
tures announced in your December advertisement. Please
rush me a complete set of data sheets, including ratings,
curves, drawings, etc.

City Zone State.....
S T G TN IS T By D N SEm Tew AEE e

E 4

AM, FM, AND TELEVISION RECEIVERS)

cation-engineering staff is always at your service for

—— s

consultation. A telephone call to our nearest office, or a
letter stating your problem, will do the trick. Address:
Radio Corporation of America, Tube Division, Com-
mercial Engineering Department, Section 62-41E,

Harrison, N. J.
In Metals, Miniatures, or Glass Types . ..

THE FOUNTAINHEAD OF MODERN TUBE
DEVELOPMENT IS RCA

AND HERE THEY ARE!
oy DESCRIPTION e

*  BATG Duplex-Diode High-Mu Triode 6sa7

*  BAUB RF Amptifier Pentode with Sharp Cutotf 6SH7

*  GBAG RF Amplifier Pentode with Remote Cutoff 6567

*  GBEG Pentagrid Converter BSAT

* T8 Dupiex-Diode High-Mu Triode 12sa7

*  128as RF Amplfier Pentode with Remate Cutoff Al
*  128e6 Pentagrid Converter 1257

*  35W4 Half-wave High-Yacuum Rectifier 35256T/6
* 5085 Beam-Power Amplifier S0L66T ¢

62-8136-41

RADIO CORPORATION OF AMERICA

TUBE DIVISION -~ HARRISON, N, J.

December 1945 — ELECTRONICS
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The gadgetabove is a junction box for a co-axial gas-
filled transmission line. It is one of a series o cou-
pling units, end seals and other fittings for high-
frequency transmission—designed and built by Lapp.

To this type of construction, Lapp brings several
innovations and improvements. For example, such a
line from Lapp parts is genuinely leak-proof. Every
gasket is under spring loading, so there’s no leakage
created by vibration or thermal change. <

Whether or not you’re interested in gas-filled
transmission lines, you ought to know about Lapp.
Here is an organization of engineers and manufic-
turers with broad basic knowledge of ceramics and
their application. With experience in hundredsupcn
hundreds of special-purpose electronic parts, we
bave been able countless times to improve perform-
ance, or reduce cests, or cut production time through

EFNGINEERING AND PRODUCTION

‘the application of our specialized skills to design and

manufacture of parts involving porcelain or steatite
and associated meital parts.

For quick and efficient assistance on a war produc-
tion subcontract—or for the competitive advantage
Lapp-designed and Lapp-built parts will give to you
in the postwar battle—an inquiry to Lapp now may
payyoudividends. Lapp InsulatorCo.. Inc.. LeRoy, N. Y.

RRM —
. e
.@nwf




Type FA-121 for 12 volt operation
Type FA-122 for 24 volt operation

OR coding, keying, monitoring, programming. or other timing

applications this instrument, operating at a constant speed, re-
gardless of voltage variations as great as =20%, permits accurate
timing to hundredths of a second.

With a current input of only 0.003 milliamperes, the motor delivers
1800 gram inches per minute, a feature of especial importance in
battery powered systems.

Interchangeable cams permit the use of any desired timing
characteristic for two or more separate circuits.

Werite for Technical Publication 234

December 1945 — ELECTRONICS
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CERAMICS

SO RUGGED THEY COULD WITHSTAND THE SHOCK
OF BEING FIRED FROM A GUN

WITH A FORCE OF

20,0009

in the

‘RADIO PROXIMITY FUSE’

War’s Number 2 Scientific Development

LS1Mag Ceramic Insulators were exten-
sively used in condensers for the “Radio
Proximity Fuse’ described by high Navy offi-
cials as second only?io the atomic bomb among
the greatest scientific developments of the war.
Development of the fuse required produc-
tion of electronic parts so rugged they could
withstand the shock of being fired from a gun
with a force 20,000 times that of gravity.
The components had to be so small that a

complete unit could be installed in the nose
of a projectile.

The fuse, developed at a cost of §80o0,-
000,000 is an extremely rugged, five tube
radio sending and receiving station which fits
into the nose of a projectile. Reflected im-
pulses explode the projectile when it passes
within 70 feet of enemy planes.

The*Radio Proximity Fuse’ was the effec—
tive answer to Japanese suicide plane attacks,

as well as buzz bomb attacks on London.

American Lava Corporation is justly proud
of the fact that it was able to provide the
Ceramic Insulators capable of withstanding
the tremendous shock of being fired from a
gun in the ‘Radio Proximity Fuse.”

Whatever you are planning in the field of
electronics, we believe our specialized knowl-
edge, research and production facilities will
prove helpful. Let’s work together.

AMERICAN LAVA CORPORATION

ALCO has been awarded for the fifth
time the Army-Navy ‘£’ Award for
continued excellence in quantity and
quality of essential war preduction.

43RD
WWW.americanradiohistorv.com
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CHATTANOOGA 5 TENNESSEE

CERAMIC LEADERSHIP



THE COMBINED RESULT IS EXCELLENCE- - .

SANGAMO ELECTRIC

MICA cumcf

e T T

December 1945 — ELECTRONICS
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12 RESEARCH & ENGINEERING

COMPANY iiiivors
+ « WATT HOUR METERS - - -

ELECTRONICS — December 1945

MICA

CAPACITORS

; In our - series Iif'advemsemems just

completed, we have attempted to
show “How Excellence is built into

Sangamo Mica Capacitors” through. . .

featuring one department or process
each month.

This review, depicting the various
steps in the manufacture of a mica
capacitor is a reminder of how im-
-portant the SANGAMO MICA CA-
PACITOR production set-up is to
you in the matter of quality control
from the first operation — MICA
SPLITTING—all the way through to

the final operation—FINAL TEST-

WRITE FOR

Catalog

As a user of
MICA CA-
PACITORS,
you will want
B to have the
story of SAN-

GAMO EXCEI.I.ENCE for reference.

Therefore, we have bound the entire
series of advertisements featuring
the departments shown here, into a
booklet. Simply write and ask for
your copy of the booklet "HOW
EXCELLENCE is built into SANGAMO
MICA CAPACITORS.”

TIME

WWW.americanradiohistorv.com
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BEST 5

DuMONT

TELETRONS

e

D

WHY DIRECT- VIEWING TELEVISION RECEPTION?

Becawse . - -

® Excellent plctorial resolution due to minimum spot
size.

@ Higher brilliance and better contrast range for vivid
pictures. j

e Wide-angle viewing, accommodating the largest
audience for given screen size.

-0 Lower accelerating voliage, which means less cosi-
1y receiver power supply.

® Simplicity of the focusing system, since it is en-
tirely electronic.

e Longer tube life and therefore lower operating cost.

e Previous objections to curvature of face have been
overcome by design of essentially flat-faced bulbs.

o DuMont offers the larger image tubes for adequate.

screen sizes and the greatest receiver value.

.

"REG. TRADE-MARK

PELLS;

It's all in the tube when dealing with direct-viewing tele-
vision reception. The image is viewed directly as
scanned. No mirrors or lenses; no dust or dirt to dim the
image; no realignments ever required. The complete de-

vice for image reproduction is permanently set and sealed
at the plant.

DuMont has led in the development and production of

large-image cathode-ray tubes tfor television (Teletrons) in
all sizes and types.

DuMont Teletrons make direct-viewing practical, logical,
and truly economical.

® Interested? Our engineers are ready to col-

laborate in fitting the right Teletron to your par-
ticular problem. Technical data on request.

Remember, DuMONT also makes other types
of cathode-ray tubes, oscillographs, television

receivers and television transmitting equip-
ment.

© ALLEN B. DUMONT LABORATORIES. INC.

L4 o

& wr
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What is a Constant Voltage Trans-
former?-—why is it necessary? —how
does it operate?—where can it be
used? —what new developments
have resulted from its world-wide,
war-time use? —

. . . these and many other impor-
tant questions are fully answered in
this new SorLa handbook.

The Constant Voltage Transfor-

satisfaction from

mer is an exclusive SoLA product—
the oNLY voltage regulating TRANS-
FORMER. In principle, design and
construction it is different and should
not be confused with ordinary types
of voltage regulating networks.

It employs no tubes and has no
moving parts. It is fully automatic
in operation, it is not dependent on
manual control or supervision and

for:

designers

manvufacturers
®
maintenance
engineers

salesmen

users of
electronic and
electrically
operated
equipment

Thirty minvtes of interesting reading that will
help you build a better product or get greater

equipment now in use

protects both itself and the equip-

ment it serves against voltage surges

or short circuit. It instantly cor-

rects voltage fluctuations as great as
30% to within == 1% of rated value.

Your product will serve more peo-

ple — better —with built-in Constant

Voltage. There are SoLA units spe-

cially designed for that purpose—

- fully described in this new handbook.

Write for your copy
You will find in this handbook a
final answer to the problem that con-
fronts every manufacturer or user of
electrically operated equipment.

Ask for Bulletin  DCV-102

Transformers for : Constant Voltage » Cold Cathode Lighting « Mercury Lamps « Serieslighting + Fluorescent Lighting » X-RayEquipment « Luminous Tube Signs
Oil Burner Ignition « Radio » Power - Controls « Signal Systems + etc. SOLA ELECTRIC COMPANY, 2525 Clybourn Avenve, Chicago 14, lilinols

ELECTRONICS — December 1945
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Why Western Eledric
equipment leads the way!

sound analyzér is used to measure sound characteristics
of the plane and locate major sound disturbances.

1. Western Electric prodmcts arc de-
signed by Bell Telephone Laboratories
— world’s largest organization devoted
exclusively to research and develop-
ment in all phases of electrical com-

e estern Electric

been the leading maker of communi-
cations apparatus. During the war this
company was the nation’s largest pro-

Today’s world is a world of sound. How different it would be

g‘;s‘i’l‘;g‘;‘:}t"c""“ic"“d°°m“‘““i°‘“i°“5 ‘ without the telephone, radio, public address systems, aids fo
the hard of hearing, talking pictures!

3. The outstanding quality of Western .

Electric equipment has been proved For many years, Bell Telephone Laboratories and Western Elec-

g‘?;]r};(;:nl-:?ndé :ﬁ‘- cs]‘;l‘:m'l:.#; other :;‘;' tric — working close.ly as rgsearch and manufacturing teammates

pany supplied so much equipment of —have led the way in building this world of sound.

so many different kinds for military i L.

communications, In the course of their sound-transmission work, these teammates

Western Electric has spe_ciclized

Dt

AM . BROADCASTING - FM

24 December 1945 — ELECTRONICS
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A powerful Western Electric public address system spreads
sound evenly throughout New York’s huge Madison Square
Garden which seats more than 18,000 people.

equipment leads the way!

have also developed scientifically accurate instruments for measur-
ing and analyzing sound and vibration. These instruments have
many important uses today — will have still more tomorrow.

Through their Jifetime of pioneering in this field, Bell Labs and
Western Electric have gained a unique knowledge of sound and
how to handle it. Count on them for the finest equipment for
measuring sound or spreading it around!

ELECTRONICS — Decembar 1945
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Every job we do is a special-built job, individualized
to exact specifications. Yet our superior machine in-
stallations and vast stocks of dies and jigs permit
us to fabricate your order economically and with pre-
cision—frequently saving you the cost of special dies.

Since 1925, our speciclty has been the fabrication
of cabinets, housings, chassis and en-
closures for electronic, electrical and
mechanical apparatus. Prior t¢ and dur-
ing the war, we continued and intensified

How IKARP cuts costs on
sheet metal fabrication

this specialty, and shall now continue it in peace.
Therefore, we are not reconverting to any other line
We are not a “war baby’’'—but our wartime experi-
ence has added to our facilities and abilities.

Tell us your sheet metcl fabrication needs. We can
serve you with satisfaction and speed. More often
than not, we can save you money, too.

ANY METAL ® ANY SIZE
ANY GAUGE e ANY FINISH

December 1945 — ELECTRONICS
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Thordarson has returned from the war and is ready now to serve
its many customers. Thordarson regrets there has been an inter-
ruption in service performance to regular customers and that
orders could not be filled during the war. Here’s the reason.

The superior quality of Thordarson transformers and other
electronic devices was recognized immediately by Uncle Sam at
the outbreak of the war and Thordarson production (100%) was required to fill
all-important government orders.

Now the same high quality that was so acceptable in the recent emergency
is available to you. Thordarson transformers —always the gauge of superior
quality and unexcelled performance—are now even better because of many
new additions and developments made during the war. Thordarson research-
engineering plus Thordarson quality team together in the production of better
equipment and devices for the electronics industry.

New distribution policies and sales promotion plans make Thordarson prod-
ucts and complete informative data on their application and use available
to all customers—everywhere!

ALWAYS THINK OF THORDARSON FOR TOP-NOTCH TRANSFORMERS!

ORIGINATORS OF TRU-FIDELITY AMPLIFIERS

ELECTRONICS — December 1945 27
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DUMONT RESINOID NO AIR VOIDS
SEAI.EI? e WILL NOT FILLED UNDER VACUUM
MELT AT 300° F
s, e CAPACITY 200 V.D.C. 400 V.D.C. 600 V.D.C. 1000 V.D.C.

p N MFD SIZES DXL SIZES DXL SIZES DXL SIZES DXL
P6-1 .001 B X1V Y X1 B X 1”7 Yo X 11"
P4-2 .002 % X 17 % X 1" %X 17 % X 1" '
P6-3 .003 Y% X 1”7 B X1” B X1 B X 1"
P6-4 .004 Yg X 17 Y X 17 ¥ X1 Yo X 11"
P6-5 .005 Y X 17 % X1” T X 17 % X V"
P6-6 .006 Yo X 17 Y% X 1” Wiy X 17" Y X 1Va”
P6-7 .008 3B X 17 ¥ X1 7/|6 X1 Y X 14"
P6-8 .01 % X 17 Yo X 17 Wiy X" Y X 1"
P6-9 .02 Y% X 17 Y X 17 7y X 17 % X 1"

© P6-10 .03 % X1” % X 1%” v X 1 % X 1%
P6-11 .05 e X 13%” V2 X 13" Va X" % X2”
P62 1 e X 1%” % X 1% % X 2” % X 2”
P4-13 .25 % X 1%” Y X 1% Y X 2% % X 2%
P6-14 D Y X 13%” g X 13%” Y X 21" 1 X 2%
Also made
in 1600 and
2000 volts
SIZES =+"52"

December 1945 — ELECTRONICS
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wde the 2578 Gammatron! . |
’ [ Uy
I "
The HK-257B beam pentode, originated by Heintz and Kaufman [
engineers, facilitates the design, construction, and operation of 4 — S !

multi-band transmitters sinee it requires very little driving power 1
and no neutralization. é"
The wiring diagram below shows a transmitter capable of .
operating on all amateur bands from 10 to 160 meters. A single [
O0V6 metal tube in the oscillator circuit drives the r.f, amplifier .
to its full output. The precise internal shielding of the HK-2571 E‘ ;

makes neutralization unnecessary. U
Write today for complete data on the 257B Gammatron, a

versatile tube capable of very high frequency operation.

HEINTZ Ano KAUFMAN v1p.

SOUTH SAN FRANCISCO + CALIFORNIA

- Export Agents: M. Simon and Son Co., Inc.
-4
\‘\ :'“* 25 Warren Street ¢« New York City

KEEP IT UP...BUY WAR BONDS

| MAX. PLATE
| DISSIPATION
75 WATTS

6V6

L .
| J : =
_ s
"’°T 0- 200 T.0R
| Qi

2 A
+400 VOLTS -150 VOLTS SCREEN VOLTS PLATE VOLTS
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From left to right: Front row: Thumbscrew adjustment, basic unit
Back Row: Multiplicity of brackets, guide cup

The Sickles’ ILC Condenser Family

Just like their Dad . . . only more so

In the front row is the “Poppa’’ of the ILC Sickles’ Condenser family.
This is the basic unit from which all other ILC’s are adapted.

This basic unit is available in six different ranges. It is possible
to add silvered mica for increased stability (at some sacrifice of range).

Note a few of the ILC offsprings in the picture above. See their
close resemblance to their “Dad.” Yet they all have special features.
The one in front at left has a thumbscrew adjustment, the one behind
it has brackets for as many ILC’s in a unit as desired, and the other
one has a screw guide cup.

Many different special features are found on other members of the
ILC Condenser Family. Write for more complete details.

THE F. W. SICKLES COMPANY e CHICOPEE, MASS.

SICKLES

/?WMWXW/MT
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it’s the X-Dimension that gives

a Glider and You a Lift

. o - . e oo -

:’Ever hear of the X-Dimension.of a  satisfactory. But Hunter in-"
Spring? Probably not. But, sure as vented the device for All
you're born it’s tbere; ineveryspring. American Aviation, Ine., and
Take, for instance,: the intriguing  assigned the patents to them.
what-is-it pietured below. 11’s a glid- That's the X-Dimension at work.
er release spring, an assémbly which It’s also at work in such pioneering
holds the pick-up rope: until the par- efforts in.spring manufacture as con-
ent plane hitches on—then jet’s go  trol gaging and statistical methods
at a precise jerk on ‘the towline. in quality control. It's your guaran-
1f Hunter had enly manufactured tee of good springs, your insurance
and delivered dependable glider re- against failures and customer com-
lease springs-on time and in needed plaints. It’s more than you bargained
quantities, 1s job would have been . for—in springs.

TEEE GO MgANY

ﬁlvama (e -

SPRINGS .wg%fgsummcs% NIRE FORMS
. MECHANICA‘L&ANQ@ELECT&YCAWJSSEMBLIES*
2!
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R(A-6024

1100 WATTS OUTPUT gy AT 160 MEGACYCLES!

¢ == o o were == =Send Coupon Now for Free Technical Bulletine — — —

RCA, COMMERCIAL ENGINEERING DEPARTMENT

Section 62-102E, Harrison, N. J.

Please send me free bulletin on the RCA-6C24 triode giving com-
plete technical data, drawings, curves, and application hints.

Amplification Factor
grid-to-plate
grid-to-filament

plate-to-filament

Max. diameter, inches

Plate Yolits
Plate Milliamperes

L

Here’s a tube that fills that important
need for medium power in the new FM
and television bands—a compact and efficient
tube for commercial, emergency, government,
and industrial service, in the frequency range
above that of the popular RCA-833A.

The 6C24 is a triode having low interelec-
trode capacitances and low lead inductance for
high-frequency applications. Forced-air cool-
ing of the sturdy copper radiators results in
a simple and convenient system.

The 6C24 is designed for either fixed or
portable operation. Takes full input up to 160
megacycles.

Industrial Applications
The 6C24 is rated at both 400 and 600 watts

The Fountainhead of Modern Tube Development Is RCA

www.americanradiohistorv.com

Filament Voltage (A.C.), volts
Filament Current, amperes

Driving Power (Approx.) Watts
Power Qutput (Approx.) Watts

TECHNICAL DATA
11.0
12.1
. . 1 30
Direct Interetectrode Capacitances, micromicrofarads

as |
T ¥

. . . E 5 s 4 - 3.2

QOverall length (less lead wires), inches 6"’

14"

Typical Operation at Maximum Plate Volts
Class B* Class B Plate-

Audio Telephone Modulated Class C

Amplifier i Class € Telegraph l
or Modulator Amplifier Lelephons

3000 3000 2500 3000 |

800# 200 400 500

30# 16 75 75

1600# 200 800 1100

*Two tubes #At max. signal

plate dissipation. This higher rating requires
increased air flow, but is of particular interest
to designers of electronic heating equipment in
which it is desired to hold tube and circuit
conditions to moderately low efficiencies for
conservative operation of the 6C24.

Application Assistance

If you have an application for the 6C24, or
for other RCA tubes, and would like the assis-
tance of our application engineers, please
write, stating your problem. For technical
bulletin on the 6C24, send the coupon for
complete technical data, curves, drawings, and
application hints. Address: Radio Corpora-
tion of America, Tube Division, Commercial
Engineering Department, Section 62-102E,
Harrison, New Jersey.

g

Now RCA Offers a
\ Complete Line of
\ Dry Batteries, Too

62-6536-103

RADIO CORPORATION

OF AMERICA

TUBE DIVISION . HARRISON, N. J.
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A STANDARD RELAY FOR DOZENS
OF SPECIAL APPLICATIONS

. . . requiring a compact light weight unit that
handles plenty of power and is highly resistant
to shock and vibration

The design flexibility of Struthers-Dunn 10 Frame
a-c and d-c relays coupled with their proven depends
ability under adverse operating conditions make them
ideal for many applications usually requiring more
costly special types. 10 Frame Relays are small and
light and patticularly built to withstand shock and
continuous vibration.

Features include: — One- to four-pole, single- and
double-throw contact arrangements; insulations suit-
able for power or radio-frequency circuits; high con-
tact pressures and plenty of “follow-up” for long
contact life.

Struthers-Dunn #10 Frame Relays are currently
used in many Radar, Radio, and Communications
circuits for shipboard, aircraft and general use,
including a wide variety of industrial installations
requiring extra quality and plus performance. Write
for Data Sheet 10-000 describing the 10-Frame Relay
Series and outlining a few of the many available
modifications.

t

23
E§

o

TYPE 10XBX—Two-
pole, double-throw
contacts, featuring
phenolic insulation,

Bl STRUTHERS-DUNN, Inc.
1321 Arch Street, Phila. 7, Pa.

metal base, and solder SN
terminals. 1 =
ol ol > DISTRICT ENGINEERING OFFICES
oditie rame
construction Type IN THESE CITIES TO SERVE YOU:
1 . .
p?if:"i‘lr‘:;:;'sris"i‘;_ ATLANTA « BALTIMORE ¢ BOSTON o BUF-
clude bonded mica FALO ¢ CHICAGO ¢ CINCINNATI ¢ CLEVE- g,
insulation ond binding LAND ¢ DALLAS ¢ DENVER ¢ DETROIT e
post type terminals. HARTFORD ¢ INDIANAPOLIS ¢ LOS ANGELES
© MINNEAPOLIS ® MONTREAL * NEW YORK "
e PITTSBURGH o ST. LOUIS » SAN FRAN- ?

CISCO ¢ SEATTLE ¢ SYRACUSE ¢ TORONTO '/ .

STRUTHERS-DUNN

5,312 RELAY TYPES

~
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THAN 300,000,000
OPERATIONS

AUTOMATIC ELECTRIC'S CLASS "B” RELAY

Want real proof of relay ruggedness? Many months ago, several Class
“B” relays, taken from regular production, were placed on “life test.”
Today, with no attention except for occasional lubrication, they are
still functioning satisfactorily—and every one has hung up the amazing
record of more than 300,000,000 operations! For ruggedness—for all

the other features you need, specify Automatic Electric’s Class “B” relays.

Independent twin contacts for dependoble contact design for important savings in-space ond weight.
closure. .. efficient magnetic circvit for sensitivity and Now available for coil voltages to 300 volts DC and
high contact pressure . . . unique armoture bearing 230 volts AC, with capacities up to 28 springs;
for long wear under severe conditions . .. compact also with magnetic shielding cover, when specified.

The Class “'B” relay, and many others, are shown in Catalog 4071. Write today for your copy.

AUTO MAII[ ELECTRIC
éf AUTOMATIC ELECTRIC SALES CORPORATION

9n Canada: AUTOMATIC ELECTRIC (CANADA) LIMITED, TORONTC

PARTS AND ASSEMBLIES FOR EVERY ELECTRICAL CONTROL NEED
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Since 1938 Raytheon has pionecred in the design, devel-
opment and production of small, low drain, long life
tubes. These have helped to make possible the modern

extremely eompact hearing aid.

Now for Radio Receivers—Now Raytheon anncunees a physically similar kit of
flat style, sub-miniature tubes for radio receiver applications. Included
is a shielded RF-pentode amplifier, a triode-heptode converter, a diode-
pentode detector-amplifier and an output pentode for earphone operation.

Much Smaller Radios Possible—These tubes make it possible to construet radios
a fraction the size of prewar ““personals,’” with sensitivity rivaling much
larger sets.
The ratio of performance to battery drain is maintained very high, thus
assuring the maximum possible operating life from the small size batteries
now available.
The line consists of tubes approximately 13" long x 0.3” x 0.4" in cross
section. Each type is available with pins for use with small commercially
available sockets as illustrated, or may be had with long flexible lcads for
wiring the tube direetly into the circuit.
No progressive radio manufacturer will overlook the tremendous possibil-
ities inherent in the small pocket receiver—built around the new Raytheon
sub-miniature tubes. But call on Raytheon for every tube necd—large or
small—for the finest in e¢ngineering, production and performance.

ELECTRICAL CHARACTERISTICS
2E31¢1 2621t 2E41t 2E351
2E32% 2G22# 2E424 2E36#
Shielded RF Triode- Diode- Ovutput

Pentode Heptode Pentode Pentode
Filoment Voltage 1.25v 1.25 vV 1.25v 1.25v
Filoment Current 50 ma 50 mo 30'ma 30 ma . .
Max. Grid-Plate Capacitance 0.018 upf 0.065 wuf?! 0.10 wuf 0.2 yuf \
Plate Voltage** 225V 225V 225V 225v &
Screen Voltage 225V 225V 225V 22.5v
Control Grid Yoltage® 0 0 0 0 ] { .
Osc. Plate Voltage — 225V — —
Plate Current 0.35 ma 0.2 ma 0.4 ma 0.27 ma
Screen Current 0.3 ma 0.3 ma 0.15 ma 0.07 ma
Osc. Plate Current - 1.0 ma i - MANUFACTURING COMPANY
Transconductance 500 umhos 60 pmhos (Ge) 400 pmhos 385 ymhos
Plate Resistance 0.35 meg 0.5 megff 0.25 meg 0.22 meg

*With 5§ megohm grid resistance connected to F— Flexible lead Types. g 7y e £t
**Higher vo?luge goperarion is possible os shown }Pluan Types. e %&0 %Ceﬂlﬂm{y %ée @llﬁ“lﬂn
on engineering charocteristics sheet cvaileble by ##Approximate conversion Rp. NEWTON. MASSACHUSETTS =+ LOS ANGELES
request. 1Signa! grid to mixer plate Capacitance NEW YORK . CHICAGO . ATLANTA

EXCELLENCE IN ELECTRONICS
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CINAUDAGRAPH

designed over 100 different

PERMANENT MAGNETS

FOR

RADAR

Many manufacturers shared in the development of Radar.
Skilled scientists in many a research laboratory contributed to
the perfection of this remarkably effective instrument for detect-
ing, locating, and defining objects at a distance through fog or
storm, in the night.

In every modern Radar Set a permanent magnet is an essential
element. We, at Cinaudagraph, feel that it was distinctly a
tribute to the skill of our engineers and workmen that we were
called upon to design and manufacture a large portion of the
permanent magnets for all the Radar Sets. Our engineers de-
signed over 100 different types of magnets, and tens of thousands
of these were manufactured in our plant.

In the rapidly developing field of electronics. the permanent mag-
net is bound to play an important part. Our engineering depari-
ment will be glad to help on magnet problems in connection
with any apparatus or instrument you are planning to produce.

Send for our pamphlet, “Permanent Magnet Design”

A -

2 SELLECK ST. CI“A“DAGRAP“ STAMFORD, CONN.

CORPORATION

12-CC-1
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www americanradiohictorvy com



ELECTRONICS — December 1945

www americanradiohistorv com

37



® Interested?
Write for detailed literature.

@ Outstanding production equipment in the hands of Aerovox
craftsmen, accounts for these veritable capacitor dreadnaughts,
In exacting services such as radio transmitters, heavy-duty
electronic equipment, and in the electric power field, these
units have won citation after citation for exceptional rugged-
ness.

Such ruggedness stems from the Aerovox winding facilities
second to none. Special winding machines insure that the
multi-layered sections are uniformly and accurately wound
under critically-controlled tension. Also, a system of impreg-
nation tanks, pumps and control equipment guarantees the
necessary drying after vacuum impregnation that is positively
unexcelled by any impregnation process anywhere.

Hermetically-sealed welded steel containers; heavy-duty
porcelain insulators; cork gaskets and pressure sealing; non-
ferrous metal hardware; silver-soldered joints; sturdy mount-
ing means—these are the externals of these capacitor dread-
naughts. Standard listings of Type 20 up to 50,000 v. D.C.W.
Capacitances from 0.1 to 10 mid.

AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S.A. ale SALES OFFICES Jn ALL PRInCIPAL CITIES

Export: 13 E. 40 S1., NEw York 16, N. Y. -

38

Cable: ‘ARLAB' - In Canada: AEROVOX CANADA LTD., HAMILTON, ONT.
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HALLICRAFTERS NEW $600,000 HOME NOW UNDER
CONSTRUCTION.

|

CLAIM STAKING

Hallicrafters and Very High Frequency

Based on the facts in the case, Hallicrafters can stake out a
very strong claim to leadership in the very high frequency
field. The facts include such things as the Model S-37, FM-.
AM receiver for very high frequency work. The Model S-37
operates from 130 to 210 Mc.—the highest frequency range
of any general coverage commercial type receiver.

Hallicrafters further supports its claim to domination in
the high frequency ficld with the Model S-36A, FM-A M-
CW receiver. The 36A operates from 27.8 to 143 Mc., covers
both old and new FM bands and is the only commercially
built receiver covering this range.

Further developments in this dirvection can soon be revealed =
adding further support to Hallicrafters claim to continued supremacy

in the bigh frequency field. :
=

|

[ I . i
ha'll' I a tEI 5 RAD Io THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO
f AND ELECTRONIC EQUIPMENT » CHICAGO 16, U. S. A.

L S
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i THE

LOWEST PRICED
TRANSFORMER

Bothbacked by

. FERRANTI

HIGH QUALITY
PROMPT SERVICE
RAPID DELIVERY

and
COMPLETE ENGINEERING SERVICE

Onder any Luantity - no mallern bow small on lange
FERRANTI ELECTRIC, icorpoRaTeo

NEW. YORK 20  RCA  NEW YORK
BUiLDfNG o

o ;'IRtNGV AND ASSEMBLIES ;
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PEACETIME APPLICATIONS #4510

These rugged Chatham rectifiers
offer proven dependability under
severe operating conditions. Xenon
gas fill results in heavy current ca-
pacity, low voltage drop, and high
peak inverse voltage razing. Another
feature is very wide ambient tem-
perature range. Chatham engineering
provides immunity to shock and vi-
bration. Both types are especially
applicable to mobile, airborne and
remote installations where extreme

temperature ranges are encountered.
Types 3B28 and 4B32 operate de-
pendably, and without auxiliary heat-
ers, within a temperature range of
—75°C to +90°C. All ratings are
conservative and ample overload ca-
pacity prevents failure under acci-
dental overload. Further details will
be furnished promptly on request.

o

" INQUIRIES

TYPE 3B28:

Filament Volts ........ 2.5AC
Peak inv. Volts 10.0KV
Peak Anode. Amps...... 1.0
Aver, Anode Amps....0.25

Yoltage Drop Approx.
10V
Height ............6.38 Inches

ELECTRONICS — December 1945

INVITED /L

TYPE 4B32:

Filament Volts ........5.0AC
Peak Inv. Volts 10KV
Peak Anode Amps.....5.0
Aver. . Anode Amps._...1.25

Yoltage Drop Approx:
10v
Height ............7.88 lhches




REPRESENTATIVES

R. W. Farris Ca.
406 West Thirty-fourth Street
Kansas City 2, Missouri
Phone: Logan 7495

Frank A. Emmet Co.
2837 West Pico Boulevard
Los Angeles 6, California

Phone: Rochester 9111

George A. Coleman
420 Market Street
San Fr,mcisco 11, Calif,

anéncu OFFICES

S, J.'Hutchinson, Jr.
401 North Broad Street
Philadelphia 8, Pennsylvania
Phone: Walnut 5389

IN ENGLAND

IN SOUTH AMERICA
Jose Luis Pontet

Cordoba 1472
Buenos Aires, Argentina
South America

Masculing 2624
Montevideo, Uruguay
South America

Chicago Telephone Supply Co.
St. John's Woods
103 Grove End Gordens
London, N. W. 8, England

CANADIAN
ASSEMBLY PLANT

C. C. Meredith & Co.

Streetsville, Ontario Avda. Conselheiro Rodrigues

Alves 1057
Villa Mariana
Sao Poulo, Brozil
South America

Woalter Th. Kammann Willson
Apartado 1891
Norte 6 No. 17
Coracos, Venezvela
Sauth America

-
ELKHART x INDIANA

1V2 times actual size

Featured is CTS Type G-C-45-47 con-
centric shaft tandem tone control,
volume control and off-on switch. This
resistor was specially designed for use
where panel space is limited and the
going is rough—as in auto radios, for
example. Both volume and tone con-
trols are combined in this resistor and
occupy only as much panel space as
a single resistor.

This featured G-C.45-47 resistor is
just one example of the ability of CTS
engineers to solve new problems . . .
to provide special adaptations for
new requirements.

Electronic engineers all over the world
depend on CTS for:

® A resistor enginecred for the
application.

® Uniform quality throughout the
shipment.

® Each resistor carefully tested to
assure top performance.

® Delivery when promised.

Call on CTS specialists for aid in solv-
ing your variable resistor prohlems.

VARIABLE RESISTORS AND ASSOCIATED SWITCHES

42 December 1945 — ELECTRONICS
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In FM too -
The Same TEMCO Team . .

'Will continue to SET DELIVERY RECORDS

.fx’/

Improved
F M Broadcasting Equipment
NOW Being Produced by
TEMCO'S

Microwave Radar Technicians
NEW MODEL 250 BCF
NOW IN PRODUCTION

Normal Rated Output 250 Watts
Maximum Rated Output 375 Watts

® New miniature high fre-

quency tubes permitting
high efficiency and perfect
shielding.

® Newly designed amplifier
circuit completely eliminat-
ing tank radiation, feed-
back and radio frequency
potentials from transmitting
frame.

® Built-in center frequency de-
viation meter calibrated di-
rectly in cycles. :

® Frequency range of 88-106
megacycles.

® Frequency stability == 1500
cps or better of assigned
center frequency.

® Audio frequency response
+ 1% db 30-16000 cps
(after deemphasis).

® Audio distortion 50-16000
cycles less than 2% RMS.

® Noise level FM db below

WM

T

Write for complete descriptive data, prices + 75 Ke swing.
and information for filing with * Noise level AM 70 db below
FCC for license application. 100 % modulation.

RADIO COMMUNICATION EQUIPMENT

 TRANSMITTER EQUIPMENT MFG. CO,, INC.
345 Hudson Street, New York 14, N. Y.

wWwWwW americanradiohistorv com
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WORlDS lARGEST MANUFA(TURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT AND DIS(S

4“4

Presto’s new 14A Recorder herewith makes
its bow to all major radio stations, recording
companies and motion picture studios. In pre-
senting this model for the first time, Presto
offers many new features that are fully de-
scribed on Page One of Presto’s postwar cala-

log. Send for Page One today.

PRESTO

RECORDING CORPORATION
242 West 55th Street, New York 19, N. Y,
¥ 3 W alter P Dowus Lid., in Cunada

December 1945 — ELECTRONICS
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when and where you want it...

...with NICHROME'

In addition to toasters, electric irons, radiant heaters,
stoves, etc., the uses for electrical heafing elements
have multiplied into. an almost endless list of new and

novel ugplications during the war.

From keeping cerial cameras v'v:'arm ir the stratosphete
to protecting delicate roots uvrdergrourd, N:ichronée
heating elements have been impressed into sarvice fo
delivei dependable heat . . . wherever cnd whenever
it is required.

In all of these applications th2 vital factar of depend-

ability leaves no room for compromisa with quality.

NICHROME
is made only by

For this reason and because Wichrome insures long
heater life and close conirol over wide temperaiure
range, it has heen specified for more new electrical
heating applicaticns than any other alloy resistance

wire.

Although there are several excellent Nickel-Chromium
combinations there is oaly one NICHROME and it is
made only by Driver-Harris. For impreved perfermance
and longer life in your naw products, specify Nichrome
and other resistcnce alloys by Driver-Harris. Tell us

what you need.
2 *Yrade Mork Reg. U. 5. Par. Off.

Driver- Havrris

COMPANY
HARRISON, N. J.

E{inANCHES: Chicogo,":ﬁeﬂroit, Clevaland, Los Angeles, Sam Francisco, Seattie

wwWw americanradiohistorv com



18KW
INDUCTION

HEATER

PROOF BY TRIAL . . . that’s
our motto. Before you invest in
electronic heating equipment you
should be shown how any process

requiring heat can be done better, e L e L AR
faster and more economically for HEATER = HEATER

you with a Scientific Electric unit.

Our engineers will gladly—cithout obligation—
make a study of the heating process under considera-
tion. They will then make recommendations sup-
ported by practical demonstrations on the S.E.
heater best suited for the job.

This procedure will enable you to figure accu-
rately the economies that will result; also permit you
to estimate the time required to pay for the equip-
ment out of resultant savings.

You can submit your heating problems to us with
the assurance that absolute secrecy will be observed,
if so desired. Investigate the advantages of applying
electronic heating in your manufacturing operations
NOW. Consult with us at your earliest opportunity.

Write for free copy of

The ABC of Electronic Heating 3 KW DIELECTRIC HEATER SmiWl INDUCTIONEHERTER
Induction Heating s
Dielectric Heating s]suu Units priced from .
Manufacturers of Units priced from . (for 5 KW complete
Vacuum Tube and Spark Gap Converters Sinea 1921 {3 K" complete) il I ik aeoil]

2 Y 44 4 Scientific Electric Electronic Heaters
are made in the following range of power;
3—5—7Y,—8-—10—12V%,—15—18—25—

40—60—80—100—250 KW.— and range
of frequency up to 300 Megacycles depend-
ing on power required.

DIVISION OF ‘'S”* CORRUGATED QUENCHED GAP COMPANY

119 MONROE ST. GARFIELD, N. J.
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_
e PRECISION WIRE WOUND RESISTOR/S

e WHEATSTONE BRIDGES

PHONOGRAPH TURNTABLE UNIT

The need at this time for large quantities
of phonograph turntable assemblies has
prompted us to quickly design and tool
up for the immediate production of this
item. Engineers will find this compact
turntable meeting all of their require-
ments for performance. We are prepared
to make immediate deliveries and sug-
gest that purchasing agents place their
orders at once.

PERFORMANCE: — Correct and wuni-
form speed is secured through the use
of a motor of ample capacity, preloaded
1o operate on the flattest portion of the
torque-speed characteristic,

ROTARY. SELECTOR SWITCH

Designed for use where low contact re-
sistance and mechanical sturdiness is
required. Its construction insures long
wear with low contact resistance of less
than .001 ohm. May be arranged to have
several sections to obtain multi-polar
switching.

Well suited for precision test instru-
ments; shunt ammeters, thermo-couple
types, Wheatstone Bridges, and similar
devices.

e RADIO & ELECTRONIC TEST EQUIPMENT
e RADAR ASSEMBLIES

Korect-Ohm Precision Wire Wound Resistors
General Specifications

KORECT-OHM Resistors are wound on a sectional Ceramic bobbin, the
direction of the winding being alternated on each section so that the resis-
tor is non-inductive. Resistors can also be inductively wound when required.

To insure stability Korect-Ohm Resistors are aged and treated 1o relieve
strains due to winding before the final adjustment is made.

Final resistance adjustment to an accuracy of better than .1%.

TEMPERATURE COEFFICIENT. Resistors are wound with selected alloy
wire having a resistance change vs. tempecrature of less than .08% be-
tween —55 degree C and plus 55 degree C.

IMPREGNATION. A radically new material, INSO-FLEX, used for impreg-
nating Korect-Ohm resistors has been developed by our engineering
laboratory. This new material has several outstanding advantages, being
extremely flexible it does not chip nor crack due to expansion or con-
traction under temperature variations. INSO-FLEX has high insulating
qualities and is highly resistant to alkalies and weak acids, is resistant to
moisture and mechanical shock. It forms an intimate bond between the
ceramic bobbin, winding and lead wires. Being flexible, the lead wires
may be bent and formed without disturbing the moisture-proof bond
between the lead wires and INSO-FLEX covering.

Korect-Ohm resistors can also be supplied impreg-
nated with our anti-fungi varnish or anti-fungi wax.

Type XM
Instrument resis-
tance shunt .1
ohms or lower.
25 watts,

Type C
Maximum resis-
tance 500,000

ohms.

Maximum resis-
tance 1,000,000
ohms.

Maximum resis-
tance 1,000,000

ohms.

We will make special resistors to any value or tolerance.
Our Regular Line of Resistors are ready for delivery.

41 CHESTNUT STREET, NEW HAVEN, CONN.

New York Sales Office
Turney & Beale
215-05 27th Ave.

Bayside, Long Island, N.Y,
Tel. BA 9-89S8

Boston Sales Office
11 Pemberton Square
Tel. Capitol 2425

ELECTRONICS — December 1945

Chicago Sales Office
Bavman & Bluzat
2753 West North Ave.
Tel. Humboldt 6809

Norman B. Neeley
7422 Melrose Ave.
Hollywood, Calif.
Tel. Whitney 1147

WWW.americanradiohistorv.com

Los Angeles Sales Office
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HERE 3 CAPACITORS

po TWICE THE WORKor 25

MANUFACTURER of induction heaters re-

placed 25 mica capacitors in his resonant (tank)
circuit with three General Electric HFP parallel-
plate, water-cooled capacitors. He saved nearly half
the cost and space, and more than doubled the kva.
Result: a more compact, more powerful, and more
efficient heater. :

Class HFP capacitors, with their two sets of heavy,
sheet-aluminum plates, are specifically designed for
use in resonant circuits of high-frequency oscillators,
such as those employed in electronic heaters. Out-
standing features of Class HFP capacitors are
compact construction, and ability to operate at
high voltages and to carry heavy continuous cur-
rents at frequencies from 50 kilocycles up into the
megacycles. The special dielectric is a new, stable,
synthetic liquid which combines the desirable
characteristics of low loss, high dielectric constant,
and high dielectric strength.

A coil of copper tubing, for water-cooling the

capacitor, is installed inside the case in direct con- ‘E -

tact with the grounded pair of capacitor plates.
Couplings are provided for connection to 34-in.
copper tubing. The cooling feature permits a com-
pact assembly and high current rating per unit
volume.

The cases are of nonmagnetic metal, hermetically

sealed, and flexible enough to take care of thermal . Maximum Approximate
. .. . . . Maximum Permissible Dimensions
expansion of the liquid dielectric. Capacitance Permissible Microfarad Rms Working in Inches
tolerance is from plus 5 per cent to minus 5 per cent R"‘;Jﬁ:;‘:"g Rating Current in Amp
of the rated capacitance at 25 C; Q factor is above €1 940 Kilosychs A 5
2000 for full load o tion at fi nci 0.025 170
; peration a reque-c1es from 5.0 = o i 167/32 21/2
kilocycles to one megacycle. Internal inductance is 0.034 230
low, which gives resonant frequencies from 3 to 9 3000 0.0165 168 167/32 21/2
megacycles, depending upon the capacitance rating. 6000 0.0075 153 18716} 47/16
Write for Bulletin GEA-4365. Apparatus Dept., “06 :'g:w :g: 187/16] 47/16
General Electric Company, Schenectady 5, N. Y. o'oon 88
9000 0.005 153 187/16 47/16
Keep on buying BONDS—and keep all you buy 0.0056 171

_\e', k.

(A P —
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LIGHT-WEIGHT TRANSFORMERS

/m f/?'éz:?m%

When size and weight are important
and weather resistance isn't, G-E core-
and-coil transformers solve a lot of
electronic-design problems.  Uniform
coils, automatically wound over the finest-grade core
laminations, are of the same high quality and give the
same relioble performance as G-E cased transformers.

Standard core and coil units include 60 types and
ratings of plate transformers, 106 filament transformers,
34 plate-and-filament transformers, and 61 reactors.
Ratings up to 50 kva (physical size) are wound on
standard laminated cores; larger units can be built from
special parts. Write for Bulletin GEA-4280.

gmn%/bmv IN 25;&?

Inside these G-Esmall panel instruments
are packed accuracy and reliability
usually associated with larger G-E instru-
ments. They have space-saving internal-
pivot construction. They respond quickly. Accurate read-
ings ore easily made. The instrument weighs a mere 3
ounces and is just 1¥2 inches wide and less than 1 inch
deep. Either watertight or conventional construction is
available for direct-current, audio-frequency and radio
frequency applications. Write for Bulletin GEA-4380.

BRACKETS

CAPACITOR

A distinct advance in bracket
design simplifies the mounting of
rectangular-cased G-E capaci-
tors. A U-bend replaces the conventional L-shape and
provides a spring-washer effect for secure capacitor
mounting. At the some time, it reduces strain on both
capacitor and chassis, and compensates for tolerances in
capacitor case heights.

For either base or inverted mounting, U-bend brackets
are available for most G-E rectangular-case a-¢ and d-¢
capacitors. Write for Bulletin GEA-4357.

ELECTRONICS — December 1945
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Timely Highlights

on G-E Components

\\@
L'MMM )

Capacitors @ Sensitive control and time-delay
rekays ¢ Limit switches ® Motors, dynamotors,
amplidynes ® Motor-generator sets ® Alnico
magnets ®* Small panel instruments ® Formex*
magnet wire*Radio transformers ®Switchettes
e Selsyns ® Chokes ® also tubes, crystals, plastics
products, insulation materials, and many others

&
-

Gereral Electric Compuny
Apparatus Dept., Sec. 642-1¢
Sthenedudy 5, N. Y.

Please send me the bulletins checked:

........ GEA-4365

........ GEA-4380 Wifeiiry. - it
NAME e GEA-4357
COMPANY

ADDRISS.

ciry .

wWwWw americanradiohistorv com
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TROUBLES SUBSIDE - OUTPUT HITS STRIDE

It was a slow and troublesome job to drive small slotted * Assembly of this part was speeded up 400% when a change
screws in fastening a pressed fabric panel on this electrical . was made to Phillips Recessed Head Screws. Fumbling
relay for the P-80 Jet Plane. Frequent driver skids gouged o was ended, and a spiral driver could be used, permitting
the special fungus-resistant varnish, forced disassembly faster driving. Driver skids were eliminated, along with
and junking of marred panels. . waste of parts and time for disassembly and reassembly.

NEW STRENGTH SUFPLIED .  SHow IT WITH PRIDE

—"

Design engineers favor Phillips Screws, because they not bt Wherever screw heads are exposed, the Phillips Recess
only speed output and reduce costs . . . they also permit . adds a sales advantage. No unsightly burrs to snag clothing
design improvements that add strength, often with the use or nick fingers — and sidetrack sales! Its ornamental design
of fewer screws. This advantage is especially evident in = blends with modern contours — and it needs only a quarter
compact, complicated assemblies. . turn to line up - looks well in any position.

£ ?WW the engineered recess!

In the Phillips Recess, mechanical principles are so correctly applied
that every angle, plane, and dimension contributes fully to screw-driving
efficiency.
... It’s the exact pitch of the angles that eliminates driver skids.
... It's the engineered design of the 16 planes that makes it easy to apply
full turning power — without reaming.
. .. It's the “just-right” depth of recess that enables Phillips Screw Heads
to take heaviest driving pressures.

With such precise engineering, is it any wonder that Phillips Screws
speed driving as much as 50% —cut costs correspondingly?

To give workers a chance to do their best, give them faster, easier-
driving Phillips Recessed Head Screws. Plan Phillips Screws into your
product now.

PHILLIPS = SCREWS

WOOD SCREWS ¢ MACHINE SCREWS o SELF-TAPPING SCREWS e STOVE BOLTS

® o o o o o o Madeinallsizes, types and headstyles © o o o o o o o

American Serew Co., Providence, R, I. The H., M. Harper Co.. Chicago, (Il *heoll Manufacturing Co., Chicago, 11,
Atlantic Screw Works, Hartford, Conn. International Screw Co., Detroit, Mich. Reading Serew Co., Norristown, Pa.
The Bristol Co., Waterbury, Conn, The Lamson & 3essions Co., Cleveland, Ohlo Russell Burdsall & Ward Bolt & Nut Co., Port Chester, N. Y.
Central Serew Co., Chicago, Il Manufacturers Screw Products, Chicago, 111, Scovil) Manufacturing Co., Waterville, Conn.
R Chandler Products Corp., Cleveland, Ohlo Milford Rivet and Machine Co., Mliferd, Conn. Shakeproof Inc., Chicago, 1I1.
continentai Screw Co., New Bedford, Mass. The Natlonal Screw & Mfg. Co,, Clevelana, Diiv  The Southlngten Hardware Mfg Co., Southington. Conn.
The Corbin Screw Corp., New Britain, Conn. New England Screw Cu., Keene, N. H. The Steel Compuny of Canada Lta, Hamiiten, Canada
Ceneral Screw Mty. Cu., Chicago. LIl Parker-Kalun Curp., New York. N. Y. Wolverine Bolt Ce., Detruit, Mich.
Pawtucket Screw Co., Pawtucket, R. I.
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- Dieflex Varnished Tubing Products are made of closely braided

sleevings completely impregnated and treated with special in-
sulating varnishes. A smooth inside bore to prevent snagging,
uniformity of size, complete roundness, maximum flexibility,
and excellent ageing qualities are found in all Dietlex products.

They do not fray or pinch when cut.

Cotton or Fiberglas Base Tubings and Sleevings—Dieflex Var-

nished Tubing Products are made both with cotton base or glass
base braided sleevings in all standard grades and sizes.

*CHICAGO 6
565 West Washington Blvd,

*CLEVELAND 14
1005 Leader Building

OTHER IMC
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Dieflex Varnished Tubing Products—both cotton and Fiberglas

base—are made to meet and surpass the V.T.A. and A.S.T.M.
standards. Grade A-1 Magneto quality, Grade B-1 Radio quality
varnished tubings, and Grades C:1 Extra Heavily Coated, C-2
Heavily Coated, and C.3 Lightly Coated Saturated Sleevings
are “tops in quality.”

Silicone Treated Fiberglas Tubings and Sleevings are also now
available. These are made by impregnating and treating Fiberglas

Sleevings with the latest Dow Corning high temperature resins.

MINNEAPOLIS 3: 1208 Harmon Place
PEORIA 3: 101 Heinz Court

)
Representatives in:
MILWAUKEE 2: 312 East Wisconsin Avenus
. DETROIT 2: 11341 Woodward Avenue

MANUFACTU RERS CORPO

PRODUCTS — vartex Varnished Cioth and Tapes —Varslol Combinati
lating Papers and Pressboards — Dow Corning Silicones — Pedigree Varnishes — Hard Vulcanized Fibre and Fishpaper—Laminated Bakelite—Adhesive

RATION

_Stot Insulation —Varnished Sitk and Paper = Fiberglas Electrical Ine

Tapes —Asbestos Woven Tapes and Sleevings — Cotfon Tapes, Webbings, Sleevings, Wood Wedges, and other insulating malerials.

www americanradiohistorv com




’]16 evolution of electronics will always remain a bright page in the history
books of science. And the record has been significantly brilliant during the
past four years when improvements and developments were advanced at a
faster rate than normal. With the ending of the war, there may be a few who
do not feel the urgency to progress at a similar pace . . . who will be willing
to relax the rigid wartime standards. Or there may be those who do not too
accurately gauge the temper of the consumer, now in a mood to anticipate
only the best from an industry which has accomplished such miracles in the
past few years,

Along with many other far-sighted producers, we here at Marion fully intend
to maintain our wartime quality pattern, and to cooperate in every known
way to provide even better products for a peaceful world. We endorse the
postwar standardization program of the Army and Navy Electronics Stand-
ards Agency, and will continue to manufacture all Marion electrical indicat-
ing instruments in conformity with JAN specifications. Our customers have
a right to expect nothing else,

It is important to note that continued adherence to the Electronics Standards
Agency program need not result in increased costs, either to the manufacturer
or the consumer . . . while it will definitely result in improved product per-
formance wherever such standardized components are used.

We, the manufacturers, engineers, consumers of electronics, are part of a
vital, daring, visionary industry. It is with this realization that we are faced
with the responsibility of deciding, at this time, whether we can relax, or
whether we shouldn’t give as much to a world at peace as we gave to a
world at war,

Your comments will be welcomed.

MARION ELECTRICAL INSTRUMENT (CO.

MANCHESTER, NEW HAMPSHIRE

EXPORT DIVISION 458 BROADWAY ¢« NEW YORK 13, N.Y U.S A,
CABLE ADDRESS: MORMANEX
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COMPACT CONTROLS
with Allied's “"E” and “F” Relays

The E relay illustrated is a single pole. double
throw arremgement. The standard silver contacts
are capable of carrying one ampere at 24 volts DC
or 115 volts AC non-inductive. Insulation is bake-
lite. Alloy cpntacts are available. Other contact
arrangements may be furnished. The E is 15/16"
high, 1 1/16” wide and 1 1/15” long. Weight 14
ounces.

The F relay shown is a single pole, single throw
normally open combination. The standard contdcts
carry three amperes at 24 volts DC or 115 volts AC
non-inductive. Bakelite ‘insulation is used. May be
supplied on -other contact combinations. Silyer is
standard contact material, alloy contacts can be
substituted. The F is 1.11/32” high. 1 3/16” wide
and 1 3/32” long. Weight is 173 ounces.

DESIGNED for electronic controls in
which space limitation is a criti-
cal factor, the E relay is small enough
to fit into an area of approximately
one cubic inch. Light too, it weighs
aboutone ounce.TheFrelay, although
available in two pole, double throw,
is only slightly larger and weighs less
than two ounces.

Used in your electronic assembly
these relays will save you space and
weight. Moreover you will be assured
of positive and quiet operation, for
into these relays go the same careful
design and manufacturing precision
found in Allied’s larger relays.

Whatever your relay applications,
check with Allied. In addition to sen-
sitive, telephone, power, differential
and other types of relays Allied man-
ufactures solenoids and electro-mag-
netic devices. A number of strategic-
ally located plants are available to
supply your immediate requirements.
Allied’s quality standard is in keep-
ing with your post war products . . .
write today for more information.

ALLIED CONTROL COMPANY, INC.

GENERAL OFFICES: 2 East End Ave. (of 79th St.) New York 21, N. Y. Factories: New York City (2 East End Ave.) —
Plantsvifle, Conn. Chicago— 432! N. Knox Avenue, Chicago 41, lilinois. In California: Allied Control Co. of Californio, Inc.
1633 South Hope St., Los Angeles 15, Calif.

ELECTRONICS — December 1945
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insulators end rotor sha’:s of steatite can now be
bondec in an inseparabls tnion with brass, stain-

less s:eel, silver, copper and other metals. These
shafts of steatite and metal are indicated wheraver ‘
high frequancy insula‘ing material is speciied.
Both electrically and mechanically they fullfi the
most 2xzcting requirements. . ; . Centralab is now

f;’({" “ 7 ‘equipped io supply metallized Stea-
=8rn 7l % - tite in practically any form.

NAAAN H_-\\‘I\;x\

D.vision of GLOBE-UNION INT., Milwauvkee

PRODUCERS OF: Jarinble Resistors ® Selector Switches
® Ceramic Casa:iters, Fixed and Variable ® Steatite
Insvlators and Batton-type Silver Mica Copaciters.

December 1945 — ELECTRONICS




SYNTHETICS FOR ELEC TRONICS
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CONNECTORS

‘With a proven background of honorable service on
Zar-flung battlefronts around the world, Amphenol
Components — greatly improved by wartime experi-
#ace and augmented in number, style end type—
are now available to normal markets. Simplifying
aoth buying and selling, this wicer selection of
a-gh quality, tested items can be pracured from one
manufacturer. To know these popular Amphenol
/products better—write today for the new Condensed
Catalog No. 72,
AMERICAN PHENOLIC CORPCRATION

CHICAGO 50, ILLINOIS
In Canada ® Amphencl Limited » Toronto

ALH.E. Cables and_Connectors s Conduit .« Cablz Assembliec « Comnectors (A-N, U.H.F., British) « Radio Parts e Plastiss for Industry

PHONZ CONNECTORS

ELECTRONICS — December 1945 123
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ITH the growing importance of elec-
tronic heating and television, design
engineers can find the solution to many of
their capacitor problems in Erie Ceramicons.
These silvered-ceramic condensers offer
advantages because of their low inductance
at high frequencies and extremely simple
construction that eliminates circulating cur-
rents tending to reduce power ratings. Design
is further simplified by the fact that where re-
quired, corona shields are incorporated di-
rectly into the ceramic dielectrics.

Erie Resistor has developed a number of
High Voltage and High KVA Ceramicons of
special design and several standard styles
are now in production. Included in the above
group is a specially designed 30,000 volt

“CERAMICON 1S THE REG-

pplications

’ .gi'.';;rmi jie

ERIE CERAMICONS*

gnd Television

feed-thru Ceramicon; a dual filament by-pass
unit having conductors to carry 325 amps.
The standard Erie Resistor High Voltage ce-
ramic condensers shown include two styles
of double cup Ceramicons; a new double cup
unit for television power supply filtering,
rated at 500 MMF and 10,000 volts D. C,;
two High Voltage feed-thru Ceramicons; and
a High KVA, High Voltage, multiple plate
condenser comparable in size to mica type
CM75 but particularly adapted to use at very
high frequencies.

Write for data sheets on standard Erie
Ceramicons for television and electronic
heating applications. You are invited to make
use of our extensive knowledge and back-
ground for the development of special
Ceramicons for these applications.

* BUY VICTORY BONDS % i

ISTERED TRADE NAME OF
SILVERED CERAMIC CON-
DENSERS MADE BY ERIE
RESISTOR CORPORATION.

’

/ ERIE RESISTOR CORP., ERIE, PA.

LONDON, ENGLAND

i
Electnonics Diutsdon

TORONTO, CANADA.
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TAILOR-MADE WAVES FOR RAPID TESTING

The -hp- Model 210A Square Wave Generator
is designed to amplify and clip the tops of
a sine wave, and thus convert it into a wave
which has vertical sides and a flat top. When
the square wave voltage is applied to the
amplifier or network under test, the shape of
the output wave immediately shows up any
distortion.

In production testing, one or two observa-
tions with an -hp- Square Wave Generator will
accurately check the frequency response. In
development work, the-hp- Model 210A shows
up phase shift and transient effects, both of
which are difficult to study by other methods.

In practice, a wave which appears to be
perfectly square will contain 30 or more har-
monics; and when the amplitude or phase re-

Fig. 1—Shows the square wave distortion caused
by poor high frequency response

lation of the harmonics is disturbed, the square
wave will be distorted. (See Fig. 1.) Thus the
application of a square wave to a circuit shows
up any irregularities in amplitude or phase

HEWLETT-PACKARD COMPANY/

transmission of that circuit, not only at the
square wave frequency, but also at frequencies
far removed from the test point. These char-
acteristics are particularly important in tele-
vision video amplifier work.

The output of the generator is square with-
in 1 percent over the frequency range from
20 cps to 10,000 cps; a relatively square wave
can be cbtained even at 100 kc. The frequency
response of the attenuator is sufficiently wide
so that the output wave shape is not affected
even at the highest frequencies. Once proper
criteria bave been established, the -5 p- Model
210A Square Wave Generator is the modern,

Fig. 2—Low frequency phase distortion serious
in television video civeuits

rapid means of production testing, with the
speed and accuracy which are characteristic
of all -hp- instruments,

Write for complete details on the Model
210A. Ask for -hp- Catalog No. 17B; which
includes much valuable information on de-
velopment and mecasurements.

BOX 1134.STATION A+-PALO ALTO. CALJFORNIA

Avdio Frequency Oscillators
Noise ond Distortion Analyzers
Square Waove Generators

ELECTRONICS — December 1945

Signal Generators
Wave Analyzers
Frequency Standords

Vacuum Tube Voltmeters
Frequency Meters

Attenuators Electronic Tachometers

WWWw.americanradiohistorv.com

RESISTANCE-TUNED AUDIO
OSCILLATORS
Require no zero setting . . . Several
models available to cover frequency
ranges from 2 ¢ps to 200 kc.

NOISE AND DISTORTION ANALYZER
MODEL 325B

Combines a vacuum-tube voltmeter
with a set of fundamental elimination
filters for general purpose measure-
ments of total harmonic distortion,
noise and voltage level.

VACUUM TUBE VOLTMETER
MODEL 400A

Makes accurate voltage measurements
from 10 cycles to 1 megacycle, covers
nine ranges, (.03 volts to 300 volts)
with full scale sensitivity.
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COMPACT DESIGN

FRONT OR REAR MOUNTING

SCREW OR SOLDER TERMINALS

@ R-B-M announces a new and improved design of mounting with A. C. and D. C. relay mounting dimen-
magnetic relays rated 10 amperes at 24 volts D. C. sions interchangeable. Available in open type or with
and 110 volts A.C. and 5 amperes at 220 A.C. Re- sheet steel general purpose enclosure. Bulletin 510
lays rated at one horse power single phase 110 and on D. C. relays and Bulletin 560 on A.C. relays avail-
220 volts A. C. Silver to silver contacts. Self-aligning able upon request. Write Department A-12. ..
armature. All wiring terminals accessible from front.
Contact arrangement—single and double pole; nor- R-B-M MANUFACTURING COMPANY
mally open, normally closed and double throw. Steel Divition of

Essex WIRE CORPORATION
LeGANSPORT, INDIANA

MANUAL AND MAGNEWZ ELECTRIC CONTROLS — FOR
AUTOMOTIVE, INDUSTRIAL, COMMUNIKATION AND ELECTRONMIC USE
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SPECIFY G-S SMALL GEARS

Gears are no better than the skill of the organization which produces them. No
branch of the component part field is so dependent upon craftsmen. Wise
buyers of gears know this fact and buy not a gear but the product of an organ-
ization which they know to be qualified to produce superior work. That’s the
reason why G-§ is the world’s largest exclusive manufacturer of small gears,
This experience is not merely a statistic but is tangibly expressed in the ability
of our organization to put the utmost quality in every job. G-§ Small Gears
offer economy, longer life, trouble-free operation, smooth performance, un-
failing dependability. Let us discuss yoxr Small Gear problems with you, now!

(5 WORLE'S LARGEST EXCLUSIVE MANUFACTURERS OF FRACTIONAL HORSEPOWER GEARS {5

59
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Callite tube parts /

make General Electronics’ power tubes extra rugged. .

The DR575A is a heavy-duty, half-wave,
mercury vapor rectifier manufactured by
General Electronics, Inc. for use in in-
duction heating apparatus. Here these
tubes have proved their capacity to stand
up under gruelling conditions for thou-
sands_of hours. Though rated at 15,000
volts inverse peak, they are tested at
25,000 volts—providing an overload fac-
tor in excess of 50%.

The rugged strength of the DRS75A is
built-in with Callite thoriated tungsten

e
Mbe componen’s W

filament, “Kulgrid” leads and molybde-
num rods. These Callite components per-
mit higher operating temperatures with
increased emission efficiencies.

Callite thoriated tungsten filaments con-
tain the right proportions of tungsten
and thoria to give the required electronic
emission, plus the strength to withstand
severe thermal shock and vibration.
Callite’s “Kulgrid” * is a stranded com-
posite wire, having an inner core of
copper bonded to a nickel sleeve, which

//
v/
'/
R
£

P s
S
£
&

does not oxidize nor become brittle at
high temperatures. Callite’s high purity
molybdenum rod is known for its excel-
lent working properties and complete
freedom from oxidation.

If you are striving for new highs in

‘tube performance, investigate our spe-

cialized abilities and complete facilities
for all kinds of metallurgical compon-
ents. Callite Tungsten Corporation, 544
Thirty-ninth St., Union City, New Jer-
sey. Branch Offices: Chicago, Cleveland.

Hard glass leads, welds, tungsten
and molybdenum wire, rod and sheet,
formed parts and other components for
electron tubes and incandescent lamps.

OVER 25 YEARS PIONEERS IN TUNGSTEN METALLURGY.

*RKulgrid is covered by U. S. and foreign patents.

&0 December 1945 — ELECTRONICS
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SELECTOR MECHANISMS
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DESIGN ABILITY

S

MANUFACTURING FACILITIES

Santay has the manufacturing facilities to produce Selector
Mechanisms for you.
Inaddition to the necessary machines needed to perform assembly

operations, Santay has (1) the engineers to design and the tool
makers to build the special jigs and fixtures, so often needed, and

(2) the production engineers and methods 1o assure accurate CLL‘I’OM:R

work and prompt delivery. gl 4
When you are considering a Selector Mechanism, of your A T oy
own design or a combination of your design and ours, ilic cortbraron ﬂ‘«;&

consult Santay.

INJECTION MOLDING AND METAL STAMPING . ELECTRO-MECHANICAL ASSEMBLIES

SA

REPRESENTATIVES: POTTER & DUGAN, INC., 29 WILKESON STREET, BUFFALO 2, NEW YDRK ® PAUL SEILER, 7779
CORTLAND AVENUE;, DETROIT 4, MICHIGAN o QUFISSER BROS., 110 £. NINTH STREET, 'NDIANAPOLIS 2, INDIANA

ELECTRONICS — December 1945 6l
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BYT THEY SAY CORNING SUPPLIES

2

HOW 4 SPECIAL CORNING SERVICES
CAN SAVE YOU LOTS OF GRIEF!

T'S quite a job getting a new electronic product into
production. Materials, methods and prices buzz
around your head like a bunch of bees. But you don’t
have to solve your problems all alone. For Corning has
four special engineering services to help you:

1. Sales Engineers—To keep you in touch with latest develop-
ments and explain your problems to Corning’s technical experts
for prompt solution.

2. Product Engineers—Technical men who translate Corning
Research in Glass into practical applications which may solve
your particular headaches.

3. Plant Engineers—These men are anxious to see you get the
best possible price on your order. They often point out changes
in design which reduce costs.

4. Technical Service Engineers — These men get you started
right. They help your people lick the production bugs.

Of course, Corning Electronic Glassware also means
thousands of glass formulae so you can get the right
one for your job. It means Corning’s unique metallizing
process forming a permanent bond between glass and
metal. Tubes, bushings, headers, etc., can be soldered
in place to form permanent hermetic seals. It means
an entire plant at Bradford, Pa., devoted exclusively
to the manufacture of electronic specialties quickly,
in large quantities. To get the fastest service in solving
your pet problem, write, wire or phone Electronic
Sales Department, E-12, Technical Products Division,
Corning Glass Works, Corning, New York.

Note— The metallized Tubes and Bushings, Headers and Coil Forms below are all made by the famous Corning Metallizing
Process. Can be soldered into place to form true and permanent hermetic seals. Impervious to dust, moisture and corrosion.

&
Metallized Tubes for

resistors, capacito_rs,
etc. 20 standard sizes

Metallized Bushings.
Tubes in 10 standard
sizes, %" x 24" to 1V

Headers—The best
way to get a large
number of leads in a

4 o

Eyelet Terminals Coil Forms—Grooved

Single or multiple for ordinary fre-
eyelets permit design quencies -metallized

VYCOR Brand eylin.
ders—very low Joss
characteristics,

147 x 2" to 114" x 10",
Mass-produced  for
immediate shipment.

x 475" Iin mass pro-
duction for immedi-
ate shipment.

small space for as-
semhbly in one oper
afron.

flexibility. Standard
items readily avail-
able in quantity.

for high frequencies.
in various designs
and mountings.

Stands thermal
shock up to 9G0°C.
Can be metallized.

———

T

[S0RNING re

— means—— |
Research in Glass

“PYREX®. “VYCOR™ .mv TCORNTST u#"fﬂguler&l trade-narks and indicate munu]:;t-ll;rv I)y z,u:rfug*(ﬁ:ss_ﬁ orks. Corning, N. Y.

= e

Electronic Glassw
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NP EBANCE MATRmING
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5 MOMOGRAPHS AVAILABLE

I, Loud Lreaker Freqaency-Response Measurements
2. Impedaace watching and Power Distribution.

3. Frequemcy Range in Music Reproduction. 25
4. The EfesFve Reproduction of Speech. C
5, Hern Tyode Lawd Speskers.
FREE ta the Armed Force:, Colleges, Technical Schools, Libraries.

Each

A== SEEINIAaYE A el ' T e L - @-_M! cad=g R S
JENSEN RADIO MANUFACTURING COMPANY ¢« 6607 SOUTH LARAMIE AVENUE, CHICAGO 38, ILLINOIS
IN CANADA—COPPER WIRE PRODUCTS, LTD., 137 RONCESVALLES AVENUE, TORONTO
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CORDS AND CORD
WITH THIS FAMOUS




This distinguished trade mark in the electrical wire and cable industry is
once again the hallmark of quality on Cords and Cord Sets.

General Cable research and advanced engineering, plus expanded facilities
and war-developed techniques have been adapted to the production of
cords and sets that represent entirely new standards of quality and value.

Whatever your requirements may be, General Cable is now ready to
serve you with a complete line of quality cords and cord sets.

GENERAL CAE%I_E

COBPOBATI

?
% '
General Cable Corporation Sabés Offices are located at Atlanta, Boston, Buffalo, Chicago,

Cincifinati, Clevelarid, Dallas,’ Ijet'rt’iit, Houston, Kansas City (Mo.), LoshAngeIes, ‘New York,-
Philadelphia, Pittsburgh, Rome (N.Y.), St. Lauis, San Francisco, Seattle, Washington (D. C.)

wwWw americanradiohistorv com



This ISC Flame Cutting Machine is Equipped
with Thirteen Clare “Custon - Builz” Relays
« o o iccurate, responsive, flexible!

Mg
I 2
_

W Clare “Custom-Built” Relays are used in the operation of this
‘lame Cutting Machine which is used for oxygen-acetylene burning
in shipyards and steel works.

These Clare Relays operate on electronic impulses to start, stop, reverse
SootseLarefucldslioluChel civersoringt by Soscil and jog the 3-phase A. C. motors which connect and disconnect auxiliary

prozess. May be of precious metals or alloys in 12 differ.

o $andard. o1 pecia ypes and sizes. circuits for various automatic and manual operations in the cutting process.

This Flame Cutting Machine is a product of the Struthers Wells Corpora-
tion of Titusville, Pa., under license of the Industrial Scientific Company
of New York City, designers of the machine,

Whether your design problem involves sequence control of machine tools,
e i st electric eye controls, counting equipment, alarm systems, radio, radar or
SIS other electronic coptrols, Clare can “custom-build” a relay to meet your
exact requirements.

-

Let Clare engineers know your specific relay problems. Let them show
High valtage spring pile-up-insultors of specia heal you the wide range of contact arrangements, spring assemblies and
treated Bakelite. Has minimam cold flow properties, low . €« ass] o]
mo:sture absorption content, and permits punching with- spec1al contacts that can be Custom-blult into a Clate Relay to meet

out cracks or checks.

your specifications.

Write for the Clare catalog and data book today. It will pay you to know
all about Clare “Custom-Built” Relays and what they can mean to you in
the reduction of relay costs. Address: C. P. Clare & Co., 4719 West
Sunnyside Avenue, Chicago 30, Illinois. Sales engineers in all principal
cities. Cable address: CLARELAY,

Dosble arm armature asserwbly of stainfess steel shaft,
operating in 2 marine brass yoke. Heelpieca core and
armature assembiy of magnetic metal

CLARE RELAYS

66 December 1945 — ELECTRONICS
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ELASTIC

This truck will serve longer with less servicing because
of the Elastic Stop Nuts on drive-shaft, cab supports,
pedal shafis, engine supports and other parts.

Making headline news wmong sales
executives the country over is the
[lastic Self-Locking Stop Nut, the

nut with the famous red collar.

For sales executives are quick to
recognize top-merit features that add
sales appeal and widen public accept-
ance. The nut with the red collar, the
hold-fast nut, adds value to trucks,
passenger cars, vacuum cleaners,
lawn mowers, radios and a hest of
other things because it assures longer,
trouble-{rce service.

In industry, in the home, in office,
factory and on the farm, red-collar
nuts are finding thousands of new
applications—holding fast wherever

STOP

ELECTRONICS — December 1945

NUT

vibration, shock, impact or other
loosening  influences  could  cause
trouble of any sort, from individual
annoyance to multiple fatalities. Thev
simply won’t come loose. Not until
vou take a wrench and deliberateh
remove them. Then thev turn off
readily, for the metal threads are
sealed-free of rust.

Tough and resilient, the red collar is
unthreaded and  gauged slightly
smaller than the bolt. Bolt threads
force their way in, do not cut, and a
[riction grip is set up. This overcomes
the effects of vibration and other
loosening forces—and because the
collar retains its gripping power, the
nuts may be used over and over again.

Union, New Jersey

WWWw.americanradiohistorv.com

CORPORATION OF

tr

THE ELASTIC %—{W STOP NUT USES ITS HEAD

An application engineer will be glad
to callon vou and discuss wavs Elastic
Sel-Locking Stop Nuts can help vou.

LOCKED ON
THE BOLT 8Y
THE ACTION OF
THE GRIPPING
RED COLLAR.

THE COLLAR

IS ELASTIC,
THE NUT CAN BF
USED TIME AND
TIME AGAIN.

"
MADE IN ALl SIZES AND TYPES — WITH
THREADS TO FiT. ANY STANDARD
TYPES OF BOLTS.

b WA

AMERICA
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Optics 1o order—by AMERICAN methods

Every component in this picture is as precise as a top-
flight craftsman could have made it by hand. But each
and every one of them was produced in large quanti-
ties. Furthermore, they were all made to order for ex-
acting customers to meet rigid specifications.

Modern machines, of our own improved design, oper-
ated and controlled by highly-skilled Americanworkers,
enable us to produce precision optics at a high produc-
tion level. The result is fine quality at a saving.

Our compact group of trained technicians is ready to
go to work for a few additional manufacturers. But, as

reconversion progresses, our plant becomes increasingly
busy. Those who need optics should readily see the
wisdom of making their requirements known to us at
an early date so that we can give them the prompt
service demanded by these times.

Anew booklet, “Precision Optics by American Methods,”
tells how our company has developed optical manu-
facturing techniques, why we continue to concentrate
all our efforts on the production of precision optics for
others, and how we can be of exceptional service to
those who need optical components. We shall be pleased
to send you a copy of this new booklet on request.

for precision OPTICS come to
AMERICAN LENS COMPANY, INC.

45 Llispenard Street, New York 13, N. Y.

LENGSES ¢ o e PRI $ MS o o o

R'EFLECTOR‘?
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YES. IT°’S HERE FOR YOU —

and it really is the UG-27/U angle con-
nector, made to the latest JAN specifica-
tions. DICO engineering and technical skill
have put it into mass production for you
and have made it available for delivery in
quantity now. Thus another supposed impossibility has become possible; and
this is only one example of what can be done through the unsurpassed facili-
ties that DICO offers you. Our representative will call for consultation, at

your convenience, without obligation.

PRODUCT ENGINEERING, DESIGNING, DEVELOPMENT;
GOLD AND SILVER PLATING; SOLDERING, WELDING,
CASTING, ASSEMRLING, FINISHING.

(8) TUBING

‘“’”i:f:‘ DIAMOND
% INSTRUMENT CO.

WAKEFIELD - MASSACHUSETTS
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Efficient—reliable—above all, QUIET—
that’s the Ballentine Phonograph Drive.

Basic refinements in design, precision

BALLENTINE

dynamic balance, the most advanced
manufacturing technique and equipment make
the Ballentine Phonograph Motor unequalled

for low background noise or rumble,

PHONOGRAPH DRIVE

Send for descriptive bulletin.

RUSSELL ELECTRIC COMPANY

364 WEST HURON ST., CHICAGO 10, ILL.
Hanufactunens of
BALLENTINE PHONOGRAPH DRIVE

December 1945 — ELECTRONICS




e o » @ transformer headed for 65,000 feet
“gltitude” . . . at 350 degrees temperature!

And to top it off, it had to be “lighter than anything on
the market,” *they said. What, we asked, was it for? They
couldn’t tell us, and we don’t know to this day, but we do
know it was badly needed.

*It has to operate not only on a 60-cycle current at ground
level, but from 400 to 2600-cycle current, and what’s more,
at a simulated altitude of 65,000 feet.”

Thermador buile this special transformer equipment. It
passed the above mentioned requirements. That wasn't
enough. They gave it another test, in which they changed
the temperature from ambient (the temperature of a fairly
warm room) to 350—in two hours. It passed that test, too.
This is all we know of one of the most mysterious jobs

ELECTRONICS — December 1945

,7We call it “LIGHT FANTASTIC"!

we ever did, in the not-mysterious method in which we
buile all of our tansformers.

*For reasons of military security names cannot be given.

THERMADOR

TRANSFORMERS

DEFEAT HEAT ¢ COLD ¢« HUMIDITY

THERMADOR ELECTRICAL MANUFACTURING €O.
$119 SOUTH RIVERSIDE o L0S ANGELES 22, CALIFORNIA

"
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The cast iron
pump was modern two or three

o~

generations ago. It was a big improvement over the
old oaken bucket. But 1oday we use a comparatively
small faucet that supplies water at a twist of the wrist.
It is another milestone on the road to greater efficiency
in miniature.

This same tendency is evident in the development of
the Electronic Tuhe. The Tung-Sol Miniature is the
result of the trend to smaller component parts. It is
used to great advantage in reducing the over-all size
of equipment. But more important, Tung-Sol Minia-
tures do a more efficient job than the old style tube;
especially in high {requency circuits. They have a low
capacity and high mutual ¢onductance. Shorter leads
give them low inductance. Smaller elements weigh

less, making Miniatures more rigid.
This helps to eliminate distortion

ACTUAL SIZE

from vibration.

When planning new electronic
devices or when improving old ones,
discuss circuits and tube selection with Tung-Sel
engineers. Their services are at your dispesal. Such
conferences are held in strictest confidence.

TUNG-SOL

velraleon - lesled
ELECTRONIC TUBES

TUNG-SOL LAMP WORKS INC., NEWARK 4, NEW JERSEY
Also Manufacturers of Miniature Incandescent Lamps, All-Glass Sealed Beam Headlight Lamps and Current Intermittors

' December 1945 — ELECTRONICS
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... that will not burn!

Sprague CEROC 200 is an inorganic, non-inflammable
ceramic wire coating supplied in a preferred thickness
of only % mil and holding vast opportunities for smaller
size and lighter weight with greatly increased power for
a wide variety of electrical equipment. By using it, mid-
get size windings can be made to do man-size jobs—with
safe, conservative operation up to 200°C. if necessary.
Space factor is higher than that of
any other type of wire insulation
and, despite its ceramic nature,
CEROC 200 can readily be wound
to meet most requirements.

MIDGET-SIZE WINDINGS
Write for copy of CEROC 200 Bulletin 505 DO MAN-SIZE JOBS!

SPRAGUE ELECTRIC CO., NORTH ADAMS, MASS.
>

4

-

sPaue [

, ]

{*Trademark Reg. U. 5. Patent Office)

Pionpersd arf Produced by the Maokers of SPRAGUE CAPACITORS and *KOOLOHM RESISTORS
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USE STANDARD PARTS—SAVE TIME AND MGNEY

f

For many years
Avutomatic has mdnufacfured

et i ettt il e

Coils and Trimmers for manufacturers.

Our mass-production methods |
will save you money and headaches.

Order your Coils and Trimmers from
people who “know how’.

L/n}/llmj

TR T T S TP o

SRR

\ MANUFACTURING | i
C O [ P O R A T 1 © N /’ ‘ 3
MASS PRODUCTION COILS & MICA TRIMMER CONDENSERS |
900 PASSAIC AVE. o —m ‘/EASTNEWARK,N.VJ. !
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GROUPED about the widely acclaimed Twe-million-Volt
Precision X-ray Tube are other Machlett tubes for meadical,
industrial and radio purposes. In each of these tubes are incor-

" poratad the inherent skills employed by Machlett in - E
the development of this unique tube. They are ycur
assurance of long life, ruggedness

and dependability in whatever field

they are used. Machlett Lubofa'ovies, H

Inc., Springdale, Connecticut.

APPLIES TC RADIO ANO IWDUSTRIAL USES
ns;;@vfns OF ELECTRON.TUBE EXPERIENCE
am—

3 -
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ENGINEERED CABLE ASSEMBLIES
at a fixed production cost to you

If your product requires WIRING cations. When your men install the
HARNESSES.. CABLE ASSEM. completed assemblies they will find
BLIES... BONDING JUMPERS... every lead and every terminal
CABLE or TERMINALS—vyou’'ll find properly positioned for the right
that a lower cost of manufacturing, connection. The economies gained
at a fixed production cost to you, is will be big factors in enabling you
one of many advantages Whitaker to lower your cost of manufacturing.
offers you, In addition to an engineered wir-
In turning the production of your ing service, Whitaker also offers a
wiring :equirements over to us you quality line of standard cable prod-
are assured quality merchandise ucts . . . Write for latest catalog, and
made to the most exacting specifi- complete information.

WHITAKER CABLE CORPORATION

General Offices: 1307 Burlington Avenue, Kansas City 16, Missouri
Factories: Kansas City, Mo.sSt. Joseph, Mo.e Philadelphia ¢ Oakland

76 December 1945 — ELECTRONICS
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Don’t let [NSU

> size o the largesi, can be effectively protected
ainst electro-chemical corrosion by use of Lumarith
ChA (cellulose acetate) insulation.

Lumarith CA is available in these forms:
films, foils and sheets
extruded rods and tubes
molding materials for injection and extrusion

not be overlooked, particularly for low temperature coils
exposed to severe humidity conditions. Cellulose acetate
is one of the few insulating materials that will not
ionize and atttack the copper magnet wire in the pres-
ence of moisture so that it plays an important role in
W the insulation of extremely small magnet wire coils.

=

However, cellulose acetate insulation can-

Lumarith CA has these additional advanitages:
high dielectric strength
resistance to salt water
resistance to mildew and fungus
resistance to transformer oils
high arc resistance

Use Lumarith films and foils for interlayer insulation,
inter-phase insulation, slot insulation, coil wraps and
covers, laminates, wire insulation. Special A78 mat fin-
ish (one side) can be supplied.

Use Lumarith sheets, rods, tubes and molding materials
for coil forms, separators, bus bar insulation, radio and
instrument housings, fluorescent lighting parts, formed
insulators, bezels, coil supports, nameplates, switch
gear windows,

Lumarith CA is a product of Celanese research. Write
for latest Celanese electrical booklet. Celanese Plastics
Corporation, a division of Celanese Corporation of
America, 180 Madison Avenue, New York 16, N. Y.

LUMARITH CA

A CELANESE*

ELECTRONICS — December 1945

PLASTI

*Reg. U. S. Pat. Off.
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wWiLCO

DEVELOPMENT

Wilcoloy

(SINTERED POWDER METAL CONTACTS)

WILCOLOY offers Longer Contact Life ... Greater
Resistance to Interrupting Loads, and many other
advantages for high current applications.

PROPERTIES AND CHARACTERISTICS—WILCOLOY
Silver Tungsten, Copper Tungsten, Silver Graphite, Silver
Molybdenum and other WILCOLOY contact materials
assure a degree of longevity, and thermal and electrical
propertics not ]mcalblc 1o materials previously used in
applications subject 1o severe ewrrent interruptions.

These Sintered Powder Mctal Contacts olfer a choice of
|n()per(ies including ductility, hardness, densitv, freedom
from sticking, low metal transfer, high conductivity and ave-
resistance. They perform umjmmlv and (l(‘p(*nddl ly in
heavy duty circait breakers, both air and oil relay s, aiverafi
units, motor brushes, commutator segments, fuse replace-
ment units and other specialized applications.

CONSULT OUR ENGINEERING DEPARTMENT—

Write our Engineering Department for help in developing
the proper application of WILCO materials to vour products,

SEND FOR WILCO BLUE BOOK—The Blue Book
contains deseriptions of most WILCOI OY Sintered Powder
Metal Contacts and other WILCO products. Send for
FREE copy today.

WILCO PRODUCTS INCLUDE:

CONTACTS— PRECIOUS METAL COLLECTOR
Silver RINGS—
Platinum For rotating controls

Tungsten SILVER CLAD STEEL—

Allovs
- JACKETED WIRE—
Sintered Powder Metal Silveu on Steel, Copper;

Invar or other combinations
requested.

ROLLED GOLD PLATE
SPECIAL MATERIALS

THERMOSTATIC BIMETAL—

All Temperature ranges,
deflection rates and electrical
resistivilies.

WilLD

SPECIALISTS FOR 30 YEARS IN THE MANUFACTURE OF THERMOMETALS
ELECTRICAL CONTACTS « PRECIOUS METAL BIMETALLIC PRODUCTS

THE H. A. WILSON COMPANY
105 Chestnut Street, Newark 5, N. J.
Branch Offices: Chicago » Detroit » Los Angeles

December 1945 — ELECTRONICS
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GENERAL QFFICE:

adje Condenser Ca.
Ddvis & Copewoed SL
Carciign, N. 1.

¢ Radia Condenser o,
!‘“; =
1018 Dufferin St
. Toconto % Ontario,
Canadz

N T Radio I;agdenser Ca 4
444D Amitage Ave, |

g\cmcaga 39, mlnms

mh deaser Co.
5 W, Street
Las Angeles 5, Cal.

! ®adin Condenser Co.
C 420 Lexington Ave.
oNew Yuk 17, M Y.

e ot it

“Ratis Candenser Lo,
Exnsrt Department
1% Mgore Street

© New York 4, M. Y.

-

L

s

. . . when Variable Capacitor
KNOW-HOW makes a difference!

We design and build ONLY variable capacitors
and mechanical tuning devices.

This factor, more than any other, has con-
tributed to the high degree of R/C specialized
knowledge in the field of variable capacitor design
and manufacture.

With a history of almost a quarter of a century
as suppliers to the set manufacturing industry,
Radio Condenser Company offers the most com-
plete engineering background in variable capacitors

and mechanical tuning devices.
RADIO CONDENSER COMPAHNY'._-_;'-..

CAMDEN, N. J. o T !
RADIO CONDENSER CO., Ltd., Toronto, Cafiada ™ N . 2

RADIO CONDENSER G’MPANY

SUPPLIERS TO SET MANUFACTURERS ONLY

ELECTRONICS — December 1945 79
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Collins 122
Remote Amplifier

A high quality four chan-
nel remote amplifier, a.c.-
d.c. powered. The d. c.
source consists of self-
contained batteries which
take the load automatically
in case of a.c. line failure.
Gain, approximately 95 db.
Frequency response, 30-
12,000 c.p.s.+= 1 db. Power
output, 50 milliwatts.
Weight, with batteries and
carrying case, 32 pounds.

The new Collins 300G-1 AM broadcast transmitter

is an Operutor’s idealc Its components are the finest

available, with very high safety factors, and all are completely and immediately
accessible. Replacements, if necessary, are just a quick, simple one-man job!

Circuit design, physical arrangement, and workmanship throughout, meet the
superior standards which station engineers have come to expect of Collins engineering.

The nominal power output of the 300G-1, 250 watts, can be reduced to 100 watts
by means of a switch on the control panel. The response is flat within = 1.0 db
from 30 to 10,000 cycles. Distortion is less than 3% up to 1009, modulation.

Tell us about your plans. We will be glad to study them with you and make rec-
ommendations covering requirements for your entire station, AM or FM, and of any
power. Collins Radio Company, Cedar Rapids, Iowa; 11 West 42nd Street, New
York 18, N. Y. In Canada, Collins equipment is sold
by Collins-Fisher Limited, Montreal.

December 1945 — ELECTRONICS
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Radacor Iron Cores used
in these Meissner |. F. trans-
formers permit higher Q"
with a resultant increase
in selectivity and gain.

ELECTRONICS — December 1945
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ZERO STAND-BY CURRENT Thoriated tungsten
filaments of the Hytron 2E25, HY69, and HY1269
permit simultaneous application of all potentials.
During stand-by, no precious filament current is
drawn from the battery. Especially with the
larger tube complements of FM transmitters, 1s
conservation of battery power mandatory-

MORE OUTPUT-—GREATER RANGE Only 49, of
the current required for cathode types, is necessary
to operate the instant-heating 2E25, HY69, and
HY1269. (See table below.) Even in a mobile
FM transmitter, 100 watts output is practicable.
Imagine the advantages of such increased output
in police, marine, or other mobile equipment.

SPARES PROBLEM SIMPLIFIED Using the 2E25,
HY69, and HY1269, you take full advantage of
the beam tetrode’s versatility. The 2E25, for
example, can power a whole transmitter——AF and
RF—AM or FM. If more output 1s required,
HY69's or HY1269’s in push-pull still confine the
spares complement to only two types.

ADVANTAGES OVER CATHODE TYPES Yes,
the 2E25, HY69, and HY1269 cost more than
cathode types. But they are worth it. Not only
are they easier on the battery, and permit larger
outputs, but they are designed, built, and tested
for transmitting. Some advantages are: centering
of filament potential at 6.0 volts, t.f. shielding to
eliminate the necessity for neutralization, low-
loss insulation throughout, plate connection to
top cap, and rugged construction.

BATT

RAIN
OF A CONVENTIONAL TRANSMITTER AND KAAR

FM-50X EQUIPPED W
1)
H HYTRON INSTANT - HEATING TUBES el el

H
YTRON [NSTANT-HEATIMG BEANM TETRODES

B Conventional 30 want [ZZ2 KAAR FM-5
-50X - 50 watt

AMPERE HOUR ¢ 5
s aractaristic Z
et . 2EZS HYs
KA L e 30 60 70 gflammt Po?ential tvolts; 3.0 y e
24 HOUR PERIOD T PERE HOURS P;laatmc;:lt o Fentpe 26 f? g
0.0 AMP. HRS.—YET READY TO TALK INSTANT o (max. VOItS) 45) 6()0 352&#1'6

S ‘ g:ate Cu:urert (max. ma.) 75 :
a.lte Dissipation (max. watts) l; IEO e
Grid-to-Plate Capacitance ’ S *

AVERAGE TOTAL

B e e i 5%5.8 AMPERE HOURS

24 HOUR PERIO A 2.2 /
D 2.2 AM L
- il IERTOURS (mmfd.) et
T . f i E;
chart, prepared by Kaar Engineering Co., is ba L Ma'leum Szated Height 025 ¢.25
7 sed on typical metro- (inches)

politan police use of 1
40 radiotele i
phone-equipped cars i
operating three

shifts in a cit f 1 { T 4-h
y © 600,000 f ded 4 ' ‘
e , POPU’G on. he 24-hour survey included 90 : ¢ 1
messages ongrnafed b)’ cars and 932 messages acknowled, e!] by r .
g cars.

Transmissions av Qe cp

eraged: 13 per ca e ar s
s = . v . et watts
Rl RO seconds in length, and 3 minutes 15 R o o] (watt8)2

=

3 5/8 51/% 514
1%/16 2146 2 I/16
v <2 6%

Less than one watt

OLDEST MANUFACTURER SPECIALIZING IN RAD!O RECFIVING TUBE
EC C
S

Al [o] ] H
CE: $S C S TT
M N FF M A A HU E S

SALEM,
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TYPE 201-A wan

Movunting Cabinet permits vniversal installa-
tion of 101 Series Amplifiers to any flat sur-
face. Well ventilated ond designed for
maximum cccessibility for servicing and con-
venience of installation. Standard aluminum
gray finish.

TfPE 7-A Modification

Grouvp permits- 101 Series Amplifiers to
mount on standard 19" telephone relay
racks. Occupies 124" rack space. Allows
servicing from front of rack. Standard
aluminum gray finish,

WITH RACK PANEL OR WALL

il MOUNTING ACCESSORIES

Input impedonce 600 ohms and bridging. Gain
600 ohm input 61 db., bridging input 46 db. Fre-
quency response 30 1o 16,000 ¢.p.s. either input—
600 ohm output =.5 db., 30 ohm output =1 db.
Power output—production run average: + 47/
V.U. with less than 3% RMS harmonic con’en’.s

THE TYPE 101 series Amplifiers are the results of
twenty years' experience in the sound engineering field.
They are identical with the exception of the output coil.

Type 101-A has output impedance adjustments to match
loads from 1 to 1000 ohms and possesses excellent low

frequency waveform at high output levels.

Type 101-B with a single nominal 6 ohm output is intended
for use with wide range loudspeakers representing an
8 to 16 ohm load. Its output coil with a single secondary
provides improved efficiency and even better waveform

at high levels of low frequencies.

Type 101-C answers the demand for a good amplifier at
lower cost. This lower cost is obtained by the use of a
less expensive output coil with the only change being
that the low frequency waveform is not as good as the
A or B types but is equal to or better than any contempo-
rary commercial amplifier. Output impedance is adjustable
to loads of 1 to 1000 ohms.

The Langevin Company

INCORPORATED

SOUND REINFORCEMENT AND REPRODUCTION ENGINEERING

NEW YORK
37 W. 65 5t, 23

WWW.americanradiohistorv.com
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Also Available
with Phillips
Recessed Heads

HERE ARE FOUR WAYS

S—t e

TIME AND MONEY

No time wasted putting a
lock washer on a screw. Sems

are delivered as a single
unit—ready for immediate
installation.

No dropped or lost lock
washers. The lock washer
on a Sems Fastener Unit
can't drop off—but is

free to rotate.

Easy to use in hard-to-reach
parts. Sems Units assure
fast assembly and there's
no chance to ''forget’’

the lock washer.

The right type and size lock
washer for each connection.
Important too, every Sems
Unit includes a Shakeproof
Lock Washer with Exclusive
Tapered-Twisted Teeth.

— SEMS vmits save—

_

84

Trodemork Reg. U. S. Pat. OF.

FASTENER UNITS

PRE-ASSEMBLED SHAKEPROOF
LOCK WASHER AND SCREW

Assemblers simply pick up a Sems Fastener Unit and drive
it! No need to put a lock washer on a screw because the Sems
Unit is a combination of both. Thus an entire operation is
eliminated . . . assembly speeds up, costs speed down.

Learn now—right on your own assembly line—the multitude
of advantages that this modern fastening method offers you.

Shakeproof Engineers will analyze your particular fastening
applications, recommend the correct type and size of Sems Unit
and show your workers how they can easily and quickly reduce
motions and gain vital assembly time. Ask for this special
service today . . . a Shakeproof field engineer is ready to give
you the benefit of his extensive fastening knowledge.

Get a Free Sems Fastener Unit Sample Test Kit
— Write for Kit No. 23

5 nggg OF .

Distributor of Shakeproof Products Manufactured by ILLINOIS TOOL WORKS
2501 North Keeler Avenue, Chicago 39, lllinois
Plants at Chicago and Elgin, 1. in Canada: Canada llinois Tools, Ltd., Toronto, Ont.

Detroit Office
5895 E. Grand Blvd., Detroit 2, Mich.

Los Angeies Office
5670 Wilshire Bivd., Los Angeles 36, Calif.
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Plant and Genera! Offices, CLIFTON, N. J

YCALEX 400

WITHSTAN DS HIGH TEMPERATURES

An outstanding characteristic of MYCALEX 400 is that it can withstand
femperatures abave 400° C. without softening or any permanent change

in dimensions or properties.

Thus MYCALEX 400 has proved of great value as a low loss insulator in
communications and other high frequency apparatus intended for use at
elevated operating temperatures.

MYCALEX 400 is inorganic, free of carbenization...impervious to oil
and water ... not subject to cold flow. It meets all Army and Navy
specifications as Grade L-4 material (JAN-1-10). It combines low loss fac-
tor with machinability to close tolerances. In sheets and rods. Fabricated

to specifications.

INCE T97p

THE _INSULATOR
TRADE BLARK REG. U. 8 PAT. OFT.

“Owners of “MYCALEX’ Patents”

ELECTRONICS — December 1945
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OTHER
MYCALEX
CORPORATION
PRODUCTS
®

MYCALEX K

A series of ceramic capaci-
tor dielectrics, with dielec-
tric constant selectable
from 8 to 19. Low power
factor, high dielectric
strength. Meets Army and
Navy requirements as
Class H material (JAN-l-
12). To specifications.

MOLDED MYCALEX

Low loss, high tempera-
ture injection molded in-
sulation. Molded in union
with metals in irregular
shapes. High production
rates result in economical
prices.

MYCALEX K and MOLDED

MYCALEX will also with-
stand 400° C.

MYCALEX CORPORATION OF AMERICA

Executive Offices, :30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y.
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(Left to right) The operator punches the problem

data on tape, which is fed into the computer. The
solution emerges in the teletype receiver. Relays
which figure out the problem look like your dial

In designing tl]e gl.m-contl‘ol Systelns
which shot down enemy planes, Army
ballistic experts were taced by long
hours of mathematical calculations.
So Bell Laboratories developed an
electrical relay computer. It solved
complicated problems more accurately
and swiftly than jo calculators work-
ing in shifts around the clock.
Resembling your dial telephone sys-
tem, which seeks out and calls a tele-
phone number, this brain-like machine
selects and energizes electric circuits to

EXPLORING AND INVENTING, DEVISING AND

correspond with the numbers fed in.
Then it juggles the circuits through
scores of combinations corresponding
to the successive stages of long calcula-
tions. It will even solve triangles and
consult mathematical tables. The
operator hands it a series of problems
with the tips of her fingers — next
morning the correct answers are neatly
typed. Ballistic experts used this calcu-
lator to compute the performance of
experimental gun directors and thus to
evaluate new designs.

telephone system.

In battle action, Electrical Gun Di-
rectors are, of course, instantancous.
Such a director helped to make the
port of Antwerp available to our ad-
vancing troops by directing the guns
which shot down more than 90% of
the thousands of buzz bombs.

Every day, vour Bell System tele-
phone calls are speeded by calculators
which use electric currents to do sums.
Even now, lessons learned from the
relay computer are being applied to
the extension of dialing over toll lines.

BELL TELEPHONE LABORATORIES

PERFECTING FOR CONTINUED

www americanradiohistorv. com

IMPROVEMENTS  AND

ECONOMIES IN TELEPHONE SERVICE



When a real capacitor problem arises, engineers
turn to Cornell-Dubilier firse.

For example: A recent large installation was
planned involving thousands of KVA. Capaci-
tors were required to operate continuously

under unusual conditions with a maximum rise
of 20° C.

C-D engineers went to work. They made a more
compact capacitor capable of meeting all speci-
fications and at the same time cut costs in half.
The new units have been giv-
ing satisfactory service ever

have been ordered by the same
customer.

It is this special ability to tackle cAPAc“lnns

tough assignments and to come
throagh with cost-cutting, “long-

ELECTRONICS — December 1945

since their installation and more cnn“Ell - n“B|l|E“

life” solutions that you obtain when you call
on Cornell-Dubilier.

We are constantly developing new, exclusive
designs like this giant mica tank capacitor —
watch for others! For cooperation on your
capacitor applications or special designs, write
Cornell-Dubilier Electric Corporation, South
Plainfield, N. J. Other plants at New Bedford,
Brookline, Worcester, Mass. and Providence,R. 1.

New and improved de-
sign of oil filled industrial
oscillator mica capoci-
tor. Types 97A and 978
con hondle o high KVA
'n One compact vnit
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WL-892R

TUNE IN: John Charles Thomas
—Sunday, 2:30 P.M., EST—NBC
Ted Malone— Mon. through Fri.,
11:45 AM., EST-ABC

wL-889

OSCILLATING

. WL-473

WESTINGHOUSE

ELECTRONIC TUBES FOR
ELECTRONIC HEATING

Westinghouse manufactures a
complete line of electronic tubes
that will meet your RF heating
requirements. For descriptive
data on any of the types shown,

call your local Westinghouse
district office or write:
Electronic Tube Sales Department,

Westinghouse Electric Corporation,
Bloomfield, New Jersey

wWL-678

WL-872A/872

VVestm house
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CONTROLLED ATOMS
or CONTROLLED LIVES

released over Hiroshima, the American people have

been subjected to a continuocus barrage of pro-
nouncements on the use and control of atomic energy.
Some of this comment has been strident, and much of
it conflicting. A considerable portion of it has been of
sincere and constructive excellence.

It has not been easy to separate the wise counsel from
the merely noisy, and it is small wonder that the minds
of many are troubled and confused.

However, the sheer mass of discussion poured into
press and microphone has awakened us all to the gravity
of the issue. In terms of any problem on which Ameri-
cans ever have been called to exercise a judgment—This
is It!

Even the dullest now recognizes that atomic weapons
hang over modern civilization like the Sword of Dam-
ocles, and understands in some measure how fragile
and taut is the hair of political balance that holds it
suspended.

From this point on, we need the coolest and most
carefully considered judgment that can be brought to
bear. Discussion highly charged with emotionalism will
but increase the tensions both at home and abroad, and
render wholly insoluble a delicately intricate problem.

What Is The Problem?

The major outlines of that problem now are coming
into focus in understandable terms:

1. The scientists have opened up a new and virtually
unlimited storehouse of energy, and the engineers have
discovered how to turn it into a military explosive in-
comparably more powerful than any we have known.
We know that this energy may also be used to produce
heat for useful power, and we suspect that the radio-
active substances produced by the process in hitherto
unimagined quantity may also have medical, industrial,
and other constructive applications.

2. Terrifying as have been the demonstrations of the
atomic bomb thus far, we know that they are as noth-
ing in comparison with its potential destructiveness. The
explosive force of individual bombs can be increased
tremendously, and means for their effective delivery to
predetermined targets in wholesale quantity already are
at hand. The experts tell us that no practicable means
of interception can be devised, and that reprisal in kind
probably will be the only answer to an enemy attack
with atomic weapons.

3. So far as we can see now, even successful retalia-
tion would be at best an answer of hollow effect. Any
two nations each having wholesale stock-piles of bombs
could accomplish the practical destruction of each other.

: ;INCE August 6th when the first atomic bomb was

Since a first treacherous blow might well constitute an
enormous advantage, a nation actuated by a ruthless
urge to conquest or revenge might have the best chance
of survival. But since the widest possible dispersal of
bombs and launching units would be dictated by the
strategy of atomic weapons, it is doubtful that one nation
could destroy another without itself suffering destruc-
tion. On both sides the major centers of population could
be wiped out, and the nation of least concentrated in-
dustrialization and commerce would suffer least. How-
ever, no one can be sure that the concentrated explosion
of as many as 20 thousand atomic bombs would not
poison the atmosphere of the world to an extent that
would be fatal to great masses of population, not only
within the country bombarded, but perhaps in the coun-
try which launched them.

4. The problem is further complicated because, so
far as we know now, any large-scale commercial use
of atomic energy as a power source is more or less in-
extricably linked to a potential military use. It is true
that, if atomic power becomes economically feasible
(which is by no means certain for a long time to come),
it would require only low-grade concentrates of fission-
able material, which would need further elaborate and
costly processing before reaching explosive potential
But the process of producing such low-grade concen-
trates constitutes perhaps two-thirds of the industrial
effort required to make effective bombs. It follows, then,
that if nations were to equip themselves to produce large
quantities of low-grade concentrates for power genera-
tion, the effort required to develop large-scale bomb
production would be materially reduced. Moreover, the
maintenance of an effective inspection to police agree-
ments not to produce bombs might be forbiddingly dif-
ficult if atomic power generation were allowed.

5. In addition to the major problem posed by the use
of atomic bombs in international war, any nation which
produces or possesses such bombs, or the fissionable
materials with which they are loaded, faces still an-
other in the danger of their falling under the control
of paranoid elements in its own population.

What Are We Going To Do About It?

We face the hard fact that we have produced a weapon
capable of destroying whole nations—perhaps even the
whole world. Although we were importantly aided in
its development by the nationals of other countries, we,
together with Great Britain and Canada, now must take
the initiative in deciding what shall be done with it.
We have only two choices. We can try to keep this
weapon as a monopoly of our own, or we can try to
place it under broad international control.
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Can We Keep It To Ourselves?

If we know one certain fact about the atomic bomb,
it is that it cannot long be held as a monopoly of those
nations which produced it.

If Nazi Germany had succeeded in developing the
weapon first, it probably would have attempted to achieve
world dominion, with utter destruction as an alternative.
Such a course is not within our range of choice. It violates
every principle for which we stand.

Much reckless nonsense has been uttered concerning
the inability of other nations to master the scientific,
engineering, and industrial problems involved. It is the
virtually unanimous opinion of those who worked on
the project that several nations today are fully equipped
in science, engineering, and industrial organization to
produce atomic bombs and to provide the means for
launching them. At least one of these nations, Russia,
has also access to an ample supply of the necessary raw
materials. The only debate is over whether it would take
three, or five, or ten years for her to marshal her re-
sources to produce bombs in multiple thousands. Once
such an atomic race were on, we have no reason to be-
lieve that Russia might not divert more resources to the
task than we ourselves should be willing to put into it.

Additional nonsense is talked as to how we might
attempt to cope with the problem of living in a world in
which mutually suspicious or hostile nations faced each
other, with stores of atomic weapons on both sides. We
hear talk of dispersing our cities and even of moving
underground. No one has seriously reckoned the dif-
ficulty or the cost of following such counsel of despair.
Still less has anyone appraised the neurotic effect upon
men’s minds of living by any such preposterous formula,
under continuously mounting tension day after day, and
year after year.

Certainly, if we could find no way to prevent the com-
petitive production of atomic weapons, we should be
driven at least to the selective dispersion of our bomb-
launching facilities, of certain key industrial establish-
ments, and of our centers of government and governing
personnel. We should be forced, also, to change our
traditional requirement that only Congress can commit
us to active war. We should be forced to organize our-
selves as a police or military state, with our scientists
regimented and muzzled, with all of us under constant
surveillance against the smuggling and planting of time-
bombs, and constantly alerted against attack through
the air.

Before we commit ourselves to any such intolerable
procedure, we should be mad not to explore all possible
means for making it unnecessary.

The Only Feasible Alternative Is Effective
International Control

This cardinal principle has been recognized in the
statement of November 15th, issued jointly by Presi-
dent Truman, and Prime Ministers Attlee and King. Their
statement frankly concedes that against atomic weapons
there can be no adequate military defense, that no nation
can command a monopoly of such weapaons, that responsi-
bility for eliminating atomic energy as an instrument of
war and for devising safeguards over its use for the

advancement of science and other peaceful and humani-
tarian ends rests upon the civilized nations of the world.

They propose that a commission be set up at once under
the United Nations Organization to make recommenda-
tions: (a) for extending between all nations the ex-
change of basic scientific information for peaceful ends,
(b) for control of atomic energy to the extent necessary
to ensure its use only for peaceful purposes, (¢) for the
elimination from national armaments of atomic weapons
and of all other major weapons adaptable to mass de-
struction, and (d) for effective safeguards by way of
inspection and other means to protect complying states
against the hazards of violations and evasions.

Already criticism is leveled at the wording of the
statement, at alleged omissions, at the wisdom of choos-
ing the United Nations Organization as the medium
through which to seek agreement in view of the weak-
nesses of the UNO Charter.

None of these issues should be crucially important.
What matters is that an invitation has been issued in
good faith for the nations of the world to meet and de-
cide upon means for assuring the elimination of weapons,
the existence of which no one can afford to tolerate,

The decision cannot be other than international; it
will require the best thought of the best brains the world
can muster. The smaller nations have an equal stake
with the large, and from them may well come the most
fruitful suggestions. But Russia now holds the key to
the success or failure of our proposal. If she accepts our
invitation, no other nation will refuse.

Alternatively, there will be an international arma-
ment race paced by atomic weapons. It will mean an
end of free science, a severe policing and regimentation
of international travel and trade, and innumerable re-
strictions upon those individual freedoms which we have
just fought so desperately to preserve. This is the dis-
mal prospect if we fail to arrive at a genuinely inter-
national accord on the control of atomic energy. But even
this interval would promise to last only for an uneasy
period, until someone started pressing the push-buttons
on the panel-boards of extinction.

The only permanent solution lies in finding means to
eliminate war itself. That we cannot hope to achieve
overnight, but we can, and do hope that the nations will
now agree to eliminate atomic weapons and their radio-
active by-products as instruments of war.

If they do that, we can move forward more surely to
the constructive development of the incalculably valu-
able resources that science has newly opened to our use.
And, we can hope also for a progressive improvement in
international understanding.

Unless the nations can reach agreement on this para-
mount issue of atomic energy, it is difficult to conceive of
any vital issue on which they might agree.

President, McGraw-Hill Publishing o., Inc.
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. THE COUNTERSIGN OF DEPENDABILITY IN ANY ELECTEONIC EQUIPMENT

s
e’

— TEE

NEW EIMAC EXTERNAL

Rugged mechanical construction
Outstanding electrical efficiency

In the new 3X2500A3, Eimac engincers
have developed a highly cfficient external
anode triode which, in Class C service, de-
livers up to 5 KW output at a plate volt-
age of only 3,500 volts. The mechanical
design is radically simple, incorporating a
“clean construction’ which gives short, low
inductance heavy current connections that
become an integral part of the external
circuits at the higher frequencies.

The external anode, conservatively rated at 2500
wartts dissipation, has enclosed fins so as to facili-
tate the required forced air cooling.

Non-emitting vertical bar grid does not cause an-
ode shadows ordinarily created by heavy supports
in the grid structure.

Thoriated tungsten filament. Note unusually large
filament area, and close spacing.

Filament alignment is maintained throughout life
of the tube by special Eimac tensioning method.

New glass-to-metal scals do not have the RF
resistance common to iron alloy seals, nor the
mechanical weaknesses of the feather-edged types.

Grid ring terminal mounts a cone grid support
which acts as a shicld between plate and filament.

A coaxial filament stem structure forms the base
of the tube. This makes possible proper connec-
tions to the filament lines.

Grid and filament terminal arrangements make it
possible to install or remove the 3X2500A3 with-
out the aid of tools.

The new mechanical and electrical features
of the Eimac 3X2500A3 external anode tri-
ode make it valuable for use on the VHF
as well as low frequencies. More complete
data and information yours for the asking.

FOLLOW THE LEADERS TO

TYPE 3X2500A3 — MEDIUM MU TRIODE
ELECTRICAL CHARACTERISTICS

¥. . .
st OF Filament: Thoriated Tungsten

e 0.5-°
Voltage i . @B KX B B .. 7.5volts
Es Currert . . . . . . . " 48 amperes
Tus Anplification Factor {Average) 20

Direct Interelectrode Capacitances (Average)

Grid Plate . . . . . . . . . 20uxfd
EITEL-McCULLOUGH, INC., 123 San Mateo Ave., San Bruno, Calif. ggi?i‘f;::n" : B % @ W - E T ]42 :Z:j

i o - ’ : —.— b W
Plants located at: San Bruno, Calif. %" 5%; ond Salt Lake City, Utah Transconductance (i5=330 me., E5=-3000 v.) 20,000 mhas

1123

Export Agents: Fraear and Hansen, 301 Clay $t., San Francisco 11, Calif.,, U.S. A,
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Pre-Testing of
MALLORY SWITCHES
Assures Precision Performance

ALLORY has pioneered in developing new designs for both rotary and

push-button switches, and in manufacturing them from improved

materials. To make sure of the clectrical performance and long life of these
switches, Mallory puts them through punishing tests.

The complete line of Mallory standurd, pre-tested precision swilclies and
other electronic components is available from your nearest Mallory Dis-
tributor. See him today, and ask for your free copy of the Mallory calalog—
coulaining specifications for swilches, jacks, plugs, capacitors, resistors.
rectifiers and other parts. Or write us today.

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

“ SALT SPRAY TEST: In a few short
n hours, swilches are sulbjected in
this salt spray chamber to condi-

tions that equal vears of marine service.

hour, this machine continues to

operate the swiicl until it is de-
stroyed. Results enalle Mallory 1o develop
switches with operating lile exceeding nor-
mal requirements.

2 SWITCH LIFE TEST: Hour after

LOW ATMOSPHERIC PRESSURE
3 TEST: The rarified air of the sub-

stratosphere is reproduced inside
this large bell jar. Data from this test has
aided Mallory in developing betier switch
consliruction for aircraft application.

FUNGUS CONTROL: In this labo-
@ ratorv, fungus cultures from the
tropics are used in testing the fun-
gicidal properties of new impregnating mate-
rials for the insulation in Mallnry Siwitches.

P.R.MALLORY & CO. Inc.

ALLOR
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CROSS

» HEAT . . . Electronic heating gets up into the high
power regions where a potential user of the equipment
naturally wants to know how much juice he must put
in and pay for. His curiosity concerning how much he
is going to get out is also natural.

In the case of motor-generator equipment, the horse-
power rating of the driving motor and the kw output
of a high-frequency generator are established by well-
recognized and standardized testing procedure. In the
case of the spark-gap or vacuum-tube oscillator, how-
ever, the kw output available for heating is not as
readily measurable by the usual electrical means.

This may account for some of the efficiency figures
we see quoted by manufacturers of spark-gap and tube
heating equipment; certainly the situation calls for
some quick standardization by the several bodies inter-
ested in such matters.

Speaking of tube-type machines, the plate efficiency
of an oscillator will seldom exceed 65 percent and when
one takes into account the tank losses, transformer
losses, filament losses and other wastages of power, the
overall ratio between output and input cannot be
greater than one-half and is quite likelv to be below.

Standard methods of measuring electronic heating
efficiency and of rating this important quantity are
urgently needed.

»BOMB . . . One of our imaginative broadcast sta-
tions phoned the atomic bomb people a day or so after
the New Mexico trial explosion to request the Army
to shoot off another bomb so that a sound-effects record
could be made.

And incidentally, there were only two violations of
security regarding the Kellex Corporation, one before
VJ day by a broadcast station and one after the war’s
end by a national magazine of news comment.

TALK

» MORE TALK . .. Most present criticism of broad-
cast programs is on two points, advertising blurbs, and
serials. Now this is just a hunch, but maybe this criti-
cism is really against the great amount of talk on the
air. Maybe people really want more music. Any casual
turning on of the radio at practically any station at
any time of the day will produce talk. If the listener
wants music he must know when to get it, and, of
course, even when he gels his music he must put up
with a greuat deal of talk.

CBS has made a study of the serial situation to find
out who listens to them, who likes them, and how
much. Taking a typical Wednesday in Dubuque, CBS
charted the situation from eight in the morning to six
in the evening. In this day there were 40 quarter-
hour periods and on this particular day listeners in
Dubuque could tune to an average of about eight or
nine stations at any particular moment. There were
actually 347 individual programs.during that time,
93 of them being music.

The listener who merely snapped on the radio had
only a 27 percent chance of finding music and casually
turning on the radio would result in a 73 percent
chance of getting into the midst of a talk program.
Considering that there was an average of 8 or 9 sta-
tions operating at any one time, the listener who
wanted music would have to do a lot of hunting. After
he had pushed several buttons or had dialed to several
stations and found talk, he would probably turn the
radio off and forget about it.

So far as serials are concerned, there were 51, and
if vou were serious you could listen to serials solid
from nine to five except for a 15-minute period after
lunch. During the rest of the time there were one,
two or even three going on at once,

P.S. CBS’s survey indicates that people like serials.
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Fire-Control

1

POWER
UNIT

TELEPHONE
BOX

TRAILER e |

RECTIFIER
ASSEMBLY -

.to furnish data

were considered possible., At that
time, no radar existed which could
adequately detect and track these
small, fast, maneuverable ecraft.
So the Coast Artillery Board on
the 20th of May set up character-
isties for a radar which could sup-
ply position data on PT boats to a
data computer for seacoast gun bat-
teries.

Meanwhile, the National Defense
Research Committee, with funds
supplied by the Office of Scientific
Research and Development; had be-

72

MODULATOR —
AMPLIDYNE
REMOTE-B
ASSEMBLY ——
FIG. 1—The 3-cm fire-control radar AN/MPG-1, showing the trailer, power unit
and antenna in operating position. The setup is adjacent to a gun battery.
usually near a harbor or along a coastline
HE ALLIES faced a serious milli-  gun to study the problem of supply-
tary situation in the spring ing fire-control data to major-cali-
of 1942, Afitacks on important ber guns at the Radiation Labora-
American harbors by PT boats tory at M.I.T. When, therefore, in

August 1942, the Signal Corps sub-
mitted the anti-motor-torpedo-boat
project to NDRC for development,
progress already had been made.
The Radiation Laboratory proto-

e : 3

electronics

WAR REPURTJ

\
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type set was assembled in mobile
form and de-bugged by the 15th
of November, 1943. After five
days operation at a station in Bos-
ton harbor, the set was transported
to a Coast Artillery test site at Fort
Story, Virginia,

A few months before completion
of the prototype model, the Marine
Corps became interested in the set
for use with their seacoast artillery.
This led to a revised unit, called
the AN/MPG-1, which is housed in
a trailer van made water-tight up
to the roof.

General Design

When in use, the AN/MPG-1 is
set up as shown in Fig. 1, overlook-
ing the harbor or coastline it is
meant to defend. Capable of being
placed in operating condition a few
hours after selection of a site, the
radar can begin its tactical func-
tions by the time the gun battery
is installed. Present-position data
on any designated target are trans-
mitted to the battery command post
where the information is fed
directly into a computer which sup-
plies firing data to guns, or is used
for a plotting-
board course of the target from
which its future position is pre-
dicted.

The technical characteristics of
the AN/MPG-1 are given in Table 1.

Because of the narrow beam-
width, dipole (window) jamming
of the set is not readily accom-
plished. The resolution is such
that at 20,000 yards two destroyers
separated by 300 yards of open
water are seen as separate targets
on the tracking scope. This high
resolution enables skilled operators
to track targets readily through
heavy concentrations of ships,
buoys, islands and floating wreck-
age, with minimum danger of
tracking the wrong target.

The high accuracy of major-
caliber seacoast weapons dictated
certain features of design. High
resolution and extreme accuracy
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First description of microwave radar operating on 3 e¢m with sufficient speed and accu-

racy to enable coast artillery to hit maneuvering PT hoats. Control of harbor traffic in
peacetime is suggested by the design. Further details will follow in subsequent articles

By H.A. STRAUS, L.J. RUEGER, C. A. WERT

Radiation Laboratory, Massachusetts Instilute of Technology, Cambridye, Muss

and $.J. REISMAN, M. TAYLOR, R.J.DAVIS, J.H.TAYLOR

Radio Division, Bendiz Aviation Corp.,

were required in both range and
azimuth. Resolution requirements
dictated small angular divergence
of the beam. The antenna system
in the horizontal direction had to
be large in terms of wavelengths.
However, angular position had to
be controlled very accurately.
Since the moment of inertia of
similar bodies increases as the fifth
power of the size, it was not prac-
tical to increase too much the size
of the antenna assembly carried
on the azimuth drive system. Very
severe problems were presented by
the requirements of the servo sys-
tem which controls antenna posi-
tion. Tracking had to be smooth
and accurate to within 0.01 deg at
tracking speeds of less than 0.01
deg to more than 1 deg per second.

It was decided to employ an
electrical method of antenna scan
rather than to try to oscillate a
large mass physically. The scan

F1G. 3—PPI view of Pearl! Harbor, 80,000-yard sweep
with 10,000-yard electronic range markers

Towson,

X SOUTH
(REFERENCE DIRECTION)

FIG. 2— Definition of range and azimuth

had to be frequency-insensitive to
assure accurate pointing of the
beam, regardless of variations in
characteristics of different trans-
mitter tubes. A stigmatic optical
svstem without spherical aberra-

www americanradiohistorv com
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tion had to be built having wide
field, high speed, compactness and
{reedom from coma. It was neces-
sary also to develop a modulator
capable of being very accurately
triggered and delivering a 0.25-
microsecond pulse to the magne-
tron, with acecurate control of the
pulse rise and decay time. To
achieve maximum range resolution
permitted by the pulse length, a
broadband i-f strip (approximately
10 mc bandwidth) and video cir-
cuits had to be developed for the
receiver.

Some of the men responsible for
the development and production of
the AN/MPG-1 are listed in a foot-
note *.

Design Details

Essentially, the direction, or azi-
muth, of a target is specified by
the direction of the beam when it
illuminates the target. Azimuth

FIG. 4—PPI view of Pearl Harbor, 30.000-yard sweep
with movable electronic range marker




FIG. 5—B-scope presentation of eleven
LCI's shown intercepted by the range
marker in Fig. 4 at 12,900 yards and

329 degress. Resolution makes it pos-
sible to distinguish ships separated by
less than 300 yards of open water

and range are defined in Fig. 2.

Pulse transit time is measured
by means of cathode-ray oscillo-
scopes. The oscilloscope range
sweep is synchronized with a pulsed
transmitter. At the moment an
r-f pulse leaves the antenna, a
linear defiecting voltage is applied
to the oscilloscope electron beam.
At the end of the desired time
interval, the detlecting voltage sud-
deniy falls to zero, allowing the
eleciron beam to fly back to its
original position where it remains
until the transmitter is pulsed
again, whereupon the cycle is re-
peated. Since the sweep trace is
generated at a constant, known
speed, any segment of this trace is
a linear measure of time. After
a4 pulse has been emitted und the
sweep has begun, an echo may be
received by the antenna. The echo
signal is demodulated, amplified
and applied to the indicator.

Surveillance

Surveillance data are viewed on
a T-inch conventional plan-position-

* I A, Getting., H. A, Straus. C. W. Miller,
W. P. Manger, I¥ II. Caston, R. W. IUman
E. A. Holmez, A. E. Whitford, W. Coon,
C. A, Werr, L. J. Rueger, E. \V}utham L. J.
Chu, C. V. 'Kobinson. H. Logemann, G. Hite,
C. W. Sherwin, J. R. Niles, L. D. Smullin
R. V. Pound, F. T. Worrell. and D. B.
Nichinson. all of the Radiation Laboratory,
M.LT.; M. Taylor. J. II. Taylor. P. De Ta
Cova, R. 7. Davis, A. R. Keskinen, J. B.
Sherr, J. T. McNaney, S. J. Reisman, and
A B, Ahel of the Dendix Radio Division ; Lt.
Col. J. Slattery, Capt. Vollum, Lt. D. M.
Kerns, Lt C. G. McMullen, W. B, Gould,
W. B. Allison, . A. Fle rchex, F, W. Fisher
and I’ J. Kitty of the \1"11(11 Corps; Col.
W. 8. Bowen, Lt. Col. A. Clement, Maj.
J. M. DuPare, and Sgt. L. A White of the
CAB; Lt. Col. M. B. Lampl, Army Ground
Forces; Lt. Col. J. L. Dickey, USMC. This
work was done under Contract Number
OEMsr-262 under the auspices of the Office
of Scientific Researech and Development,
which assumes no responsibility for the
accuracy of the stafements contained herein.
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indicator (PPI) on which two
alternative maximum ranges, 80,-
000 and 30,000 yards, may be
selected by the operator with the
results shown in Fig. 3 and 4.

The PPI presentation is a polar
map extending to the edge of the
oscilloscope screen and displaying
signals from all unshadowed re-
flecting objects at any horizontal
distance from the antenna up to the
maximum range of the set. The
center of the map corresponds to

the antenna location. Starting
from the center of the screen in
synchronism with the emitted

pulse, the range sweep proceeds to
the edge of the screen in the same
relative direction as that taken by
the pulse in free space. Rotation
of the sweep is effected by means
of a servo which causes the PPI
deflection voke to follow the move-
ment of the antenna. To facilitate
the taking of azimuth readings, a
rotatable scale with an engraved
line is provided over the scope face.
When the engraved line is placed
over a signal, the target azimuth is
indicated on the scale. Target
range is determined by the distance
of the target signal from the cen-
ter of the scope.

Eight fixed 10,000-yard elec-
tronic markers are provided on the
80,000-yard range. On the 30,000-
vard range, instead of fixed mark-
ers a single electronie, movable
range-marker is provided. This
makes closer range estimates pos-
sible, for if the movable marker

RANGE
MAHK$

1,000 ¥
000 vos 900D
= 1000 YDS
‘ 2 R sooo ¥Ds

SCOF’E
AZIMUYH
MARKS

— ¢|OOO YDS
- = IOOO YDS

— 0,000 YOS

20,000 YDS —

ANTENNA

FIG. 6—A nearly distortionless map of
the target area is obtained by means of
azimuth expansion. Modified type-B
presentation causes targets of like size
and aspect to appear approximately
the same on the oscilloscope screen re-
gardless of their distance from the
radar
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is cranked out to the target signal,
the approximate range will be indi-
cated on a dial. The movable
marker may be used in selecting a
target to be tracked on the tracking

scope. If the movable range
TABLE |
CHARACTERISTIC GENERAL

FREQUENCY 10,000 mc (3 c¢m)
POWER OUTPUT 35 kw peak, 35 watts
average
BEAM WIDTH
(V4-power points on trans- 0.6 degrees in hor.
mitting beam) plane, 3 degrees in
vert. plane
ANTENNA GAIN 12,000
TRANSMITTER magnetron
RECEIVER superheterodyne
Sensitivity 55 db below 1 mw
Local Oscillator klystron
Intermediate Frequency 30 me
Bandwidth 10 me (M-power
points)
Maximum Gain 1,000,000
POWER CONSUMPTION
(Complete equipment) 5 kva

SEARCH TRACKING

PULSE REPETITION 1024 cps 4097 cps
FREQ.

PULSE WIDTH 1 u sec 0.25 u sec

MINIMUM RANGE 200 yards 50 yards

MAXIMUM RANGE 80,000 or 28,000 yards
30,000 yards

RANGE ERROR 3% of max. Not over 20
tange yards

AZIMUTH ERROR 2 degrees 0.05 degrees

marker is brought into coincidence
with a target signal and the
antenna is positioned so that the
target is in the line of sight, the
target will appear near the center
of the tracking scope when this
scope is switched on.

Tracking

An area 2,000 yards in depth
by 10 deg in width is represented
on the 7-inch tracking scope, as
shown in Fig. 5. The center of
this area corresponds to the inter-
section of the antenna line of sight
with a circular are, the radius of
which is equal to the range repre-
sented by the PPI movable range
marker. Type-B presentation is
employed (rectangular coordinates)
with range as ordinate and azimuth
as abscissa. The range sweep
starts near the bottom of the
screen, the azimuth sweep at the
left of center. Range and azimuth
electronically - generated fiducial
marks intersect in the center of the
screen. The tracking operation
consists of displacing the target
signal until its front edge is cen-
tered at the crossed fiducial marks.
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As long s the operators maintain
the target signal in this position,
accurate present-position data may
be read from range and azimuth
dials and transmitted electrically
and by *eleﬁhone to a gun data
computer over a standard base-end
transmission system. Range and
azimuth-aided tracking machines
with slewing and tracking controls
are provided to permit smooth and
accurate tracking.

Normal or expanded Type-B
presentation may be selected by
the operators. In the normal dis-
plav, the range scale factor (in the
vertical direction) is constant at
400 vards per inch, and the hori-
zontal linear distance (on the tube
face) representing 10 deg in azi-
muth is held constant regardless of
range. With the expanded Type-B
presentation, however, the scale
factor in the horizontal direction
is held constant at 400 yards per
inch, resulting in an azimuth
presentation which expands in
direct proportion to range. As a
result of azimuth expansion, signals
from targets of the same size and
aspect appear to be approximately
the same size on the oscilloscope
screen regardless of the target dis-
tance from the antenna. With this
type of presentation, a nearly dis-
tortionless map of the target area
is obtained zs shown in Fig. 6.
Since the useful length of the tube
face is approximately 5 inches, only
2,000 yards can be shown in the
horizontal direction; and for ranges
in excess of 12,000 vards, the full
10 deg in zzimuth can not be pre-
sented.

In addition to the fiducial mark-

ers, electronically-generated azi-
muth markers representing azi-
muth + 1 deg and azimuth — 1

deg, and range markers represent-
ing range 1,000 vards and range
— 1,000 vards, are presented on
the tube face. A separate Type-B
oscilloscope without expanded dis-
play is located at a remote point
and is used in spotting fall of shot.

It is impossible to operate simul-
taneously the PPI and B-scope
from synchronizing and video
pulses originated by the AN/MPG-1.
However, facilities are provided for
simultaneously operating the
B-scope and the PPI if synchron-
izing and video pulses and servo
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FIG. 7—Block diagram of the complete AN/MPG-1 radar, showing the nine
major systems involved. Six of these are further broken down in the succeed-

ing figures

MODULATOR MODULATOR] kevING e
——————» DRIVER KEYER ST » TRANSMITTER —
TRIGGER PULSE | cIRCUIT CIRCU!IT ———— ¥
FROM TIMING WAVEGUIDE

SYSTEM COUPLING TO
[ RF SYSTEM

TRIGGER PULSE
TO A-SGOPE GIRCUIT
OF REGEIVING SYSTEM

FIG. 8 -The transmitting system, shown as a single block in Fig. 7
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data are fed to the set from a re-
motely-located, separate-surveil-
lance set. This makes it possible
for the operators to accomplish
general sector surveillance on the
PPI while tracking specific targets
on the B-scope.

Component Systems

For purposes of explanation, the
AN/MPG-1 is best divided into
nine systems, shown in block dia-
gram form in Fig. 7. Block dia-
grams of the main groups of cir-
cuits within each system follow.

The transmitting system shown

in Fig. 8, triggered by a pulse
from the timing system, generates
pulses of r-f energy which are radi-
ated into free space by the r-f
system. A rectangular voltage
pulse (of one microsecond width
when the PPI is used and i-micro-
second width when the B-scope is
used) is generated by the modu-
lator driver circuit and applied to
the modulator keyer circuit. A
keying pulse (amplitude approxi-
mately —11 kv) is applied to the
magnetron, which oscillates when
the keying pulse is on. High-
power, accurately timed, rectangu-
lar pulses of 3-centimeter energy

ALL TRANSMISSION BY
WAVEGUIDE

=

TRANSMITTER SoATING PULSE
——————"1 COUPLING = = L 5] ANTENNA f—
— AND —» [DUPLEXERR ¥ ASFSEECM%LY N A S SEMB LY
MATCHING ECHO
R-F PULSES ¥
FROM TRANSMITTING l 1,] !
YSTEM ]
° TO REGEIVING MECHANICAL LINKAGE
SYSTEM TO ANTENNA

POSITIONING SYSTEM

FIG. 9—The rf system

REPELLER
ECHO FROM R-F KLYSTRON VOLTAGE
SYSTEM AND AFC
— | CRYSTAL » CIRCUIT
! CIRCUIT 1-F PULSE
WAVEGUIDE
1-F EGHO
TRIGGER 1-F
EROM i-F J ECHO A-SGOPE
—i)
TIMING CIRCUIT CIRCUIT
SYSTEM TRIGGER
FROM
VIDEO TO TRANSMITTING
INDICATORS SYSTEM
FIG. 10—The AN/MPG-1 receiving system
DELAYED B~SCOPE TRIGGER TO
e wave TRIGGER 4097 CPS TRANSMITTING SYSTEM I
CRYSTAL
PHASE SHIFTED stc |
bR o | L || e | [
PHASE CIRCUI |
il CIRCUIT GIRCUIT CIRGUIT I
CIRCUIT
* i
| R | —— H
L]
\ 10,000-YD TRIGGER
MEGHANICAL + MARKS TO AND MARKS
LINKAGE TO PHASE - SHIFTED PPI SYSTEM TO IFF
TRACKING RANGE PIPS 16388KC PPl SWEEP
SYSTEM TO B-INDICATING SYSTEM TRIGGER
|

FIG. 11—The timing system
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are coupled to the r-f system by a
waveguide.

The r-f system radiates the r-f
pulses and feeds reflected energy to
the receiving system. When
properly adjusted, a coupling and
matching device shown in Fig. 9
matches the transmitter impedance
to the output. The duplexer,
located in the receiver, contains the
TR and anti-TR switch tubes which
permit use of the same antenna for
transmission and reception. Four
waveguide feed arms, through
which r-f energy is fed into the
antenna, are provided in the rotat-
ing feed assembly. When the PPI
is used, one of the feed arms re-
mains fixed at the center of the
antenna throat, and energy is radi-
ated in the direction of the antenna
axis. When the B-scope is used,
the feed assembly rotates at a speed
of 4 rps, resulting in 16 sweeps
per second of the feed arms across
the antenna throat. This action
causes the emitted beam to sweep
16 times per second across a 10 deg
sector centered on the antenna axis.
The direction of the antenna axis
is variable from zero degrees to
360 deg regardless of the type of
presentation used. The antenna
assembly forms the r-f energy into
a narrow beam which is projected
horizontally into space. Received
energy is concentrated by the
antenna assembly and fed to the
receiver through the rotating feed.

The receiving system shown in
Fig. 10 detects and amplifies the
echo signals. A klystron local
oscillator, a signal mixer and an
afe mixer comprise a circuit which
converts the received signal to an
i-f signal of 30 megacycles. If the
transmitter frequency drifts, the
afe circuit changes the klystron
repeller voltage, thus changing the
local oscillator frequency by the
amount needed to maintain a
80-megacycle i-f. The video output
circuit detects and amplifies the
i-f signal.

Pulse Timing

The timing system shown in Fig.
11 contains the synchronizing cir-
cuits for the entire radar set. Two
outputs are obtained from the
crystal oscillator and phase-shifter
circuit; a 163.88-kc reference sine-
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wave and a phase-shifted sinewave
of the same frequency. The phase
difference between these two sine-
waves is proportional to the range
tracking dial setting. Pulses re-
curring at a rate of 163.88-kc are
derived from the phase-shifted
sinewave and fed to the B — indi-
cating system, where they are
formed into 1,000-yard range mark-
ers. The time interval between
two successive 163.88-kc pulses is
equal to the time required by a
radar pulse to make a round trip
to a target 1,000 yards from the
antenna. The 2,000-yard B-scope
presentation, covering an area any-
where from zero range to 28,000
vards, is made possible by the
range-delay circuit which provides
delayed B-scope range-sweep trig-
gers. The delay is proportional to
the range-tracking output and is
the means whereby the 2,000-yard
B-scope area is moved in range.
By means of this circuit the posi-
tion of the movable marker on the
30,000-yard PPI also is made
dependent on the range tracking
output. Synchronizing triggers re-
quired for the radar set are derived
from the reference sinewave.

The PPI system shown in Fig.
12 is used for general sector sur-
veillance and selection of targets
to be tracked on the B-scope. A
synchronizing trigger is applied to
the sweep circuits either from the
timing system or a separate radar
set. Besides generating the sweep
voltage, the sweep circuit provides
a switching gate for a remote range
marker circuit which is operative
only when the radar receives PPI
data from a separate search set.
The remote range marker circuit
produces 10,000-yard markers for
the 80,000 and 30,000-yard dis-
plays. However, the local range
marker circuit provides 10,000-
vard markers for the long-range
PPI and a movable marker for the
short-range display. Synchronized
with the antenna through the servo
circuit, the PPI deflection yoke
always takes a position such that
the direction of the range sweep
indicates the direction of the
emitted pulse.

The B-indicating system shown
in Fig. 13 provides a rectangular
map of a 2,000-yard by 10 deg sec-
tor centered anywhere within the
tracking range of the set. The
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azimuth sweep, markers and blank-
ing gate circuits are mechanically
coupled to the rotating feed drive.
Received signals intensify the
range-sweep traces. During the
range-sweep fly-back interval, the
B-scope is entirely blanked out.
Expanded azimuth presentation is
obtained through mechanical link-
age to the range tracking unit.
By means of the antenna posi-
tioning system, the antenna is
made to slew or scan on PPI or
to slew or track on B-presentation.
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The tracking system provides aided
or manual tracking in range and
azimuth.

A special spotting mechanism is
provided in the remote-B system
that allows an operator to read
range and azimuth deviations of
the center of impact when he places
curcors over the shell-splash sig-
nals. By this means the center
of impact of succeeding rounds is
made to fall directly on the target,
and the military function of the
set is fulfilled.
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An electronie detonator. Wind-vane drives compact generator and arms projectile after

safe interval of flight. Careful design of miniature r-f oscillator, feedback amplifier and

thvratron

circuits locates burst point at optimum position

Fuze tubes, shown approximately actual size.

At the left is a triode, in the

middle a pentode, and on the right a thyrairon

§ GENERATOR-POWERED prox-
T imity fuze for airborne rockets,
developed at the National Bureau
of standards under the joint spon-
sorship of OSRD and Army Ordi-
nance, is another example of the
electronic detonating technique de-
scribed in ELECTRONICS for No-
vember 1945, With the advent of
the proximity fuze the sayving “a
miss is as good as a mile” is no
longer true, because it has now
been found that near misses can
frequently be ten times as effec-
tive as direct hits.

Fuze Characteristics

The fuze to be described contains
within it a complete radio trans-
mitter and receiver, amplifier, elec-
tronic detonator, wind-driven gen-
erator, and safety devices, ar-
ranged as shown in the block dia-
gram of Fig. 1. The rocket itself,
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together with an insulated ring
mounted on the nose, serves as the
transmitting and receiving an-
tenna. An equivalent antenna and
feed system are indicated.

When the rocket is fired its ac-
celeration releases a safety latch
which permits the power vane to
rotate in the air stream. The vane
turns the generator at about 40,-
000 rpm to supply filament, plate,
and bias voltages. It also drives a
gear train which connects the fir-
ing circuit after the fuze has
traveled a predetermined distance,

electronics

WAR REPORT
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termed safe air travel. The fuze
can be set for any desired value of
safe air travel greater than a cer-
tain minimum. This arming method
insures that the fuze is always well
away from the launching aircraft
before it becomes active.

Within a fraction of a second
after the rocket has been fired, the
fuze cireuit warms up and all
transients die out. By the time the
safe distance has been traversed
arming is completed, and the fuze
is ready for operation.

Fuze Radiation Reaction

Assume that the fuze transmitter
is in operation and that the rocket
has come close enough to its target
to receive appreciable reflected sig-
nal. The rocket sends out a continu-
ous wave, part of which is reflected
back to establish a small voltage in
the antenna. This voltage is pro-
portional to the antenna current
but not necessarily in phase with it.
The presence of the reflecting tar-
get thus has the effect of changing
the antenna impedance by an
amount Z such that Z = e¢/I where
I is the antenna current and e is
the instantaneous voltage due to
the reflected radiation.

As the distance fo the target de-
creases, two things happen: The
size of e increases as the reflection
becomes stronger and the phase
between e and I changes by 180 de-
grees each time the target distance
is reduced by a quarter wavelength,

The simple vector picture of Fig.
2 shows what goes on as the fuze
approaches the target. Here Z, rep-
resents the antenna input imped-
ance (usually resistive as the an-
tenna is tuned to resonance), when
there are no reflectors near by. The
impedance due to the reflector is
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Proximity Fuze

By
R. D. HUNTOON
and B. J. MILLER

Ordnunce Development Division
National Bureaw of Standards
Waghington, D. C.

represented by Z. As the fuze ap-
proaches the target the end of the
Z vector traces a spiral shown by
the dotted curve. The total antenna
impedance thus varies periodic-
ally from minimum (point A) to
maximum (peint B) going through
one cycle each time the path short-
ens by 3/2. If the velocity of the
fuze toward the target along the
line joining them is », then

S o= &
where f is the rotational frequency

of Z. This frequency has been
called the Doppler frequency be-

Rocket armed with generator-powered electronic fuze

cause the same result is obtained if
the difference between transmitted
frequency and received frequency
is jcalculated, taking into account
the relative motion of fuze to tar-
get.

For small reflections the value of
I (antenna current) is little af-

fected by e (voltage due to reflec-
tion) and we can say that the size
of Z is determined by e alone. The
reflected voltage is determined by
four factors: The reflecting power
of the target, the distance to the
target, the amount of radiation di-
rected toward the target, and the

FEED EQUIVALENT ANTENNA DIAGRAM
POWER o= mm e — e ANTENNA - —————— -
VENE i FUSE |
1 i
: | !
| A A Y
| Y
I I ROCKET =
A By SE-ere
P
L TRANSMITTER [ AMPLIFIER = THYRATRON oo
RECEIVER L] L EIRING CIRCUIT -(’)A'D- DETONATOR BOOSTER
ELECTRIC
SAFETY OUT OF LINE POWDER TRAIN,
r MEGHANICAL SAFETY
' WIND DRIVEN GENERATOR-RECTIFIER
FILTER- POWER SUPPLY

FIG. 1—Block diagram, showing at the top that the rockei constitutes a near-end-fed antenna. The electronic
fuze {its into the nose of the rocket, and operates as shown to ignite a booster which fires the explosive charge
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Separate parts of the wind-driven generator power supply for electronic fuse

receiving properties of the antenna
for waves reflected back from the
target. The first factor has been
experimentally determined and
found to be adequate. The second
depends upon field strengths from
antenna and target which decrease
with increasing distance. The re-
maining two need further explana-
tion.

Antenna Impedance Variation

The amount of radiation reach-
ing the target is determined by the
radiation pattern of the rocket an-
tenna and the power radiated. Be-
cause an antenna has the same di-
rectional properties when used for
receiving or transmitting, the ra-

diation pattern is the sume in each
case. The square of the radiation
pattern and the total radiated
power thus determine the gize of Z.
In faet, it can be shown that the
total radiated power is so related
to Z, that Z is proportional to R,
the resistance component of Z, no
matter what the radiated power
may be. Finally, then, the size of Z
is determined by R, and the radiat-
ing properties of the antenna, other
things being equal. .

The square of the radiation pat-
tern is called the directivity pat-
tern, the figure-eight loop around
the rocket in Fig. 3 being the en-
velope of a typical pattern. The
actual directivity envelope in space

is a figure of revolution about the
axis of the rocket, roughly a dough-
nut-shaped figure. This envelope
shows how well the fuze sees
targets in various directions, With
the figure-eight envelope the fuze
sees mainly to the sides and not at
all straight ahead, thus good shots
are not detonated before they reach
the target.

Figure 3 represents the situation
when a rocket passes an airplane.
The dotted curve plotted along the
rocket trajectory and marked
M-wave represents the idealized re-
sistance component of Z at succes-
sive points.

Now v = V, singd, and f =
(2vsing) /1. if V, is the speed of
the rocket in a coordinate system
attached to the target. As the fuze
approaches the target the size of Z
grows rapidly because the distance
shortens and the directivity im-
proves. The rotation of Z slows
down from the value f = 2v/3 at
large distances to the value f = 0
at the instant ¥ = 0.

This analysis indicates that the
characteristics of the reflected im-
pedance are rapidly growing ampli-
tude and rapidly falling frequency
as the fuze approaches, and the re-
verse as it passes beyond the target.

Utilization of Varying Antenna
Impedance

Advantage is taken of the com-
bined increase in amplitude and
decrease of frequency to cause the
burst to occur in the ideal position.
By incorporating proper shaping in
the amplifier, the overall effective
directivity pattern is made much
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FIG. 2—Vector representation, showing the frequency and

amplitude changes of antenna impedance
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FIG. 3—As the rocket approaches its target the radiation

resistance varies
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sharper than that due to radiation
alone. Figure 4 indicates the effect.
By combining amplifier character-
istics and radiation characteristics
it is possible to draw an effective
directivity pattern which is a locus
of burst points.

To obtain proper operation, it has
been found by experience that the
fuze must burst when Z is a very
small fraction of R,. The fact that
the fuze operates on a percentage
change in antenna impedance im-
plies that fuzes will function at a
certain distance from a reflector
without regard to the power radi-
ated. Although fuzes have been
made which work over a range of
power levels as large as 5000 to 1,
high power is desirable because it
produces strong signals, strong re-
flection, and reliable operation.

Sensitivity of Transmitter-Receiver

When the effect of the reflecting
target is expressed as a change of
antenna impedance as outlined
above, it is easy to see how a single
tube can transmit continuous
waves, receive the reflected signal,
and select the low-frequency com-
ponent.

The oscillator shown in the func-
tional block diagram of Fig. 5 sees
a variable load which changes
periodically from increased resis-
tance to increased reactance to de-
creased reactance to decreased
resistance. If the plate circuit of
the oscillator is tightly coupled to
the antenna, the small reactance
changes will alter the frequency
of oscillation with but little effect
on oscillator performance. The
changes in resistance, on the other
hand, alter the power drain on the
oscillator, and certain parameters
associated with the oscillation will
follow these load variations. Thus
the detected output voltage will
have in it an alternating compon-
ent of frequency f = 2v/A which
can be selected and used as a work-
ing signal.

The design of an effective r-f
oscillator which will give a strong,
stable response to small load
changes is based upon a figure of
merit known as the sensitivity S
and defined by the relation

AV = SAR4/R.4

where AV is the change in de-
tected output voltage, AR, is the
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FIG. 4—By means of wave-shaping circuits

in the fuze amplifier the eflective influence

region is modified as compared with the
radiation pattern

resistance component of Z, and
R, is the resistance component of
Z,. Usually R, is equal to Z, be-
cause the antenna circuit is tuned
to resonance,

To predict the performance of a
transmitter circuit a typical curve
of V vs log R, is plotted as in Fig. 6
for various values of R.. The slope
of this load curve gives the values
of S for small values of AR,/R, cor-
responding to the radiation resist-
ance R, of any antenna that may be
connected to the r-f circuit. The
curve labeled S shows the sensitiv-
ity of the circuit at each value of
R,. It is important to note that S

Bomb armed with electronic proximity fuze.

is relatively independent of R, over
a large range. This independence
of S with load changes means that
the circuit is usable on a variety
of antennas. The particular oscil-
lator selected combines high effi-
ciency with a large stable S which
is relatively independent of tube
parameters and load resistance.
One of the most important prob-
lems to be overcome in fuze pro-
duction was the design and develop-
ment of a triode oscillator tube that
would give good power output with
relatively small plate supply volt-
age, have a good S value, and op-
erate in a simple circuit so stable
microphonically that the small
available signal would not be
masked by vibration of the projec-
tile during its flight at supersonic
velocities. The resulting tube is
similar in appearance to a stand-
ard hearing-aid type but more rug-
ged in construction. In rocket ap-
plications, tubes are subject to ac-
celerations of only 30 to 150 g, but
the tubes developed to withstand
the vibrations encountered were
found sufficiently rugged for use at
accelerations as high as 10,000 g.
Owing to limited space, highest
efficiency of the oscillator is neces-
sary to insure strong reflected sig-
nals and reliable operation. For
small reflections, A, is proportional
to AR, and the M-wave (Fig. 3) can
represent the approximate wave

It detonates above the ground,

spraying fragments into dugouts and gun emplacements more effectively than

contact-detonated

bombs
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FIG. 5—Break-down of typical radio fuze circuit

form into the amplifier, as well as
the variation of antenna impedance.

Signal Amplifier

Because the signal from the r-f
section is too small to actuate a fir-
ing device directly, it is necessary
to amplifiy it until it can reliably
operate a thyvratron.

The amplifier also performs im-
portant secondary functions. The
shape of its gain characteristic as-
sists the directivity pattern in prop-
erly locating the point of burst, and
much of the tube microphonic
noise, and filament a-¢ hum are
suppressed by proper design. It
is possible to make a single tube
perform all these functions al-
though there are limits to the am-
plification that can be obtained
stably by a single tube while per-
forming all of them. Dependence is

placed upon the high stable S of the
oscillator and, for discrimination,
upon feedback.

The amplifier (Fig. 5) is con-
ventional in every respect, using a
small tube especially designed for
high gain. The feedback network
gives regenerative feedback at the
desired frequency plus high degen-
erative feedback at high frequen-
cies and no feedback at low fre-
quencies. The consequent sharp cut-
off at noise frequency suppresses
tube micvophonics and hum.

Hum Problem

Currently available heater-tyvpe
tubes warm up too slowly and are
more microphonic than the filamen-
tary type, so directly heated fila-
ments are used. Because of gener-
ator design requirements, a-c is
used on these filaments, thus creat-

ing a verv serious hum problem.

The t-f section puts out hum at
filament frequency with an ampli-
tude many times larger than the
working signal which must be sep-
arated from it. If discriminating
networks are connected to the out-
put of the amplifier, it is overloaded
by the larger hum input and the
gain at signal frequency is greatly
reduced. Discrimination at the in-
put is possible but requires consid-
erable circuit complexity.

So the amplifier is made strongly
degenerative at hum frequencies.
Thus, to suppress one volt of hum
input, the amplifier only has to gen-
erate slightly more than one volt
output which is fed back out of
phase to the input where it cancels
the hum from the r-f section. The
net result is amplification at signal
frequency very much greater than
at hum frequency. The output sig-
nal-to-hum ratio is thereby made
high enough to provide an ample
margin of safety for proper opera-
tion.

Every stage in the fuse circuit
must operate at its optimum power
efficiency. Although there is more
than sufficient power to drive the
generator, the limitations of space
prohibit a large generator. Also the
number of separate stages that can
be added is restricted.

Burst Location

The frequency of maximum gain
is selected by trial to give proper
burst location. As the fuze ap-
proaches the target the frequency
first received is too high and the
gain too small to actuate the de-

PROPELLER

COUPLING SHAFT

GENERATOR

GEAR TRAIN

SLOW SPEED SHAFT

ROTOR

DETONATOR ROTOR

SAFETY PLATE

e

TETRYL CUP

Safety devices, operated in sequence, by wind-driven propeller shaft,
arm fuze after a rocket is fired from under the wing of an airplane
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tonator. When it gets closer the
output of the detector increases be-
cause the target is in a better posi-
tion to be seen, and the frequency
is lower where the gain is higher.
The combination of these factors
makes the region of Iinfluence
around the fuze more sharply de-
flned than the directivity envelope
alone would indicate.

When the output from the ampli-
fier exceeds its critical value, the
fuze functions and bursts the pro-
jectile, The actual explosion is ini-
tiated by the discharge of the final
capacitor of the filter through the
thyratron and a detonator similar
to a blasting cap. Thyratron bias
is a factor in determining the loca-
tion of the burst.

The detonator ignites a powder
train which in turn sets off the
booster to explode the main charge.
About one millisecond elapses be-
tween the firing of the thyratron
and the moment fragments start
leaving the projectile, during which

time the missile has moved very lit-

tle. Despite its small size, the thy-
ratron is capable of repeatedly pass-
ing large peak currents, without
changing its characteristics, allow-
ing proper factory tests.

Power Supply

The use of a battery, even of the
reserve type, seriously limits the
utility of a rocket fuze.
supply proper voltage after being
carried aloft to very low temper-
atures (—40 C) and at present
there is no acceptable battery which
will meet both the severe temper-
ature and space limitations. There
is no spin and little acceleration in
a rocket to actuate a reserve bat-
tery.

Because more power can be ob-
tained for a given volume by using
a generator than by any battery
vet available, design of a small
wind-driven generator was under-
taken.

The power system consists of gen-
erator, regulator, vectifier and
filter. The generator rotor is a
small, permanent magnet and the
stator is a series of coils. Sepurate
filament and plate windings are
provided. Raw a-c¢ is used for all
filaments. The plate voltage is rec-
tified by a small selenium bridge
rectifier and filtered by an R-C cir-
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cuit. Bias voltage is obtained by
the plate current drop in the filter
and is adjustable to attord some
compensation for production varia-
tion from generator to generator.

The large internal impedance of
the generator serves two functions;
it materially assists in the filtering
action and it makes voltage regu-
lation easily attainable, By adding
a regulafting circuit to the gener-
ator the variation of voltage with
speed can be reduced almost to zero
over a wide range of speed.

Figure 7 shows a typical speed-
regulation curve. Achieving such a
curve requires a careful selection
of combined generator-regulator-
filter parameters such that the best
compromise on all values is ob-

the fuze. The slip of the vane is re-
markably constant and the system
can be used fto adjust for any de-
sired fixed air travel to the arming
point.

As the propeller turns, a small,
Bakelite rotor carrying the electvic
detonator slowly rotates. When it
has turned so that it is in line
with the powder train, the final
connections to the circuit are com-
pleted and the rotor is disengaged
from the shaft. The fuze is then
armed and ready for action. Until
then the detonator is neither in the
cireuit nor in line with the powder
train, thus giving dual safety.

Production

The fuze must be small. Small

It must’

tained to reduce variations in mass  {yhes and small generators have
production to a minimum. been mentioned. Without other
o~ "
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FIG. 6—Sensitivity varies so little that the
tuze can be used in a variety of projectiles,
i.e.. with different antennas

An important secondary feature
of the generator is its contribution
to fuze safety. There is no power
to actuate the mechanism unless it
is flying through the air. Likewise,
f@#izes are inert once the generator
stops spinning.

An incidental advantage of gen-
erator operation arises from the
wear-reduction arming that can be
readily incorporated. Long air
travel-to-arming-time ratio is feas-
ible if desired as it is in certain

applications such as ground-to-
ground firing of rockets or ho-
witzers,

Safety Devices

In addition to driving the gen-
erator, the wind vane drives a gear
reduction system to actuate the
safety devices. By proper selection
of the gear ratio any desired safe
interval can be incorporated into
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FIG. 7—Good regul_alion with varying
generator speed is obtained by choice of
generator and filter impedance

small components the device would
still be impossibly large. The elec-
tronic industry has successtully
supplied small resistors, capacitors,
coils and rectifier cells; all strong,
temperature resistant and vibra-
tion free.

The production of fuzes required
previously unheard of discipline at
the assembly lines. One loose con-
tact vibrating in response to noise
can undo the work of the best com-
ponents. Manufacturers responded
magnificently in establishing mass-
production facilities despite the
stringent inspections and heart-
breaking rejections which were
neccssai"y to " maintain adequate
quality in the final product.

This paper is based upon the work of the
Fuze Development Staff, Ordnance Develop-
ment Division. National Bureau of Stand-
ards, under the direction of Harry Diamond.
The program was conducted under the
sponsorship of Army Ordnance Department
and Division 4, NDRC.
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The SCR-584 Radar

Details of the r-f system and receiver of the outstanding anti-aircraft gunfire-control

radar, including hitherto unpublished information on microwave plumbing, rotating

joints, crystal mixers, t/r tubes, and gated i-f amplifiers. Operating principles and spe-

cifications were given last month

he radio-frequency pulses gen-
erated in the cavity magne-
tron of the SCR-584, as described

TRONICS, November, 1945, page
104), are conveyed to the radiator
by a system of microwave plumbing

system. The echo pulses received
from the target are conveyed from
the radiator to the receiver through

in the first installment (ELEC- and components known as the r-f the same system. In this article,
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FIG. 1—Block diagram of the r-f system,
| by which the transmitted pulses and
| echoes are conveyed to and from the
radiator

FIG. 2—Perspective view of the r-f
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Closeup of antenna and platform of radar

set SCR-584, partly raised out of the trailer.

When in operation, the platform is up flush
with the roof of the trailer

the details of the r-f system and
receiver are described.

Basic Functions of the R-F System

The essential components of the
r-f system are shown in the block
diagram in Fig. 1 and in perspec-
tive in Fig. 2. As the r-f pulse
leaves the transmission system it

encounters a T-junction, which
joins three coaxial lines. One
branch leads to the radiator.

En route the signal passes through
three rotating joints. These joints
permit the radiator to move in azi-
muth and elevation for helical scan-
ning, and permit the dipole radia-
tor to be spun about the axis of the
paraboloid, for conical scanning.

The remaining branch of the
T-junction leads to the receiver.
In this branch the transmitted
signal encounters the t/r (trans-
mit/receive) box, a low-pressure
gas discharge tube which breaks
down and prevents passage of the
strong transmitted signal to the
receiver. At the conclusion of the
transmitted pulse, the t/r gap
deionizes, and the echo signals
thereafter received are passed to
the receiver. Coincidentally, the
impedance of the cavity magnetron
changes, so that the echoes are re-
flected from the transmission sys-
tem with but minor loss due to
absorption.

The transmission lines them-
selves are of the coaxial variety,
with the inner conductor supported
at intervals by quarter-wave stubs.
The diameter of the inner con-
ductor is increased at the stub, and
for one quarter wave on either side,
to increase the frequency band over
which the stub support introduces
negligible loss. A typical stub sup-
port and a joint in the line are
shown in Fig. 3. The rotating
joints are shown schematically in
Fig. 4. Each joint consists of

ELECTRONICS — December 1945
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quarter-wave overlaps between
outer and inner conductors, within
each of which is a small gap. The
gap permits passage of the r-f
energy, by capacitive action, while
allowing free rotation of the joint
about the axis of the line. Each
joint is covered with a gas-tight
seal which permits the lines to be
filled with dry air under five pounds
pressure.

Dipole Radiator

The dipole radiator is shown in
Fig. 5. A plastic housing sur-
rounds the assembly to contain the
air under pressure. The coaxial
line is surrounded, at the left, by
a quarter-wave collar which con-
verts the single-ended feed of the
line to the push-pull feed required
to excite the dipole. The inner
conductor is built up to large diam-
eter, as shown, thereby changing
the impedance of the line so that it

www.americanradiohistorv.com

the impedance of the
dipole. The dipole itself consists
of twe rounded projections, one
soldered directly to the outer con-
ductor, the other connected to the
inner econductor and projecting
through a hole in the outer con-
ductor. The two segments of the
dipole are of different lengths so
the radiation from it is slightly
assyvmetrical with respect to the
axis line. As a result the axis of
the beam is displaced from the axis
of the paraboloid and as the dipole
gpins the beam traces out a cone

matches

- )

electronics
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(conical scanning, see part 1).

At the right of the assembly is a
metal disk which reflects the for-
ward radiation from the dipole,
returning it to the reflector. This
forward radiation would otherwise
be largely wasted since it would
spread outside the limits of the
beam. The coaxial line is shorted
at the righthand end, at such a dis-
tance from the dipole that the sig-

transmitted signal appears at the
cavity input (through a coupling
loop), the cavity is excited, and a
high potential appears across the
conical electrodes. Sufficient free
ions are present in the tube (sup-
plied by an auxiliary keep-alive
electrode within the tube) to per-
mit almost immediate ionization of
the gap. The breakdown short-
circuits the cavity and detunes it

v
- --TRANSFORMER SECTION

FIG. 3—Coaxial transmissicn line fittings: (A) broadband quarter-wave stub
support; (B) in-line joint

nal reflected from the short appears
in proper phase at the dipole to
reinforce the radiated signal.

Transmit-Receive Switch

The t/r box (Fig. 1) is a device
which permits the use of the same
radiator for transmission and re-
ception. Its essential element is
the t/r tube (type 713A) shown in
Fig. 6. This tube comprises two
conical electrodes supported on
metal flanges which extend through
the glass envelope and become part
of a resonant cavity (Fig. 6A).
The cavity is tuned by tuning plugs
to resonate at the carrier fre-
quency. Consequently when the
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so that the magnetic fleld within
it collapses at once, and the signal
is prevented from leaving the cavity
via the output coupling loop. The
tube is filled to a pressure of about
1 mm of mercury of water vapor,
which ionizes in a few hundredths
of a microsecond.

At the conclusion of the trans-
mitted pulse, the gap deionizes
(the recovery time is about 1 micro-
second), and the cavity regains its
tuned condition. Thereafter, when
echo signals are received, they
excite the cavity (but to such a low
power level that the gap does not
break down) and they are coupled
through the cavity directly to the
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receiver input circuit of receiver.

In the discharge condition, the
t/r box introduces an attenuation
to the transmitted signal of over
60 decibels, which reduces the
power from 300 kw to well under
100 milliwatts. This level is small
enough to be harmless to the re-
ceiver but sufficient to excite the
receiver so the transmitted pulse
is visible on the type J range scope.
The power consumed in maintain-
ing the gas discharge is negligible
compared to the 300-kw level of the
transmitted pulse.

The Receiving System

A block diagram of the receiving
system is shown in Fig. 7. The
echo signal is passed by the t/r box
directly to the crystal mixer, where
it is combined with a local-oscil-
lator signal 30 me higher in fre-
quency. The 30-mc intermediate
frequency is then amplified in two
i-f stages (preamplifierr) which are
mounted directly adjacent to the
cryvstal mixer. The remaining i-f
stages are located (for convenience)
at some distance, in the receiver
proper. After the fifth i-f stage.
the i-f channel breaks up into two
branches, one (the range channel)
feeding the indicators, the other
(servo channel) feeding the auto-
tracking cirecuits.

The circuits of particular inter-
est in the receiving system are
those which convert the carrvier
frequency to the intermediate fre-
quencv. Care must be taken in
these circuits to maintain the noise
level as close as possible to the
inescapable noise level introduced
at the antenna itself.

Crystal Mixar

The three most serious sources
of additional noise, in ovder of
importance, are the crystal mixer,
the i-f amplifier and the local oscil-
lator. The first two i-f stages are
located as close as possible to the
mixer stage to avoid losses at low
level in the connecting cable. By
attention to such details it has been
possible to keep the noise in the
receiver output to within 15 db of
the theoretical level pregent in the
antenna circuit.

The multi-grid converter tubes
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used in superheterodynes at lower
frequencies are not
microwave frequencies because of
the noise introduced by random
interception effects at the grid
wires. The diode is accordirgly
chosen for microwave applications.
The most efficient form of diode
detector thus far uncovered is the
silicon crystal. A slab of silicon,
specially heat treated and etched,
with a tungsten catwhisker bear-

suitable at
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FIG. 5—Dipole radiator, transformer sections and reflector plate.

A slight

difference in the length of the dipole elements produces off-axis radiation for
conical scanning

ing upon it, is mounted in a small
cartridge and the whole assembly
filled with a plastic compound.
The cartridge is mounted in a
housing, known as the mixer,
shown in Fig. 8. The coupling loop
at the lower left abstracts the re-
ceived signal from the t/r box and
passes it to the crystal. The local
oscillator input, at a level of 25 to
50 milliwatts, is fed through the
arm at the upper right, through a
right-angle bend to a coaxial mem-
ber. whose inner conductor termi-
nates near the crystal in a flat
coupling plate. The level of the
local oscillator signal is controlled
by the screw adjustment until the
rectified direct current passing
through the crystal is about 0.6 ma.
The i-f output is developed
between the base of the crystal
cartridge and ground, and is fed

out through the arm at the lower
right to a flexible coaxial cable
which connects with the i-f pre-
amplifier. In the output line is
placed a small metal cup, insulated
from the outer conductor by a thin
section of mica insulation. The
capacitance thus formed acts as a
short-circuit at carrier frequencies
and thus prevents absorption of
the r-f signal in the i-f amplifier.
The capacitive reactance is, how-
ever, 100 times as great at 30 mec
as at 3,000 mec, so the bypass has
relatively little effect on the i-f
components, The mixer has no
tuned elements and is constructed
to operate without adjustment over
the range from 2,709 to 2,900 mc.

Local Oscillator

The generation of c¢-w power at
3,000 me, even in the small amount

30-MC 30-Mc_ RECEIVER  3OMC oMzeoN
3000-Mc| crystaL | TF | pre- | IF_[COMMONjpaNGE tHANNEL REMQTE
ALl MIXER ER I-F VIDED VIDEO
R-F SIGNAL AMPLIFI STAGES | SERVO CHANNEL AMPLIFI Ei‘ =
] ? } VIDEO o 1 RANGE SCOPES
I NARROW GATE | AUTOMATIC |
3030 MC | _NARROW GATE | | :
LOCAL | FROMRANGE | TRG\ﬁﬁNG |
OSCILLATOR | UNIT A [ ur
SIGNAL | ! }
LOCAL 'l_ ______ RECEIVER | __ ]
OSCILLATOR POWER SUPPLY

FIG. 6—T/r tube and resonant cavity.
(AR) Schematic view. side: (B) schematic
view, top: (C) cut-away view
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FIG. 7—Block diagram of receiving system. This system converis the r-f echo
pulses at 3,000 mc to video pulses which actuate the c-r indicators and auto-
tracking circuits
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oscillator is loosely coupled to the

FIG. 8—Vertical cross-section of the r-f mixer.

The local
silicon cariridge

FIG. 9—Cross-section of the reflex klystron, used as a local
oscillator in the receiver

required for local oscillator service,
is a difficult task because of transit
time limitations. To avoid these
difficulties, the local oscillator tube
employs the klystron principle to
separate the effects of transit time
from the oscillating circuit. The
particular form of klystron used is
a single-cavity type known as the
reflex klystron, illustrated in Fig.
9. It operates as follows: Elec-
trons from the cathode are formed
in a beam and accelerated at about
575 volts. The beam passes within
the center post of a cavity resona-
tor and thence through two grids
which are part of the cavity walls.
The initial passage of the electrons
causes a weak oscillation to be set
up within the cavity, by shock ex-
citation, and as a result the poten-
tial between the two resonator grids
varies at the carrier frequency.
Electrons passing the gap there-
after find themselves alternately
accelerated and decelerated by this
variation in potential. On leaving
the gap, the variations in electron
velocity persist, with the result
that the faster electrons catech up
with those which pass unacceler-
ated, while the slower electrons
fall back on the unaccelerated ones.
In consequence, the electron stream
becomes bunched, that is, more
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dense in spots and less dense in
others.

Meanwhile the electron stream
encounters a decelerating d-c¢ field
applied by the reflector electrode
(about —700 volts). This causes
the electron stream to reverse its
path, while the bunching process
proceeds, and to re-enter the reso-
nator gap. If the velocity of the elec-
trons and the reflector potential are
properly chosen with respect to the
wavelength and the dimensions of
the tube, the bunched electrons ar-
rive back at the resonator gap just
as the potential across the gap is
such as to cause maximum retarda-
tion of the electron bunch. The elec-
tron bunch thereupon gives up a
portion of its kinetic energy to the
resonator.

As the succession of electron
bunches re-enters the gap, the os-
cillations are successively rein-
forced until equilibrium is reached
between the energy abstracted from
the cavity (via the coupling loop
shown) and the energy input to
the beam less losses within the
tube. Power levels in the hundreds
of milliwatts are readily produced.

The frequency of oscillation de-
pends not only on the natural period
of the resonator, but also on the
phase with which the returning
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bunches enter the gap, and this
pha.se may be changed by adjusting
the voltage on the reflector elec-
trode. This electrical method of
tuning is employed to tune the re-
ceiver precisely to the transmitter
frequency. The tube will oscillate
at several values of reflector volt-
age; the most negative value is
generally chosen. Care is taken to
stabilize the accelerating and de-
celerating potentials applied to the
klystron, to avoid electrical detun-
ing. Care must also be taken to
avoid feeding too great an output
from the loeal oscillator to the crys-
tal detector, since excessive power
absorption by the crystal will injure
the reectifying interface. The local
oscillator is coupled very loosely to
the crystal by the flat probe elec-
trode shown in Fig. 8, not only to
minimize this danger, but also to
prevent absorption of the echo
pulses in the local oscillator itself,
which is tuned within 1 percent
(30 mc at 3,000 mc) of the carrier
frequenecy.

The 1-F Amplifier

The i-f preamplifier is coupled to
the mixer through a transformer,
but thereafter the i-f stages are
coupled by single tuned circuits, in-
ductively tuned. The inductive ele-
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ment is placed in the grid of the
following tube, rather than in the
plate of the preceding tube, to mini-
mize the resistance in the grid re-
turn, which would prolong recovery
after overload. Type 6ACT high-g,,
pentodes are used. The ave volt-
age is applied to the grid of the sec-
ond stage.

The output of the preamplifier is
conducted through flexible coaxial
cable to the remaining i-f stages in
the receiver proper. A simplified
schematic of the i-f, detector, and
video circuits is shown in Fig. 10.
The 3rd, 4th, and 5th i-f stages are
substantially identical to the sec-
ond stage, employing 6ACT tubes
with  single-circuit inductively-
tuned coupling. The interstage
coupling is loaded with the plate re-
sistance of about 850 ohms, produec-
ing a gain of about 7 per stage
across an overall band of 1.7 me.
The 3rd stage has ave.

The sixth i-f stage is a dual unit,
one tube feeding the remote video
amplifier outside the receiver chas-
sis, the other leading to a 7th i-f
stage. This latter (servo) channel
operates under gate control, that is,
the 6th servo i-f stage passes sig-
nal only during a brief period cor-
responding to the time the desired
echo is received.

the radar views more than one tar-
get simultaneously, as may readily
happen in antiaircraft activity, a
separate sequence of echo pulses is
received from each target. The au-
tomatic tracking circuits have no
way of distinguishing between these
sequences of pulses and they tend
to move from one target to another,
or to seck a position midway be-
tween targets.

To avoid this confusion, the radar
operator must select a target and
see to it that the radar follows that
target to the exclusion of all others.
The target is selected initially on
the PPI indicator and then identi-
fied as a particular echo pulse on
the type J range scopes. Thereafter
the operator adjusts a control which
keeps a hairline centered on the
echo selected. The control is con-
nected to a pulse-forming circuit
which develops a narrow rectangu-
lar pulse (narrow gate pulse) which
occurs just prior to reception of
the desired echo.

The narrow gate pulse is applied,
in positive polarity, to the screen
grid of the sixth i-f stage in the
servo channel. In the absence of
the narrow gate pulse, the screen
grid is grounded and this stage re-
mains inactive. During the narrow
gate pulse, however, the stage is

and servo-control circuits. The
width of the narrow gate is nor-
mally about 3 microseconds, and is
thus capable of cutting off all echoes
outside a segment of about 3,000
feet in the range coordinate. A re-
cent mod: cation of the equipment
consists f the so-called N° gate
(N® for narrow-narrow), in which
the control gate is only 0.5 micro-
second long, corresponding 1o a
segment in range of about 500 feet.

One other precaution must be
taken in the automatic tracking
system. If the amplitude modula-
tion on the pulse sequence (which
arises from off-axis targets as a
result on the conical scanning, see
part I) is not of constant ampli-
tude, the comparison between refer-
ence voltage and error signal can-
not be carried out successfully. Con-
sequently it is necessary to apply
an amplified automatic gain control
voltage to the 2nd and 3rd i-f
stages. This voltage is obtained by
passing the pulse sequence from
the servo channel output to a diode
detector which develops the peak
value of the amplitude-modulated
pulse sequence. This peak value is
amplified through a cathode-fol-
lower stage and applied to the i-f
stages.

The timing and indicating sys-

The function of gating in the au- suddenly activated and passes the tems will be described in the
tomatic tracking circuits will be signal to the succeeding i-f stage concluding installment of this
evident from the following. When and thence to the detector, video series.—D.G.F.
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Loran Receiver-Indicator

Circuit details and operation procedures of the navigator’s equipment, which establishes

the position of ships or aireraft by measuring pulse time differences, are described in this

second article of a series

HE receiver-indicator of the

Loran system, as stated in the
first article of this series’, measures
the difference in the time of arrival
of a pair of pulses, displayed on a
c-r oscilloscope.

The oscilloscope sweeps are syn-
chronized with the incoming pulses
by an independent quartz-crystal
oscillator adjusted by the operator
to exact synchronism. The pulses
are approximately 40 microseconds
wide at the half-amplitude level. To
match such wide pulses to an ac-
curacy of one microsecond, it is nec-
essary to superimpose the wave-
form of one pulse directly over the
other.

The pulse-matching procedure is
illustrated in Fig. 1, which com-
prises photographs taken directly
from the screen of the Loran indi-
cator. In Fig. 1A the horizontal

traces are sweeps each approxi-
mately 20,000 microseconds long,
synchronized at 25 sweeps per sec-
ond, or 15,000 microseconds long at
333 pps. The upper trace is referred
to as the master or A trace because
on it is displayed the pulse from the
master (A) station; the lower trace
is the slave or B trace.

The pedestal on each trace repre-
sents a portion of the trace which
is later expanded to reveal the pulse
shape. The master pedestal is fixed
in position at the left edge of the
master trace. On it is displayed the
master pulse. The slave pulse then
falls somewhere to the right on the
lower trace. The slave pedestal,
whose position is adjustable, is
moved until it falls directly under
the slave pulse. These steps are
illustrated in Fig. 1A through 1C.

When the set is first turned on,

the pulses appear (Fig. 1A) in arbi-
trary positions, depending on the
fortuitous phasing of the crystal
synchronizing circuit relative to the
incoming pulses. By slight adjust-
ment of the crystal synchronizing
frequency both pulses can be shifted
left or right on the screen until the
positions shown in Fig. 1B are
found, i. e. with the master pulse
on the master pedestal and the slave
pulse below it and to the right.

The portions of the traces con-
tained within the pedestals are then
expanded (750-usec sweep) by
changing the sweep speed, with the
result shown in Fig. 1D. By a fine
adjustment of the slave pedestal
control, the lower (slave) pulse is
moved so that it falls nearly under
the master pulse, and by adjustment
of the crystal synchronizing control,
both pulses are shifted to the left

FIG.

1o

1—Photographs of the
Loran indicator screen, illus.
trating the sequence of ad-
justments employed in match-
ing the pulses.
full description.

shown about one-third size

See text for
Screens are
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The DAS-3 shipborne equipment.

Except for its greater size and weight this

receiver-indicator is very similar to the AN/APN-4

of the traces, as snovw

A second expansion of the traces
(200-.sec sweep) is then intro-
duced, as shown In Fig. 1E, and the
two {races are then brought to-
gether (Fig. 1F). Any difference in
the heights of the two pulses is cor-
rected by a differential gain control.
Finally, by further adjustment of
the slave pedestal, the two pulses
are brought into exact coincidence,
as shown in Fig. 1G.

Reading the Time Difference

The time difference is measured
by calibration marks, derived from
the quartz crystal synchronizing
circuit and imposed on the traces
as shown in Fig. 2. By throwing
a switch, after the pulse match of
Fig. 1G is obtained, the pulses are
removed and the calibration marks
substituted. The time difference is
read in three steps which indicate
in succession the units and tens,
hundreds, and thousands of micro-
seconds.

In Fig. 2A the fastest sweep (cor-
responding to Fig. 1E) is shown
with markers extending above and
below each trace. The small upward
markers indicate ten-microsecond
intervals, and the larger downward
markers indicate fifty-microsecond
intervals. The units and tens are
read by congidering the lower trace
as a scale and one of the upper

ELECTRONICS — December 1945

markers as a pointer, reading from
. large marker on the lower trace
to the next larger marker to the
right on the upper trace. The time
interval indicated is 24 micro-
seconds.

The sweep is then eontracted one
step to 750 wsec and the markers
shown in Fig. 2B appear. The traces
correspond to those in Fig. 1D.
The largest downward markers
mark 500-microsecond intervals.
The hundreds of microseconds are
read in the same manner as in Fig.
2A, that is, from a large marker

o
Y,

electronics |

 WAR REPURTJ
L

on the lower trace to the next
larger mark to the right on the
upper trace, counting in steps of 50.
The partial time ditterence indi-
cated is 350+ where the plus sign
indicates the partial time difference
previously read, 24 microseconds.
Hence the total time difference, thus
far measured to the hundreds, is
374 microseconds.

Finallv the sweep is contracted
to its original length, 20,000 wusec
corresponding to Fig. 1C. The
markers then appear as shown in
Fig. 2C. Each trace is divided into
groups of 2,500 microseconds. The
thousands of microseconds are read
from the upper pedestal to the
lower, in groups of 500. The partial
time difference indicated is 3,500+,
where the plus sign indicates the
partial time difference, 374 micro-
seconds, previously measured. The
total time difference is then 3,874
mieroseconds.

This apparently involved method
of measurement is not so compli-
cated in practice as it appears when
described verbally. The complete
process, indicated in Fig. 1 and 2,
can be carried out in less than a

FIG. 2—Calibration markers,
photographed from the indi-
cator screen, which indicate
the time difference between
pulses. The total difference
in the case illustrated is 3.874
microseconds. Screens are
shown about one third size

!::— 350+ uSEC wl

8

o

™ 3,500+ P,SEC
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FIG. 3—Receiver (left) and indicator of the AN/APN-4 airborne receiver-indicator

equipment,

The sequence of patterns shown in Fig. 1 and 2 are obtained by

manipulation of the indicator controls, as described in the text

minute by a well-trained operator,
or in ten or twenty seconds by an
expert.

The foregoing steps are then re-
peated on another pair of stations.
The pulses from the second pair of
stations are sent out at a slightly
different pulse rate, (say 257 pps)
but on the same radio frequency.
ITence these second pulses are vis-
ible during the foregoing opera-
tions, but move rapidly across the
screen, since the sweeps are not syn-
chronous with them. The motion
is sufficiently rapid that the second
pair of pulses does not interfere

~first set is in

with the measurement of the first.

To measure the second pair, the
sweep rate of the indicator is
switched to the rate corresponding
to the second pulse rate. The second
pair then remains stationary, and
can be measured as above while the
motion. In some
regions of the world, as many as 6
pairs of pulses, each pair on a
different rate but the same radio
frequency, can be seen simultane-
ously. The identification of the pair
being measured is made by noting
the rate at which the c-r sweeps
are set. The sweep-speed switch is

marked with station-pair numbers
which correspond with similar num-
bers marked on the Loran chart.
The complete identification and
time difference reading is given in
several characters, a typical ex-
ample being 1L1-3874. The figure
1 refers to the radio frequency
(1 = 1,950 ke), the letter L to the
basic pulse rate (L =25 pps), 1
to the specific pulse rate (L1 = 254
pps), and 3,874 is the time ditfer-
ence (typified in Fig. 2).

External Appearance

The external appearance of a
typical airborne Loran receiver-
indicator type AN/APN-4 is shown
in Fig., 3. The smaller unit con-
tains the receiver proper and the
regulated power supply. The oper-
ating controls are the radio-
frequency channel switch at the
lower left (whose numbers corre-
spond to the first digit in the identi-
fication symbol) and the power
switch. The larger unit is the indi-
cator, which comprises the c-r oscil-
loscope and its associated timing
and sweep circuits. The two small
knobs, upper left, control the bril-
liance and focus of the c-r trace.
The toggle switch, upper right, in-
troduces small changes in the crys-
tal frequency and thus shifts the
pulses to left or right. Below it is
the crystal-frequency control knob
which is adjusted to bring the sweep
traces into exact synchronism with
the incoming pulses.

‘»w
| ANTENNA
g LOCAL .
’ OSGILLATOR FILTER IN-OUT
|
ANT STAGE HI- PASS
AND R-F FILTER
J BAND MIXER  |1050 IST 2ND 3RO DETECTOR I vogo | o
SELEGTOR STAGE | KG I-F I-F | .F SHEGT Sl
6SATCT -
‘ ~ BSK7GT [~ 6SK76T 65K 7GT ey —“{
AMPLIFIER |
6 SK7GT +
_L TO INDIGATOR--
- 6SN7GT AMP BALANCE
| e TO_INDICATOR -
| BALANCE
TO INDICATOR GAIN 4
TO CATHODES

FIG. 4—Block diagram of the AN/APN-4 receiver.
tional except for the differential gain control applied to the

12

www.americanradiohistorv.com

The circuits are conven-

third i-f stage
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The operating controls just below
the c-r tube are overall gain, am-
plitude balance, sweep speed and
station selector. The first controls
the height of both pulses as they
appear on the screen, whereas the
second is a differential gain control
which adjusts the height of one
pulse relative to the other, as re-
quired in the matching procedure.
The sweep speed selector introduces
the successive changes illustrated
in Fig. 1 and 2. The station selector
selects the specific sweep rates to
correspond to the discrete pulse
rates of the different station pairs.

The two large knobs at the bottom
are left to right the coarse and fine
controls which shift the position of
the slave pedestal in the matching
procedure. The switch at the lower
right selects the basic pulse rate, L
for 25 pps and H for 33% pps.
The various controls are so ar-
ranged and marked that a glance
at the settings gives the first three
digits of the identification symbol.
The AN/APN-4 weighs about 65
pounds and consumes about 275
watts, 400-2,400 cps, 80 or 115 v.

Several other Loran receiver-
indicators have been developed. The
DAS-3, the basic equipment used by
the Navy aboard ship, is somewhat
larger and heavier, and has a dif-
ferent arrangement of controls,
but is otherwise similar to the
AN/APN-4, It operates on 60-cps
power. The AN/APN-9 is a more
recent version for airborne use. It
employs a three-inch c-r tube and
non-linear sweeps which make pos-
sible a reduction in the number of
tubes in the indicator circuit. It
weighs 35 pounds and consumes
about 175 watts, 400-2,400 cps. The
method of matching the pulses dif-
fers in detail, but not in principle,
from that described here.

Details of AN/APN-4 Receiver

The receiver of the AN/APN-4
(Fig. 4) is a wide-band super-
heterodyne, employing three i-f
stages. The 6SK7 r-f amplifier and
6SAT mixer-local oscillator are con-
ventional, being tuned by a switch
which selects four channels at 1,750,
1,850, 1,900 and 1,950 kc. The
three intermediate-frequency stages
(type 6SK7 tubes) operate at 1,050
ke, and have a bandwidth of approx-
imately 60 ke at the 6-db (voltage)
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FIG. 5—Block diagram of the AN/APN-4 indicator.

The 100-kc crystal timing

source is converted by counter circuits to 25 or 3313 c¢ps rectangular waves which
control the sweeps and pedestals

level. This bandwidth is somewhat
narrower than the spectrum of the
transmitted pulse, but permits re-
production of the pulse with the
shape shown in Fig. 1G, with 40-
microsecond width at the half-
amplitude points. A 6H6 diode de-
modulates the i-f signal and trans-
mits the pulses to the 6SL7 video
amplifier, which feeds the indicator.

The cathode of the last i-f stage
connects with the indicator from
which is supplied a rectangular
wave of voltage synchronous with
the sweep traces. This rectangular
wave passes through a cathode-
follower stage and biases the last
i-f stage on the negative half-
cycles, thus reducing the gain of
the receiver during the formation of
one c-r trace, while allowing nor-
mal gain during the formation of
the other trace. The amplitude and
polarity of the rectangular wave
are controlled by the amplitude bal-
ance control previously mentioned.

Two high-voltage supplies are
contained within the receiver hous-
ing. One is a 2,600-volt low-current
supply for the cathode-ray acceler-
ating electrodes, arranged in two

www americanradiohistorv com

sections of 1,300 volts each, above
and below ground. The low-voltage
power is supplied at 260 volts, ac-
curately regulated.

Details of AN/APN-4 Indicator

The indicator circuits are illus-
trated in the block diagram in Fig.
5. The basic timing source is the
100-ke¢ quartz crystal oscillator.
Across the crystal is a small vari-
able capacitor which permits small
adjustments of the crystal fre-
quency. From this 100-kc source,
the sweep traces at 25 pps or 33%
pps must be obtained together with
the minor varations in these rates
corresponding to the different spe-
cific pulse rates of the station pairs.
the derivation of the 25 or 33%
eps wave from the 100-kc source is
accomplished by a series of fre-
quency-divider circuits. A total fre-
quency division by 4,000 (in seven
steps of 5, 2, 5, 5, 4, 2, and 2) is
required to derive the 25-cps rate,
and by 3,000 (5, 2, 5, 5, 3, 2, and 2)
for the 333 cps rate, The first six
divisions are performed by counter
circuits, the last factor of 2 by an
Eccles-Jordan scale-of-two circuit.
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FIG. 6—First and second counter stages of the indicator, which divide the 100-kc

input by 5 and 2, respectively,

Four additional counters are used to introduce

a total division of 4,000 for the 25-cps sweep or 3,000 for the 3313 cps sweep

Two of the six counter circuits
are shown in Fig. 6. The 100-ke
output from the crystal, having
passed through a limiter amplifier,
is fed to a 6H6 double diode so
connected that it passes negative
pulses to ground while passing posi-
tive pulses to a capacitor, and the
voltage across it thereby increases
in steps. When five such steps have
been accumulated, the voltage
across the capacitor has reached a
sufficient level to trigger the follow-
ing circuit, a 6SN7 blocking oscil-
lator.

The blocking oscillator generates
one pulse and discharges the capaci-
tor in the process, which thereupon
accumulates five more pulses from

the 100-kc¢ source and triggers off
the blocking oscillator once more.
Thus the blocking oscillator reacts
once for each five input pulses and
the frequency is divided by five.

The output of the blocking oscil-
lator is applied to another double
diode which, like the first, passes
the positive pulses to a capacitor
which charges to the level of two
steps and thereupon triggers off a
succeeding blocking oscillator (bi-
ased to respond to two steps). In
all, six double diodes and six block-
ing oscillators are used in sequence
to introduce the divisions previously
enumerated.

The functions of the Eccles-
Jordan circuit are numerous. First,

24uuF
AL M

L

Q  24uuf

WAWA—
OIMEG

AAAAA
39,000

AAAA

>
g AAAAN
LAAA

\ 390,000
390,000
AAAA

20,000 uSEG

AAA

B+

&

U
20000 uSEC

€l

O.IMEG
AAAAA

1 FROM 50 CPS
= COUNTER

FIG. 7—Eccles-Jordan rectangular-wave generator which divides by a factor
of 2 and provides rectangular waves at 25 or 334 cps for controlling the sweeps
and pedestals
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the rectangular output constitutes
the wave, previously mentioned,
which provides differential gain con-
trol of the receiver during the
formation of the two traces. The
same wave, applied through a 6SL7
“trace separation” stage to the ver-
tical deflection plates of the c-r
tube, causes the slave trace to be
displaced vertically from the master
trace. Finally, the Eccles-Jordan
wave, after passage through appro-
priate delay circuits, controls the
formation of the master and slave
pedestals. as outlined below.

Eccles-Jordan Circuit

The Eceles-Jordan circuit (Fig.
7) is similar to a conventional
multivibrator, except that the grids
and plates of the two triode sections
are interconnected by conductive
coupling. The circuit does not relax
in the usual fashion of a multi-
vibrator, but has two conditions of
stable equilibrium. The circuit
remains in equilibrium until the
synchronizing pulse is received,
causing the two triodes to exchange
polarities suddenly. The circuit
remains in this condition until
another pulse causes a reversal to
the original condition. The sync
pulses, as they arrive from the last
counter, display negative as well
as positive polarity. These pulses
are passed through a 6SNT7 con-
nected as a diode, which removes
the negative pulses and passes the
positive pulses to the Eccles-Jordan
circuit.

Other Functions of Counter Circuits

Several additional functions of
the counter circuits must be
described. First, the counter
circuits supply the calibration
marker pulses. The 10-usec mark-
ers are derived from the 100-ke
source directly, the 50-usec pulses
from the first counter output (20
ke), 500-zsec markers from the
third counter (2 ke), and 2,500-usec
markers from the fourth counter
(400 cps). These markers, in
proper relative amplitudes, are com-
bined in a mixer stage and applied
to the vertical deflection plates of
the c-r tube.
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The AN,APN-9 cirborne receiver-indicator.

The use of a 3-inch tube and nonlinear

sweeps reduces size and weight to a single
unit weighing about 35 pounds

The slight variations in the basic
pulse rate (amounting to multiples
of 0.25 percent of the pulse rate)
are introduced by a feedback con-
nection from the last counter stage
to the input of the second counter
stage. Additional  voitage s
thereby supplied to the steps of
voltage accumulating at the input
of the second counter, causing the
second counter to fire ahead of the
normal time by a slight amount.
This produces a corresponding
small increase in the final fre-
quency. The amount of voltage
fed back is controlled by a switch,
in eight discrete levels. The cor-
responding sweep rates are 25,
257%, 252%¢ and so on to 251%
sweeps per second, and similar
values for the 333 rates.

Finally, the counter stages are
used to synchronize the pedestal
delay circuits so that the master
pedestal always occurs at a given
500-microsecond marker and the
coarse delay control moves the slave
pedestal in 500-microsecond jumps.

Pedestal Circuits

The pedestal delay is introduced
by a 6SN7 multivibrator circuit
triggered off by the leading edge of
the Eccles-Jordan output square
wave. After a delay determined by
its relaxation time, the multi-
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vibrator generates a pulse which in
turn controls the formation of the
slave B pedestal. By adjusting the
rrsistance component of the multi-
vibrator time constant, the delay
thereby introduced may be varied
from 20,000 to approximately 32,000
microseeonds. The corresponding
positions of the slave pedestal are
directly below the master pedestal
and some 12,000 microseconds to
the right. This range covers the
values of time difference to be meas-
ured between the incoming pulses.

A similar fixed-delay multivibra-
tor causes the master (A) pedestal
to appear in a fixed position shortly
after the beginning of the master
trace. The output waves of the A
and B delay multivibrators are com-
bined in a mixer and applied to the
pedestal generator which produces
short (150-usec) square waves. On
the slow sweep (Fig. 1A through
1C) these waves are combined with
the traces to form the pedestals.
On the fast sweeps (Fig. 1D

through 1G and Fig. 2), the leading
edges of the pedestals are used to
trigger the sweep generator.

The sweep generator itself (Fig.
8) develops a linear sweep voltage
by charging a capacitor across a
constant-current series pentode,
synchronously with the sweep con-
trol voltage (Eccles-Jordan output
for slow sweep, pedestal generator
output for fast sweeps). The saw-
tooth deflecting wave is passed
through a 6SN7 paraphase amplifier
which develops two symmetrical
sweep voltages of opposite polarity,
which are applied to the respective
horizontal deflection plates. The
cathode-ray tube circuits are in the
main conventional,

In the coneluding article of this
series, the shore-station equipment,
including transmitter and radiating
svstem. timer and synchronizer, will
be described.—D.G.F,

IEFERENCE

(1Y The Loran Syatem, Part I, IFurc-
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GEOPHYSICAL

Electronic circuits used today include variable-sensitivity amplifiers for the recording

galvanometers, accurate time control for the recorders, and time marking for indicating

the time and depth of shot that is fired to produce ground waves

|T HE OIL INDUSTRY relies heavily
on the electronics industry
for many products., In the geo-
physical division alone there is a
broad use of electronic components.
At the present time there is an
estimated annual expenditure for
geophysical exploration of approxi-
mately four million dollars on the
products of electronic manufac-
turers. Although this sum seems
small compared with the astro-
nomical output of manufacturers

The recording equipment of the seismom-
eter installed in the truck
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By DAVID SHEFFET

Stanolind Oil end Gas Co.
Tulsa, Okla.

during the war, it represents a
steady reliable market which is
not likely to be reduced by the
advent of peace. On the contrary,
the persistent search for new scien-
tific methods and techniques by
the oil industry is likely to broaden
the demand for electronic compo-
nents.

Prospecting Methods

Practically all geophysical ex-
ploration for petroleum at present

employs three basic methods of
prospecting. These methods are
seismic, gravimetric and magnetic.
All three methods are used by oil
companies in a complete explora-
tion program. The gravity and
magnetic methods are relatively
inexpensive and fast in operation,
and are used as reconnaissance
methods to give a quick overall
picture of an area. They do not
provide accurate subsurface detail,
but serve to outline general limited

The operator’'s panel includes terminal positions from seismometer cables, elec-
trical test set, timing circuits, amplifiers, recording oscillographs, and firing controls

wwWw americanradiohistorv com
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The truck for field surveys carries the recording equipment. In the background
ig the shooting truck beside a geyser of mud and water blown out of the hole

areas of interest which can later
be more accurately delineated by
the seismograph.

The gravity meter is an amaz-
ingly sensitive device for measur-
ing the variations of the force of
gravity with variation of geologic
structure. However, all of its re-
markable magnifying properties
are obtained by means of mechani-
cal and optical linkages. The elec-
trical circuits involved are usually
associated with simple relays for
maintenance of limited tempera-
ture fluctuations.

The magnetic method Iinvolves
the use of a magnetometer which is
a, combination magnetic, mechani-
cal, and optical device for measur-
ing the variations of the vertical
magnetic field associated with geo-
logic formations.

Of the three methods, the seismic
method has borrowed the most from
the electronic field. What is
usually known as the seismograph
actually is a system comprising a
large group of earth-type micro-
phones, cables, control circuits,

- amplifiers and a recording oscillo-
graph. In addition, there are voice
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as an aftermath of the shot

communication circuits and shot-
firing circuits. All this equipment
is used to record the vibrations
generated in the earth by firing
a charge of dynamite below the
surface. The acoustic waves
initiated by the explosion pene-
trate the geologic formations and
produce reflected waves at the
boundaries between ditferent media
because of sudden changes in elas-
tic properties (acoustic impedance)
across the boundary zones. These
reflected waves return to the sur-
face of the earth and are recorded
so as to indicate depth and dip of
the various reflecting horizons.

Seismograph Field Spread

In a seismograph field setup, or
spread as it is usually known, a
group of 24 or more seismometers
(ground-contact microphones) is
placed on the earth in a line either
running through the shot point or
offset from it. The exact arrange-
ment and number of these seis-
mometers and configuration of the
spread varies considerably between
companies and between different
areas surveyed by a given com-
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pany. As few as 12 and as many
as 96 seismometers have been used
by some operators. The length of
the spreads may vary from 200
feet to 3,000 feet. It is important
in any spread to know the exact
distances between seismometers
and shot point because these enter
into the final calculations of depth
and dip of the subsurface strata.

Amplifiers

The seismometers connect
through multiconductor cables to a
control and test panel in the record-
ing truck. This control panel feeds
the outputs of the seismometer
groups to a large number of identi-
cal recording amplifiers. These
amplifiers connect to a multiple
galvanometer recording  oscillo-
graph which records the output
of each channel on sensitized photo-
graphic paper. It is common prac-
tice at present to use 12 or 24
amplifier channels and a single
galvanometer block in the oscillo-
graph, which contains a corre-
sponding number of recording ele-
ments plus a spare.

There are many kinds of seismic
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FIG. 1—Time-rate volume expander in-
creases gain of amplifiers after the shot

FIG. 2—To record all reflected signals
at comparable amplitudes, gain is con-
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FIG. 3—For maintaining constant input
to the oscillograph, ave can be obtained
from the amplifier output

amplifiers in use by geophysical
companics. Most of them use auto-
matie volume control or adjustable
time-rate expanders or combina-
tions of both. In seismic shooting
the range of input signal which
must be recorded varies as much
as 10,000 to 1, according to the
area worked. This wide ampli-
tude range must be reduced to an
average range of 2 to 1 or betler ot
the oscillograph, and this must be
done in a period that rarely ex-
ceeds four seconds and is often as
short as one second. The threshold
sensitivity of the amplifier should
be adjustable in steps between one

microvolt and one millivolt. This
requirement means that when
the amplifier 1is wide open,
any signal above the threshold

value of one microvolt will operate
the automatic volume control. With
the gain reduced 60 db, signals
have to exceed the threshold of
one millivolt to operate the ave.
These are common requirements
today for fully automatic volume-
control systems.

Preadjusted time-rate expanders
in which the gain varies with time
are also used. In this system some
variable gain elements such as re-
mote-cutoff pentodes have their
bias set at a predetermined level,
thereby reducing the amplifier gain
to the point where the initial high
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FIG. 4—A loop containing an auxiliary
amplifier can provide over- or under-
control for avc

output of the seismometers after
the explosion is fairly well con-
trolled. At a definite time after
the initiation of the shot, the bias
is reduced at a predetermined rate
by a capacitance-resistance unetwork
so that the gain of the amplifier
increases while the energy of vibra-
tions from the earth is decreasing.
It requires expericnce in each area
to know just what rate of gain
expansion is necessary to compen-
sate for the decrease of shot energy
and obtain a uniform record. This
experience is not so necessary when
using a truly automatic volume
control, therefore many operators
today employ automatic volume-
control amplifiers.

Gain Control

Figure 1 shows a circuit of a re-
sistance-capacitance expander net-
work such as is used in the time-
rate expander system given in the
block diagram of Fig. 2. When
the switch is closed, capacitor C
is charged to a voltage determined
by adjustment of E,. This voltage
plus B, is the initial bias on
the ¢rids of the controlled tubes.
The firing of the shot operates a
relay which opens the switch; C
discharges through R, and R, R.
is adjustable so that the rate of
gain increase can be set to match
the expected rate of decrease of
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signal energy. Battery B, repre-
sents the final bias reached and
determines the maximum gain of.
the amplifier when the capacitor
has discharged.

One ingenious variation of the
time-rate expander system uses
the resistance-capacitance gain ex-
pander system, but the resistance
that discharges the capacitance is
not fixed during the period of the
record. Instead, the resistance
itself is electronically controlled by
the average signal amplitude, so
that the gain expansion rate is a
function of the signal. This char-
acteristic is like a one-way ave be-
cause the gain of the amplifier can
increase when signal level de-
creases, but cannot decrease if
signal level temporarily increases
because the expander capacitor can-
not recharge once it has started on
its discharge cycle.

In the development of automatic
volume control for seismic record-
ing, the problem at first seemed
simple because ave was already
being used in radio receivers quite
successfully. The thing that made
it difficult was the fact that the

major frequencies rvecorded iere
between - 25 and 100 cvcles. In
radio receivers the stages con-

trolled by the avc voltage operate
at several hundred kilocveles or in
the megacyele range. The vectified
and partly filtered intermediate-
frequency voltage which supplies
the ave bias has no residual com-
ponents that are likelv to be ampli-
fied by the stages which it controls.
Thus there is excellent protection
against oscillation of the system
at one of the fluctuation component
frequencies,
Ave Problems

In a seismic amplifier the {re-
quencies amplified are so close to
the highest equivalent control fre-
quency of the ave voltage that it is
not a simple matter to obtain a
wide amplitude range of control
with sufficient speed of control and
still maintain stability. The way
in which the rectified ave voltage
is filtered is very important. Too
much filtering insures stability but
reduces the rate of ave action. In
some shooting locations this slow-
ness does no harm but in others
the ave cannot follow the rapid
dynamic changes of the shot
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energy. Too little filtering pro-
duces instability which may vary
from intermittently-appearing low-
frequency rolls to continuous low-
frequency oscillation. It is even
possible to get good stability when
the shot energy is medium to high,
but get low-frequency incipient
oscillations when the signal input
is low.

Not only is the method of filter-
ing important, but the type of vari-
able elements controlled by the ave
voltage is equally important for
successfully attaining smooth
dynamic action with dependable
stability. The obvious control ele-
ments are variable-gain tubes such
as the 6K7G or 6U7G. In a single-
ended amplifier using the signal
output to supply the ave voltage,
these tubes can be controlled over
a veasonable range with fair
dynamic action. The ave voltage
can be applied either to the control
grids or to the suppressors. When
applied to the control grids, the fil-
tering is usually more eritical than
when the ave bias is applied to the
suppressors. If the gain in the ave
loop exceeds unity at any frequency
where the inpul and output are in
phase, the system will oscillate.

Figure 3 shows a block diagram
of a typical automatic volume con-
trol amplifier. In this figure the
preamplifier is a fixed-gain ampli-
fier. However, this amplifier may
also have its gain varied with time
as shown in Fig. 2 or it may be
included in the ave loop along with
the succeeding stages of Fig. 3.

Another type of ave 'that has
been used is the input type of con-
trol shown in block diagram in Fig.
4. In this system there is no feed-
back of output signal to be rectified
and filtered for ave bhias. Because
the bias is generated by the input
signal through a separate amplifier,

the control action is independent of
the output signal and consequently
it is possible either to over-control
or under-control the output. It is
easily possible to produce zero out-
put with a large signal input unless
precautions are taken. One-method
of avoiding this effect is to Iet‘the
auxiliary amplifier ave itself to a
small extent.

The advantage of this system is
absence of possible feedback in the
controlled stages of the main ampli-
fier and therefore reduction of the
amount of filtering necessary in
the ave filter. Thus greater speed
of ave action is possible with good
stability. The chief disadvantage
of this system is that it requires
careful matching of tube character-
istics between the tubes in the main
amplifier and in the control ampli-
fier. If the tube characteristics
vary with age it is possible to get
hoth over-control and under-con-
trol on the same record. In the
feedback or output control system
of Fig. 8 a certain amount of tube
variation can be tolerated because
of the self-compensating character-
istics of the feedback system. If
the gain in the feedback loop
should change with age or with
power supply voltage variation, the
worst that can happen is a uniform
gradual under-control which does
not show too badly except at large
signal levels. It is impossible to
over-conirol with an output control
type ave system.

Electronic Variable Resistor

A method of control which is
very popular in seismic recording
makes use of electronic resistors
as a part of an attenuator pad
hetween amplifier stages. The 6H6
or 7A6 double diode can he used
as an electronically controlled re-
sistor with the ave bias voltage
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FIG. 5-—Controlled duodiode is used as
a variable resistance in an avc system
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FIG. 6—A radio-frequency link can be
used to control the diode resistor
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supplving the control. This cir-
cuit is shown in Fig. 5.

In a diode the plate is so close
to the cathode that some emission
from the cathode flows to the plate
without any external voltage being
impressed on the plate. Not all
electrons flow to the plate, but there
are so many of sufficiently high
initial velocity that they strike the
plate in great numbers and we call
the result a high contact potential.
When no external voltage is applied
between plate and cathode, the re-
sultant electron stream can be used
as a low resistance. Biasing the
plate negatively with respect to the
cathode reduces the electron flow
and increases the plate-to-cathode
resistance. The range obtained
varies from about 1,000 ohms to
several megohms. It is necessary
to use a back-to-back arrangement
of diodes in order to prevent dis-
tortion over a wide range of signal
voltages. It is possible to use a
single half-wave diode over a
limited range of signal levels. Con-
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FIG. 7—Circuit for introducing overlap
in the seismic record
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tact rectifiers such as copper-oxide
and selenium rectifiers can also be
used in a manner similar to vacuum-
tube diodes.

One of the big advantages of the
diode system is the fact that the
ave voltage is applied to the diodes
in a balanced bridge connection. If
the bridge is well balanced, any
residual low-frequency component
in the ave bias voltage will not ap-
pear between the output terminals
of the bridge which connect to grid
and ground of the following stage.
This means that less filtering is re-
quired after the ave rectifier in the
diode control system. Therefore, it
is possible to obtain greater speed
of ave action for a given amplitude
control ratio with the diode system
than with variable-gain pentodes.
In any system, the closer the degree
of amplitude control, the greater
must be the gain in the ave loop
and the more the filtering required
to maintain stability. Increasing
the filtering reduces the rate of con-
trol.

Methods of Applying Avc

Another method which is used in
connection with diode resistors in-
volves a radio-frequency link. A
radio-frequency oscillator drives
an amplifier which is modulated by
the rectified filtered ave voltage.
The variable amount of radio fre-
quency which is controlled by the
signal output of the main amplifier
is then applied to the diodes so as to
change their effective resistance.
This operation can be seen in the
block diagram of Fig. 6.

Still another method which is in
present use in seismic recording
dispenses entirely with thermionic
elements in the controlled stages.
Tiny lamps are used in a balanced-
bridge arrangement to control the
amount of signal passed through the
amplifier. The variation of control
is obtained by applying current at
radio frequency (or any frequency
very high compared with the seis-
mic frequencies) to the tiny resist-
ance elements. The amount of high
frequency current which is applied
is controlled by the rectified and fil-
tered seismic frequencies near the
output of the amplifier.

There is considerable variation
in methods of overall control of a
large number of channels. Some
companies prefer individual ave
complete in each amplifier channel.
Others use a single master ave am-
plifier which receives its input sig-
nal from the combined outputs of
several channels and supplies a form
of average control bias equally to
all channels. Another method is to
pair adjacent channels and have a
common ave amplifier controlled by
the outputs of both channels pro-
duce a common control bias for both
channels.

There are many combinations of
simplified control. They have the
advantage of saving parts and
therefore space, weight, and cost.
The disadvantage is in the much
closer matching of control tube
characteristics and the necessity
of changing tubes more often.
Where each channel has its own in-
dependent ave system, much greater

variation in tube characteristics
can be tolerated. Variations with
use do not show up badly on the re-
cording paper because there is par-
tial compensation for gain varia-
tions when the ave control bias of
an amplifier is a function only of its
own signal output. Another dis-
advantage of master ave systems is
in the wide initial variations in sig-
nal levels between different chan-
nels on certain types of long seis-
mometer spreads.

Use of Filters

In all seismic amplifiers there
must be a certain amount of tuning
to discriminate against unwanted
frequencies that mask the desired
seismic frequencies. The desired
band falls between 25 cps and 100
cps. This band is usually cut into
smaller bands of interest according
to the area in which the explora-
tion occurs. Methods of filtering
vary considerably between com-
panies. Some use fixed band-pass
filters of the conventional variety
and some use combinations of high-
and low-pass filters, with both
upper and lower cutoff points ad-
justable by front panel control.
Some use empirically shaped filters
whose characteristics were deter-
mined from years of field experi-
ence in many shooting areas. These
filters are unconventional in that
the slopes above and below the cen-
ter frequency may be widely differ-
ent from each other.

It has been found highly advan-
tageous in many areas 1o secure
seismograms using different filters.
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Portion of a seismogram, showing the time break of the explosion,

120

the shot-point seismometer break, and the arrival of
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FIG, 9—Communication circuit for field use picks up essential information
of the blast itself

Two or more shots can be recorded
with different filter settings. Re-
cently some operators have em-
ployed two or more sets of ampli-
fiers to obtain two or more records
simultaneously with different filters
on the same seismogram. This prac-
tice has the advantage of reducing
dynamite- and other operating-
costs. Twelve amplifiers are used
for the output of all seismometers
on the spread in one filter setting
and twelve others in another filter
setting, known as dual recording.
Triple and quadruple recording have
also been used. Many times, infor-
mation is gained from the combin-

ation record that would not have
been evident from a seismogram
secured with a single filter.

Phase Distortion Limitations

The amplitude and phase distor-
tion requirements in a seismic am-
plifier are far more critical than in
an ordinary audio amplifier. Seis-
mic amplifiers are designed to have
a certain type of frequency discrim-
ination and with it goes a certain
unavoidable amount of phase dis-
tortion. One of the practical diffi-
culties in making a large number of
amplifier channels is that of mak-
ing them all alike in amplitude and

phase response. In conventional
audio amplifier work, listeners may
disagree as to whether two ampli-
fiers sound alike or not. In seismic
recording the slightest difference
between two amplifiers appears im-
mediately on the seismogram and
leaves no room for doubt. Ampli-
fiers are therefore carefully matched
for phase and amplitude response.
No frequency component of interest
must vary more than one-half of
one-thousandth of a second in time
lag or lead from the standard
adopted. Because the ultimate data
used in the computations are time
determinations secured from seis-
mograms, it is important that am-
plifiers have a minimum variation
in phase from one to another. A
phase difference which causes a
time lag of 0.001 second introduces
an error of approximately four to
eight feet in depth and an even
more appreciable error in dip com-
putations.

At 50 cps the time of one cycle is
20 milliseconds, so that a deviation
of one-half millisecond represents
nine degrees maximum tolerance in
phase shift at that frequency. Be-
low 50 cps the phase-shift tolerance
is even less. Customary laboratory
practice is to align amplifiers for
phase and amplitude by comparing
each channel to the standard with
a common signal input and each
output connected to a different set
of oscilloscope plates. The degree
of opening of the resultant ellipse,
and its slope, is a measure of the
phase and amplitude variations, re-
spectively, between the two chan-
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the percussion wave at the stations in the field spread.
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Later, reflections from different strata arrive at the stations
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nels. In the final overall test the
galvanometer camera is used for a
simultaneous check on all channels.

Seismic Recording Practice

A commonly used procedure in
seismic recording is to add a part
of the voltage from one seismometer
group to the next adjacent group in
a specified direction of the spread.
This process is referred to as over-
lap or compounding, and is used for
the purpose of improving the rec-
ord by accentuating the appearance
of the reflected waves against the
random noise background.

A commonly used method of elec-
tronic overlap is shown in Fig. 7.
When the relay contacts are in the
right-hand position, each channel
except the first one in a group re-
ceives some signal from the imme-
diately preceding one, but from no
other channel. This is mixed in the
common plate circuit with the ori-
ginal signal of the channel itself.
When overlap is not desired, the re-
lay contacts are moved to the left
and the two sections of the twin
triode are in parallel for a single
signal source and independent chan-
nel operation.

One of the most important ele-
ments in a seismic recording truck
is the timing system. Without an
accurate reliable timing system the
records would be useless regardless
of their purely seismic quality. Al
computations of subsurface depths
depend on accurate timing. The
heart of the timing system is a tem-
perature-compensated tuning fork.
It is common practice to use a 100-
cvele fork driven by a vacuum tube
system. A synchronous timing mo-
tor driven by the 100-cycle voltage
from the fork oscillator has a disk
mounted on it which has slots cut
radially. These slots are spaced so
that they permit light from a tim-
ing lamp to strike the sensitized
paper across its full width in a nar-
Tow beam every hundredth of a sec-
ond. One slot out of ten is wider so
that a darker line is placed on the
paper every tenth of a second. This
darker line makes it much easier
for the record computer to add the
total time from the beginning of
the record to a reflecting point.

In addition to knowing the exact
time interval between any two tim-
ing lines it is also necessary to
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maintain the recording paper speed
constant so that a given time inter-
val on one record will cover the
same length of paper as on any
other record. This consistancy is
essential if any comparison is to be
made between records. There are
several methods of accomplishing
this result. Only one method will be
described here because of its elec-
tronic interest. It is used chiefly
where 100-cycle tuning forks are
the standard for timing. Lower-
frequency forks can be used but
they are bulky.

The electric motor which drives
the paper is usually a 6-volt d-c
motor because the primary source
of power in field recording trucks
is a storage battery. In order to
run this motor at constant speed a
unique method has been developed
whereby the speed is electronically
controlled by the 100-cycle tuning
fork. The d-c motor receives its
power as usual from a 6-volt storage
battery, but it is mechanically
coupled to a small 110-volt, 50-cycle
svnchronous motor. This a-¢ motor
maintains the d-c motor at the
proper synchronous speed although
most of the driving power for the
d-¢c motor comes from the storage
battery. The additional power
necessary to hold the d-¢c motor to
the proper speed is supplied by the
50-cycle synchronous motor.

In a typical installation a 1/100
horsepower synchronous motor con-
trols a 1/30 horsepower d-c motor.
The precise 50-cycle power for the
synchronous motor is obtained from
the 100-cycle tuning fork through
an electronic frequency divider
which drives a power amplifier. In
order to eliminate large power tubes
in this amplifier and their heavy
drain on storage batteries, the
power level is amplified only to the
point where it will drive the coil in
a tuned mechanical vibrator. This
vibrator then supplies the storage
battery power in accurate 50-cycle
pulses which are stepped up by a
transformer and smoothed by a fil-
ter before reaching the synchron-
ous motor, 4s shown by block dia-
gram in Fig. 8.

Communication Circuits

It is important that continuous
communication be maintained be-
tween the recording truck and the
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shooting truck. Where the distance
between trucks on a spread is less
than 2,000 feet it is convenient to
use telephone lines. For greater dis-
tance, radio communication is used.
In addition to voice transmission,
provision must also be made for
transmission of the time break (in-
stant of explosion) and shot point
seismometer first break. The latter
gives the time of transmission
through the earth from the position
of the explosive in the hole to the
top of the hole. Figure 9 shows a
typical two-way wire telephone sys-
tem and includes the shot point
seismometer and blaster time break
amplifier and cutout circuit. It is
necessary to cut out automatically
all stray signals from the shot point
as soon as the time break and shot
point seismometer break have been
received because these signals are
recorded through some of the same
galvanometer elements that are be-
ing used for seismometer groups on
the spread.

In radio transmission where am-
plitude modulation is used, it is
often difficult to pick the exact
starting point of the explosion time
break because of static and other
random noises in the receiver when
the signals are weak. The explo-
sion time break is a high-frequency
pulse very similar to static. To get
around this difficulty, one method
used is to modulate the transmitter
just prior to the shot with a con-
stant 1,000-cps tone which is cut
out at the instant of the explosion.
The carrier is left on an additional
length of time in order that the shot
point seismometer break can also
be recorded. In some cases it is not
necessary to record the shot point
seismometer break, so the explo-
sion time break can be used to cut
off the carrier and this event re-
corded at the receiving point is
used as the time break.

Still another method is to start a
1,000-cps modulation on the carrier
by means of the explosion and stop
the modulation by means of the shot
point seismometer pulse arrival
This system is shown in detail in
the diagram of Fig. 10 which gives
the wiring at the shooting truck.
In the bottom center block the left-
hand thyratron (type 2050) is fired
by the explosion and operates the
left-hand relay to connect the 6C8G
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oscillator at the lower right to the
triode amplifier in its own en-
velope. This amplifier feeds the
modulator in the transmitter shown
in the upper right block. Shortly
after the 1000-cps modulation has
started, the shot point seismometer
voltage amplified by the 6C8G in
the lower left fires the right-hand
2050 thyratron., The relay in the
thyratron plate circuit grounds the
oscillator output.

At the receiving truck the 1000-
cps wave train may be recorded in
its original form or only the envel-
ope may be recorded. The initiation
of the wave train, or leading edge
of its envelope, gives the time of
the explosion and the trailing edge
‘gives the shot point seismometer
arrival time.

In the lower left-hand block is
shown a circuit which checks the

“lation

from their source. This record is
used only as a check against any
possible defects which may arise in
process of continued operation. The
thyratrons drive the relays so hard
that the relay delay is too small to
be significant. An ingenious method
of transmitting the two timing
pulses by means of frequency modu-
while reserving amplitude
modulation for voice communica-
tion is described by Shook, Olson
and Kerr in Proc. I.R.E. for Oc-
tober, 1944.

Complete Recording Units

The operator’s panel is built in a
single rack. At the top left is the
control panel where all seismometer
cables enter, and the signals from
the various groups are distributed
to the proper amplifier channels.
This panel also includes means for

top center is located the fork oscil-
lator svstem and telephone ampli-
fier beneath it. On the right is the
galvanometer type recording oscil-
lograph, usually referred to as the
camera. In the bottom half of the
rack there are twenty-four amplifier
channels. Each chassis contains two
channels. At the left of the channel
array are the master switches which
enable the operator to select rapidly
any desired amplifier characteristics
before shooting. Each pair of
switches controls its corresponding
row of channels. On the right-hand
side of the amplifiers are the bat-
tery test panels and master firing
controls.

This complete system is placed in
a truck for use in rough country.
These trucks are designed to oper-
ate in wooded or swampy sections
where they often make their own
roads and are able to knock down

times as transmitted by radio testing breaks or shorts to ground
against the original pulses directly in cables or seismometers. At the small trees.
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FIG. 10—Communication equipment and keying

circuit are used to modulate a carrier from the time the shot is fired until the

percussion wave reaches the ground surface above the firing point
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INPUT | VARIABLE-GAIN | OUTPUT

AMPLIFIER

VOLUME

AMPLIFIER ™ RECTIFIER

FIG. 1—Block diagram of an electronic
volume-expander circuit in which the
rectified signal is used to control gain

ANY people, having listened

to volume-expansion ampli-
fiers, have found them to introduce
undesirable wows, gasps, pops, or
just plain distortion in the repro-
duced output. There is, however,
ample justification for volume ex-
pansion in the fact that a certain
amount of volume compression is
used in making a majority of re-
cordings and sometimes in broad-
cast work. In addition, the reduc-
tion of amplification at low levels
helps to reduce record scratch and
background noise during such pas-
sages,

This paper represents the results
of a series of experiments to find
the answers to expander design.
The expander to be discussed is
the electronic type, wherein the sig-
nal is rectified and the resulting d-c
voltage is used to control the gain
of a variable-gain stage as shown
in Fig. 1. There are many other
ingenious ways of introducing vol-
ume expansion, but it is felt that
this type provides the necessary
flexibility for application to varied
tvpes of program material.

The expander illustrated in Fig.
2 was developed in connection with
these experiments. It has been
found to give satisfactory results
with a wide range of program ma-
terial, and, even when improperly
adjusted, it does not have many of
the undesirable characteristics ex-
perienced with other circuits. The
complete circuit of the expander is
shown in Fig. 3.

Requirements

The design of an electronic vol-
ume expander involves a number of
interesting problems beyond those
ordinarily encountered in amplifier
work. The variable-gain stage must
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operate at not just one point on its
characteristic, but rather over the
complete range of its characteris-
ties without introducing distortion.
The amplifier which feeds the rec-
tifier circuit must have means for
adjusting its gain without any
audible indication, and this gain
must be variable to suit the various
input signal levels.

Finally, the rectifier must be cap-
able of rectifying a complex a-¢
signal without introducing objec-
tionable ripple into the signal cir-
cuit. Moreover, the time constants
throughout the expander circuit
must be so adjusted that full ex-
pansion can be obtained in some-
thing like 5 to 15 milliseconds, while
the time taken to return to normal
gain is about one second. By care-
ful attention to all of these require-
ments, satisfactory operation can
be obtained.

Choice of Circuits

The variable-gain stage is the
heart of the expander, and its se-
lection is the first consideration in

design. Perhaps the most widely
used tube for this purpose is the
6L7, in which the d-c bias voltage
on grid number 8 controls the gain
of the tube with respect to grid
number 1. Another popular method
is to use a variable-mu tube such
as the 6SK7 and let the d-c bias
on the signal grid control the gain.

A less common but very ingen-
ious circuit uses a triode tube as
one leg of a voltage divider for the
signal. The other leg is a fixed re-
sistor. By varying the bias on the
triode, the tube assumes different
values of plate resistance, and thus
there is a variation of the relative
signal voltage which is taken off
across the triode.

Because of the complex biasing
problems on multi-element tubes,
and because of the wide range of
tube characteristics involved in the
expansion stage, many of the cir-
cuit constants for that stage will
have to be determined by trial and
error,

During experimentation with the
expansion stage, circuits were con-

PHASE INVERTER BALANCE

SIGNAL

CONTROL AMP RECTIFIER

EXPANSION STAGE

\\ \
L e —u EXPANSION

OUTPUT TUBES

_ VOLUME
CONTROL

CONTROLS

FIG. 2—Chassis of the experimental expansion amplifier
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EXPANDER DESIGN

An electronic volume expander provides full expansion of a wide range of program

material in about ten milliseconds and return to normal gain in one second. The problems

encountered, methods of solution, and results of experimental work are included
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FIG. 3—Final circuit of the expansion amplifier.

sidered where the input to the con-
trol circuit is taken from the output
of the expanding stage rather than
the input. This type of circuit
would have the advantage of reduc-
ing the amplification necessary to
drive the control circuit. It was
found to be unsatisfactory, how-
ever, because of dynamic instability
caused by the regenerative action.
Any delay in expansion was greatly
accentuated. DMoreover, since the
control voltage was proportional to
the square of the signal input, the
curve of gain vs signal was very
steepat higher levels. With one cir-
cuit tried, the action of the expander
was delayed by one or two seconds,
after which the expansion would
take place very suddenly. The re-
sult was that the gain had no rela-
tion to signal strength with a typ-
ically variable input signal.

The push-pull circuit for the ex-
pander of Fig. 3 was selected after
several disappointing experiments

ELECTRONICS — December 1945

D-expansion; E-time constant

with single-ended circuits. Not only
do the latter have a tendency to
distort due to curvature of the
tube characteristic, but they also
are affected by any residual rip-
ple that may come through from
the rectifier. These effects are
largely eancelled out in a push-pull
stage.

Advantages of Push-pull

Another advantage, though not
apparent at first, is the possibility
of avoiding the use of bypass ca-
pacitors. Changes of screen and
cathode voltages in an expanding
stage are in such a direction as to
oppose the change in gain caused
by a change in grid bias. If the
cathode or screen voltage variation
is retarded by a large bypass ca-
pacitor, it is possible for the gain
of the stage to increase before this
capacitor can change its charge.
When it does charge, it pulls the
gain down. The result is that the

www americanradiohistorv com

The lettered controls are identified as follows: A-balance; B-volume; C-input level;

amplifier gain overshoots its final
mark and there is a tendency for
thumps to be heard in the output.
Figure 4 is an oscillogram which
illustrates this type of transient
response.

Effect of Transients

Another difficulty
single-ended circuits is the pos-
sibility of introducing low-fre-
quency transients or thumps in
the output, due to rapid expander
action. . Such transients are can-
celled out in a push-pull stage, since
the control bias is applied to both
grids simultaneously. Even with
push-pull operation, however, it is
still necessary to keep the transients
in the output of the individual
expander tubes from becoming
so large as to cut off the fol-
lowing stage. This can be accom-
plished by transformer coupling, a
special phase-inverter tube’, or,
as in Fig. 3, through the use of

inherent in
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FIG. 4—This oscillogram shows the
overshooting of gain caused by a 10-uf
cathode bypass capacitor connected
across a 10,000-ohm cathode resistor

low values of plate load resistance
and low values of coupling capaci-
tors. The loss in low-frequency
response is compensated for by the
RC networks in the grid circuits.

In the control amplifier circuit
of Fig. 3, there are two gain con-
trols. One is used to vary the
amount of expansion, and the other
compensates for major differences
in input signal level. A more com-
mon means of controlling expan-
sion is the use of a potentiometer
in the rectifier circuit, but this was
found unsatisfactory because of
its effects on the time constants
in the rectifier.

Rectifier Problems

The rectifier with is associated
filter is perhaps the most impor-
tant section of the amplifier, for it
is here that the dynamic nature of
the entire unit is determined.
Improper consideration of these
factors can lead to serious volume
distortion. The problem is to get
an RC filter circuit which will re-
act very rapidly to impulses of
signal, and still eliminate all traces
of rectifier ripple from the signal
circuit. The solution is to make
all resistors through which the
capacitors charge very small, and
those through which they dis-
charge very large.

Figure 5 shows the type of recti-
fier circuit to be considered, along
with its equivalent circuit. The
charging time is determined prin-
cipally by the internal impedance
of the driving amplifier, », the
plate resistance of the diode, 7.
and R,; along with capacitors C,
and C.. The discharge time is
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FIG. 5—A simple rectifier and filter cir-

cuit is shown at the top. Its equivalent

circuit shows the factors that determine
the charging and discharging time

determined by resistors R, and R.
and capacitors C, and C,. It is
important also to remember that
capacitors associated
with the expander -circuit can

INITIAL
AMPLITUDE

CONSTANT

resistance between the controlled
grid and ground should, if pos-
sible, be kept below the maximum
value specified for the tube used.
The use of a cathode-follower cir-
cuit in the driving amplifier circuit
of Fig. 3 makes the driver imped-
ance very low and makes it easy to
obtain a low charging time. Con-
trol of the time constant is obtained
by making resistor R, in Fig. 5
variable,

Figure 6 shows an oscillographic
determination of the minimum
charging time for the expander of
Fig. 3. A 500-cycle signal was
keyed into the circuit with expan-
sion full on, the 3000-ohm series
resistor shorted, and the time-con-
stant control set at its minimum
value.

The number of cycles required
for 64-percent expansion indicates

FINAL
AMPLITUDE

FIG. 6—Oscillogram showing the shortest possible transient response for the
circuit of Fig. 3. The notch at the left was caused by masking tape over the
stationary spot on the screen

affect the time constants.

Calculation of the exact time
constants of a circuit such as that
of Fig. 5 is rather complex, but
the following simple formulas de-
veloped by E. W. Kellogg and W. D.
Phelps® will give the necessary
values closely enough.

Charging time constant —
(ro + 1) Co + (ry + 70 + R) C,

Discharge time constant -—=

R.C. + (R, + R.) C.

Adjustment of values should be
made so that the minimum charg-
ing-time constant will not be over
15 or 20 milliseconds and the dis-
charge-time constant not less than
0.5 second. In addition, the total
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the charging-time constant, eight
milliseconds in this case, In prac-
tice, the insertion of the 3000-ohm
buffer resistor was found valuable
in materially reducing rectifier
ripple. This resistor brought the
time constant up to 12 milliseconds.

Staiic Test

Performance is determined Dby
testing for change in gain, or ex-
pansion, with respect to control
voltage. For this test, control volt-
age is most easily obtained from
a battery and potentiometer. A

- gain curve for the expander is

shown in Fig. 7. The points to be
noted are first, that the maximum
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change in gain without distortion
must be at least about three times
(10 db), and second, that the curve
of gain versus voltage should be
fairly straight over the range
selected.

To compensate theoretically for
a typical compression character-
istic, all of the expansion would
have to take place in the upper
two db (20 percent) of the control
voltage swing. This characteristic
is neither necessary nor desirable.
For one thing, the input level to
such a circuit would be very criti-
cal, necessitating many readjust-
ments of input level. Further-
more, this type of curve can lead
to undesirable dynamic character-
istics, especially in connection with
overlong time constants. This
combination will make the expan-
sion come on suddenly, many milli-
seconds after the initial input
impulse. The effect is difficult to
describe, but it is unquestionably
unpleasant.

Operation

Setting of the amount of expan-
sion and the time constant is com-
plicated by the fact that it is prac-
tically impossible to detect the
action of a properly adjusted ex-

pander. There is a natural ten-
dency to advance the expansion
control to the point where the

effects of the expander can be
heard, for if time and effort have
been put into the construction of
such a circuit, one likes to hear it
work. As a matter of fact, the
only way to tell accurately how well
an expander is operating is to play
the same passage twice, once with
expansion on and once with it off.
This is only possible with phono-
graph records, for which reason
records are probably the best
source of program material for one
who is learning to use an expander.

Once some experience has been
gained with the expander, the two
gain controls C and D, and the neon
indicator in Fig. 3 can be used to
advantage in setting up the ex-
pander for operation with any type
of signal. The resistors associated
with the neon lamp are so adjusted
that the lamp begins to glow when
the signal voltage is large enough
to drive the expander to full ex-
pansion. The level at this point is
adjusted by control C in such a way
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that the lamp will blink at peaks
of modulation. For any radio sta-
tion or record, this adjustment can
usually be made in a few seconds,
and it will hold as long as the same
input source is maintained. With
the signal level in the expansion
control circuit so adjusted, it is
then possible to set the second gain
control, D, in terms of its own
panel calibrations to give the num-
ber of decibels expansion desired
for the particular program mate-
rial.

Typical Control Settings

Actual settings of the expansion
and time-constant controls will
naturally vary for different types
of program material. Symphonic
selections are perhaps easiest to
expand. This type of music will
take all the expansion the amplifier
can give, at the shortest time con-
stant, without any unpleasant reac-
tion. The only limit here is the
point where soft passages are too
soft to hear and loud ones uncom-
fortably loud. Martial band music
also falls into this category.

Dance music is a little more
difficult to handle, and expansion
should be used cautiously. The
time constant should be short when
the music is slow; but if the music
is fast and hot, a long time con-
stant is required to swamp out the
rapid volume impulses and prevent
jerkiness.

Speech is also difficult to handle
but expansion can still be used to
advantage if it is used sparingly.
Time constants on speech should be
kept short to preserve the natural

expression. An over-long time
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FIG. 7—Static gain versus control-
voltage characteristic of the push-pull
expansion stage shown in Fig. 3
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FIG. 8—Variation in charging-time con-

stant available with the circuit of Fig. 3.

Minimum is shown at the top of the

illustration, and maximum at the bot-

tom. In the center, a 60-cycle trace is
given for reference

TABLE I. RECOMMENDED EXPANDER
SETTINGS

Program Material Expansion Time Constant

Symphonic Music |

Band Music hull Shoit

Dance Music {slow) Medium Short

Qrgan Music Low Short

Speech e

Dance Vocals Low shott

Swing Music (fasty Medium Long

Operatic Vocal Solos ? Not Recommended

Instrumental Solos

constant and excessive expansion
can lead to a very undesirable
gasping or breathless effect.

One type of material for which
expansion is not recommended is
a vocal or instrumental solo. The
performer puts in his own volume
expression, and expansion will seri-
ously distort it. The effect is at
its worst when the expansion con-
trol circuit has peaks in its fre-
quency response so that certain
notes are expanded out of propor-
tion to the rest.

Table I indicates in convenient
form the expander settings recom-
mended for various types of mate-
rial.
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CRYSTAL-DRIVEN
for D-C Amplifiers

A 1000-cycle signal actuates a rochelle-salt crystal that drives a

carbon button in series with the d-c¢ signal to be amplified. The

composite signal is amplified and demodulated at high level

F the many problems encount-
O ered in the design of a sensi-
tive d-c amplifier, one of the most
troublesome is that of drift of the
zero-signal point due to unavoid-
able changes in supply voltages,
circuit constants and tube char-
acteristics. One solution is to
impress the d-c¢ signal on a high-
frequency a-c signal in such a
manner that the resultant ampli-
tude of the combination signal is
proportional to the instantaneous
value of the incoming d-¢ signal.
The modulated signal is then am-
plified and rectified at high level to
obtain a d-c voltage or current
proportional to the original d-c
signal.

One method of applying this
principle of operation involves the
use of a mechanical chopper which
periodically interrupts the d-c
signal and applies the resulting a-c

By JAMES A. WILLIAMS

Nawval Ordnance Laboratory
Washington, D. (

signal to the input of a conven-
tional a-c amplifier. The principal
limitation of this method is that
the highest frequency component
of the signal to be amplified must
be low compared to the chopper
frequency. This is sometimes dif-
ficult to achieve because of the
upper fregency limit of the vibrat-
ing or rotating mechanical system
due to mass, stiffness and other
factors. Moreover, considerable
hash is caused by the making and
breaking of the contacts and this
limits the lower range of signals to
be amplified.

Construction of Driver

The device to be described is in
effect a chopper which is less sub-
jeet to the above mentioned limita-
tions than the conventional dis-
continuous mechanical device. It
consists of a carbon microphone

CARBON BUTTON
i

L NeuT

'GRYSTALS CEMENTED
TO -BAKELITE INSERT

1000-CYCLE

CRYSTAL—(; g—{ osciLLATOR )

W CARBON BUTTON
D-C INPUT

OUTPUT,

U

BANDPASS
AMPLIFIER

LOW-PASS
FILTER

bt

FIG. 1—Mechanical details of the

crystal-driver assembly
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FIG, 2—The essential units of the
system
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button mechanically coupled to a
rochelle-salt crystal. The method
of coupling and mechanical details
are shown in Fig. 1. The crystal
unit is supplied excitation by an
oscillator operating at a frequency
of 1000 cycles. It is essential that
the output of the oscillator remain
constant. This condition is ob-
tained by the use of a three-watt
tungsten lamp in tne cathode of
the first stage of the oscillator unit.

The d-c signal to be amplified is
applied to the input transformer
through the carbon button as
shown in Fig. 2. Conversion of the
d-¢ input to an a-c signal is ac-
complished by the carbon button
due to the continuous vibration
of the rochelle-salt ecrystal to
which the button is mechanically
coupled. This action results in a
loss in signal of about 3 to 1 be-
tween the d-c input and the pri-
mary of the input transformer. A
step-up ratio in the transformer of
about 30 to 1 compensates for this
loss and results in an overall gain
of approximately 10 to 1 between
the d-c¢ input terminals and the
grid of the first tube.

Calibration

To permit accurate measurement
of the d-c signal, means is provided
for calibration of the system by
the introduction of an accurately
known calibrating potential.

As shown in Fig. 3, the calibra-
tion system consists of a ladder
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FIG. 3—The circuit shown above provides a d-c output of 40 volts with an input of 20 microvolts

network supplied by a 1.5-volt bat-
tery, with a switch for reversing
the polarity. The calibrating volt-
age appears across a 2-ohm resist-
ance in series with the input and
is continuously adjustable over the
entire range of the amplifier. A
duplicate calibration system may
be used as shown to balance out
any steady d-c potential that may
be present in the input.

The a-c signal resulting from the
action of the converter is amplified
by a three-stage bandpass ampli-
fier. The response of the amplifier
used is flat within =0.5 db from
900 to 1100 cycles, making possible
observation or recording of signals
from 0 to 100 cycles. This pass
band might be extended if a higher
frequency response were desired.
The carrier signal is effectively
eliminated by a low-pass filter hav-
ing a cutoff freqency of 150 cycles,
and an attenuation of 70 db at 1000
cycles. The output filter operates
into a 500,000-ohm load.

The input impedance of the de-
vice is limited by the carbon button
to around 75 ohms. This imped-
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FIG. 4—The calibration voltage was
used as the input signal to obtain this
curve

ance might be increased by adding
series resistance, with a conse-
quent loss in voltage sensitivity.
A gain control and step attenuator
are included in the amplifier, to
provide for a wide range of input
levels.

Output Voltage

In Fig. 4 is shown a linearity
curve of the over-all system. This
curve was obtained by using the
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calibration voltage as the input
signal and reading the output volt-
age on a high-impedance d-c meter.
The attenuator was turned to the
maximum sensgitivity position and
the gain control adjusted to give 5
volts output with an input of 10
microvolts as read on the dial of
the calibration system. The curve
was repeated on each scale with re-
sults that deviated only about
three percent. The maximum out-
put voltage obtainable is 40 volts
with an input of 20 microvolts.
This makes it possible to calibrate
the system at any convenient out-
put voltage up to this value.

The instrument was used satis-
factorily in making field measure-
ments of signals ranging in level
from 2 microvolts to 30 millivolts
and varying in frequency from 0 to
100 cycles. No zero shift was ob-
served.

For use on the high-sensitivity
range, it was found necessary that
the input tube and the crystal
driver be properly cushioned to
prevent microphonics and that ade-
quate shielding be employed.
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Curve-Tracer

By R. K. HELLMANN

Connecticut Telephone & Blectric Div.
Great American Industries, Inc.
Meriden, Conn.

COUSTICAL DEVICES such as tele-
phone handset receivers, loud-
speakers, and microphones are now
manufactured in accordance with
performance specifications which
call for a predetermined output-
versus-frequency curve with com-
paratively narrow tolerance limits.
In order to control production qual-
ity it is necessary to check the per-
formance of each unit produced.
Among the various methods of
recording a test curve the semi-
permanent trace obtained with a
cathode-ray tube of long screen
persistence was found the most
practical solution. A curve traced
in this manner with a relatively
slow sweep can be made visible
between 3 and 15 seconds, which is
long enough to produce the impres-
sion of the complete diagram, and
short enough to cause no interfer-
ence with a subsequent curve.

AMPLI-
FIER VERT
RECTI-
FIER
ARTI-
FICIAL
EAR CR HOR
J TUBE[*
AMPLI-
DEVICE
UNDER R
TEST
1 ¥
CLUTCH i
BF0 fe COUP- .--PSEE."!‘_:EO
LING
¥
H
MOTOR
DRIVE

FIG. 1—Curve tracer includes these
units. Artificial ear is a crystal or
capacitor microphone
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With her left hand the operator holds a handset receiver which is being
production tested for frequency response. The belt, center, drives the bfo and
synchronizes it with the cr sweep. Trace appears at top, inside light shield

The curve tracer described here
is based on this recording prin-
ciple. A study of the literature re-
veals considerable previous work
in this direction, largely with the
view of producing diagrams auto-
matically by means of advanced
electronic arrangements, whereas
in the present instrument straight-
forward circuits and methods are
used. However, the fact that in
its present form it has withstood
the rough treatment on the assem-
bly line over a period of five years
while testing well over a million
units justifies this report.

Operation of the curve tracer is
shown in the block diagram in Fig.
1. The device under test is fed from
a beat-frequency oscillator whose
frequency is varied by a mechanical
drive. The same drive also actu-
ates a potentiometer which con-
trols the horizontal deflection of the
luminous spot in the cathode-ray
tube. The device under test may
be, for instance, a handset receiver.
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It is coupled to an artificial ear.
The output of the latter is ampli-
fied, rectified, and applied to the
vertical deflection plates of the
oscilloscope.

Frequency Sweep

The mechanical drive affords
automatic scanning and consists
of a reversible a-c motor with
double gear reduction. On the
slow shaft is a coupling device
which, in the engaged position, con-
nects the motor drive by means
of a pretensioned metal belt with
the pulley on the beat-frequency
oscillator. Also on the slow shaft
is a cam which operates two adjust-
able sets of contacts.

Figure 2 illustrates the operation
of the drive circuit. When the
starting button is pressed, the
armature of the motor is energized
through the contacts of the hold-
ing relay so the motor moves for-
ward, starting the frequency sweep.
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for ACOUSTIC DEVICES

Quality control over full-scale production output of handset receivers is obtained through

the use of a powered-sweep bfo, a long persistence c-r tube, and suitable test fixtures

When the cam opens the adjust-
able:end contact, the holding relay
releases and reverses the motor.
This moves the beat-frequency
oscillator toward its starting fre-
quency.

Near the rest position, a cam-
operated switch opens the armature
circuit and stops the motor. If
the inertia of the armature should
carry the cam beyond the range of
this rest position a second contact
on the same adjustable arm closes
and makes the motor rotate in a
forward direction until it comes
to rest between the two contacts.

When the end contact in the
forward direction opens, a quick-
acting relay lifts the bias of the
cathode-ray tube. The bias is
normally sufficiently negative to
blank out the beam. In this manner
a trace is produced on the screen
only during the forward sweep.
Since current density in the spot
and accelerating voltage are high
to make the afterglow of the trace
last a long time, this precaution
is necessary to prevent burning of
the screen with a stationary spot.

Provisions are made to operate
the drive and the frequency-deter-
mining potentiometer by hand so
details of the diagram can be re-
traced. To this end the coupling
device on the slow motor shaft can
be pressed inward to disengage the
metal belt from the shaft of the
drive and the associated cam. How-
ever, engagement with the potenti-
ometer which controls the horizon-
tal beam displacement is retained.
When released, an arrangement of
spring pins relocates the oscillator
control at the starting frequency
as determined by the adjustable
contact arm.

Since manual operation does not
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energize the holding relay the cut-
off bias must be lifted in that case
by pressing a button marked
‘Manual’.

Potentials at both ends of the
sweep potentiometer can be ad-
justed by two separate controls so
the frequency range of the sweep,
as set by the adjustable cam con-
tacts, can be spread out to any
desired length on the screen.

Test Fixtures and Circuits

It will be realized that the curve
tracer as a production testing
deviee is only as practical as the
auxiliary apparatus and fixtures.

Figure 3 shows the test fixture
and circuit of a handset receiver.
Since the cavities in the molded cap
of the handset establish the shape
of certain parts of the response
curve, the test fixture consists of
a handset with a special cap that
is quickly detachable by means of
a bayonet lock. A spring holds the
unit against the coupler of the arti-
ficial ear with the prescribed pres-
sure of 1 kilogram and also holds

it safely in the loading position.
The receiver under test is con-
nected to the low-impedance output
of the beat-frequency oscillator
through a resistance equal to the
nominal receiver impedance at 1000
cycles, and the voltage is adjusted
at the same frequency so 1 mw is
delivered to the receiver,

A crystal microphone made by
Ballantine Laboratories and equip-
ped with a coupler of approximately
12 cu ¢m has been found highly
suitable for this application.

In order to stabilize the receivers
magnetically a cam transfers the
receiver leads momentarily to the
source of stabilizing current during
the closing of the hundset arm in
the fixture and restores them to the
audio voltage just before the re-
ceiver seats itself on the coupler.

A somewhat more elaborate fix-
ture is illustrated in Fig. 4. It
accommodates the two receivers of a
headset and is therefore equipped
with two artificial ears. These are
mounted on a support plate which
can be lowered by a foot lever for
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R : POSITIONING
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MOTOR- F
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|

“-CLUTCH GCOUPLING

FIG. 2—Details of drive circuit.

Cam and contact arrangement establishes

start and stop positioning of mechanical train
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loading. The receivers are placed
in positioning recesses in the load-
ing platform. When the pedal is
released the ears are lifted by a
spring which presses their couplers
against the receiver units and the
individual loading weights.

When used for testing high-
impedance headsets of the resonant
type, this fixture is associated with
the circuit shown in Fig. 5. This
was developed in accordance with
the observation that sufficiently
informative curve-tracer diagrams
are obtained if both receivers,
coupled to their respective ear cavi-
ties and connected in series, are run
together. The output of each ear
can be connected to the curve tracer
input by means of switch T.

The data to be checked are the
frequency and amplitude of the
resonance peak, its width at 6 db
down, and the impedance at peak
output. Measuring the latter is at
the same time an insurance that the
output measurement in series con-
nection does not introduce errors
due to uneven voltage distribution.
The test circuit can accordingly be
arranged to provide four conditions
which are selected by means of a
3-deck, 4-position switch, S.

After placing the headset in the
fixture the operator proceeds as
follows: position 1 of the main
switch S is a calibrating position.
Voltage E, is adjusted at 1000
cycles to a standardized value, and
a fixed small fraction is fed directly
into the curve tracer input whose
gain is then adjusted against a
calibrating mark on the screen.

In position 2, one-half of the
standardized input is fed to the two
receivers in series and the reso-
nance peak is noted. Immediately,
the curve is repeated with full input
voltage in position 3. The location
and magnitude of the main reso-
nance can be noted as well as its
width at a level 6 db below the
peak, which will still be visible
faintly from the trace taken in posi-
tion 2,

By switching S to position 4 a
comparatively small measuring re-
sistance R is inserted into the cir-
cuit and the potential drop across
it connected into the curve-tracer
input. The resulting curve repre-
sents K,R/Z and can, as R and
E, are constant, be interpreted in
terms of Z as a function of fre-
quency. It is particularly con-
venient to read impedance at the
output peak frequency, which has
been set as a specification require-
ment.

When it comes to testing high-
fidelity receiver units whose output
level must be kept within narrow
limits and is to be determined in
terms of absolute sound pressure,
the crystal microphone is no longer
used.

Figure 6 shows a production line
fixture using a Western Electric
640-A capacitor transmitter with a
6-cu-cm coupler, preamplifier and
power supply.

The fixture is combined with a
demagnetizer which reduces the
initially fully-charged receiver mag-
net to a value indicated by the
curve-tracer diagram.
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FIG. 3—Production test fixture dupli-
cates physical arrangement of actual
handset receiver
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FIG. 4—Duplex fixture tests two re-
ceivers of a headset at once. Circuit is
shown in Fig. §
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FIG. 5—Headset receivers are tested in
series using the production fixture of
Fig. 4. Individual outputs are con-
nected to the curve tracer by switch T
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FIG. 6—High-fidelity receiver-units with

narrow limits are tested in this fixture

which combines a capacitor microphone
and hand-actuated demognetizer

The U-shaped laminated yoke of
the demagnetizer is excited with
60-cycle a-c and can be lifted by
means of a hand lever to expose the
receiver magnet to a stronger or
weaker alternating field. In the
lowest position the exciting wind-
ing is disconnected.

For use with this fixture the
standard curve tracer was modified
slightly. The bias of the cathode-
ray tube was adjusted so that a
faint spot was normally visible
instead of completely cut-off. The
clutch mechanism was provided
with a detent at the 1000-cycle point
in the disengaged (manual) condi-
tion.

With this arrangement the first
test operation is to set the sweep
frequency by hand to 1000 cycles
and adjust the input voltage E,
so that the light pointer hits the
zero-db level marked on the screen
(see also Fig. 7TB). The calibrated
voltmeter will then indicate, in db
above a reference level, the sound
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pressure developed by the receiver
under test. By gradual demagneti-
zation, response can be brought
between limits marked on the volt-
meter dial.

The clutech is subsequently re-
engaged to the lower starting fre-
quency and the sweep with a bril-
liant trace is initiated by pressing
the starting button. The curve will,
of course, go through zero at 1000
cycles and therefore represent
deviation from that point.

Screen Markings

To facilitate rapid interpretation
of the diagrams produced by the
curve tracer, the screen markings
deserve special attention. Figure 7
illustrates three types of markings
used.

Lines and symbols are usually
drawn directly on the outside of the
screen. The choice of a particular
marking scheme depends, of course,
largely on the test specifications.
In Fig. TA for example, which
shows the pattern obtained with
the fixture of Fig. 8, it was possible
to describe the tolerances of the
output curve simply by an upper
and lower limit. The shaded areas
were painted red so parts of the
ordinarily bluish-green trace
changed to that color as soon as
they exceeded the permissible
limits. It would be conceivable to
utilize this for an automatic rejec-
tion feature by placing in front of
the screen a phototube which has
been made selectively responsive to
red by suitable filters.

The two dashed frequency lines
serve as calibration points for fre-
quency adjustment, and the hori-
zontal markings serve for gain
adjustment by means of a standard
unit.

In Fig. 7B, the curve will
always go through the intersection
of the 1000-cycle line and a zero-db
horizontal. Again a number of
calibration markers can be seen.
Due to higher accuracy required
with this test, the width of the trace
had to be considered. Unless push-
pull deflection amplifiers are used,
the diameter of the luminous spot is
likely to vary from one end of the
curve to the other. If this is the
case, the lines denoting the limits
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should be corrected so that the in-
terference between any part of the
spot and the limit line is not accept-
able., To use for this purpose the
imaginary center of the spot was
generally found unsatisfactory in
practice.

In Fig. 7C still another method
of marking is indicated. A number
of taut black wires are placed
across the screen to denote such
values as minimum amplitude and
frequency limits. This method is
particularly convenient for small
production runs.

Interpretation

Referring to Fig. 7, a few typical
clues to production faults as indi-
cated by the curve tracer can be
seen. [n the high-fidelity receivers,
Fig. 7A and 7B, the slight hump
at about 2000 cycles is controlled
by an acoustical coupling resistance
which ¢onnects two cavities inside
the receiver.

If this resistance is produced by
a piece of silk, its porosity must be
kept in a prescribed relation to the
volume of these cavities to produce
a flat response curve. Too little
porosity will result in a pronounced
peak in the curve; too much, in a
dip. If the silk breather has come
loose, this is usually revealed by a
rake near the top of the hump.

The peak near the high frequency
end is caused by acoustical cavities
between the diaphragm and the ear-
piece of the receiver. In this space
a moisture guard in the form of a
thin diaphragm is usually placed.
Slackness of this membrane may
modify the shape of this peak con-
siderably and it is therefore impor-
tant to control its tension carefully.
The shape of output curve in this
region reveals to the skilled oper-
ator the nature of the required
correction.

In the response curve shown in
Fig. 7C the location and height of
the resonance peak is influenced
largely by the condition of the mag-
netic diaphragm. One of the com-
mon faults indicated by a shift in
the resonance peak is distortion of
the seating surface caused by insuf-
ficient lapping or faulty clamping.
The degree of sag due to magnetic
attraction determines the effective
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air gap of the receiver and is there-
fore revealed in both the output
and impedance curves. Likewise
the degree of magnetization can be
determined.

Obviously there are many prob-
lems in quality control of acoustical
devices where testing by the curve
tracer can be applied advantage-
ously. These include production
testing of loudspeakers and radio
receivers. For testing the latter,
the sweep frequency generator can
be used to modulate the signal gen-
erator, and the demodulated signal
as picked off the voice coil of the
receiver under test could be used
for vertical deflection. Such a test

would take only a few seconds but
might present a better picture of
the audio performance of a receiver
than methods presently used.

(A)

FIG. 7—Three alternative types of
screen markings for production-line
evaluation of curve-tracer readings.
Pattern at A has shaded area painted
red to show plainly any deviation of
the trace from established limits. Mark-
ing B has limit lines established for
contact with peaks in curve. Taut
black limit wires are used at C for ease
of changing on short runs
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Machine Gun

By ARVID D. PETERSON

Radio Engineer
Naval Air Station
San Diego, California

Rear view of indicator, designed for operation from 115-volt, 60-cps power. Over-
load relay operates if qun stops before firing the full 17 rounds required to shut
off the timer

THE testing and qualifying of
machine guns requires check-
ing as to rate of fire. Since these
measurements must be made from
a single burst which lasts but a
second or two, ordinary methods of
measurement are not adaptable.

One system used in practice eni-

of comparing the time duration of
about 20 rounds with a time base

(usually the 60-cycle line fre-
quency), the rate being cal-
culated from the tape.

The rate-of-fire indicator here

described was developed to fill the
need for an instrument which could

testing operations require a large
number of measurements to be
made rapidly. The instrument is
of radically new design, is direct-
reading from 600 to 900 rounds per
minute, and operates from the 60-
cycle a-c line.

Circuit Principles

The instrument consists essen-
tially of an electronic counter,
timer, gate circuit, vacuum-tube
voltmeter, calibrator, and voltage-
regulated power supply, arranged
according to the block diagram in
Fig. 1.

The mechanical switech unit is
clamped to the top cover, directly
over the belt-feed slide assembly
of a .50 calibre machine gun. The
reciprocating action of the slide
mechanism actuates a Micro-Switch
to initiate generation of a saw-
tooth voltage pulse each time a
round of ammunition is fired. Fir-
ing of the gun thus gencrates a
series of periodic saw-tooth wave

ploys a cyvele recorder us a means be more conveniently used where forms. These are differentiated
MECHANICAL AMPLIFIER 16:1 RATIO
; SWITCH AND GCOUNTER RC DELAYED
‘ PULSE - GATE
UNIT 1 ShapiNg [ >] CIRCUIT 1 clrcurr [ TIMING [ vTvM
(MOUNTEDON| | ‘giRcuiT CIRCUIT CIRCUIT
: GUN)
; }
' L CALIBRATION POWER
CIRCUIT SUPPLY

FIG. 1—Block diagram of machine gun rate-of-fire indicator
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Rate-of-Fire Indicator

Electrical impulses initiated by a mechanical switch are counted and timed by a series of
five Eccles-Jordan trigger circuits and the rounds per minute indicated directly by a vtvm.
Non-military production uses are indicated

into negative pulses of short dura-
tion and impressed on the grid of
the input amplifier to be limited to
the proper amplitude for the trig-
gering of the counter circuit.

The timing circuit is controlled
by the counter and its associated
gate circuit in such a manner as
to start and stop the timing action
of the timer according to the time
required to fire 17 rounds. This
time interval is thus a direct
measure of the rate of fire. A tim-
ing capacitor is charged for the
exact duration of the counting pe-
riod, and the resulting potential
of the capacitor is a function of the
charging time. This potential is
measured by a delayed vacuum-tube
voltmeter which is calibrated to
read in rounds per minute.

Counter Circuit

Since the primary requisite of
the counter circuit is to control the
timing period of the timer accord-
ing to the rate of fire, the counter
cannot introduce any time error.
This is not true with simple coun-
ter circuits based on the accumu-
lation principle, where the ‘occur-
rence of each pulse causes a capaci-
tor to charge step by step until a
predetermined potential is reached
which permits a trigger tube to re-
spond. Since the grid potential at
which a trigger tube responds is
never exactly constant, a time er-
ror results, as illustrated in Fig. 2.

Due to the resistance of the driv-
ing circuit, the voltage of a capaci-
tor cannot be changed instantly.
Therefore, the leading edges of the
steps are not sufficiently steep to
reduce error to within an allow-
able tolerance. For this reason,
counter circuits based on the trig-
ger principle were used. A series
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Front view of machine gun rate-of-fire indicator, with mechanical switch that
clamps on gun and closes a circuit once for each round of ammunition fired

of five Eccles-Jordan trigger cir-
cuits provides a counting ratio of
16 to 1.

The operation depends upon each
stage having two conditions of
stable equilibrium. Every impulse
impressed on the input circuit
causes a transition from one state
of equilibrium to the other, two
impulses being required to com-
plete one cycle. Each stage follow-
ing the first receives a negative
triggering impulse upon every al-
ternate operation of the preceding
stage. Hence, the fifth trigger
stage, which functions to control
the gate circuit, remains in one
state of equilibrium for the exact
duration between the first and sev-
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enteenth rounds, or 16 intervals.

Any number of rounds between
17 and 32 can be fired but only the
first 17 are counted and timed. A
reset switch is provided for the
purpose of restoring each trigger
circuit to its initial state of equi-
librium, and also to discharge the
timing capacitor in preparation for
a firing test.

Two neon lamps on the front
panel (see photos) are connected
to the first and last counter stages,
and serve as an added check on the
operation of the instrument. The
lamp at the right should ignite on

The views expressed herein are those of the
author and do not necessarily reflect the
views of the Navy Department.

135



Under-chassis view of machine qun rate-of-fire indicator

the first impulse and not extinguish
until the 17th impulse, while the
lamp on the left should glow on
every other impulse from the me-
chanical switch.

Loctal type TN7 tubes were used
in the trigger .circuits since the
two triode sections of this tube
have more identical characteristics
than those of the equivalent type
6SN7 tubes. The mutual conduc-
tance of one section of a 6SN7 tube
is greater than that of the other
section.

Timer and Gate Circuits

Most electronic switching ar-
rangements which suggest them-
selves are not suitable for use with
a delayed-bias vacuum-tube voltme-
ter, since the timing capacitor must
charge from zero or its initial po-
tential to a more positive potential
80 as to exceed the cutoff bias of
the vacuum-tube voltmeter. If a
vacuum tube had been used as the
switching mechanism, a timing ca-
pacitor in the cathode circuit would
have been required to obtain a posi-
tive rising potential. Such an ar-
rangement results in undesirable
leakage resistance between cathode
and filament of the tube, or between
the filament winding of a trans-
former and ground, as the case
may be.

These problems and the accuracy
required imposed special considera-
tions for the electronic switching
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and timing circuits, resulting in
the development of the design
shown by the schematic circuit in
Flg 3. In principle, the zero bias
voltage on the grid of the gate tube
causes the tube normally to con-
duct, and the current flowing
through the plate load resistor re-
sults in a plate voltage of less than
the igniting potential of :che neon
switch lamp. The potential of the
timing capacitor is zero, it having
been fully discharged during the
operation of the reset switch.
Upon firing the first round, the
final trigger circuit shifts its state
of equilibrium, initiating a nega-
tive gate pulse which drives the
gate tube far beyond cutoff. Since
the RC time constant of the input
circuit is longer than any interval
to be measured, the grid remains
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FIG, 2—Characteristics of a conven-
tional step counter, illustrating time
error
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cut off until the end of the gate
pulse.

Thus, the gate tube has an out-
put pulse with an amplitude ex-
actly that of the regulated power
supply, as shown in Fig. 4. This
voltage is applied to the neon
switch-lamp, causing it to ignite
and start the charging of the tim-
ing capacitor. The voltage of the
capacitor increases exponentially at
a rate determined by the RC time
constant,

After the 17th round has been
fired, the final trigger stage rein-
verts to its initial state of equi-
librium and a positive pulse is sud-
denly applied to the grid of the
gate tube. This reduces the plate
voltage to a value below that of the
extinguishing potential of the neon
switch-lamp and cuts off the RC
timing circuit, leaving the capaci-
tor with a definite charge.

By this time, the timing capaci-
tor has charged to a potential more
positive than the plate voltage of
the conducting gate tube, resulting
in a sudden reversal of voltage
across the neon switch-lamp as it
extinguishes. This reduces the de-
ionization time and the error which
would result from an inconsistent
deionization time.

After the circuit through the
neon switch-lamp has been cut off,
the timing capacitor should retain
its charge over a reasonable period
of time, to prevent the meter read-
ing from drifting. The extent to
which this can be accomplished de-
pends upon the leakage of the ca-
pacitor itself and its associated
circuit elements,

Leakage currents were mini-
mized by removing the base from
the neon switch-lamp, replacing in-
sulation of the reset switch with
polystyrene, designing the vtvm to
have high input resistance, and
using a special timing capacitor
having very high leakage resist-
ance. Oil-impregnated capacitors
are now available with leakage re-
sistance in the order of 20,000 meg-
ohms per microfarad. Such a long
RC time constant makes possible
the holding of the charge on the
capacitor without loss of more than
one percent in over three minutes.

The main consideration in the
vtvin design was to obtain a high
input resistance and a high degree
of accuracy.
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A type 6C4 miniature tube was
used because its electrodes pass
directly through the glass, greatly
increasing the insulation resistance
as compared with ordinary tubes.
Some input conductance also results
from initial electron velocities
emitted by the cathode. This was
reduced by operating the heater of
the vtvm at reduced voltage.

Filament voltage regulation of
the vtvm was found to be advan-
tageous in maintaining meter cali-
bration independent of line voltage
fluctuations, especially when oper-
ating the heater at reduced temper-
ature.

Time-Delay Yacuum-Tube Voltmeter

The voltage applied to the tim-
ing circuit, the plate voltage of the
vtvm, and the delay bias voltage
must be well regulated. A two-
stage cascade voltage regulator is
used for this purpose. The regu-

lated output voltage which is ap-
plied to the timing circuit is ad-
justable plus or minus 2.5 percent
from the front panel. This control
is provided for making calibration
adjustments to compensate for the
effect of temperature variations on
the timing circuit.

The range of the vtvm is deter-
mined by the value of the degener-
ative feedback resistance in the
cathode circuit and the meter damp-
ing resistance.

If for any reason the gun should
not ccmpletely fire the full number
of rounds necessary to stop the
timing action, the timing capacitor
would continue to charge until the
grid potential of the vtvm ap-
proached zero. The plate current
would then overload the meter. To
remedy this condition, an overload
relay is used in the meter circuit
and operates when the current ex-
ceeds full-scale readings.

The meter scale is non-linear be-
cause rate is an inverse function
of time. This was also a reason for
using delayved bias, since the meter
would have otherwise read from in-
finity to 600 rounds per minute,

The divisions of the meter scale
are individually calibrated. Cali-
bration points were established by
means of a variable low-frequency
generator of known accuracy. The
output of this generator was used
to operate a polarized relay, the con-
tacts of which were connected to
the input of the indicator in the
same manner as the mechanical
switch unit.

Calibration Circuit

The accuracy of the indicator is
greatly increased by means of a
calibration circuit which generates
pulse-repetition frequencies for
checking and adjusting the meter
indication. The greatest accuracy is

COUNTER GIRCUIT (5 ECCLES-JORDAN TRIGGER CIRCUITS)
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FIG., 3—Circuit diagram of rate-of-fire indicator, capable of indicating directly on a
meter the rate of occurrence of any industrial or other operation in the range of from
600 to 900 operations per minute. The circuit can readily be adapted for other ranges
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required at 750 rounds per minute,
corresponding to the rate of fire of
.50 calibre machine guns. A multi-
vibrator is sychronized to generate
this frequency and also 600 and
900 cycles per minute to check both
low and high ends of the meter
scale. When generating 10 or 15
cycles per second, the multivibrator
is directly controlled by the 60-cycle
line frequency, functioning as a 6:1
or 4:1 frequency-dividing circuit.
When generating 12.5 cycles per
second, the multivibrator operates
at a 4:1 ratio, and is synchronized
by a 50-cycle source which in turn
is controlled by the 60-cycle line
frequency. This is accomplished by
means of a harmonic generator
which multiplies the line frequency
by five and a multivibrator which
divides the result by six.

The harmonic generator is ex-
cited from the high-voltage winding
of the power transformer, resulting
in a unusually high negative bias
and a plate current pulse of short
duration. The angle of plate cur-
rent flow was reduced to less than
36 degrees at the fundamental fre-
quency so as to cut off the plate
current during the first half-cycle
of the harmonic output frequency.
This prevents the conducting tube
from distorting the output wave
form, and increases the tank cir-
cuit efficiency since part of its en-
ergy is not being dissipated through
the tube.

The output tank circuit is tuned
to 300 cycles per second. Since it
is shock-excited by the plate cur-
current pulse every fifth cycle, a
periodically damped output wave
form results. This voltage is im-
pressed on the grid circuit of a self-
excited oscillator through a peak
limiting resistor which also serves
as a grid leak resistor. The oscil-
lator is tuned to the same fre-
quency as the harmonic generator,
and thus a synchronized output
voltage of uniform amplitude and
wave form is obtained.

This 300-cycle control voltage is
applied to both plate circuits of
the 6:1 ratio multivibrator in
phase so as to favor even fre-
quency ratios, thereby maintaining
the required frequency division
over wider limits of voltage varia-
tion.

The output of this 50-cycle mul-
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FIG. 4—Timing action of circuit. Rate of fire is 60 (N—1) rounds divided by
the time interval

tivibrator is directly injected into
a 4:1 ratio multivibrator, via a se-
lector switch, and 12.5 cycles per
second or 750 cycles per minute are
obtained.

Power Supply

The harmonic generator and mul-
tivibrators were found to stay in
synchronization over extremely
wide limits of line voltage varia-
tion, so no voltage regulation was
necessary.

A conventional rectifier - filter
type voltage supply is provided for
operating the unit. The first regu-
lated output supplies 255 volts to
the counter circuits and the input
stage. A second regulated supply
follows the first and has a d-c out-
put of 210 volts which supplies the
timing stage and the vtvm stage.
To prevent the initial current surge
through the voltage regulator tubes
when the instrument is first turned
on, a 5Z4 heate<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>