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HIGHEST RELIABILITY
FOR MILITARY AND
INDUSTRIAL USE

N Ew HERMETIC

POWER COMPONENTS

Listed below are just a few of the 50 new stock items in the United her-

metic power series. These MIL-T-27 power components add to the 200 \*
other hermetic stock items of filter, audio, and magnetic amplifier types. g 'Q“f\) @
Through the use of proven new materials and design concepts, an unparalleled degree of life and reliability

%.‘Q @ / |
5@ S5

has been attained, considerably exceeding MIL-T-27 requirements. Test proved ratings are provided, not
only for military applications but for industrial, broadcast, and test equipment service (55°C. ambient).

For complete listing of these new items, write for Catalogue #56.

MIL-T-27 RATINGS IN REGULAR TYPE

INDUSTRIAL RATIMGS IN BOLD TYPE

TYPICAL POWER TRANSFORMERS, PRI:

115V, 50-60 cycles.

Type HV Sec. Approx* oC Fil Approx* MA Fil. MiL
No c.1. DC volts MA Wwdg DC volts oc Wdg. Case United “H" .
500 L 180 o5 T hen = nite H series power trqns
H-81 C 265 55 6.3VCT-3A c 240 65 6.3YCT-3A HA formers are available in types suited
= o e 4 G ¢ 3B i EZE to every electronic application
700 L 255 170 L 240 210 Proven ratings are listed for both
H-84 . C 400 118 6.3V-5A tL: 3sg ;gg ssi%v-sn‘l KA high voltage outputs...condenser
L 275 1 .3V-1A 26 .3V-1.5 g A o
¢ 420 185 65?,.3}x c 380 140 5V-4A and choke input filter circuits
730 L 245 320 L 210 420 i military and industrial applications.
H-87 C 390 210 6.3V-6A c 350 310 6.3V-6A NB = G®@ A
800 L 275 300 6.3V-2A L 245 400 6.3V-2A 3 e Q
C 440 200 5V.4A c 400 300 EV-4A (\o.
H-93 1000 L 370 280 6.3V-8A L 340 340 6.3V-10A 0A % e AGQ\\;1
1200 L 465 250 6.3V-4A L 455 300° 6.3V-5A A
5V-6A 5V-6A - -

*After appropriate H series choke. L ratings are choke input filter, C ratings are

condenser Input.

A FEW TYPICAL LISTINGS OF FILTER REACTORS.

United “H" series filter reactors are Tnyge :«nyds = g‘é H}ds'.@ g‘(l:\ u}ds'.@ hgé m‘:l@ BACA ORhens1§ “Siﬂﬁglﬁ Té:fntsv' chgls"e
extremely flexible in design and rat- H71 20 40 185 50 155 60 10 70 350 500 2300 B
ing. Listings show actual inductance H73 11 100 95 125 75 150 55 175 150 700 2500 HB
at four Qifferent \{alues qf DC. Bold A H-75 11 200 10 230 85 250 6.5 300 90 700 2500 KB
758 [iSHTES, e (NODSHa) [pplice H77 10 300 9 350 8 390 6.5 435 60 2000 5500 MB
Bor=masinuis . GG 3N 7 800 6.5 900 6 1000 55 1250 20 3000 9000  9x7x8

*Based on maximum ripple voltage across choke in choke input filter circuit, in terms of DC output veltage.

TYPICAL FILAMENT TRANSFORMERS, PRI: 105/115/210/220V., 50-60 cycles.

Type Sec Amps. Amps. Test Volts MIL
No Volts (MIL) (Ind) RMS Case
a2l 25 o 12 10000 8 United “H” series filament trans
H-124 5 3 3 2000 FB formers have multi-tapped primaries
H-127 5 20 30 21000 NA - good regulation, and are rated fo
H-131 6.3CT ) 25 2500 8 { % %q\& "| industrial as well as military service
H-132 6.3CT 6 7 2500 JA QRS>

6.3CT 6 7 | J\'J& }
H-136 14, 12, 11CT 10 14 2500 LA o

TYPICAL PLATE TRANSFORMERS, PRI: 105/115/210/220V., 50-60 :ycles.

CEhty
United “H" series plate transformers 4 bt y T';gé secc_'r‘_" SE”J&’R‘S g‘é crme gé c'me Case
incorporate dual high voltage ratings B & } o R0 > e v o B VB
and tapped primaries to provide ver- ‘J 1200 465 250 H-75 350 H-77
satile units for a wide range of mili- 1 H-113 2500 1050 280 H-77 340 H-77 B4 X6 X7
tary and industrial electronic appli- 3000 1275 250 H-76 350 LEId
cations. Large units have terminals j H-115 S Lego ] Bl - b EEARELeIas
opposite mounting for typical trans.

b g » H-117 5000 2125 900 H-79 1100 H-79 1354 x 11 x 141
mitter use. 6000 2550 800 H-79 1000 H-73
sl 5

*After filter choke. All ratings are for choke input fifter.

UNITED TRANSFORMER CO.

150 Varick Street, New York 13, N, Y. * EXPORT DIVISION: 13 E. 40th St.,,
“ARLAB”

CABLES:

New York 16, N. Y.
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ULTRASONIC SLICING OF QUARTZ CRYSTALS—Muliple-blade cut-
ting tool mounted on cone of Raytheon 25,000-cps impact grinder slices quartz
block into 20 thin wafers for frequency control crystals. Stream of abrasive

thaid is directed at setup (see p 132) . ... ... ... ... ......... COVER
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SHOP

» IN THIS ISSUE . .. Because of the
rapidly increasing use of transistors,
ELECTRONICS felt that engineer-read-
ers would find a complete new com-
pilation of transistor properties and
design data useful in their work.

About a year ago, associate editor
Carroll sent out an inquiry to manu-
facturers of transistors requesting
information on their products.

Soon we learned via the grapevine
that Seymour Schwartz, an engineer
at MIT’s Lincoln Lab, was also ask-
ing manufacturers for the same data.
We contacted him and learned that
not only was the information neces-
sary in his work on Project Lincoln
but that he also had an article for
ELECTRONICS up his sleeve.

We thereupon presented him with
all the material we had collected to
date and told him his proposed article
would be welcome as the flowers in
May. It begins on p 161 and covers a
dozen other pages.

Incidentally, the author did not
merely follow product bulletins in
obtaining his data. He tells us that he
has personally checked the charac-
teristics and circuit behavior of many
of the units in the course of his
work,

» STANDARD PRACTICE . .. Like
many engineers, we have small of-
fices or modules. These provide con-
siderable desk area as well as storage
space in drawers for old editorial
projects, love letters and the like.
Usually loaded, a shelf facing a seat-
ed editor is convenient for holding
back copies of ELECTRONICS.

On a recent trip in the field, one
editor reports he felt completely at
home. While visiting a chief engineer
and two staff engineers of a company
not usually considered as being in

electronics
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the electronics industry, he found
himself sitting in each of their offices,
facing a shelf holding three years of
ELECTRONICS.

> NEXT MONTH ... Growing inter-
est in automatic production, or auto-
matization, has caused a number of
machine tool manufacturers to add
electronic controls to their equipment.
February ELecTroNIcs will contain
an article, “Electronic Controls for
Machine Tools”, that will tell engi-
neer readers about the techniques
and circuitry employed. One new
bandsaw, for example, provides a
new look for the machine shop. It
steers just like an airplane.
Prepared by assistant editor Find-
lay, the article involves a survey of

more than five hundred machine-tool
makers. Dave traveled nearly 4,000
miles while gathering the material.

Some of the original diagrams set
new records. One covered two six-
foot desks and left an overhang all
around.

Only about 12 square feet of the
original 60-odd-foot circuit drawing
will appear in the article, however.
(In reduced size, of course.)

He tells us that he will never again
be able to read the old-style parallel-
line capacitor symbol. He has seen
so many of that one in industrial cir-
cuits that it now means only a con-
tactor to him.

Bandsaw pilot and control panel of DoAll
machire for cutting extrusion dies

Published monthly with an additional issue in June by MceGraw-1ill Publishing
Company, Inc., James H. McGraw (1860-1948), Founder, Executive, Editorial
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Director of Advertising; J. E. Blackburn, Jr., Vice-President and Circulation
Director.
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subscription orders,
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SORENSEN
CATALOG /.

SPECIFICATIONS —PERFORMANCE DATA —

condensed information on regulated power 2quipment for every application

The new 1956 Sorensen condensed catalog gives you specifizations on more than 65 different types of regu-
lated power supplies — a cross section of Sorensen equipment engineered to create new standards of accuracy,
dependability, ruggedness and appearance.

Included are new precision tubeless and transistorized AC and DC sources . . . a tubeless wide-range regulated
DC supply ... a 750 volt AC voltage reference source . . . heavy duty tubeless regulated DC sources for critical
industrial agplications . . . plus advanced versions of Sorensen’s complete line of regulators and Nobatrons.

The new 1956 Sorensen catalog is a quick, cne-stop guide te equipmeant for your needs — engineered, tested
and backed by the reputation of Sorensen . . . “the world’s authority on regulated power.”’

CONTROLLED POWER FOR S@ RESEARCH AND INDUSTRY

SORENSEN & COMPANY, INC. e 375 FAIRFIELD AVENUE e STAMFORD, CONNECTICUT

4 Want more information? Use post tard on last page. January, 1956 — ELECTRONICS
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high capacity and small size with

MUIRHEAD model D-698A Weston standard cell

This new standard cell is hermetically sealed
and mounted in a bakelite case, and its min-
iaturization permits mounting in even the
most compact test assemblies. It is of the
Cadmium type with a constant absolute
voltage of 1.01859 volts (4 | 10 microvolts,
—90 microvolts) at 20° C. Internal resist-

ance is approximately 600 ohms and the

temperature coefficient is —0.00004 per
degree C. Currents of up to 20 microamps

may be drawn for short periods.

With a weight of only 4 ounces and dimen-
sions of 112" x 1”7 x 3%”, this cell may be
used with a potentiometer for measuring
current or voltage, and also in circuits of

the NULL balance type.

Write today for Bulletin 5716 and technical data on the complete line of
MUIRHEAD Weston Standard Cells, available from New York stcck.

ELECTRONICS — January, 1956

MUIRHEAD INSTRUMENTS, Inc. 677 Fifth Ave., New York 22,N.Y.

United States Sales and Service for MUIRHEAD & CO., LTD. ® Beckenham ® Kent ® England

Want more information? Use post card on last page.
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... —Electronics Output Index
e Latest Month
. atest Mont
S 75 Year Ago Previous Month
d : 276.0
150 24507 268.3 -r [ ] -p
125 Oar. 54 Sept. '55 Oct. '55
1947 = 100
100
JEMAMJJASOND S FMAMISASONDIFRANIJIASONDIFMANIJASONDI FNANJJASONDIFNANJIASOND J F N & N A ¢ K
949 1950 1951 1952 1953 1954 i 1955 1
Latest Previous Year Latest Previous Year
Month Month Ago  Month Month Ago
RECEIVER TY SETS INSTALLED*
PRODUCTION (Source: NBC Research Dept.) July ’55 June '55 July ‘54
(Source: RETMA) Oct. '55 Sept. ‘55 Oct. ‘54 Total sets. .. ........... 36,477,000 36,100,000 30,717,000

Television sets, total ... 759,735 939,515 921,476

With UHF ... ... .. 109,574 140,022 161,431 BROADCAST STATIONS

Color sets .......... nr nr nr (Source: FCC) Nov. ‘55 Oct. '55 Nov. ‘54
Radig sets, total ...... 1,500,206 1,302,350 997,788 TV stations on air. . ... 477 473 434

With F-M ... 38,920 27,313 12,151 TV stations CPs—not on air 109 110 141
Home set_s ........... 398,087 417,802 343,269 TV stations—new requests 28 35 18
Clock radios .......... 282,393 234,106 220,505 A-M stations on air. . . 2,808 2788 2,650
Portable sets ......... 168,709 139.164 97,331 A-M stations CPs—not on air 115 110 112
Auto sets . ... ..... . 651,017 511,278 336,683 A-M stations—new requests 217 235 174

F-M stations on air. . . . 536 539 554
F-M stations CPs—not on air 20 14 11
RECEIVER SALES F-M stations —new requests 4 9 3
(Source: RETMA) Oct. '55 Sept. ‘55 Oct. ‘54
Television sets, units . 746,274 978,838 799,164 COMMUNICATION AUTHORIZATIONS
Radig] sets except @ifoy 723205 753,068 570,285 (Source: FCC) Oct. ‘55 Sept. ‘55 Oct. ‘54
Aeronautical ... ... ... 43,648 44,183 39,873
RECEIVING TUBE SALES Marine ............ .. 53,426 52,908 48,116
(Source: RETMA) Oct. ‘55 Sept. ‘55 Oct. ‘54 Police, fire, etc. 19,377 19,153 16,546
Receiv. tubes, total units 48,119,000 47,588,000 42,347,794 'L"d‘:j‘t”a' SR e 2&22}) e e
Receiv. tubes, value. ... $35000,000 $34596.000 $29 228992 ang_Lransportation ...: d : ’

N ; e Amateur ... ... ... 140,799 139,628 124,563
Picture tubes, total units 1,224,990 1,202,430 1,269,674 Citizens radio 13 862 13530 8945
Picture tubes, value. .. 523,800,000 $22,867,851 $26,597,702 Disaster 319 319 306

Experimental 662 661 627
SEMICONDUCTOR SALES Common carrier ... .. 2,040 2,001 1,737
Sept. ‘55 Aug. '55 Sept. ‘54
Germanium diodes, units 1 850 000 1,700,000 WAEENGE EMPLOYMENT AND PAYROLLS
Silicon diodes, units b i 2 (Source: Bur. Labor Statistics) Sept. ‘55 Aug. ‘55 Sept. ‘54
Prod. workers, comm. equip. 389,700-p 371,300-+ 359,900
,~————Quarterly Figures——0 Av. wkly. earnings, comm., . . $74.34 -p $72.32 -r $69.55
Av. wkly. earnings, radio. . . $70.30 -p $69.43 $68.34
INDUSTRIAL Latest Previous Year Av. wkly. hours, comm. . . 413 40.4 40.2
TUBE SALES Quarter Quarter Ago Av. wkly. hours, radio. . . .. 40.4 -p 39.9 - 40.2
(Source: NE(MA) - = 03; ’8545; . 2nd ‘55 3rd ‘54 STOCK PRICE AVERAGES
Vacuum (non-receiving ,027, 8,933,453 $8,803,740 . . ' ' '
Gas OF Vapor ... ..... $3.438.835 $3.365.008 $3'570 586 (Sourc-e. Standard and‘Poor‘s) Nov. ‘55 Oct.’55 Nov. ‘54
Phototubes ......... nr nr nr Radio-tv & electronics ... ... 438.4 428.9 454.6
Magnetrons and velocity Radio broadcasters ......... 502.7 486.9 408.1
modulation tubes ...  $10,998,967 $13,193,395 $13,112,244 p—provisional; r—revised
Gaps and T/R boxes. .. $1,421138  $1,677,574  $1,476,407 nr—not reported
*being revised in light of Census data
FIGURES OF 'I'HE YEAR TOTALS FOR FIRST TEN MONTHS 1954
1955 1954 Percent Change Total
Television set production 6,520,241 5,654,791 ~+15.3 7,346,715
Radio set production 11,527,568 8,040,230 +43.4 10,400,530
Television set sales 5,896,251 5,444,227 + 83 7,317,034
Radio set sales (except auto) 4,666,981 4,602,989 +4+ 1.4 6,430,743
Receiving tube sales 395,787,000 308,398,701 + 28.3 385,089,458
Cathode-ray tube sales 8,905,771 7,746,240 4150 9,913,504
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Scatter Circuits To Link Three Continents

Paris-Naples-Ismir, Turkey
system planned by NATO will
extend US-UK links now in use

COMMUNICATIONS system to connect
radar stations from Norway to Tur-
key has been approved by NATO
Ministerial Council. The system will
use both tropospheric and ionospher-
ic forward-scatter circuits.

» Pilot—U.S. will finance and sup-
ply a pilot tropospheric system for
Norway and an ionospheric circuit
linking Paris, Naples and Ismir, Tur-
key. Cost will be about $45 million.

U.S. will shoulder one-fourth or
more of the cost of the entire system.
The countries in which the equip-
ment will be installed will let final
contracts on competitive bids subject
to NATO approval. Work will take
about three years.
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Forward-scatter circuits linking U.S. and
Canada with United Kingdom

» Tie In—The completed NATO sys-
tem will tie into existing forward
scatter circuits connecting points in
the U.S., Canada and the United
Kingdom as shown on the map.

» Radar—Coincident with establish-
ing the new communications net-
work, existing national radar sys-
tems of NATO members will be
integrated into an overall European
radar fence. This move will not nec-
essarily involve installing new equip-
ment.

Auto Firms Eye
Radar Brake Unit

PACKARD Motor Car is consider-
ing radar controlled automobile
brakes for use in its 1957 models.

Ford and General Motors have
seen demonstrations of the $300
system, which is being promoted
by a Detroit new-car dealer.

» System Details—An antenna
about 5 inches high and 30 inches

ELECTRONIGRAPHS —A Year-End Glance at Electronics Industry Figures
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INDUSTRY REPORT— Conrinued

wide is mounted between the front
bumper and grille of the demon-
stration car. Circuitry fits into the
glove compartment.

The car’s brakes are applied
with a force proportional to the
distance away that an object ap-
pears on the road ahead. The
driver may brake manually while
the radar control is in operation
and may, at will, disconnect the
radar control,

Electronics Output
Hits New High

DOUBLING of the electronics indus-
try since 1950 is indicated by the
ELECTRONICS Output Index which
this year is expected to hit a
yearly average of nearly 250
points.

> Comparison~Howeve1', the gross
national product has increased by
only 35 percent according to RCA.
By the end of 1965, the firm ex-
pects the value of electronics to
more than triple its 1950 value.
The gross national product is not
expected to have quite doubled.

Now there are 1.6 million work-
ers directly employed and 3 mil-
lion indirectly employed in com-
panies that serve the electronics
industry, according to RCA. In
ten years, the firm believes that
the industry will employ more than
6 million workers directly and in-
directly.

ELECTRONIGRAPHS

ENGINEER gets assist in solving differential equation as . . .

Desk-Top Analog Computer Appears

Digital computers also figure
in the news. Russian computer
ordered by India

BURGEONING computer business
passed more mileposts during the
recent month.

An electronic differential anal-
vzer about the size of a portable
typewriter has been announced by
California’s Litton Industries. Sell-
ing in the $10,000 range, the
computer contains 20 integrators
with accuracies of one part in

Continued

250,000. Control is provided by a
five-button panel. Answers appear
in a miniature crt. The firm indi-
cates the computer will be avail-
able in quantity about the first of
the year.

» Digital Bookkeeper—A new digi-
tal computer, the Modac 404 will
handle accounting for a book club.
Produced by Mountain Systems of
Thornwood, N. Y., the computer
uses magnetic-drum storage with
capacity for 20,000 six-digit num-

{Continved on page 10)
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If your Microwave design includes a branched
duplexer, here’s a new concept in TR tubes
which can produce savingsin equipment weight
and space and offers simplified mounting with
easier maintenance.

These were the primary considerations when
Sylvania, in close co-operation with Airtron
Inc., developed a special TR tube for use in
RCA aircraft weather radar.

The “Bantam” TR type 6624 is the product
of this development. Its smaller, more compact

» SYLVANIA

LIGHTING -

RADIO -

ELECTRONICS

e Y i

Duplexer built by Airtron Inc. for RCA aircraft weathe~ radar

New "BANTAM” TR tube saves space

and weight in airborne weather radar

design with contact mounting moves the TR
a full step toward miniaturization.

The 6624 is a broad-band, fixed tuned TR
tube. Operational center is at 5400 mc. Contact
mounting is at the input end. The Sylvania
ATR type 6591 serves as the companion to
the TR 6624.

Write for complete data on the Type 6624
and Sylvania “Bantam’ TR tubes for other
frequency bands.

“Another reason why it paysto specify Sylvania”

SYLVANIA ELECTRIC PRODUCTS INC.
1740 Broadway, New York 19, N. Y.

In Canada: Sylvania Electronic (Canada) Ltd.
University Tower Bldg., Montreal

- TELEVISION -

Want more information? Use post card on last page.
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INDUSTRY REPORT— Continved

bers on the drum.

Read-in and read-out are done
by perforated paper tape. Addi-
tion and substraction are accom-
plished at 15 operations per sec-
ond. Output to paper tape is 20
characters per second.

» Soviet Brain—The Indian Sta-
tistical Institute in Calcutta has
ordered a Soviet-made electronic
computer to cost $500,000. The
computer will supplement a
British-made machine currently
being installed.

» More Memory—High-speed stor-
age capacity of the IBM 704 scien-

tific computer will be increased
by 32,768 words by a new mag-
netic-core storage unit. Magnetic
cores will add 20,000 memory po-
sitions to the IBM 705 business
computer. The magnetic-core
memories supplement existing
magnetic tape and drum memories.

» Electronic Scales—An electronic
scanning and counting unit an-
nounced by Toledo Scale may tie
into automatic industrial control
applications. Lines on a gradu-
ated scale that moves to register
weight are scanned and counted
electronically. Digital read-out is
available at a remote point.

Slow-Scan TV Speeds Business Data

Transmission via
telephone lines cuts
closed-circuit tv costs

ELIMINATING the need for micro-
wave and coaxial links in closed-
circuit tv systems, a low-speed
scanning system transmits busi-
ness data over 25 miles on con-
ventional telephone circuits.

» Showing—The Pennsylvania Bell
Telephone Co. recently demon-
strated the closed-circuit equip-
ment developed by Dage Tele-
vision Division of Thompson
Products. Present plans are for
Bell to offer the service in metro-
politan areas with distance be-

ELECTRONIGRAPHS

tween transmitter and receiver

limited to 25 miles.

» Operation—Using a scanning
system that completes the picture
on the screen in two to four sec-
onds, the transmission requires a
band of 8,000 cps—about 1/500
of that required for conventional
television. A long-persistence pic-
ture tube retains the image over
the relatively long scanning cycle.

» Applications—Uses for the new
system include transmission of
signatures for verification at
branch banks, printed materials,
meter and gage faces, and other
types of slow or nonmoving pic-
tures,

Continued

Mergers Keep Pace
In Electronics

New companies move into
the field, old ones enlarge
their holdings

IN 1955 more than 200 companies
were involved in mergers in the
electronics field. In the first six
months, nearly 50 mergers were
consummated or planned (ELEC-
TRONICS, p 15, July ’55). Almost
as many took place in the second
half. Nearly twice as many took
place in 1955 as in 1954.

» Why—According to the Federal
Trade Commission, the most fre-
quent advantage to be gained by
an acquisition is additional ca-
pacity to supply a market already
supplied by the acquirer. This was
observed in two acquisitions out
of every five studied by the FTC
in making its merger report of
May, 1955.

» Size—High in the merger rate
in the electronics industry in num-
ber of firms acquired is Litton
Industries. The company has in-
tegrated 10 firms into its opera-
tions in the past 24 months.

Two of the largest mergers in
the past year were the Sperry,

Remington Rand and the Strom-
{Continued on page 12)
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a solid-dielectric molded paper tubular capacitor

with flat capacitance-temperature characteristics
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HCX*—impregnated Black Beauty® capacitors Sprague, on request, will

provide you w:th complete
application engineering

. . vice for optz I
offer improved circuit performance v s Bt

tubnlar capacitors.

SPRAGUE’S NEW TYPE 109P CAPACITORS use a unique new impregnant identified by
the trademark HCX. Developed in the Sprague research laboratories in the search for a better
material than the polyesters customarily used for impregnating solid dielectric paper tubulars,
HCX is a hydrocarbon which polymerizes after the rolled section has been vacuum impregnated.
Its salient electrical characteristic of insulation resistance, power factor, and capacitance change
with temperature are superior to those of the ordinary polyester units on the market today.

Type 109P Black Beauty Telecaps are molded in non-flammable phenolic and are mechani-
cally rugged. They make an ideal capacitor for all TV and auto radio operations and are well
suited for automation assembly by machine since the lead concentricity is closely fixed and there
1s no outer wax dip to jam inserting heads or magazines.

Complete performance data covering the wide range of sizes and ratings are in Engineering

Bulletin 223, available on letterhead request to the Technical Literature Section, Sprague Electric
Company, 35 Marshall Street, North Adams, Massachusetts.

# Trademark

- UE world’s largest capacitor manufacturer

Export for the Americas: Sprague Electric International Lid., North Adams, Massachusetts. CABLE: SPREXINT.

ELECTRONICS — Janua,yl 1956 Want more information? Use post card on last page. 1
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INDUSTRY REPORT— Continuved

berg Carlson, General Dvnamies.
The Sperry Rand action formed a
new firm with assets of approxi-
mately $484 million. The Strom-
berg, General Dynamies merger
joined the 55,000 employees of
General with the 5,200 of Strom-
berg for a total work force of
over 60,000.

» Character—Following is a list of
mergers in the electronics field
in the last half of 1955. Most com-
panies are parts manufacturers
and instrument firms.

Mergers 1n Electronics

(Last Six Months 1955)

Alr Associates, Great American Industries

American Cyanumid, The Formica Co.

American Electronics, R-C Scientific

Atomic Instrument, Kave Development

Beckman Inst., Liston-Becker

Beckman Inst., Place Ceramics

Borg-\Warner, Byron Jackson

Cinch Mfg., Graphik Circuits

Frank Cook, I1art Machine

Eastern Industries, Neptune Meter

Electromation, Kinevox

General Cable, General Insulated Wire

General Instrument. Automatic Mrg.

Titus Haffa, Webster Chicago

Hall-Scott, Dynamic Analysis

Hermetic Seal, Glass Solder

Hoffman. National Fabricated

Hoover, Phebco

Hupp Corp., Pioneer lectric

IDEA, Radio Apparatus Corp.

IRC, EMEC

IT&T, Kuthe Labs

Jerrold Electronies, Cable Vision

Litton, Automatic Seriographic

National Aircrafr. Florida Aviation,
Hydro-Aire Division, Mag-Electric

N. Y. Transformer. Tartack Electronics

Norden-Ketay, 'rohman Mfg.

Ohmite, American Relay

Penn-Texas, Hallicrafiirs

H. K. Porter. Electric Service Eng.

J. B. Rea, Robey Rotor Co.

RCA Estate, RKeeger, Whirlpool,
Roebuek

Siegler. Hallamore Mfg.

Sperry Products, Western Inspection

Stewart-Warner. J. W. Hobbhs

Stromberg-Carlson, Electronic Control
Systems

Superior Tube, Johnson & IToffman Mfg.

Thomas Industries. White Corp.

United Carr, Plastic Process

Van Norinan, Insuline and Transitron, Ine.

ELECTRONIGRAPHS
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WAYSIDE station controls, left, and

safety equipment in car run train as .

Casey Jones Goes Electronic

Remote control, cab signal gear
and two-way communications
are used in test run

A LOCOMOTIVE on the New Haven
Railroad in the New Rochelle to
Rye, N. Y. area moved east or
west, coasted or stopped, without
an engineer at the controls. Its
movements were controlled by re-
mote control equipment at a way-
side station.

Automatic train control equip-
ment on the train continuously

monitored conditions ahead to
make sure all was safe. Two-way
inductive  voice communication

equipment was available to keep
passengers informed of control
changes to be made. The control,
safety and communication equip-
ment was provided by Union

Continued

Switch & Signal Division of West-
inghouse.

» Remote—The way side equip-
ment has a locomotive control
panel with two control levers. One
controls direction and the other
selects between ‘neutral,” “run,”
and “stop.” When the lever is on
neutral, the train brakes are re-
leased and power is cut off. To
stop, a service application of the
train brakes follows, bringing the
train to a halt.

The electronic portion of the
wayside equipment consists of a
power supply, an audio oscillator
and a carrier modulator. A carrier
frequency is modulated with cer-
tain audio frequencies, depending
on the control desired. Amplified
to the desired level of signal cur-

(Continved on page 14)
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Magnets for rotors or stators
.«.any dlesign or size you may requrre

“MAGNETIC MATERIALS CATALOG™
“ Werite for your copy

Contains handy data on various types of
Alnico Magnets, partial lists of stock
items, and information on other perma-
nent magnet materials. Also includes
| valuable technical data on Arnold tape-
wound cores, powder cores, and types
“C” and “E” split cores in various tape
gauges and core sizes.

L ADDRESS DEPT. E-61

ELECTRONICS — January, 1956

The use of Alnico permanent magnets in rotor and stator assemblies
of motors, generators, magnetoes and tachometers has revolu-
tionized the desigas of these devices. Whatever your need may be
—from a tiny rotor for a timing device to a large slab for power
generators—Arnold can take care of your requirements, either for
experimental sampies or production quantities.

® Let us work with you. Y ou will have the advantage of working with
a leading producer of rotor magnets, whose manufacturing and
testing facilities—the most modern in the business—give you the
best assurance of high quality standards and uniform performance.

wansi184

F‘:IT]_-IE ARNOLD ENGINEERING COMPANYﬁ

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION
Genera. Office & Plant: Marengo, lllinois

~ DISTRICT SALES OFFICES . . . New York: 350 Fifth Ave. '_i
Los Angeles 3450 Wilshire Blvd ' Boston 200 Berkeley St.

Gkl R s o = e

‘Want more information? Use post card on last page. 13
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INDUSTRY REPORT— Continued

rent, the carrier output is fed to
existing line wires which parallel
the track.

The train receives its commands
through inductive coupling be-
tween the modulated carrier cur-
rent flowing in the line wires and
a receiving coil mounted on the
locomotive.

When the remote control lever
is in the run position, two audio
frequencies are introduced into
the modulator—when the lever is
in the neutral position only one
audio frequency is used—and
when the lever is in the stop posi-
tion no audio is present. A visual

indicator on the train displays
the control commands transmitted
from the remote station.

» Transistors—For safety, the lo-
comotive used was equipped with
additional automatic train control.
It is continuously responsive to
rail-carried currents which re-
flect track conditions in advance of
a train. If all is not safe, the
brakes are automatically applied
and the train is brought to a stop
regardless of control signals from
the wayside station. Junction-type
gilicon transistors were used in
place of vacuum tubes.

Parts Houses Gain Business

INCREASING volume of electronic
parts and products rolling off the
production lines of the industry
has swelled the importance of the
distribution side of the business.

» Number—According to Market
Planning Service, a division of the
National Credit Office, there are
some 1,143 electronics parts dis-
tributors in the U.S. today with
300 branches. In 1954 there were
1,100 with 250 branch locations.
In addition, there are some 230
distributors who handle elec-
tronics parts but whose main busi-
ness volume lies in other fields.

» Volume—In 1954 all these com-

Sales were 12 percent ahead of
’54 in the first quarter, 9 percent
ahead in the second and 15 per-
cent ahead in the third quarter.
If the increase is maintained in
the fourth quarter, total sales for
the year should exceed $1.5 billion.

Parts inventories have been
some 17 percent ahead of 1954.
Purchases equaled 77 percent of
sales in the first three quarters
of 1955, indicating fast turnover.

» Future — Sylvania’s president,
Don G. Mitchell, predicts that by
1965 the distribution and service
businesses will reach a combined
volume of $5.1 billion. For 1956
he foresees a volume of $2.3 hillion

Electronics Invades
Chemical Labs

MORE than 1,000 chemical labora-
tories are maintained by major
colleges, metal producers, chemical
plants and drug houses. At a typi-
cal laboratory, that of Lehigh
University in Bethlehem, Pa., the
chemistry department uses 142
electronic instruments having a
value of roughly $250,000.

Number Number
of of In-

Instrument Tubes struments
Conductivity bridge. ... 3-5 4
Recording potentiometer 5-8 15
Colorimeter .......... 4-5 2
Radiation counter.. ... 6—20 4
Dielectric-constant

meter .............. 6 1
Electrometer ......... 20-24 2
{ilectron microscope. .. 60 1
Ffrequency meter...... 6-12 3
Strain-gage amplifier.. 6 2
Oxygen analyzer...... 4 1
PH meter , . taansas 2-5 20
Impedance bridge ... .. 4 1
Ionization gage ....... 5—6 6
R-F combustion furnace 8 1
Mass spectrometer. . . .. 10-60 2
Gauss meter .......... 5 Il
Audio oscillator ...... 2—-8 3
R-F oscillator ........ 4-5 3
Ultrasonic oscillator... 4-14 2
Oscilloscope . ......... 4
Electronic relay ...... 1-2 20
Servomechanisms . . ... 5 4
Photoelectric x-ray

spectrometer ....... 40 1
Infrared spectropho-

tometer ....omvesam: 25 1
Ultraviolet spectropho-

tometer ............ 2-18 3
Stroboscope .......... 4 1
Electronic timer ...... 3 2
N-ray thickness gage.. 20 2
Thyratron relay ...... 4 4
Titrimeter ........... 4 10
Voltage regulator ..... 8 2
Tube tester .......... 4 3
Nephlometer ......... 3 1
Viscometer ........... 5 1
Vacuum-tube voltmeter ¢ 8

X-ray diffraction

panies did over $1.3 billion, a equipment ......... 15
seven-percent increase over 1953. and $3.8 billion by 1960. (Continued on page 16)
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INDUSTRY REPORT— Continued

PLANT facilities such as these will be used by Hughes Aircraft for commercial

production as . . .

Airplane Firms Spread Interests

Manufacturers apply
military electronics know-how
to civilian products

IN little more than a year’s time,
three large aircraft manufactur-
ers have moved into the non-avia-
tion side of the electronics busi-
ness.

Curtiss-Wright now makes and
sells industrial tv equipment.
General Dynamics, through the
acquisition of Stromberg-Carlson,
is now heavily engaged in all
phases of commercial electronics.
Latest aircraft manufacturer to
make the move from primarily

ELECTRONIGRAPHS

T

8INDUSTRIAL TUBE SALES (DOLLARS)

military electronics to civilian
products is Hughes Aircraft Co.

» Products-—The firm has set up
the Hughes Products Division
which will be responsible for mak-
ing the products created by its
research activities available to in-
dustry. The new division, initially,
will concentrate on the field of
semi-conductors, producing ger-
manium diodes, silicon diodes and
transistors; electronic storage
tubes, display tubes and related
products. All of these are out-
growths of developments made in
the areas of electronic systems,
computers and guided missiles.

Continued

Up to now the developments of
the company’s research have been
used in the Falcon guided missile
and electronic systems for inter-
ceptor airplanes.

» Size—Magnitude of Hughes Air-
craft operations is indicated by
the fact that it emplovs some
19,000 persons. Total plant area
of the company is 3.1 million
sq ft. Its total annual payroll is
$81.4 million and sales in 1954 ex-
ceeded $200 million. Its current
backlog of orders exceeds 3$316
million.

The company has produced more
than 8,000 electronic control sys-
tems for interceptor planes. Each
system is the equivalent, in num-
ber of parts, of 200 tv sets. Today
it has approximately 5,000 scien-
tists, engineers and technicians
employed in electronics research
and development work.

U.S. Counts Engineers
In Industry Fields

Report consolidates latest
valid figures on scientific
personnel resources

SUMMARY of significant data on
the supply, utilization and train-
ing of scientific and technical per-

sonnel in the U. S. has been made
(Continved on page 20)
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Type 970 Potentiometer

All Phenolic Case
chosen for minimum capacitance to
around — geometry of these mold-
mgs prevents urequal curing or aging
stresses, provicing a uniformly con-
:entric surface on which to mount
he wound-wire card — cleanliness
resulteng from total enclos-
ure helps keep noise low.

® ...An Achievement in Simplicity

Linearity Better than £0.2% for Larger Units
graded to =29, for smaller sizes

Seventzen Stock Resistances
from 2 to 500,00) ohms

Ratings From 2 to 20 Watts
at 40° Ambient

1%” Diameter to 4%”
Prices From $3.10 to $10.00

External Phasing—
only twa screws in rotating
hub sezure the shaft; this per-
mits covenient brush orien-
tation and substitution of shafts of
other materisls or lengths without
2xposing interior to dust.

Class-Relnforced Pslyeste Shaft for suderior efectsical
performance, strenglh and imsurance agairst warpage.

Gdod Linearity, __

Low Electrical Noise —
b ush rides on edge of tightly-
wou 1d resistance card where wire
is firmly seated and holds its spac-

Precious Metal-Alloy B-ush is specialy selected for compati
bility with meta of wirding — brush is spot welded to spring
arm and has smwall diameter giving best poss ble resolution —
alloy used is nencorrosve to keep electrical noise low. is heat

ing — card is cemented to cylin-
d-ical surface of base, and com-

p ete assembly is baxed to cure
cement and stress-reli2v2 the card
— linearity of high order is ob-
tain2d and this impcrtant charac-
teristic is not affectec Jy age, tem-
parature or moisture — each pot is
individually tested far conformity
with linearity specificaions and
azceptahle noise.

Electrical Continuity — teiminais . re solder-
secured directly to wincing ends far positive
connection — ao p2rmanent eleccrical con-
nections depend on pressure.

Mounting Rigldity — pctentiometers may be
mounted on any thic<n2ss of pan3l or shelf
by screws through base; umits are Sien keyed
agawst rotation.

Versatility — i1n addition to
Jotentiometers normally stocked,
Jnits will be provided or spxecial order
with: 360° mecharical rotztion—taps
as close as U” apart aleng entire
winding — special all-meta& or metal-
filled shafts — resistance values
other than stancard — resistance
functions other than linear — resist-
ance and linearity toleramcas better
than standard.

Attractive prices can be of-ered when
juantities are sufficient :c warrant
special produc:ion.

hardened to give iong l&e

Uniform Contact ressuse — phosphor bronze brush-
arm acts as extra bng spr ng assuring unsform pressure
at all settings — b2aring i153me plane az contacl brush
minimizes effects 21 side&trust on shaft

Single Cover Retaining Screw also a ts as brush step — easy inspection

even when pot is mounted — 1estra ning force of stop does not act on
active portion of brush spring, Jrevent ng bending or straining of aperating
elements.

The G-R Type 970 Pctentiometer is not just anorher potentiom-
eter, but a precision unit which is sturdy and versatile. has resistance-per-
formance dcharacteristics approaching the best availab e, a-¢ performance
substantially better than that found in higher precisior types, but which is
available at reasonable cost.

This potentiomater is different by its simplicity . a simrlicity of design which
makes possidle merufacturing econdmies with no sacrifice in quality. This design
makes availeble 2 patentiometer of superior performance at very low price

The new 970 3erxes Potentiometers have accurate resistancze values and low ca-
pacitance; featu-e geod lirearity aad long contact life; have Icw noise and are
totally enclosed; there ars no fixed-pressure connections, and settings are stable and
repeatable. Ganged units are availadle with no loss of the low cadsacitance charac-
teristic whic1 makes t=e individual units so valuable in instrument service.

This simpke, w2l thought-out design provides performance whicl you don’t expect
at low 2o-t. The outstand ng mechanical and clectrical performarce built

mito these units has been obtained only by utilizng to the utmost
today’s materials and manufacturing tecaniqucs.

Writs for the G-R POTENTIOMETER BULLZTIN
which gives complete specifications “or all resist-
ance sizes and power ratings.

General Radio Compuy

98 ‘West Street NEW YCRK 6

8055 13th St., Silves Spring, Md. WASHINGTON, D. C.
1150 York Foad, Asington, Pa. PHILADELPHIA

920 S. Michigan Ave. CHICAGO 5

1000 N. Seward St. LOS ANGELES 38

WE SELL DIRLCT. Prices are net, F.O.B. Cambridge or West Concord, Mass.
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Output vs. Input Voltage
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Why Raytheon Voltage Stabilizers
mean satisfied customers for you

When you incorporate a Raytheon Voltage Stabilizer in your
equipment, you help assure complete customer satisfaction—
for these important reasons:

Your equipment will operate as it was designed to, regard-
less of voltage variations of your customers’ electrical
source.

Since most components have maximum life when operating
at their designed voltage, a Raytheon Voltage Stabilizer
prolongs the life of components—and your equipment. A
plus feature is provided by the short-circuit protection
inherent in Raytheon Voltage Stabilizers.

Because Raytheon Voltage Stabilizers are superior to any
other static type stabilizer under virtually all operating
conditions, your equipment will work better and longer—
characteristics your customers really appreciate.

For full information see your electronic supply house
or write Dept. 6120

RAYTHEON MANUFACTURING COMPANY

Check these important
points of Raytheon
Voltage Stabilizer superiority

Raytheon Model VR-6113 (120
watts) chosen at random and com-
pared with a similarly rated com-
petitive model.

® Guaranteed to deliver accurate
AC voltage within =159, (com-
petitive model 1)

@ 149 lighter, 229% smaller

® Three times more accurate no-
load to full-load regulation

® 17% less change in voltage output
as frequency varies

® 28% closer regulation as tempera-
ture changes

Equipment Marketing Division, waitham 54, Mass.

Want more information? Use post card on last page.
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a new and important contribution to

You're looking at the last word in quality control technique —
an X-ray sampling check on all Raytheon Reliable Tubes.

X-ray analyses are instantly transmitted to Raytheon’s engineer-
ing and production personnel for guidance in continuous mainte-
nance and improvement of tube quality.

Subminic ture Tube X-roy
shown 3 times octuol size

Raytheon's X-ray equipment looks right through th= tube to
make sure that there are no cold, burnzd, brittle weld: or
weld blowholes. The X-ray proves tha grid siderods are
straight, grid wires properly spaced, glcss perfecthy seaked,
getters intact, and heater coating free of chips. >-ray =x-
amination checks internal defects of l=ads, proser lead
spacing, parts alignment, tube comp'eteness, cnd tebe
cleanliness.

The X-ray photographs of tube structur2s are excaminec by
trained experts. Potential defects are instantly detec-ed.
Thus Raytheon adds one more safeguard to the contro of
tube quality and reliability,

}
S —
Cavellensce in Eloclwrnics

SPECIAL TUBE DIVISION
RAYTHEON MANUFACTURING CO

Home Office: 55 Chapel St., Newton 58, Mass. Bigelaw 4-7500
For application information write or call the dome Office o :
9501 Grand Ave., Franklin Park (Chicage), til; TUxedo 9-5400
589 Fifth Avenue, New Yotk 17, New York.Plaza 9-3300

[ o ~ :’,4 l.’ ’
A S W |

Here in a lead-lined room specially designed by Raytheon engineers is

the 300,000 volt X-ray unit equipped with fractional focus tube to 622 South La Brea Ave., Los Angeles 36, Calif,,
provide high resolution of even the smaollest parts, The room with its WEbster 8-2851
specially developed equipment has no counterpart in the tube industry.
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INDUSTRY REPORT— Continued

by various groups. National Seci-
ence Foundation estimates that
there were approximately 200,000
scientists and 650.000 engineers
in the U. S. in 1954.

» Electronics—The Bureau of Cen-
sus reported approximately 105,-
000 electrical engineers in the
country in 1950. Some 90 percent
were employved by private indus-
try with 21.1 percent employed
in electrical machinery and elec-
tronics, 8 percent by government
agencies and 2 percent by educa-
tional and nonprofit institutions
in this country.

» Degrees—According to the U. S.
Office of Education, 4,485 bache-
lor’'s degrees in electrical engi-
neering were conferred in 1954,
a decline of some 8,000 since 1950.

Master’s degrees in the field also
decreased, from 1,114 in 1951 to
978 in 1954. Doctor’s degrees con-
ferred in 1954 numbered 111 com-
pared to 113 in 1951.

» Education—Nearly 11 percent of
those classified as electrical en-
gineers in the 1950 census had less
than four years of high school.
Sixteen percent had completed
high school but did not go on
farther. Another 16 percent com-
pleted 1 to 3 years of college.

Largest percentage, 39 percent,
completed 4 years of college and 13
percent completed 5 years of college
or more.

LATEST giant brain is unveiled as . . .

Army Buys $4-Million Computer

reads 10,000 characters a second
at a tape speed of 80 in. a second.

Large-scale digital unit
will inventory replacement
parts for tanks and autos

FIVE years abuilding, RCA’s entry
in the digital computer field,
Bizmae, has been purchased by
the Army Ordnance Tank-Automo-
tive Command in Detroit.

The $4-million computer will
maintain stock control on 200,000
kinds of tank and auto replace-
ment parts.

P Performance — The computer
stores 2.5 million characters on a
103-in. reel of magnetic tape. It

Operations include addition,
subtraction, multiplication and di-
vision. Internal program storage
provides for 4,000 three-address in-
structions.

» Design—There are 200 units of
13 equipment types that make up
the computer. Magnetic-core
rapid-access storage is used.

An electronic sorter assists in
file maintenance. An interrogation
unit can query the magnetic-tape
files. Central control of all units

minimizes idle time throughout
(Continued on page 22)
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Here’s Why Clifford Specifies
ALL-ANGL Barry Mounts
to Protect Reliability
thru Every Flight Attitude

Slifford miniaturized heat-control
unit — only 3-1,8 inches high.

It’s an important story
of engineering for shock and vibration control

North American Aviation, builders of the F-100 Super Sabre, The ALL-ANGL Barrymount® iso-
specify that the control box must be able to mount at any angle. lators used in the Clifford base
MIL-E-5272A requires the mount to operate under vibration as high are standard miniature  size.

These advanced-design mount-
ings are also available in MIL-
size 1 and (Feb. 1) MlL-size 2.
Write for data sheets.

as 0.080” double amplitude. Temperature requirements preclude the
usc of rubber mountings. And experience demands that the mounting
system handle the load bias added by large connectors and cables —
often a serious problem with miniaturized equipment.

When your problem is protection

Because they are specifically designed for jet and missile service, through all flight attitudes, your

ALL-ANGL Barry Mounts meet all these requirements. So Clifford’s answer is ALL-ANGL Barry Mounts.
choice of this mount assures the protection of their new miniaturized For recommendations, call your
heat control under every operational condition. Barry Sales Representative.

BARRY CONTROLS

INCORPORATED
SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES

New engineering opportunities are open in Barry's expansion program, 707 PLEASANT STREET' WATERTOWN 72, ‘M ASS.

at all levels in all departments. Send resumé.

ELECTRONICS — January, 1956 Want more information? Use post card on last page. 21



INDUSTRY REPORT—Continued

the installation. The computer ac-
commodates variable word and mes-
sage lengths.

» Input/Qutput—The input equip-
ment produces a verified punched
paper tape and a typed copy. A
punched tape to magnetic tape con-

Russians Look At

Two engineers express dis-
appointment after tour of
electronics plants

GEORGI P. Kazanski of the Col-
legium Radio-Technical Ministry
in Moscow, who specializes in elec-
tronics, and Vladimire P. Loukine
of the Machine Construction Min-
istry in Moscow, who specializes
in instruments for automation,
both expressed disappointment in
American industry with regard to
slectronics and automatic produc-
tion.

After a two-week tour of U. S.
plants they said they did not see
what they had expected to see
and expressed the doubt that the
impressions gained from the tour
represented the true state of af-
fairs.

» Visits—Among the places visited
by the two engineers while in
the U. S. were the International
Automation Exposition in Chicago,

verter transcribes characters elec-
tronically at 12,000 characters a
minute. A card-to-tape converter
handles 400 cards a minute.

Output is a 600 line-a-minute
printer and a magnetic tape to
punched tape converter.

U.S. Electronics

Panellit Co. in Skokie, Ill., Ford
engine plant in Cleveland, AT&T’s
relay station in Washington, D. C,,
and RCA in New York City.

Their official host on the trip
was the ASME which provided
an escort for the engineers at the
request of the State Department.

» Transistors—When asked about
the use of transistors in Russia,
Kazanski said that they are re-
placing vacuum tubes to about the
same extent as in the U. S. He
said that transistors are used
largely in measuring instruments
and computers.

» Computers—The Soviet engi-
neers said that Russia is using
computers particularly for statis-
tical work. They indicated that
production of electronic apparatus
in the Soviet Union has increased
five-fold since 1950 but gave no
specific estimates as to the size
of the increases.

They expressed particular in-

terest in flow meters and estimated
that 20 percent of the flow meters
used in Russia are electronic.

» Return—Three U. S. engineers
are making a reciprocal two-week
trip in Russia. They are N. L.
Bean of Ford’s automatic trans-
mission division, W. IH. Brandt,
engineering manager of Westing-
house and A. C. Hall, general
manager of research for Bendix.

TV Flexes lts Muscles
And Takes First Place

Final FCC report shows
how tv topped radio revenue
record for the first time

THE radio and tv broadcasting in-
dustry passed the $1-billion mark
in total revenue in 1954 for the
first time, according to FCC. Tele-
vision accounted for $593 million
and radio for $449 million. Thus,
1954 was the first year in which
tv revenues exceeded that of
radio.

The tv total of $598 million sur-
passed the all-time high for radio of
$475 million, reached in 1953. Radio
revenues in 1954 dropped 5 per-
cent compared to 1953 totals, the
first time in the last 16 years that
the radio industry failed to estab-
lish a new high for total revenues.

{Continved on page 24)
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G.E. again helps TV manufacturers cut costs...introduces
new 2B3 high-voltage rectifier, with 1.75-v filament!

N LINE with General Electrie policy to help manu-
4 facturers cut costs of volume-production TV sets,
the new 2B3 rectifier tube saves by eliminating a
resistor, associated wiring, plus their share of ecir-
cuit-assembly expense.

No need for filament-voltage stepdown . . . in-
stead, the new 2B3, supplying power to the picture-
tube anode, operates directly from the flyback
transformer!

Designed to replace the 1B3-GT for increased
cireuit economy, G.E.’s 2B3 also outperforms its
prototype. A new filament construction gives longer
tube life, increases dependability.

Step by step, General Electric tube engineers have
cooperated with designers and builders in reducing
TV-set costs. In 1954 came the 6CD6-GA and

6AU4-GTA—new G-E sweep tubes with high rat-
ings, usable both for monochrome and color, lower
in cost than any color sweep tubes then available.

Alsoin 1954, the famous “600-series” family of 50
G-E tubes, all with controlled heater warm-up time
. making possible mass production of reliable,
economical series-string TV receivers. Last year,
General Electric introduced the 6CN7 duo-diode
triode—saving some $.23 over the 6AQ7-GT whose
circuit functions it assumed.

Profit from G.E.’s consistent drive to cut TV
manufacturing expense with new tubes that save
components, circuitry, and labor! Get ratings, char-
acteristics, and prices of the cost-saving 2B3! Ad-
dress Tube Department, General Electric Company,
Schenectady 5, New York.

Frogress ls Qur Most Important Product

GENERAL ELECTRIC

162-1A1
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INDUSTRY REPORT— Continuved

» Profits—Radio and tv stations
made profits before taxes of $132
million in 1954, some 7 percent
above 1953, Television broadcast
profits of $90 million were 32.8
percent higher, while radio profits
of $42 million were 24 percent
lower than in 1953.

» Contrast—Changing make-up of
revenues in the broadcasting busi-
ness since tv is shown in the re-
port. Of the $593 million total tv
revenue, $452 million or 76 per-
cent was from the sale of time and
$141 million or 24 percent from
sales of talent, program material
and production. Radio’s total
revenue of $449 million consisted
of $404 million or 90 percent in
time sales and $45 million or 10
percent from talent and program
sales.

» Nets—TV networks, including
the 16 owned and operated sta-
tions, accounted for $306.7 million
or 52 percent of tv total revenues.
The other 394 stations reported
$286 million or 48 percent of total
revenues. Profits of the four na-
tionwide and three regional radio
networks including 21 owned sta-
tions were reported at $8.2 million
or 22 percent below 1953. A total
of 2,577 other radio stations had
combined profits of $34 million, or
an amount that represents the value
of 24.5 percent below station profits
for 1953.

ELECTRONIGRAPHS

BABY-SIZED accelerotor developed by High Voltage Engineering because . . .

Particle Accelerators Gain Sales

Prices of the units vary con-
siderably depending on size and

Use of the instruments in in-
dustry and in institutions is
steadily increasing

ALTHOUGH only a handful of com-
panies are in the particle accelera-
tor manufacturing business and
total dollar volume is small, the
field is gaining in importance.

There are probably not more
than 300 particle accelerators in
use in the world today and many
of these are homemade.

Continued

installation costs. Most units are
in the one-million electron volt
plus range. However, there are
commercial accelerators available
rated to 50-million electron volts.
A new machine being con-
structed at the Brookhaven Na-
tional Laboratory is expected to
accelerate protons to an energy

of 25 billion electron volts.
(Continued on page 26)
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VARIABLE

CAPACITORS...

o,/

AAMMARLYND

@ Send for your copy of Bulletin 55E

For commercial, military and industrial applications,

you just can’t beat Hammarlund Variable Capacitors for
uniformly high quality design. materials and workmanship.

The capacitors illustrated here are just a small represcutative
portion of the complete Hammarlund line. In addition to stock
designs, Hammarlund offers you unparalleled variable capacitor
know-how in development, design and production.

Whatever your needs, when it comes to special or standard
variable capacitors, naturally, come to Hammarlund.

HAMMARLUND MANUFACTURING COMPANY, INC.
460 West 34th Street, New York 1, N.Y.
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INDUSTRY REPORT— Continued

» Growth—Steady growth of the
field is indicated by the rising
sales of companies producing the
instruments. High Voltage En-
gineering Corp., sole manufacturer
of the Van de Graaff accelerator,
has had sales increases of ap-
proximately $200,000 nearly every
year since its formation in 1947
and expects sales to hit the $1.8
million mark in 1955. Other manu-
facturers in the field are American
Instrument, GE, Marblette Corp.
and Stanford Laboratories.

» Firm—New manufacturer to en-
ter the accelerator field is Varian
Associates. The company is plan-
ing construction of its own linear
electron accelerator, under license
from Stanford University, and is
developing special accelerator
parts for others. According to
Varian, it is the second firm to
contract with Stanford for manu-
facture of the high-energy ma-
chines. General Electric signed a
similar contract in 1954.

» Markets—Principal markets for
accelerators lie in the fields of
scientific research, medical ther-
apy, industrial radiography and
radiation processing. The market
for instruments in industry and
institutions engaged in general
nuclear research and development
is growing.

Projections by the Atomic Indus-
trial Forum indicate that $13.5

industry between 1954 and 1958
on research and development in
the use of particle accelerators
and that institutions will spend

about $1.5 million. In 1953 indus-
try spent $698,000 on particle
accelerator research and institu-
tions spent $234,000.

Industry Invests In Australia

Country lists 37 U.S.
electronics firms with
manufacturing interests there

AN estimated $240 million in pri-
vate U. S. investment has been
made in Australian manufactur-
ing and a substantial portion is
accounted for by U. S. electronics
firms.

Some 37 U. S. electronics manu-
facturers have direct financial in-
terests in Australia. An increase
in such investments is expected
in the future as tv takes hold
down under.

» Reasons—To encourage invest-
ment from overseas, Australia has
negotiated 4 double taxation con-
vention with the U. S. It prevents
double taxation on income flowing
between the two countries.

Also, Australia allows all net
income after taxes, earned by U. S.
firms in Australia, to be remitted
without restriction.

» Set-up—Nine of the U. S. elec-
tronies firms with investments in

affiliate in the country. The re-
maining 28 companies have other
arrangements with companies in
Australia such as license or roy-
alty agreements,

» Companies—Following is the list
of U. S. electronics firms with
investments in Australian elec-
tronics in 1955:

Admiral

Aerovox
Alertronic Corp.
Alliance Mfg.

Am. Phenolic
Armour Research
Astatic Corp.
Automatic Electric
Bendix Aviation
Bussman Mfg.

A. B. Du Mont
Federal Telephone & Radio
Foxboro Co.
General Ceramics
General Magnetic
General Radio
Hazeltine Electronics
IBM

Int’'l GE

Int’l Resistance
IT&T

Jensen Mfg.
Walter Kidde
Magnecord

P. R. Mallory
Motorola

New Ikngland Mica
Philco

RCA

Shure Bros.

Sola Electric
Stromberg-Carlson
Western Electric
Westinghouse
Westrex Corp.
X-ray Mfg. of Am.

million will be spent by private Australia have a subsidiary or 2ol (Continued on page 28)
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MODEL MR532-15A
VOLTS with*1% REGULATION

@ ]5AMPS IMMEDIATE

AN ARa PEHIVERY! |

4%’ Voltmeter {2%)

2l TR

44 Ammeter (2%)

Voltage Vernier

Voltage Control

P ITITITER, SWPYTIENS SN rrtnamm— e e

pwsppaR WA F

«
m el

5-Way DC Ovutput Terminals

/ {DC Terminal strip also on

rear of chossis)

—

DC Range Switch

DC Output Switch
“DC Fuse
Pilot Light

Now...for Your Laboratory...the most versatile TUBELESS,
Regulated and Filtered Power Supply

For PROMPT REPLY, wire the factory collect e REMOTE SENSING ¢ VERNIER VOLTAGE CONTROL

or phone our nearest sales office. * NO TUBES, MOVING PARTS OR VIBRATING CONTACTS

New York City: HUnter 2-7784

Philadelphia: NOrristown 5-2600 Specifications . . . .

Chicogor Dlversey 8-6885

Los Angeles: SYcamore 8-5790 REGULATION: 5-32V Range: = 4% for combined line chonges of 105-125VAC and load
S1. Lovis: DElmar 7701 of 0-15A. DC.

Konsas City, Mo.: Jefferson 7221 2.5V Range: * 2% for combined line changes of 105-125VAC and lood chonges of
Dallas: FOrrest 8-8306 0-15A. DC.

QEREh R S0t 32-36V Range: * 2% for combined line changes of 110-125VAC and load changes
Son Francisco: Ulmar 1-7129 of O-15A. DC.

Syracuse: 2-1167

Pittsburgh: WAInut 1-2959 RIPPLE: 1% rms max. @ 36 volts and full load. Increoses to 2% @ 2 volts and full lood.
Minneapolis: Mldway 27884 AC INPUT: 105 to 125 volts, 1 phase, 60 cps. (8 omps, Input)

Seattle: MOhawk 4895

Albuquerque: 5.9632 RESPONSE TIME: 0.1 to 0.2 seconds maximum.

Boston: Mission 8-0756 DIMENSIONS: 19" wide x 151, deep x 13" high with cabinet. (19" wide x 143" deep
Atlanta: Elgin 3020 x 12" high rock panel construction)

Winston Salem, N.C.: 4-0750

Ontario, Canada AXminister 3-5771 FINISH: Gray Hammertone WEIGHT: Approx. 135 Ibs.

Write for Bulletin MR 532-15A4

PERKIN ENGINEERING CORP.

345 KANSAS ST. « EL SEGUNDO, CALIF. « ORegon B-7215 or EAstgate 2-1375
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ERE 4 L Superior in Quality—Lower in Cost

g - - Higher Initial Permeability

11:% ' Higher Effective Permeability

11 % at Higher Saturation Levels

3 1 Lower Core Loss Resulting in
5 . New Super-Grade Ferrites Less Temperature Rise
- | from the Laboratories ot Greater Uniformity Through

., General Ceramics - improved Production Techniques
§ T
2 ; o New Super-Ferramics are magnetic MAGNETIC PROPERTIES OF FERRAMIC O-1 .
o E # ferrites with properties once PROPERTIES uNIT FERRAMIC 0-1
| i considered beyond the realm of - Muo at 50 kes. - 1200

i B < e achievement. The first of this - Mumax _ - 6000
1 ? ’§ 3 ;iv o series Ferramic O, (see property H Satt-Jratron Flux Qensrty Bs Gauss 4100 .
[ 4o% g gk ] ReERERIAee e leaeed ¢ Residual Magnetism Br Gauss 2500
iaere i < A ¢ .(Ir ) ) Coercive Force Hc Oersteds 0.20
N 3 " # and is now available in pro- “Curie Temperature +°C. 165
A AN g duction quantities. Engineers © Volume Resistivity - Low
1 SF W and product designers are © Loss Factor at 50 kcs. uO—LQ 0.000010
Ee invited to request complete  Temp. Coeff.of
i ,5,'. information on Ferramic O. Initial Perm. (50 Kcs) %/°C. +0.75
& Call or write for data today! j

TELEPHONE: VALLEY 6-5100
ENERAL OFFICES and PLANT: KEASBEY, NEW JERSEY

MAKERS OF STEATITE, ALUMINA, ZIRCON, PORCELAIN, SOLDERSEAL TERMINALS, “ADYAC” HIGH TEMPERATURE SEALS,
CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE, FERRAMIC MAGNETIC CORES

y CERAMICS CORPORATION
G
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FROM GUIDED MISSILES ‘i

3 Screen Room

TO ATOMIC SUBMARINES ... o0

Testing

FILTROM PROVIDES EXACTLY THE FILTER THEY NEED 5 Aneovotion tou

(per MIL-STD-220)

Guided Missile ©

From the best equipped Radio Interference Laboratories in the world—staffed with the most expe-
Jet Aircraft : rienced Radio Interference Engimeers, tomorrow’s electric and electronic components and systems
are made “Radio Interference Free’’ tcday.
FILTRON's exceptional facilities are available for the Radio Interference testing AND filtering of your
equipment to meet Military Radio Interference Specifications.
i Combining engineering facilities, application experience, and manufacturing ability, Filtron compe-
7-38 Sky Sweeper ¥ tently handles RF interference problems from start to finish.
Self-Aiming - i . . ear e e . oI
Asti-Aircraft Gun g FILTRON's four plants, with complete production facilities—capacitor manufaduring, coil winding,
metal fabricating and stamping, ool and die department, assembly division—
are producing more RF interference filters than ever before.
FILTRON—the ‘most dependable name in RF Interference Filters—is the choice
of engineers, manufocturers, and military and commercial laboratories the
world over.
_%

Atomic Submarine
U.5.S. NAUTILUS

Main Plant, Flushing, N. Y,

. ¥p e :
r  w g

“g—

ROMN- co., INC., FLUSHING, LONG ISLAND, NEW YORK
PLANTS IN FLUSHING, NEW YORK, AND LOS ANGELES, CALIFORNIA

ANMAN MO anracin Q aVas!




goes a sleeving!

All around some conductor rods
Heat was put to some sleevings.
The oven thought ‘twas all in fun —

Pop — goes a sleeving!

... the sleeving that doesn’t go “pop” is BH “1151” . ..
it never does! A patented combination of braided Fiber-
glas and silicone rubber, BH “1151” has what it takes
to stand up under all kinds of punishment.

Look at this test: Samples of comparable sleevings were
slipped over conductor rods bent to a “U” with an
approximate 15" diameter. Then they were oven heated
at 250°C., for eight hours. The BH "1151” samples
showed no ill effects from the test, while the coatings
of other samples broke open at points of maximum
stress around the bend of the "U”.

Heat-bend resistance is just one featurc of BH "1151”.
It is “safe” for continuous operation from —90°F. to
400°F. Meets all industry specifications for Class H
insulation, as well as MIL-I-18057. It also offers per-
manent flexibility, excellent oil, chemical and fungus
resistance. It is sclf extinguishing within 15 seconds.
And, BH “1151” can be twisted and bent without crack-
ing or crazing.

Available in all standard colors, BH 1151 is packaged
in spools or coil put-up, with 36” lengths or short pieces
on special order. Try it now —send for data sheets
and free Production Testing Samples.

BENTLEY, HARRIS MANUFACTURING Co.

1301 Barclay St.
CONSHOHOCKEN, PA. Telephone: Conshohocken 6-0634

BENTLEY, HAR

*BH Non-Fraying Fiberglas Sleevings are made by an exclusive Bentley, ( 4 4 g GS
Harris process (U.S. Par. Nos. 2393530; 2647296 and 2647288). . ).
“Fiberglas” is Reg. TM of Owens-Corning Fiberglas Corp.

Want more information? Use post card on last page. January, 1956 — ELECTRONICS



to Prevent Crazing
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RESISTORS

Ohmite “Brown Devil” Resistors have been carcfull;
designed to provide belanced thermal expansion. All
parts—core, resistance wire, vitreous enamel coating, and
terminal band—have a thermal expansion that has heen
carefully matched. Consequently, Ohmite “Brown Devil”
Resistors expand and contract as a unit. This eliminates
cracking of the enamel, keeps terminals firmly anchored,
and prevents the entrance of moisture.

THE RESULT: You are assured high-quality resistors
that provide the utmcest in dependability under the
toughest service. Specify Ohmite “Brown Devils” on your
next job.

- OFRMITEe

DHMITE MANUFACTURING COMPANY, 3610 Howard Street, Skokie, lllinois (Suburb of Chicago)

RHEOSTATS « RESISTORS ¢ RELAYS « TAP SWITCHES

-t =

PATENTED WELDED
TERMINALS

Ohmite welded terminals provide
a: perfect and permanently stable

_electrical connection that is un-

affected by vibration .or high
temperature.

HIGH TEMPERATURE
STEATITE CORE

This strong, rugged, steatite core
has excellent electrical character-
istics, and a coefficient of thermal
expansion that matches the other
resistor materials.

EXCLUSIVE
HIGH TEMPERATURE
VITREOUS ENAMEL

This special-formula enamel was
developed by Ohmite after exten-
sive research. Its thermal expan-
sion is properly related fo that of
the steatite core, terminal, and
resistance wire.




WON’T CHAR OR BURN!

ALL-CERAMIC
AND METAL

Ohmite rotary tap
switches are preferred by
industry everywhere because
they are compact, depend-
able, all-ceramic and metal units
ideally suited to a-c operation.
They are available in the single-pole,
non-shorting type with up to 12 taps.
The self-cleaning, silver-to-silver con-
tacts require no maintenance. The rugged,
one-piece ceramic body is unaffected by
heat or arcing. Two or three of these switches can
be grouped in tandem to form multi-pole
assemblies. Open-type models are also available for
ehorting and non-shorting applications. i

OHMITE
MANUFACTURING CO.

361D Howard St., Skokie, lI.

Write on company letterhead for Catalog
(Suburb of Chicago)

and Engineering Manual No. 40.

AC RATINGS

A AT vorss | wo TR

10 150 21011

' ,  ® 15 150 2012

: 25 300* 21012

! 50 300* 21012

oy 100 300 2t 8

RHEOSTATS o RESISTORS '« RELAYS o TAP SWITCHES *150 Volts between tops.




AIRPAX PRODUCTS

MANUFACTURED WITH LABORATORY PRECISION

Airpax Products Company specializes in making
electromagnetic components in production quanti-
ties to laboratory precision. Where your equipment
requires a quality product that you can rely upon,
ask Airpax to make it for you.

Standard Airpax components include a wide
variety of signal choppers both in octal-based and
7-pin miniature sizes. They are designed for opera-
tion at 60 or 400 cps (other ratings available on
special order).

For your power needs seriously consider the
advantages of an Airpax supply. You can minimize
the weight of your airborne equipment by using a
Airpax 400-cps power vibrator, or, for the fullest
saving in space and weight, ask Airpax to manu-
facture the complete power supply: transformers,
chokes, wired, potted and tested to your
specifications.

Several standard supplies, converters, and
inverters are available based on our 400-¢ps vibra-
tors and quality transformers—ratings up to 30
watts, higher for intermittent operation.

Equipment manufacturers who pride themselves
on producing the most reliable devices use Airpax

ELECTRONICS — January, 1956

IN PRODUCTION QUANTITIES

custom designed and built transformers and reac-
tors. These include audio units for communication
equipment, pulse and high-voltage units for
navigation equipment, and power units for con-
trol equipment—all to the same high precision.

For protection against adverse environments,
as in military equipment, these units are hermeti-
cally sealed and conform in all respects to MIL-T-
27A. Where light weight is important, they can be
protected by encapsulation.

You can rely upon Airpax to maintain high
quality in making any quantity of these products
that you may need. We do not attempt to produce
both a quality grade and a commercial grade; Air-
pax personnel are trained to maintain quality first.
Your engineering design will show to best advan-
tage when built with Airpax components.

Write today for technical data; place your pres-
ent design and production problems in competent
hands at

e —eas?
ENGINEERS

MIDDLE RIVER BALTIMORE 20, MD.

Waint more information? Use post card on last page. 33
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PRECISION DIGITAL DELAY GENERATOR

FOR GENERAL-PURPOSE LABORATORY USE

Generates pulses accurately spaced in time with respect to an inter-
nally generated reference pulse—range 0 to 100,000 microseconds

Complete generality permits numerous and varied uses such as radar range
calibration, target simulation, generation of secondary frequency standards,
elapsed time measurements, phase measurements, etc. Fields of application
Include Radar, Navigation, Telemetry, Nuclear Studies, Computor Re-
search, Geophysics, Ordnance, and any other fields in which timing is
significant.

The ability to generate a specific delay at accurate variable repetition
rates sets this instrument apart from any other pulse or delay generator
in the field today. Write for full details.

Pulses can be supplied under either
one-shot conditions or at variablc repe-
tition rates. Both pulse delay and repe-
tition period can be established in incre-
ments as small as 1 microsecond.

The repetition period can also be exter-
nally triggered, in which case two inde-

Kaiser M EeTaL PrRoOoDuUCTS, INC.

BRISTOL, PA.

pendently variable delaved pulses are
available. Accuracy of both repetition
period and pulse delay are held to one
part in 10* by the thermostaticully
controlled crystal oscillator. The digital
circuitry and the built-in self-checking
features make continuous calibration
unnecessary.

Want more information? Use post card on last page.

Navigation

Ordnance

MAGNIFIED

RUCSE MODEL 743

766th _/ 4 Observed pulse as viewed

. MARKER  MARKER on a suitable synchroscope

January, 1956 — ELECTRONICS



Raytheon — World’s Largest Manufacturer of Magnetrons and Klystrons

Excellence in Electronics

RAYTHEON MANUFACTURING COMPANY
Microwave and Power Tube Operations, Section PT-44
Waltham 54, Massachusetts

Raytheon makes: Magnetrons and Klystrons, Backward Wave Oscillators,
Traveling Wave Tubes, Storage Tubes, Power Tubes, Receiving Tubes, Transistors

www._americanradiohistorv com



AXEL ELECTRONIGC!

EXPANSION

and what it means to YOU ...

Expanded Building...

With greatly enlarged space in
a new convenient location geared
to provide top quality products
with speedy, efficient service.

Expanded Staff...

Headed by five new topx sales
and design engineers — each of
them a specialist, expertly skilled
in progressive design.

PRECISION MANUFACTURERS OF

* Paper & tilm dielectric capacitors

® Precision wire wound resistors

o Radio noise filters

¢ Pulse networks

e Delay lines

vud Photisinw Sies 1916

Expanded Equipment..

Modern production, laboratory
and test equipment — designed
to meet the high standards of
quality and reliability made
famous by Axel Bros.

oo
&,
o

WRITE US

We will be pleased
to send you our
regular Engineering
Bulletins. Address:
“Dept. "

Xe{ BROS., INC. %mpmww

134-20 JAMAICA AVENUE, RICHMOND HILL 18, NEW YORK @ REPUBLIC 9-1700

36 Want more information? Use post card on last page.
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DRIVER-HARRIS

salutes a great en gz’neem’ng achievement

CUTLER-HAMMER

Eutectic Overload Protection

Cutler-Hammer engineers made history with
their eutectic alloy type overload relay for elec-
tric motor protection. Virtualty all leading manu-
facturers of motor control today offer this type
of overload protection. And more than 25 mil-
lion electric motors in daily use bear witness
to the acceptability and dependability of this
proven protection.

Driver-Harris salutes this Cutler-Hammer
achievement. The Cutler-Hammer Eutectic Over-
load Relay shows the dependability of certain
alloys ‘in practical use. In the Cutler-Hammer
Relay, both the eutectic element which must
function so precisely and the heater element
which causes it to function are alloys. We are
proud that Driver-Harris Nichrome is the re-
sistance alloy used in the heater element of
millions and millions of these successful over-
load relays.

It is not surprising that Driver-Harris alloys
are selected by so many leaders of American
industry. Driver-Harris alloys are the product
of manufacturing methods employing the most
precise metallurgical checks and quality con-
trols. Nichrome*V and Nichrome* have long

been accepted as the standard by which all elec-
trical resistance alloys are measured. And these
are only two of the 112 special purpose alloys

devetoped by Driver-Harris since 1899 for elec- Basic in any overload relay is the need of having a disconnect mechanism
respond to dangerous heating of the motor windings. All such relays use

trical heating, resistance, and electronic appli- 25 . : el . . A
heater coils in series with the windings to provide the danger signal within

cations. Do you need a special alloy? Send us the control unit. In the millions of overload relays using cutectic alloy
your speciﬁcations. clements 10 rcspopd to the increased heating, disconnect occurs when the
alloy melts, As this alloy has one detinite melting point, the overload relay

"T.M. Reg. U.S. Pat. Off. nmiust always be accurate, regardless of how often or how infrequently

it operates.

%
%
%

,.. DVZ‘ﬂer'HéZWVZ.S HARRISON, NEW JERSEY

» COMPANY

Sole producers
of Nichrome V and
Nichrome

0,

/
”, «
4 A

2% pgg, ua ™

BRANCHES: Chicago, Detroit, Cleveland, Louisville, Los Angeles, San francisco + In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario

MAKERS OF THE MOST COMPLETE LINE OF ELECTRIC HEATING, RESISTANCE, AND ELECTRONIC ALLOYS IN THE WORLD

ELECTRONICS — January, 1956 Want more information? Use post card on last page. 37
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This year again, in an impartial preference survey, LAMBDA
has been the overwhelming first choice of engineers concerned
with power supplies. The superior design and construction of
LAMBDA equipment have been, of course, important elements
in achieving this leadership.

Four new heavy-duty models, 60, 60M, 61 and 61M reflect
these desirable qualities. These models, for fixed voltage use
but adjustable over ranges indicated, have been engineered pri-
marily for industrial applications. They will stand up under
continuous-duty operations at maximum ratings.

LAMBDA'’S “600 MA” series now includes twelve models,

six voltage ranges to 405V. They are exceptionally suited for Ah:oje: :gM--
| - . . . . ode| . . .
television studxﬂo and tttansmxtter equ}pment, tube ageing appara- Model 61 249.50  Model 64 . . 244.50
tus, computer installations and multi-channel equipment, among Model 61TM . .. .. ... .. 279.50  Model 64M . .. .. .. . 274.50
other applications. Model 62 .. ... .. ... . 239.50 Model 65 ... .. ... ... 249.50
Model 62M . ... ... ... 269.50 Model 65M ... .. ... .. 279.50
Send for complete LAMBDA power supply catalog. Available for immediate delivery. Prices F.0.B. factory, College Point 56, N.Y.
Heavy-duty Durable Tubes
barrier-type baked encmel finishes secured in place
terminal board  applied by tube clamps Al tubes
located for over primer bases All tub and controls
Thermal convenient rack ‘ tubes o clearly identified
time-del cabling readily accessible - and marked Voltage controls
eIIr:::e:fay for replacement on chassis easily accessible
used in

conjunction
with contactor

AC input
terminals for
permanent rack
installations

Line cord

easily removed.
Disassembly of
chassis unnecessary

Internal

failure
Heavy-duty protection
extra-length m s : _
industriolgcord Lambda vacuum varnish impregnated transformers and chokes are All capacitors are
engineered for continuous heavy duty service. They are designed espe- hermetically sealed
cially for Lambda Power Supplies and manufactured in our own plant. and oil-filled

WWW-americanradiohistorv.com



Interior photos of new 405V models show
construction for continuous heavy-duty service

Stable, low-noise

wire-wound

voltage reference

networks
and controls

All components

securely mounted

Heavy-duty
contactor

All capacitors are
hermetically sealed

and oil-filled

Durable

baked enamel
finishes applied
over primer
bases

Sturdy
cable clamp
anchors

Harness
wiring

External
overload
protection

SPECIFICATIONS FOR “600 MA SERIES”

105-125VAC, 50-60C, 840W (Model 60); 810W (Model 61);
775W (Model 62); 715W (Model 63); 675W (Model 64);
585W (Model 65)

DC Output (regulated)

Voltage and currents:

AC Input:

l “6:0 MA” series

Every connection

and solder joint
individually inspected
and checked

Vitreous enameled
wire-wound
power resistors

All parts
easily
accessible
for inspection
and servicing

Heavy
gauge
chassis

and panel
construction

L Nylon
jacketed

vinyl wire

Bk

g2 ) 4h;l~ml.€.‘ i
Sctematic diagram
permanently mounted
in every unit '

€4

L~~~ Accurate,

dependable meters

Ambient Temperature and Duty Cycle:
Continuous duty at full load up to 50°C (122°F) ambient.

Controls, Terminals and Overload Protection:

DC output controls: Band-switches and screw-driver
adjusting vernier-control, rear
of chassis

AC and DC switches: Front panel

External overload protection: AC and DC fuses, front panel

Internal failure protection: Fuses, rear of chassis

Models Voltage range™ Current range™* Input and output terminals: Barrier terminal block, rear of
60 & 60M 345-405VDC 0-600MA chassis
61&61M 295-355VDC 0-600MA Meters:
62 & 62M 245-305VDC 0-600MA 314" rectangular voltmeter and milliameter (Models 60M, 61M,
63 & 63M 195-255VDC 0-600MA 62M, 63M, 64M and 65M only).
64 & 64M 100-200VDC 0-600MA 0
65 & 65M 0.100VDC 50.600MA Voltage Reference Tube:

*Voltage range for any given model is completely

covered in four continuously variable bands.

*%Current rating applies over entire voltage range.
Regulation (line) .. Better than 0.15% or 0.3V
Regulation (load).. .Better than 0.25% or 0.3V

Impedance Less than 2 ohms
Ripple and NOIS€ .. .omiicimiaee Less than § millivolts rms
Polarity. ..o Either positive or negative may be grounded

AC Output (unregulated):
6.5VAC at 20A (at 115VAC input). Allows for voltage drop in
connecting leads. Isolated and ungrounded.

A stable 5651 voltage reference tube is used to obtain superior
long-time voltage stability.

Time-Delay Relay Circvit:

A 30-second time-delay relay circuit is provided to allow tube
heaters to come to proper operating temperatures before high-
voltage can be applied.

Physical Data:

Size: Standard 19" relay-rack mounting

12%” Hx 19" Wx 9" D

70 Ib. net; 110 Ib, shipping

Black ripple enamel (standard)

Weight:
Panel Finish:

LAMBIDA Electronics Corp.

THE FIRST

N AME I N

PO WER SuUPPLIES

11-11 131 STREET ¢ COLLEGE POINT 56, NEW YORK ¢ INdependence 1-8500

wwwweamericanradiohistorv.com



Radio

Receptor’s
NEW

money saving
rectifier
mounting!

& . QUICK MOUNTING! QUICK REMOVAL!

L & Spring stee! clips with safe edges snap into two round,
o | Snap-ln type large tolerance holes in chassis (approx %" dia., %"
s : c. to c). Solderless connectors as shown, when used,

simplify servicing

~ SELENIUM RECTIFIERS

Radio Receptor’s unique QUI-KLIP rectifiers will soon
make their debut in TV sets produced by one of the
country’s leading manufacturers, saving them count-
less dollars in production casts.

QUI-KLIP requires no tools or sockets for mounting.
There are no studs to break or threads to strip and the
locating tab is now unnecessary. QUI-KLIP provides a .
positive seat for the rectifier — no rocking. Yet any o Speeds assembly time.
serviceman can rentove the stack quickly by squeezing
the QUI-KLIP prongs with his fingers and removing the
solderless connectors. o Simplifies assembly.

Let us show you how to put the cost saving QUI-KLIP
selenium rectifiers to work in your production . . .
Available in most popular sizes with cells from 17
square to 2” square, for radio, TV and other electronic o Permits easier replacement
circuits. For detailed information, write Dept. E-14. in the field.

o Slashes production costs.

o Eliminates stud rejects
(No studs or nuts needed.)

Semiconductor Division

RADI® RECEPTOR COMPANY, INc.

In Radio ard Electronics Since 1922
Reliable SALES OFFICES: 251 WEST 19TH ST., NEW YORK 11, N. Y., WAtkins 4-3633 = Factories in Brooklyn, N. Y.

SeLenium Recririers, THERMATRON DiELECTRIC HEATING GENERATORS AND Presses, COMMUNICATION, RADAR AND NAVIGATION EqQuipMENT

40 Want more information? Use post card on last page. January, 1956 — ELECTRONICS



Edison’s “V. P."” Voicewriter

Edison engineers built this new dictating instrument for small
size, light weight, and rugged performance. Waldes Truarc rings
replace old fashioned fasteners, cut production costs; keep unit
light, compact, and achieve faster more economical assembly.

A single, easily assembled Waldes Truarc E-Ring (Series 5133)
replaces nut-bolt-washer fastening. Free pivoting iz assured, one
component eliminated, labor and material costs reduced.

Whatever you make, there’s a Waldes Truarc Retaining
Ring designed to improve your product...to save you mate-
rial, machining and labor costs. They're quick and easy to
assemble, and they do a better job of holding parts together.
Truarc rings are precision engineered and precision made,
quality controlled from raw material to finished ring.

36 functionally different types...as many as 97 different

WALDES

g, —

RETAINING RINGS

5 Waldes Truarc rings eliminate parts, speed
assembly, in light, compact dictating machine

Send for naw catalog supplement

[RUARC

Disc Lever Cover Assembly

& ‘

assembly, elimfnate one component and assure precise alignment
~Truarc rings facilitate pivoting without binding. Pro-

h Plate Assembly

e

Two Truarc E-Rings eliminate staking operation, prevent damage
to spring coil. Simple assembly operation speeds production,
eliminates rejects, reduces labor and material costs.

sizes within a type...5 metal specifications and 14 different
finishes. Truarc rings are available from 90 stocking points
throughout the U. S. A. and Canada.

More than 30 engineering-minded factory representatives
and 700 field men are available to you on call. Send us
your blueprints today. Let our Truarc engineers help you solve
design, assembly and production problems, without obligation.

For precision internal grooving and undercutting . . . Waldes Truarc Grooving Tool!

Waldes Kohinoor, Inc., 47-16 Austel Place, L. 1. C. 1, N. Y. |
! Please send the new supplement No.1 which |
I brings Truarc Catalog RR 9-52 up to date.
i |
(Please print) i
: INOME. e csimsrna g pywie sE N  NNY ___ ]
| T e R I
| Company.---teeee ot ool WL P |
} Business Address :
i .
| |

WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U. S. Patents: 2,382,948; 2,411,426,

2,411,761; 2,416,852; 2,420,921, 2,428,34

1; 2,439,785, 2,441,846, 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081:

2,544,631; 2,546,616, 2,547,263; 2,558,704, 2,574,034; 2,577,319; 2,595,787, and other U. S. Patents pending. Equal patent protection established in foreign countries.

ELECTRONICS — January, 1956
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Again CTC comes up with an ad-
vancement for more secure, more effec-
tive electronic assemblies. It’s the new
Perma-Torq* constant tensioning de-
vice for tuning cores of standard CTC
ceramic coil forms.

CTC’s Perma-Torq, a compression
spring of heat treated beryllium copper,
has very high resistance to fatigue and
keeps coils tuned as set, under extreme
shock and vibration. It allows for im-
mediate readjustment without removal
or loosening of any mounting nut or
locking spring. But most important of
all Perma-Torq like all CTC com-
ponents is quality controlled.

CTC’s quality-control means you get
consistent top quality components.
Each step of production is checked,
each component part — even though
already certified — is checked again.
And finally CTC’s finished product is
checked. That’s why CTC can offer you
a guaranteed electronic component —
standard or custom — whose perform-
ance you can depend upon.

CTC researchers and practical ex-
perts are always available to help solve

42

your components problems. For sam-
ples, specifications and prices write to
Sales Engineering Dept., Cambridge
Thermionic Corporation, 437 Concord
Ave., Cambridge 38, Mass. On the West
Coast contact E. V. Roberts, 5068 West
Washington Blvd., Los Angeles 16 or
988 Market St., San Francisce, Cal.

NEW PERMA-TORQ UNITS come completely
factory assembled to mounting studs, eliminating
the bother of assembling and adjusting separate
locking springs, CTC coil forms with Perma-Torq
Tensioning Device are desigrated PLST, PLS5,
PLS6 and PLS7, are completzly interchangeable
with the LST, LS5, LS6 and 1.S7 series, and are
available at no increase in price.

*Patent pending

CAMBRIDGE THERMIONIC CORPORATION

makers of guaranteed electronic components
cusiom or standard

Want more information? Use post card on last page.
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P H I LC o s - B "T (Surface Barrier Transistor)

Available now! . . . in quantity . . . Philco Surface FEATURES
Barrier Transistors are opening entirely new fields for o Lowest Power Consumption
design engineers . . . are being incorporated in high » Hermetically Sealed Resistance-Welded Metal

Case with Leads Sealed in Glass

frequency units now in production! Commercial, indus-
¢ Long Life and Reliability of Operation

erial and mili hinkine is swingi
= lhta'ry g 'mk'mg is swinging over fast to e Uniform Characteristics Insured by Controlled
complete transistorization. Processing and Complete Testing

Philco has gained a wealth of experience in the practical ¢ Extremely Low Collector Cut Off Current for Stable

. : . . Operation

application of Surface Barrier Transistors. Make the :

] . ¢ Extremely Low Output Capacitance for Ease of
Philco S-B-T a part of your forward looking plans—now. Neutralization

For complete technical information on the PHILCO SB Transistor
write Dept. E

JPHILCO CORPORATION

2

OVERNMENT AND ~ PHILADELPHIA 244,
NDUSTRIAL DIVISION PENNSYLVANIA

In Canada: Philco Corporation of Canada Limited, Don Mills, Ontario
[\




No load

Half load

UNRETOUCHED OSCILLOGRAMS OF OUTPUT VOLTAGE:
1000va Sola Harmonic-Neutralized Constant Voltage
Transformer operating from 110v input and correcting

Full load

output to 115v with less than 3% harmonic distortion.
“Commercial sine wave” is maintained regardless of
load capacity served.

+1% static magnetic voltage regulation
with less than 3% harmonic distortion

Static magnetic voltage regulation with all its advantages
—automatic, continuous operation; instantaneous response;
no maintenance; self-protection against short circuits;
and input-output circuit isolation — has harmonics in
its output voltage. In the case of the Sola Standard CV
Regulator, harmonic distortion is held within an average of
only 14% at full load. However, even 149 is excessive on
some applications.

Sola Harmonic-Neutralized Constant Voltage Transform-
ers have the characteristics of the Standard Sola CV Stabi-
lizer plus the added advantage of less than 3% harmonic
distortion in the output voltage wave.

Sola sinusoidal output stabilizers are ideal for the most
exacting applications. They are widely used to provide
stabilized undistorted voltage for instruments, production
control components, and communication gear. They are
especially suitable for input to a rectifier when close regula-
tion of the dc output is required.

Six standard ratings from 60 to 2,000va are immediately
available from your electronic distributor’s stock. Custom-
built designs with ratings from 30 to 15,000va can be ordered
in production quantities. A Sola sales engineer will be happy
to discuss your specific requirements.

SOLA reansronmens

*TYPICAL HARMONIC ANALYSES, TYPE CVH
CONSTANT VOLTAGE TRANSFORMER

‘ input | Output

Volts | Volts 3rd | 5th 7th
Full Load 15 1150 | 0.77% | 1.20% | 0.34%
50% Load 115 116.1 | 1.00 0.70 0.55
No Load 115 116.2 065 | 0.36 0.60

*On production units, the lowest residval harmonic content may
occur anywhere between full load and no load.

TYPICAL MECHANICAL STRUCTURES: The two sta-
bilizers on the left are stock units, the transformer
on the right is a “'special’’ in the 7,500va size range.

WRITE FOR BULLETIN 7A—-CV —-200
FOR COMPLETE DATA

CONSTANT VOLTAGE TRANSFORMERS for Regulation of Electronic and Electrical Equipment ® LIGHTING TRANSFORMERS for All Types of Fluorescent and

Mercury Vapor Lamps. -

SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, illinois, Bishop 2-1414 L]

BOSTON: 272 Centre Street, -

Newton 58, Massachusetts ¢  NEW YORK 35: 103 East 125th Street . ®  LOS ANGELES 26: 2025 Sunset Boulevard . PHILADELPHIA: Commercial Trust

Building ®  CLEVELAND 15: 1836 Euclid Avenve © KANSAS CITY 2, MISSOURI: 406 West J4th Street .

44 Want more information? Use post card on last page.
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i
ERMJ CALLY SEALED,
\ % LY SEALED,
PNP ALLOY-JUNCTION TRANSISTORS —
\\ I/
CHARACTERISTICALLY TUNG-SOL
IN QUALITY

250"
MAX.

TUNG=-SOL|- - - - GERMANIUM

: R o

TRANSISTORS NOW IN PRODUCTION
These new Tung-Sol Transistors, now available in production, CHARACTERISTICS OF TUNG-SOL TRANSISTORS
meet a wide range of applications where miniaturization of TS-162 TS-163 T5-164 TS-165 TS-166
equipment is essential. 2
The Tung-Sol semiconductor design and development pro- Sellecian Vot -0 25 25 -25 -0
gram is characterized by laboratory-control processing and Collector MA 10 10 10 10 10
100% testing—including rigid life, mechanical and electrical Dissipation at 25°C (MW) 50 50 50 50 50
tests. It is your assurance of uniformity, long life and reli- Junction Temp. (°C) 85 85 85 85 85

ability 7n excess of design specifications.
i i . ; . AVERAGE CHARACTERISTICS
High production standards for Tung-Sol Transistors are con-  guuess 5 owa £ = —s0

sistent with the manufacturing policy which safeguards Cutoff JA (Max.) 15@-10v 25@-25v 25@-25v 25@-25v 15@-10v
Tung-Sol's second-to-none reputation for quality in all its Current Gain 93 .96 .98 .99 .97
products. Nl Pigbte 20 20 20 20 15

For engineering assistance inadapting Tung-Sol Transistors to

. . : . fF (M .5 0. 0.9 1.1 —
your product, write to Commercial Engineering Department. B ey, Se= (MBI O 3

Power Gain (DB) 37 39 41 42 36

TUNG'SOLA ELECTRIC INC. Newark 4, New Jersey The Tung-Sol semiconducior development program also includes a line
Sales Offices: Atlanta, Chicago, Columbus, Culver Ciey, Dallas, Denver, of high frequency and high power transistors.

Detroit, Newark, Seattle.

Miniature Sealed Beam Signal Radio And Aluminized Special Semiconductors
Llamps Headlamps Flashers TV Tubes Picture Tubes Purpose Tubes

ELECTRONICS — January, 1956 Want more information? Use post card on last page. 45
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FIXED COMPOSITION RESISTORS IN FOUR SIZES
All rated at 70C — not 40C

There is an EXTRA MARGIN OF SAFETY in Allen-Bradley
molded fixed resistors, because they are rated at 70C
ambient temperature . . . not at 40C. These resistors can
withstand extremes of temperature, pressure, and humid-

and Type TR—1/10th watt, in standard RETMA values
from 10 ohms to 22 megohms. Their close dimension
tolerances are an outstanding advantage when used in
automatic assembly lines. The color coding does not chip.

ity without deterioration. They require no impregnation to

. . For applications where resistors must not fail, use
pass salt-water immersion tests.

Allen-Bradley. Of course, they are also “'the best” for all
Allen-Bradley fixed resistors are available in 4 sizes... uses . . . and they cost no more than ordinary resistors.
Type HB—2 watt; Type GB—1 watt; Type EB—1/2 watt; Send for Allen-Bradley resistor data.

Allen-Bradley fixed resistors are fur-
nished, as standard, in patented car-
tons. They can also be supplied
in reels for avtomatic assembling
equipment.

The resistors are aligned on a nor-
row, pressure-sensitive tape and
wound on a fiberboard reel with o
9/16-inch mandrel. A lateral pull on
the resistor leads detaches the units
from the tape.

Reels contain from 1,000 to 2,500
units per reel, depending upon the
Allen -Bradley resistor patented cartans size of the resistor. 1f autamatic
have corrugated strips which hald the
resistars in an upright pasitian which pre-
vents bending or tangling of leads.

assembling is one of yaur problems,
it may pay you to investigate the reel-
packaging of A-B QUALITY resistors.

Allen-Bradley Co., 110 West
Greenfield Avenue

In Canada—Allen-Bradley Canada Ltd.
Galt, Ont.

ALLEN-BRADLEY

RADIO, ELECTRONIC AND TELEVISION COMPONENTS

46 Want more information? Use post card on last page. January, 1956 — ELECTRONICS

Allen-Bradley resistors
on fiberbaard reel far
_avtamatic assembling
lines. Reels contain from
1,000 to 2,500 units.



THE
SPERRY RAND CORPORATION

ANNOUNCES

THE FORMATION OF
Pomington Band Univac

as a new division of the Corp-
oration encompassing all phases
of computer research, design
and development, engineering,
production and sales.

Offices and laboratories are located at . . . . .
® PHILADELPHIA, PA. ® ST. PAUL, MINNESOTA ® SO. NORWALK, CONN.
Remington Rand Univac Remington Rand Univac Remington Rand Univac
2300 West Allegheny Ave. 1902 West Minnehaha Ave. Wilson Avenve
(Formerly: Eckert-Mauchly Div.) (Formerly: Engineering Research (Formerly: Laboratory for

Assoc. Div.) Advanced Research)

&&nivac® The FIRST Name in Electronic Computing Systems

ELECTRONICS — January, 1956 Want more information? Use post card on last page. 47



We are groying at....

W the FIRST name in complete Electronic Com-
puter Systems, now offers positions presenting personal
challenge and outstanding opportunities for professional
development to the following:

® Electrical Engineers ® Production Engineers
@® Mechanical Engineers ® Specification Engineers
® Physicists ® Contract Administration
H Engineers
s of . .
4,096 g:wfd tic-Drom® Storee® ‘ @ Logical Designers ® Technical Liaison Engineers
\ Sto\’ﬂ . {Magne . . N A
\ 16388 Wg_‘d;(’speed) Bk Storag®) ® Mathematicians ® Product Planning Engineers
M ed1d! . ADeS .
‘ (Inter™ e Mogoetic Tap ® Programmers ® Metallurgists
\ Und Leal W g . . .
\ 130 Logic: 3 a%e“‘;;;ems. ® Tield Location Engineers ® Computer Sales Engineers
ogic. 43 30T )
dress U UacientiDC (i (he . .
\ Jexible T‘f’°'€2m Unva®, Cpruction® ! © Proposal and Quotation Experts and Instrumentation
\ gt,{,cc\o“_};::agm point and Component Sales Engineers.
|1 t=3 9
\ plu 103\%. .
\ det b Lon. TTY o o .
\ Mo ent noOtAVC Our Engineers grow with UNIVAC through our policy
\ v comPIE™ ior . . . i
- words 0 18 f (g ccumt of regular merit reviews and promotion from within the
b len . 8 q .
@ 31(.‘,_@ Joubiert® ) Ljon N organization. Excellent salaries, good company bene-
= a its “ype .
ot PrOVAe Cand \\::":“; fits, tuition allowances for advanced studies and house-
_oul’ Vi A . .
(rsatile 0P ?,t-ouw‘e’;\'_igme applic® hold moving expenses are yours with UNIVAC.

v of mPUt
| ) eihe e
\ use ©

Send complete resumé to . . - o o oo v s i o0,




Loboratory under Construction Offices of Loboratory for Advonced Reseorch
ot St. Paul, Minn. Philadelphia, Pag. Plant af South Norwalk, Conn,




Multi-channel --

telegraph Al or

telephone A3.

Components
conservatively
rated. Completely

tropicalized.

Model 446 transmitter operates on 4
crystal-controlled frequencies (plus
2 closely spaced frequencies) in the
band 2.5-24.0 Mcs (1.6-2.5 Mcs
available). Operates on one fre-
quency at a time; channeling time
2 seconds. Carrier power 350 watts,
Al or A3. Stability .003%. Operates
in ambient —35°to 45°C. Nominal
220 volt,50/60 cycle supply.Conser-
vatively rated, sturdily constructed.
Complete technical data on request.

AER

3090 DOUGLAS ROAD

50 Want more information? Use post card on last page.
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High stability (.003%) under
normal operating

",

conditions.

Here's the ideal general-purpose high-
frequency transmitter! Model 446...
4-channel, 6-frequency, medium power,
high stability. Suitable for point-to-
point or ground-to-air communication.
Can be remotely located from
operating position. Co-axial fitting to
accept frequency shift signals.

Now! Complete-package, lightweight aitborne communications
equipment by Aer-O-Com! Write us today for details!

COM
miamiss ra
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APPROVED i
AND IN USE BY
MAJOR ELECTRONIC
MANUFACTURERS

A RESULT OF
OVER 5 YEARS
OF RESEARCH AT

PRINTED
CIRCUIT
or GENERAL DIP

SOLDERING
OPERATION

CLEANS ond WETS ALL
SURFACES tNSTANTLY

RETAINS ACTIVITY THROUGH FULL
SOLDER DIP TEMPERATURE CYCLE

ANOTHER LABORATORY

EXCELLENT CAPILLARY ACTION
FOR 2 SIDED BOARDS

SPECIALISTS
N SOLDER
FOR OYEE
FIFTY YEARS

NON BRIDGING, NON TEARING

(\ SOLDERNG
o FLUX

PRODUCT

TAKES TO ALL DIFFICULT-TO-
SOLDER METALS WHERE
ROSIN FLUXES ARE USED

CONTROULLED

346

LIQUID ROSIN FLUX

Solids Content 50% Density .928 g/ml

CAN BE SPRAYED, DIPPED OR
BRUSH APPLIED

ORDER
A SAMPLE A modified rosin boste flux fo:: use on cop-
per, brass, bronze, zinc, cadmium plate, tin
GALLON plate, silver plate, nickel plate, and zinc
TODAY plate. Residue non-corrosive and non-con-

ductive when completely heated. KEEP
CLOSED when not in use.

Can be diluted as desired with Alpha 446,
THINNER for spray application,

- arspeciat |
AD PRICE |

passep J W to1 Numeer 76312

MFD. BY ALPHA METALS, INC., JERSEY CITY 4, N. J.

ALPHA METALS, INC. | =

59 Water Street
Jersey City, N. J.

S GALLON CANS
55 GALLON DRUMS
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POLARAD

® R
Oven gerrattt

DIRECT
EADIN

:
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g

-

G

SPECTRUM ANALYZER

Years of day-in, day-out field operation by most exacting users, have proven the Polarad Model TSA
Spectrum Analyzer to be a versatile test instrument of highest reliability and accuracy for both
laboratory and production applications.

It is a broadband instrument with greatest pulse sensitivity over the band—10 to 44,000 mc. And each
of its five interchangeable RF tuning heads operate with utmost simplicity and frequency stability. All
tuning is by Uni-Dial control. Frequencies are read with 1% accuracy right on the linear dial as the
set is tuned. No mode charts or interpolations necessary.

The Polarad Model TSA has been designed to save engineering manhours. Its 5 inch CRT display of the
RF spectrum is bright and easily defined. And its 1 cycle sweep speed makes for fine resolution. For
detailed specifications, contact your nearest Polarad Representative, or write directly to the factory.

APPLICATIONS

« Transmitter characteristics tests
o Broadband receiver for AM, FM, CW, MCW,

o Bandwidth measurements

« Modulation tests

o Adjacent signal channel tests
e Attenuation measurements

« Filter measurements

e Standing wave measurements

and pulse modulated signals
o Component tests
o Frequency measurements

o Leakage, interference and radiation
measurements

MULTI-PULSE SPECTRUM SELECTOR

MODEL SD-1

52

increases the versatility of Polarad Spectrum Ana-
lyzers. It displays and allows selection for analysis
of a specific train of microwave pulses, as well as
any one pulse in the train; selects and gates a
group of pulses up to 180 usec. in length; and is
designed to work with fast, narrow puises; can be
adjusted to gate any pulse including the first at
zero time. Special circuitry discriminates auto-
matically once pulses have been selected. Operates
at any of the frequencies accepted by Polarad
Spectrum Analyzers.

FEATURES:

Continuously variable sweep widins; 15 to 180
usec. = Continuously variable gate widths for
pulse selection; 0.4 to 10 usec. ¢ Continucusly
variable gate delays for pulse selection; .3 t0 180
usec. o Automatic gating of spectrum analyzer
during time of pulse consideration. e Intensified
gate (brightening) to facilitate manual oJulse
selection. ¢ Triggered sweep on first pulse in
any train. « No sweep in absence of signal.

SPECIFICATIONS:

Maximum Pulse Train Time 180 gsec. ¢ 3ulse
Rise Time .05 usec. Minimum « Minimum Zuise
Separation .2 usec. » Repetition Rate 10—10,000
pps. « Minimum Pulse Width .1 usec. ¢ input
Power 95 to 130 volts, 50/60 cps., 325 watts. ¢
Input Impedance 50 ohms. ¢ Qutput Impedance
50 ohms (to match TSA Spectrum Analyzer).

Want more information? Use post card on last page.
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BROADBAND SPECTRUM ANALYZER

FEATURES _

= Greatest signal sensitivity over entire = Frequency differences as small as 40 k¢ measurable
frequency bhand. by means of adjustable frequency marker with

= Single frequency control with direct-reading variable amplitude.
dial accurate te +1%. > 25-ke reselutien for all bands.

= Complete frequency coverage from 10 mc to = Stable klystron escillators using non-contacting
44,000 mc. plungers to insure longer life.

 Internal RF attenuator (RF Tuning Unit Medels > No klystron medes to set.
STU-1, STU-2A, STU-3A). © 5-inch CRT display.

* Adjustable frequency display from 400 ke te 25 mc. * Portable and completely self-contained.

’ =

i R

2 e i

G G .

S 4
. G L )
SPEC'F'CAT'ONS@% {
Model No. Equipment i 1 i

_Model Du........ Spectrum Display and Power Unit
Model STU-1... RF Tunning Unit 10-1,000 mc.

: Mode! STU-2A. RF Tuning Unit 910-4, 560 mc.

e Model STU-3A. RF Tuning Unit 4,370-22,000 mc.
Model STU-4 RF Tuning Unit 21,000-33,000 mc.
Madel STU-5... RF Tuning Unit 33,000-44,000 mc.

_ SPECIFICATIONS: : . }

]

=
i

Frequency Range: 10 mc to 44,000 mc. .
Frequency Accuracy: 1% "

Resolution: 25 kc.

Frequency Dispersion: Electronically controtled,
continually adjustable from 400 ke to 25 mc |
per one screen diameter {(horizontal expansion
to 20 ke per inch) - J

Input Impedance: 50 chms—nominal ¥

Sensitivity:* i |

STU-1 10-400 mcs--89 dbm

400-1000 mcs—84dbm .

STU-2A 910-2,200 mcs--87 dbm
1,980-4,560 mcs—77 dbm

STU-3A 4,370-10,920 mcs—75 dbm -
8,900-22,000 mcs—60 dbm

S§TU-4 21,000-33,000 mcs—55 dbm
STU-5 33,000-44,000 mcs—45 dbm
Overall Gain: 120 db

Attenuation:
**RF Internal 100 db continucusly variable,
IF 60 db continucusiy variable

Input Power: 400 Watts
*Minimum Discernible Signat
**8TU-1, STU-2A, STU-3A e

G

=

i
=

S [
R R & Tk et

SRR S

AVAILABLE ON EQUIPMENT LEASE PLAN
Fandbook of

FIELD MAINTENANCE SERVICE AVAILABLE
PECTRUM ANALYZER
?E[?HNIQUES THROUGHOUT THE COUNTRY

g Consult us on your Spectrum Analysis Problems
——
=

Write for your copy of the Polarad ““Handbook of Spectrum Analyzer
. Techniques”. 50c per copy. Includes discussion of Spectrum Ana-
PRI A lyzer operation, applications and formulae for analysis techniques.

Lo .\ V.\»} ELECTRONICS CORPORATION 4320 34th STREET, LONG ISLAND CITY 1, N. Y.

R (%]
OVeEn gepiastt

REPRESENTATIVES + Albuquerque + Atlanta « Baitimore - Boston - Buffalo « Chicago - Dayton - Englewood « Fort Worth « Los Angeles - New York
Philadelphia « San Francisco + Syracuse « Washington, D. C. « Westbury « Winston-Salem « Canada, Arnprior, Toronto—Export: Rocke International Corporation

ELECTRONICS — January, 1956 Want more information? Use post card on last page. 53
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THE MOST COMPLETE

LINE OF

FREQUENCY

METERS!

Shown here are 12 of

the 31 Precision Direct

Reading Frequency
Meters made by PRD.

Also Available. ..

v/ Calibrated Precision Frequency Meters
v Drum Dial Direct Reading Frequency Meters PRD offers 44 different models.

v Frequency Standard Multiplier Co‘;ra“e fiom 409"l HN00D
. me/s. Request 1955 catalog.
v Custom Designs

‘4/}7//,}%’/{” 'Wo’ RESEARCH
" & DEVELOPMENT CO., INC.

ZgéOT:!-t¢l:Y1 S‘:EEYT Midwest Sales Office:
B, o Ses 1 SOUTH NORTHWEST HIGHWAY, PARK RIDGE, ILLINOIS — TAicot 3-3174

LTele/bzhonB(-o:o Western Sales Office :
ULster 2-6 7412 NORTH SEWARD STREET, HOLLYWOOD 38, CAL. — HOllywood 5-5287

Want more Information? Use post card on last page. January, 1956 — ELECTRONICS



here's what's behind the &

The Midland Factory shown above is the world’s largest

plant devoted exclusively to producing crystals for
frequency control. It is equipped with the finest and
most complete production and testing machinery

ever developed for this purpose. Here Midland pioneered
development of crystals for color television, and is

now ready for full-scale production.

All this is important to you for just one good reason:
Every Midland crystal you use has been produced by
such advanced techniques and under such rigid quality
controls that you can be sure it will prove its

completely reliable quality under every operating stress.

Midland Critical Quality Con-

trol extends through every step
of crystal production, and includes
precise angular control by X-ray.
Uniform accuracy is maintained
to the millionth part of an inch.

Wt pun, Gl . commontiinal, o highby specsilied,

Whon thhas t be epactly night, eomfact

MANUFACTURING COMPANY, INC.
3155 Fiberglas Road

Kansas City, Kansas

WORLD'S LARGEST PRODUCER OF QUARTZ CRYSTALS

ELECTRONICS — January, 1956
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MATLLORY [#eii

T M el T

s MY e el o e

These contacts look alike, but one of them . . .
made from a more readily fabricated alloy
recommended by Mallory . . . costs 329, less!

T ——

Mallory Engineered Materials Selection
Can Cut Your Contact Costs

HOOSING the contact material that exactly matches
your product requirements can often reduce over-all

Mallory Contact Engineering

4.

5.

Offers Five Ways
To Improve Economy

The most effective contact material from
the extensive line developed by Mallory.
More economical alloys often can satisfy
actual service conditions.

The most economical contact design . . .
for your purchasing, production and prod-
uct needs.

The most economical backing material
... from a group of Mallory alloys devel-
oped for this use.

The most economical backing member
design .. .inrelation to contact and prod-
uct design requirements.

The most economical method of assembly
of contact and backing member.

By coordinating all these important elements of
contact design, Mallory can help you put into
effect a long-range plan for cutting contact
cost and assuring peak performance.

Electrochemical — Capacitors ¢

Serving Industry with These Products:

Eleciromechanical—Resistors * Switches ¢ Television Tuners ¢ Vibrators

Rectifiers o

Metatlurgical—Contacts * Special Metals and Ceramics » Welding Materials

Want more information? Use post card on last page.

Mercury Batteries

contact costs. For example, designers of a circuit breaker
selected one of the Mallory Elkonite® materials for the con-
tacts. This is a superior material for heavy-duty service,
with high resistance to sticking and arc erosion.

Mallory engineers examined the product requirements . . .
and recommended a change in materials. They found
another ELKONITE, a higher silver content material,
would give excellent performance on this medium-duty
application. And because this material involved fewer man-
ufacturing operations, the contacts could be made at lower
cost. The customer’s savings amounted to $10.16 per thou-
sand . .. a total of over $8,000!

Mallory engineers are especially well qualified to help you
get the best economy and performance in your contacts.
They have a uniquely broad range of Mallory contact
alloys from which to choose. And their extensive applica-
tion experience is valuable in coordinating all phases of
contact, backing member and assembly design to assure
you of top value for your contact dollar. Write or call
Mallory for a consultation on your particular application.

Expect more ... get more trom

ALLORY

1 -

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

WWW.americanradiohistorv. com
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Here's another step forward by Bomac — a reversible @
silicon mixer diode. The IN415 and 1N416 series are the

first silicon diodes to have selective polarity.

Polarity is indicated by the letters REV located at one
end of the diode. To change the polarity, just switch the
position of the end cap.

With the end cap attached to the contact pin at the
unmarked end of the cartridge, the diode will be of
normal polarity. With the end cap attached to the end
marked REV, the diode will be of reverse poiarity. The
complete assembly, with either polarity, is electrically the
same as its equivalent type of regular silicon diodes.

The Bomac 1N415 and 1N416 series will meet all
conditions of JAN 1A specifications.

NORMAL
POLARITY

REVERSE

IN41S - IN416 SERIES

POLARITY
Max. Noise . | Il’d
C i i mped.
Band Type qu.;:;em e | Loss ity (T?::Ieg) VSWR)| (OHMS) a(",r,:n."‘
UNIQUE PACKAGE PROTECTION T Tt ol Tt - I
IN23BR | 9375 | 65 | 27 - L} 10
" FBOMAC IN 4157 4 X | INAISC | IN23C | 9375 | 6.0 |20 | 1.50 [325475| 10
1 D, BYOMAC ABS 0L, IN23CR | 9375 | 60 | 20 | 1.50 |325-475] 10
X IN415D | 1N23D 9375 5.0 1.7 | 1.30 {350-450| 1.0
. . . IN23DR | 9375 50 1.7 1.30 | 350-450 | 1.0
For complete protection during shipment and storage D
Bomac has designed a reusable RF Protective Package™ S IN416B | 1N21B 3060 | 65 | 2.0 B 20
which conforms with MIL-E1B specification. Diodes stored in IN21BR | 3060 | 65 | 2.0 20
this package are completely protected no matter how
many times they are handled after the original seal S IN416C | IN21C 3323 gg }2 . = ;g
is broken. IN2ICR | 3 5L 2
“PAT. APPLIED FOR
' We invite your in- . Catalog on  request.
v quiries regarding /_)%,”a(’ Iaéo,‘al()/‘[&" ,IC‘. Write (on your company
| | ENGINEERING BEVERLY, MASSACHUSETTS g’g:’:‘egd{a&i‘;"nfg
W OEVELOPMENT GAS SWITCHING TUBES, TR, ATR and Pre-TR - DUAL TR and ATR TUBES - SILICON DIODES - WAVEGUIDE SWITCHES tnc. Beverly, Mass -
8 PRODUCTION REFERENCE CAVITIES - MAGNETRONS - PRESSURIZING WINDOWS - SHUTTER TUBES - HYDROGEN THYRATRONS ' ' "
REFLEX KLYSTRONS - TRAVELING WAVE AMPLIFIER TUBES - SYSTEMS phone  Beverly 6000.
ELECTRONICS — January, 1956 Want more information? Use post card .on last page, 57
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for
HEARING

AIDS

or

RECORDING
HEADS

TRANSFORMER
4750

COMPONENTS ~ 475

B

T 302 STAINLESS CASE

MAGNETIC AIR RECEIVER

o i # I:‘t""&i
# k-~

i
GNETIC MICROPHONE i
WGOMPONENTS - 4750 z

i

e
A e
il i :

2

WAGNETIC BONE necug)ea
COMPONENTS = 2

or ANY MAGNETIC MATERIALS JOB...

i
i m\\\.\\\
f‘“\‘\\\\\ 4 \

While fot s
Youly Copy
“MAGNETIC

MATERIALS”

This 32-page book contains valuable
data on all Allegheny Ludlum mag-
netic materials, silicon steels and spe-
cial electrical alloys. lllustrated in full
color, includes essential information
on properties, characteristics, applica-
tions, etc. Your copy gladly sent free.

ADDRESS DEPT. E-73

You can rely on core materials like
the Allegheny 4750 components illus-
trated above, in your reccivers, record-
ing heads or microphone assemblies.

In fact, whether your equipment is
small or large, the extra-broad line
of A-L magnetic materials will solve
your magnetic core problems. It in-
cludes all grades of silicon steel sheets
or coil strip, as well as Allegheny
Silectron (grain-oriented silicon steel),
and a wide selection of high-permea-

STEELMAKERS to the Electrical Industry

Ludlum

Allegheny

Want more information? Use post card on last page.

bility alloys such as 4750, Mumetal,
Permendur, etc.

Qur service on these materials also
includes complete facilities for the
fabrication and hecat treatment of
laminations. (For users of electrical
sheets and strip, our lamination
know-how is a real bonus value!)
Either way, we'll welcome the
chance to serve you. Allegheny Ludlum
Steel Corporation, Olwer Building,
Pirtsburgh 22, Pa.

wap 5333
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ONITED BLECTRONI

PRESENTS

Three NEW Miniaturized

HIGH VOLTAGE, HIGH VACUUM

External Anode Thermionic Rectifiers

TYPES: 552, 554, 589

These new United tubes will provide immedi-
ate answers to many complex design problems of
modern electronic instrumentation.

Among the advanced design features, the
flanged construction of the external Kovar anode
provides for a rugged glass-metal seal which
minimizes high thermic rise and electron deteri-
oration of the glass seal region.

The use of specialized techniques in cathode
processing in types 554 and 589, and the exclu-
sive UNITED bonded thoria tungsten core fila-
ment in type 552, contribute to high emitter
efficiency.

Far-sighted practical UNITED designing es-
tablishes new milestones by building into these
tubes qualities which meet supremely well not
one but all five vital requirements: good service
life expectancy, ruggedness, small size, light
weight, ease of installation. Also—moderate cost.
Orders filled rapidly.

Type 552 & 589
Standard Mounting
(60 amp. fuse clip)

actual size . 0 0
For Oil or Air Cooled Operation
CATHODE MAX{MUM D:MENSIONS ANODE RATINGS
TUBE A oA
SUPPLY LENCTH LENGTH DIAMETER ANODE IMPACT AS RECTIFIER AS CLIPPER DIODE
TYPE  BpescripTion WITH LEADS | EXCLUDING AT CONTACT RATING ENVIRONMENT
DL SIAMP S LEADS ANODE SEAL | DIAMETER G epx N kv | (b v a fIbinmAdcflepx wkv | Lb v a fibin mAde
s 20 040 10 AIR
% 187 ) 137 87 )
552 YFILAMENTARY| 25 304 5 875 553 300 = = = i
17 225 70 16 12 20 AR
) UNIPOTENTIAL
558 4o conren] €2 | ® 291 225 1.260 688 30¢ = —75 =5 = B 15T
10 180 a5 AR
UNIPOTENTIAL, 16, 125 30 10 8 10 ATR
589 I oecoaren | #7 | 1€5 350 1.94 875 590 300 T T 5 B = = A
16 250 65 oIL
ESE=
UNITED == —= ELECTRONICS
&\7&%___—-— 9
Want more information? Use post ccrd on last page. 59
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Flight evaluation of advanced

T-29

“INTERCEPTOR”

THE DEVELOPMENT OF AIRBORNE
ELECTRONIC SYSTEMS REQU!IRES
THOROUGH FLIGHT EVALUATION OF
BREADBOARD AND PROTOTYPE EQUIPMENT
PRIOR TO FINAL DESIGN. AT HUGHES.
SYSTEMS FOR INTERCEPTORS ARE FIRST
TESTED IN "FLYING LABORATORIES™ IN
WHICH THE EQUIPMENT IS READILY
ACCESSIBLE TO SYSTEMS TEST ENGINEERS,

One interesting problem recently confront-
ing Hughes engincers was that of evaluating
the requirements imposed upon the pilot of
a high-speed one-man interceptor, This arosc
in the development of a new integrated clec-
tronic system to control several phases of an
all-weather interceptor’s flight. Because of
the great importance of providing the pilot
with the optimum design and arrangement
of displays and controls, it became necessary
to determine accurately the pilot’s work load
during flight, and the human factors thar
affect his ability to carry out his task.

The solution was to install a complete
mock-up of the actual interceptor cockpit in
a large T-29 aircraft in which a breadboard
model of the system was being tested. From
this cockpit a test pilot can simultancously
operate the electronic system and fly the
T-29, performing all the functions of an in-
terceptor pilot. Systems test engineers and
psychologists analyze his problems and his
performance, and adapt the cockpit design
to the natural abilities of the human pilot.
The result will be a much better ““fit” of pilot
and electronic system prior to final flight
testing in the tactical interceptor.

+~
1
1
l
I
|
|
i
I
|
|

Hughes-equipped T-29 "'flying
laboratory’’ for systems evaluation.

interceptor electronic system uses unique approach.

SYSTEMS ENGINEERS

Required are engineers with a basic interest
in the system concept, who have the ability
to develop new evaluation techniques and
conduct highly controlled tests. They should
be able to resolve complex circuitry prob-
leins, and have sufficient resourcefulness and
follow-through to carry a difficult program
to its ultimate goal.

Convair F-102
all-weather interceptor,
Hughes-equipped.

Scientific Staff Relations

HUGHES

RESEARCH AND DEVELOPMENT LABORATORIES

Culver City, Los Angeles County, California
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HUGHES

SILICON JUNCTION

DIODES

Dimensions are maximum for standard

Hughes Silicon Junction Diodes.

[ ]
) 0.105" MAX

High
Temperature Operation*

Fxtremely High
Back Resistance

Exceptionally Stable
Characteristics

- FaY
Actual Size L $J

ELECTRONICS — January, 1956

0.265" MAX

FEATURE S—High temperature operation...extremely high
back resistance . . . very sharp back voltage breakdown . . . one-
piece, fusion-sealed glass body . . . axial leads for easy mounting
...subminiature size...exceptionally stable characteristics.

TESTE D —AII Hughes Silicon Junction Diodes are subjected
to rigorous testing procedures. Specific electrical characteristics
are measured and, when specified, special tests are also per-
formed.

CONSTRUCTION —Hughes Silicon Junction Diodes are
packaged in the famous fusion-sealed glass body, developed at
Hughes. This construction is impervious to moisture penetra-
tion—ensures electrical and mechanical stability, and freedom
from contamination.

When high temperatures or high back resistance require-
ments call for silicon, be sure to specify Hughes Silicon Junc-
tion Diodes. They are first of all—for RELIABILITY!

Diode glass body is coated with opaque black enamel, color-
coded on cathode end. Available now in nine types: HD600],
HD6002, Hp6003, HD600S, HD6006, HD6007, HD6008, HD6009,
HD601 1. Ask for descriptive Bulletin sp-4.

*Characteristics

rated at 25°C and

ar 150°C.

Ambient operating range,
-80°C to +200°C.

PRODUCTS DIVISION

)

2

New York

wwweamericanradiohistorv.com
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Chicago

I
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Wouldn't you rather have an oscilloscope that isn't limited to your
present requirements? One that can be quickly converted to the many
applications you'll face in the future? The Tektronix Type 531 is that kind

of instrument...versatility and top performance with a single plug-in unit—
five other plug-in units available in reserve for future requirements.

Ask your Tektronix Field Engineer or Representative for complete
specifications, or write for descriptive booklet.

VERTICAL-AMPLIFIER CHARACTERISTICS. With the Type

53B Plug-in Preamplifier the Type 531 offers accurately
calibrated sensitivity to 0.05 v/cm from dc¢ te 10 mg,
0.035-usec risetime...to 0.005 v/cm from 5 cycles to
9 mc¢, 0.04-usec risetime. Full 6 ¢m linear vertical
deflection.

SWEEP CHARACTERISTICS. Miller-runup circuitry gener-

ates lincar sweeps in the extremely wide range of 0.02
psec/cm to 12 sec/cm (600,000,000-to-1 rario), with
24 accurately calibrated sweeps from 0.1 usec/cm to
5 sec/cm. 5x magnifier is accurate on all ranges.

TRIGGERING FACILITIES. The Type 531 offers amplitude-

level selection, automatic triggering, high-frequency
sync in addition to all standard triggering modes.

WRITING CHARACTERISTICS. New Tektronix precision

metallized ¢rt with 10-kv accelerating potential pro-
vides high brightness, improved focus, and excellent
linearity. (Recorded writing rate exceeds 175 cm/ usec).

VERSATILITY. Quick change plug-in preamplifiers and in-

herent oscilloscope capabilitics combine to convert the
Type 531 to applications normally requiring separate
highly-specialized instruments. Available plug-in units
provide for dual-trace...low level differential... wide-
band differential...and micro-sensitive applications in
addition to wide-band high-gain applications. Current
development work promises greatly-extended capabili-
ties through new designs in plug-in units,

Type 531 Oscilloscope —$995
Type 53B Plug-in Unit—$125

Prices f.o.b. Portland (Beaverton), Oregon

P. O. BOX 831, PORTLAND 7, OREGON
CYpress 2-2611 » Cable: TEKTRONIX

Want more information? Use post card on last page.
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PROPERTY AND APPLICATION DATA ON THESE
VERSATILE ENGINEERING MATERIALS: “ZYTEL,”

“ALATHON,"” “TEFLON,” “LUCITE.”

Fastenings of ZYTEL®
won't shake loose

Fastenings made of “Zytel” nylon resin
are available in many types and sizes. An
example is the “Nylo-Fast” fastenings
shown above. These precision-machined
bolts are lightweight and durable. The
resiliency of “Zytel” permits interference
fit which prevents loosening under vibra-
tional conditions. The electrical insulating
properties of “Zytel” are good. Tempera-
tures as high as 250°F will not affect the
“Nylo-Fast” parts of “Zytel.” Where col-
or coding is desirable, various colors are
available. (Manufactured and stocked by
Anti-Corrosive Metal Products Com-
pany, Inc., Castleton-on-Hudson, New
York, from rod stock supplied by The
Polymer Corporation of Reading, Pa.)

Laminations of TEFLON®
for printed circuit bases

Typica! uses for laminations of glass cloth
and Du Pont “Teflon” tetrafluoroethylene
resin include: conductor and ground insu-
lation, hookup wire, power cable, printed
circuit bases and structural parts. The lami-
nations combine the dielectric properties,
chemical inertness and heat resistance of
“Teflon” with the tensile strength, resistance
to cut-through, and resistance to creep, of
woven glass fiber.

An informative free bulletin describing
the preparation and uses of laminations and
impregnations of glass cloth employing
“Teflon™ tetrafluoroethylene resin is now
available. Specify Bulletin X-64.

Coil forms of “Zytel’’ for the General Electric AK-4 and AK-5 hook-on volt-ammeters are
shown above. The high dielectric strength and easy moldability of this material make
it suited for such applications. Photo below shows relative size of easily held volt-ammeter.

Light, molded coil forms of ZYTEL®
simplify ammeter design problem

Compact designs, such as the coil form
for this G.E. hook-on volt-ammeter, are
possible when using “Zytel” nylon resin.
This is because “Zytel” can be molded
into complex shapes . . . retains its
strength even in thin sections. Another
important advantage of Du Pont “Zytel”
is that it can be injection-molded at ;
low cost per part. - =

In clectronic applications of all kinds,  sulating characteristics, give outstanding
“Zytel” offers many design advantages.  results. A thin jacketing of “Zytel”
Whether it is used for molded com- nylon resin on electrical wire provides
ponents or jacketing for wire and cable,  good insulation and abrasion resistance.
its mechanical strength and heat re- You can get all the details on “Zytel”
sistance, coupled with its superior in- by mailing the coupon below.

NEED MORE | II%.I.duP(imtﬁlel’l*jemo]t;rslczleo. (vlvnlc.),PolychemicalsDepartment
oom 221, Du Pont Building, Wilmington 98, law
INFORMATION? [ e

In Canada: Du I’ont Company of Canada Limited,

P. 0. Box 660, Montreal, Quebec.
CLIP THE COUPON for Please send me more information on the Du Pont engi-
additional data on the neering materials checked: [] “Teflon”* tetrafluoro-
ethylene resin; ] “Alathon”* polyethylene resin;
[ “Zytel™* nylon resin; [] “Lucite”* acrylic resin.
[ [ am interested in evaluating these materials for
|
|
|
|
|

properties and applica-
tions of these Du Pont en-

gineering materials.

NAME . B ——
COMPANY_ _POSITION

STREET__

CITY STATE

TYPE OF BUSINESS

*"Teflon,” "Alathon,”
“Zyrel” and ‘'Lucite’” are
registered trade-marks of
E. 1. du Pont de Nemours
& Co. (Inc.).

www.americanradiohistorv com



built to do j

64

An incremental synchro positioner
before wiring to header and hermetic
sealing. The synchro rotor i3 stepped
in one or fifteen degree increments
clockwise or counterclockwise de-
pending upon which of four coils is
momentarily energized by a d-c pulse.
The synchro can be rotated any num-
ber of degrees or revolutions. The
cylindrical member resets the synchro
to electrical zero if a pulse is applied
to the “reset” circuit.

Like all Transicoil servo assemblies, this
incremental positioner ‘“does the job
right” because it was designed for a
single application . . . by a company
whose major function is to provide com-
plete servo assemblies precisely engi-
neered and manufactured to solve indi-
vidual servo control problems.

Of course, if you merely want servo
components, yow’ll find Transicoil’s con-
trol motors, motor-gear train combina-
tions, motor-gear train-generator com-
binations, and servo amplifiers built to
the highest order of precision and ac-
curacy. But it is in the “package”
engineering of unique assemblies that
Transicoil’s experience and creative
imagination offer the greatest value.
And in most cases, these assemblies cost
no more than the individual components
would purchased separately.

That’s why it pays to check your
servo problems out with Transicoil first.
Write outlining your problem, and ask
for Transicoil’s new gear-motor bulle-
tin. Youw'll find it a mighty handy avail-
ability guide in designing for tight
production schedules.

C ORPORATION

Worcester ¢ Montgomery County ¢ Pennsylvania

Want more information? Use post card on last page.
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AlSiMag
No. Y-35255

AlSiMag : st
Y-35253 a
: E i
A

STRONGER! <&9

Alumina ceramics with higher tensile and impact

strengths. Permanent bonding. New glaze with superior ?E;AQZ?

surface resistivity. Rugged. Greater resistance to wear, ﬁ ,

chipping and breakage. Exceed MIL-T-27A torque re- i 2

quirements. :
> <=

HIGHER TEMPERATURES! ¥

New, superior metalizing techniques. Pace-setting {l n

AlSiMag Alumina ceramics. Greatly extended operating AlSiMag AlSiMag

temperature range. Readily attached with hard solder. Y-33755 Y-31490

Permit designing to higher temperatures.

GREATER THERMAL SHOCK RESISTANCE:
Retain their excellent electrical and mechanica! charac- CUSTOM ITEMS
teristics and deliver outstanding performance through-

: ! ] in High Temperature Alumina Ceramics with High Tem-
out their wider operating temperature range.

perature Metalizing also available, produced by the
same highly skilled techniques. For special applications,
a wide choice is offered in metals and ceramics in ap-
propriaic cesign configurations. Metalized parts for low
temperature applications can also be supplied. Send
blueprint or sketch for complete details.

WRITE FOR FREE BULLETIN FULLY DESCRIBING
STANDARD PARTS SHOWN ABOVE

AMERICAN LAVA
CORPORATION

54TH YEAR CHATTANOOGA 5, TENNESSEE
OF CERAMIC 0 A Subsidiary of
LEADERSHIP ¢+ Minnesota Mining and Manufacturing Company

Branch offices in these cities (see your loeal telephone directory): Cambridge,

Mass. ¢ Chicago, IIl. * Cleveland, Ohio * Dallas-Houston, Texas Indianapolis,

Ind. » Llos Angeles, Calif. * Newark, N.J. Philadelphia, Pa. * St. Llouis,

Mo. * South San Francisco, Calif. » Syracuse, N. Y. * Tulsa. Okla. Canada:

Irvington Varnish & Insulator Div., Minnesota Mining & Mfg. of Canada, Lid.,

P. O. Box 757, London, Ontario. All other export: Minnesota Mining & Mfg.
Co., International Division, 99 Park Ave., New York, N. Y.




What carriesthe current
in the wireless chandelier of
New York City’s Barbizon-
Plaza Hotel? The fixture is
constructed ol gleaming
Inco Nicke!l tubing in an in-
tricate pattern and the
tubing carries the current!
Nickel tubing is light and
rigid, too so the chan-
delier can be slowly rotated
from above. The chandelier
was designed by Richard
Kelly and fabricated by
Edison Price — both of New
York City.

A chandelier without wires!

... and three other unique designs in Inco Nickel Alloy tubing

There’s a similarity in all four tubing
applicalions here.

In each, a needed combination of useful
properties is provided by Inco Nickel or
an Inco Nickel Alloy. For example, in the
chandelier above: electrical conductivity
plus rigidity and light weight. Or in the
radar antenna lens at the right: electrical
properties plus strength and corrosion

[atigue. With these allovs vou also get the
advantages of fabricability, high strength-
to-weight ratio, harduess, rigidity, or
other properties.

So for help in selecting the alloy that
fits vour needs, call on Inco’s Technical
Service Seclion.

And,

remember. vou can get Inco

Nickel Alloy tubing in all useful sizes from

resistance plus brazing facility.

vour distributor — or from redrawers who

supply it as fine as 0.012” O.D.

The International Nickel Company, Inc.
Yew York 5, N. Y.

A
INCO: Nickel Alloys

TRAGE MmATE

Perhaps your design requires a hard-
to-find combination of electrical proper-
ties with others such as thermal conduc-
tivity, non-magnetic properlies, resistance
to corrosion, or lo vibration, shock, and

67 Wall Street

Aireraft fire detector’s 0.065-in. diamecter Inconel
tube encloses two Inconel wires. A special ceramic
between them becomes conductive when heated —
closes the circuit. The hox {lashes a warning. Walter
Kidde & Conipany, Inc., Belleville, N. J, uses Inconel
nickel-chromiuni alloy because it withstands tempera-
tures up to 2000°F., resists vibration and shock.

b

Nuclear reactors’ temperatures meuasmed-—Inconel™
nickel-chromium alloy tube, almost as thin as a hypo-
dermic needle, is both thermocouple unit and thermo-
couple protection tube. The Inconel tube resists oxi
dation, which might set up u heat barrier and interfere
with accuracy of the reading. Photo courtesy of
Argonne National Laboruatory, Lemont, 11

66 Want more information? Use post card on kist page.
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Radar antenna lens uses
square seamless tubing of
Monel® nickel-copper alloy.
Superior Tube Conmpany,
Norristown, Pa., recommended
Monel to I.T-E Circuit Breaker
Company, of Philadelphia, for
strength, corrosion resistance,
electrical properties, and braz.
ing fucility. *Registered Trademark
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Sexrvo trouble shooting

with the Solartron Transfer Function Analyser

® Tests AC, DC or : Instahbility, backlash, underdamped response—all these
cariiel”ISEhNos problems can be identified, measured and rectified with

® Plots high accuracy the aid of the Solartron T.F.A. Now adopted as the

Nyquist diagrams standard British test equipment for all Guided Missile
® Covers 0.1¢/s to 1,000 c¢/s . development and testing. It has recently heen hailed in

® Independent of harmonics, the U.S.A. as the world’s foremost servo test equipment.

noise & spurious freguencies

Other Servo Testing Equipment available
T.F.R. CONSOLE CARRIER CONVERTOR JX 541
SERVO TEST SET JX 563 MECHANICAL REFERENCE GENERATOR

® Answers G.M,, fire-control,
simulator, computor, vibration,
magamp and all servo problems

THE SOLARTRON BLEGTRONIGC GROUP LTD,
Cables: Solartron, Thames Ditton. THAMES' DITTON, SURREY, ENGLAND. Telephone : EMBerhrook 5522.

ELECTRONICS — January, 1956 Want more information? Use post card on last page. 67
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q1¢er 1,000,000
OPERATING CYCLES!

S
That's why the SYSTEM ANALYZER CORP.
Chose Tech Laboratories Tap Switches
for $200,000 Electronic “Brain”

Wi-h more than 2100 tap switches incorporated ir the design
for their huge a-alog computer, engineers at the System Analyzer
Corp., Nokomis, llinois, made exhaustive tests to check

the efficiency and operating life of many types. 0~ all

thase tested, Tech Laboratories Type 2C and 2A Tap Switches
were the only ones that met every requirement. After
1,600,000 complete cycles of operation, they shawed
approximately tne same contact resistance as

at the beginning.

Designed primacily for analyzing electrical power
ne-works — as lzrge as the power system of an entire
city — the electronic “brain” handles mathematical
preblems with as many at 220 unknowns, 400 times
faster than the work can be done manually. It

is easy to understand why dependability is a major
factor in the selection of its components.

WRITE FOR FULL INFORMATION

® )
Manufacturers of
! Pracision Electrical Resistance Instruments

CLELIACLID ALY  PALISADES PARK, NEW JERSEY

68 Want more information? Use post card on last page. January, 1956 — ELECTRONICS



FRENCHTOWN
ENGINEERED CERAMICS
OFFER

W hether you plan the development of a new product, or are
seeking ways to further improve existing ones, you’ll want to
look into the many new possibilities which are open to the
design engineer who includes engineered ceramics in his
planning. OQur ceramic engineers have developed many
formulae which, together with modern fabricating
methods,* have greatly enlarged the usefulness
of these amazing materials. Always
outstanding as electrical insulators,
Frenchtown ceramics, particularly the
high alumina bodies, are being specified
more and more for critical mechanical
applications.

Check these BIG advantages:

& MECHANICAL STRENGTH
Compressive strength up to 187,000 psi.
© ABRASION RESISTANCE
Demonstrated by use for sand blast
nozzles.

¢ HEAT RESISTANCE
Softening temperatures up to 1971° C.

& THERMAL CONDUCTIVITY
Coefficient (c.g.s. units) up to 0.0180.

¢ THERMAL EXPANSION ) i

as low as 2% cumulative at 700° C. Send for this helpful bulletin
giving complete data on
mechanical and electrical prop-
erties of all Frenchtown En-
gineered Ceramics.

renchtown zzxez:

86 MUIRHEAD AVENUE TRENTON 9, NEW JERSEY

*Grinding and extrusion facilities o NICOTE® Metallized Ceramics

tLECTRILAL Ba
PROPERTIES of FRE)

ELECTRONICS — Januaryl 1956 Want more information? Use post card on last page. 69
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BURTON BROWNE ADVERTISING

smaller lighter
more versatile

A wide variety of smaller, lighter, more versatile linear and rotary actuators. One can
be adapted to your specifications.
® 25% smaller, lighter because gear train and motor blended into single, unique
y i ; homogencous unit.
180,000 #/in.? yield strength steel used in all gears.
: New high stability limit switch can be adjusted internally or externally.
e 4 =il B Unique design positive mechanical stops.
l‘ - . ® Exclusive overload clutch dissipates extremely high forces in “impact” stopping.
LINEAR ACTUATORS
& ® (0.0018" end play in screw and nut. Specially designed acme screw made to AGMA
pitch diameter standards but held to much closer tolerances than specified by any
known standard today.
e Exceptionally long life due to new different continuous self-lubrication on acme
screw.
e Rate adjustable from 1.6” to 30" per minute.
ROTARY ACTUATORS
¢ 3:1 to 523:1 gear ratio range available.
® 60° to 360° travel.
¢ 2° maximum backlash on output shaft.

—
-
i

[ I B ]

TYPE LINEAR LINEAR LINEAR LINEAR ROTARY ROTARY
PART NO ‘ ACT-3090 ACT-2425 ACT-3047 ACT-2439 ACT-2274 ACT-2408
WEIGHT ,‘_"53'5‘1}’,'{5",‘(5 3.4 3,25¢ 3t 54 2.24
NORMAL OPERATING 10.5 IN. PER MIN. 2.9 IN. PER MIN, 0.5 IN. PER SEC. 5 RPM AT 200 RPM AT
RATE & LOAD 15004 IN. /MIN. 200f LOAD 10§ LOAD 240/ LOAD 250f IN. 3f IN.
TEMP. RANGE —65° F TO 300° F —65° F TO 260° F —60° F TO 250° F —65° F TO 250° F —65° F TO 160° F —65° F TO 260° F
VOLTAGE 28 V.D.C. 2 V.D.C. 26 V.0.C. 28 V.D.C. 27 V.D.C. 27 v.D.C.

Write for further details, stating your requirements.

Other products include Servos, AC Drive MANUFACTURING CO.
Motors, DC Motors, Motor-Gear-Trains, your rotating equipment specialist
Fast Response Resolvers, Servo Torque

Units, Synchros, Reference Generators,

Tachometer Generators, and Motor Driven Avionic Division

Blower and Fan Assemblies. RACINE, WISCONSIN

70 Want more information? Use post card on last page. January, 1956 — ELECTRONICS



3 The
Capacity
for

ENGINEERS. .. learn about Librascope’s
new creative "Project Develooment Teams'’ . .
write Mac McKeague, Personnel Director

A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION

LIBRASCOPE. INC. -

()
IBRASCOPE

Since 1937 Librascope has earned and
achieved—on an ever expanding scale—
a position of leadership in the design,
development and manufacture of
computers, automatic controls and data
handling systems for military and
industrial applications.

Librascope, through a unique
combination of electronic, magnetic,
mechanical and optical techniques,
consistently demonstrates an outstanding
facility for the production of precision
instrumentation and devices.

The creative ability of an exceptional
engineering staff and the production
capacity of a superbly equipped
200,000 sq. ft. plant facility can be
focused on your computer-control
problem. Consult Librascope today.

808 WESTERN AVE. . GLENDALE - CALIFORNIA




announcing a new era in microwave measuring!

2 KMC

TO

12.4 KMC

Brouad band amplification

Amplitude, pulse modulation

Frequency, phase modulation

Constant gain, ovtput

72

NOW |

-hp- 490A

-hp- 491A

With the introduction of two brand-new travel-
ing-wave tube amplifiers, Models 492A and
494 A, -hp- now offers you a totally new stand-
ard of electronic measurement — one that
brings the ease, accuracy and versatility of
low frequency measurements to the microwave

range 2 1o 124 KMC!

Think what this means! With these -hp- in-
struments you can eliminate klystron starting
delay and jitter, make wide dynamic-range an-
tenna tests and SWR measurements, generate

Want more information? Use post'card on last page.

-hp- TRAVELING-WAVE TUBE AMPLIFIERS!

-hp- 492A -hp- 494A

a stable power level, calibrate CW Doppler
radar systems, calibrate attenuators over a
wide range, FM a high stability SHF source,
amplify wide band width signals containing
conmplicated modulation. These are but a few
of the ways -hp- traveling-wave tube amplifiers
provide straightforward solutions to complex
measuring problems—or do routine lahora-
tory measurements hetier and faster.

New -hp- 492A (4 to 8 KMC), 494A (7 to 124

" KMC) and the established -iip- 490A (2 to 4

WWW-americanradiohistorv.-com
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KMC) are low level, high cain instruments,
providing unique versatility of amplitude,
pulse, phase and frequency modulation.

-hp- 491A is a power amplifier providing 1 watt
output and 30 db gain for the frequency range
2 to 4 KMC. This instrument, together witl a
1 mw signal generator such as -ip- 616A, pro-
vides a highly useful 1 watt source for “S”
band testing.

Al -hip- traveling-wave tube amplifiers use the
exclusive -hp- coupling system with two sepa-
rate helices for full transfer of energy over a
broad frequency band. All have front panel

controls for varying grid ov anode and helix
voltage, and a meter and selector for measur-
ing basic currents in performance evaluation
or continuous monitoring. Modulation connec-
tions are also brought to the front panel for
greater convenience. During normal operation
of the amplifiers, no adjustments are necessary.
To do away with critical pre-operation adjust-
ments of traveling-wave tubes, and assure that
tubes and helices are properly matched, -hip-
original equipment and replacement tubes are
encapsulated in a single unit, This unit is fae-
tory tested, ready to install and use.

WRITE NOW FOR APPLICATION NOTES!

Explains how to use -hp- TWT Amplifiers as sensitive linear detec-

tors, buffer-isolators, narrow band low noise level amplifiers and

many other new applications. Sent immediately — no charge or
obligation. Write today!

SPECIFICATIONS

Frequency Range
Gain:
Output Power

Noise Figure:
Pulse Rise & Decay Time
Modulated Pulse Delay

Amplitude Modulating
Voltage

Helix Modulating
Voltage:

Hum & Spurious
Modulation
Input Impedance

Output Internal
Impedance
Size

Power Supply

Traveling-Wave Tube
Price {including tube)

Data subject to change without notice. Prices f.0.b. Palo Alto, Calif.

-hp- 490A

2 KMC to 4 KMC

35 db minimum

10 milliwatts minimum
into 50-ohm load.

Less than 25 db.
Approx. 0.015 psec.
Approx. 0.035 usec.
Approx. 50 volt peak
positive pulse will pro-
duce a 40 db change
in rf power output.
Sensitivity, approxi-
mately 1 db/volt,
Approx. 30 volts peak
to peak provides 360°
phase shift. Input im-
pedance 1 megohm.
At least 30 db below
signal level.

50 ohms, SWR less than 2.
50 ohms, SWR less than 3.

7" wide, 103" high,
18" deep. 55 lbs.

115 volts £10%,, 50-
60 cps, approx. 125 w.

Huggins Laboratories HA-1,

$1,100.00

-hp- 491A

2 KMC to 4 KMC

30 db minimum

1 watt minimum into
50-ohm load.

Less than 30 db.
Mod. not provided.
Mod. not provided.
Mod. not provided.

Mod. not provided.

At least 30 db below
signal level.

50 ohms, SWR less than 2.
50 ohms, SWR less than 3.

7" wide, 103" high,
18" deep. 65 Ibs.

115 volts =10%, 50-
60 cps, approx. 250 w.

Huggins Laboratories HA-2.

$1,100.00

HEWLETT-PACKARD COMPANY

3576A PA

CABLE ““HEWPACK” -

ELECTRONICS — January, 1956

GE MILL ROAD -

PALO ALTO, CALIFORNIA, U.S.A,
DAVENPORT 5-4451

SALES ENGINEERS IN ALL PRINCIPAL AREAS

-hp- 492A

4 KMC to 8 KMC

30 db minimum

10 milliwatts minimum into
50-0hm load.

Less than 25 db.

Approx. 0.015 Usec.

Approx. 0.020 psec.

Approx. 50 volt peak posi-
tive pulse will produce a 40
db change in rf power level.
Sensitivity, approximately 1
db/volt.

Approx. 30 volts peak to
peak. Provides 360° phase
shift. Input impedance 1
megohm.

At least 30 db below signal
level.

50 ohms, SWR less than 2.

50 ohms, SWR less than 3.

7" wide, 103" high, 18"
deep. 55 Ibs.

115 volts =10%, 50-60 cps,
approx. 175 watts.

Huggins Laboratories HA-3B

$1,500.00

Want more information? Use post card on last page.

APPLICAT o
NOTES

-hp- 494A

7 KMC to 12.4 KMC

25 db minimum

5 milliwatts minimum into
50-0hm load.

Less than 25 db.

Approx. 0.015 psec.

Aprox. 0.015 psec.

Approx. 50 volt peak positive
pulse will produce a 40 db
change in rf power level.
Sensitivity, approximately 1
db/volt.

Approx. 30 volts peak to
peak. Provides 360° phase
shift. Input impedance 50
ohms.

At least 30 db below signal
level.

50 ohms, SWR less than 2.

50 ohms, SWR less than 3.

7" wide, 10%” high,

18" deep. 55 Ibs.

115 volts =10%, 50-60 cps,
approx. 175 watts.

Huggins Laboratories HA-4

$1,500.00
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PUBLICATION DATE
JANUARY, 1956

FOR

PROPERTIES
COMPOUNDING
VULCANIZATION
FABRICATION
. APPLICATIONS
W'th a prObIem @ KELFisThe M W Kellogg Company's registered trade-matk for its fluorocarbon polymers

in

RUBBER APPLICATION

KEL-F® Elastomer is a fluorocarbon rubber developed by The
M. W. Kellogg Company. Possessing an unusual combination of
elastomeric properties, chemical resistance, and thermal stability,
KEL-F Elastomer can help solve difficult problems of rubber
application under severe operating conditions. Return the coupon
below to obtain a copy of this new booklet.

THE M. W. KELLOGG CO.

Chemical Manufacturing Division P. O. Box 469, Jersey City, N. J.
SUBSIDIARY OF PULLMAN COMPANY r

Send me copy of newly published booklet ’KEL.F Elastomer.”

THE M. W.KELLOGG CO.
Chemical Manufacturing Division
P. O. Box 469, Jersey City, N. J.
SUBSIDIARY OF PULLMAN COMPANY

@Registered trademark of The M. W. Kellogg Company
for its {luorocarbon polymers.

Address

Name

Title

Company Name
l--‘_'-’---------____-—_—
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c klystrons bring high power
nother frequency range...

225-400

20kw CW Power Output

TYPICAL CW OPERATION
Eimac X590D Amplifier Klystron

225-400mc
D-C Beam Voltage . . . . 20ky
D-C Beam Current . . . 2.32 amps ;
Power Input . - . 46.4kw
Power Output . . Y 20kw
Driving Power ‘ .. 11w
Efficiency . . 5 . . 43%
Power Gain . . . 32.6db

Another frequency range, 225-400mc, has been spanned with-a com-
mercially available Eimac high power amplifier klystron. The Eimac
X590D, the first klystron developed for operation at the VHEF-UHF
junction, delivers 20kw/CW power output with only 11 watts drive.
Its high power gain of 1800 times and efficiency of 43¢ typifies the
incomparable performance of Eimac klystrons.

Incorporation of Eimac’s unique modulating anpde gives X590D
outstanding versatility. It can be 100¢; modularted to peaks of 40kw
in AM operation or easily pulse modulated with low pulsing pcwer.

A new, indirectly heated oxide cathode greatly simplifies cathode
power and cooling requirements.

With the X590D, Eimac now covers the 225-1000m< range at high s
power with only four klystron types. Wide range tuning and an easy, h
economical approach to high power UHF traasmizters is made pos- '
sible by the Eimac feature of completing RF circuitry outside the
vacuum system with permanent circuit components.

Microwave high power is easily obtained by driving an Eimac
klystron amplifier with existing low power equipment. _ 1

Transmitters employing Eimac klystrons give incomparable per- Eimac X590C amplifier Kiystron with circuit components permit
formance and reliability plus unmatched economy, since costly RF eEse Rt eIy dasRFNnAdMERRGE R an U selutons

ircuitry is repurch with each replacement. i ’ %
SMCMIERy; 13 NOSRCH ased with each tube SR ® Eimac offers-the most extensive selection of high power

amplifier klystrons for pulse, CW and AM applications.
For information contact our Techzital Services Dept.

EITEL-McCULLOUGH, INC.

S AN B RUNDO, CALIFORNIA

The World’s Largest Manufacturer of Transmitting Tubes
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.. @ Source you can
trust for fuses

~ of unquestioned

\'\h\igh quality!

3

The BUSS trademark has appeared on millions upon
millions of fuses used in homes, farms, and in industries,
as well as electronic equipment over the past 41 years. It
is a trademark known and recognized by manufacturers,
service organizations and customers as standing for the
highest quality in fuses.

To make sure the BUSS reputation for dependable
electrical protection is maintained — every BUSS fuse,
normally used by the Electronic Industries, is tested in a
sensitive electronic device. Any fuse not correctly cali-
brated, properly constructed and right in all physical
dimensions is automatically rejected.

This careful testing results in fuses that will open and
prevent damage to equipment when there is trouble on
the circuit . . . . and just as important, BUSS fuses won’t
blow when trouble doesn’t exist. Users are not annoyed
with useless shutdowns caused by needless blows.

So rely on BUSS for all your fuse needs. You will be
protecting both the product and your good name against
troubles and complaints often caused by use of poor
quality fuses. g

For more information on BUSS and FUSETRON small
dimension fuses and fuseholders...Write for bulletin SFB.

Mokers of a complete line of fuses

for home, farm, commerciol, BUSSMANN MFG. CO. (DiV. of McGraw Electric CO.) ::z:;z:::”:.g:;‘,f;:.

electronic and industrial use.
St. Lovis 7, Mo. ch 156

Want more information? Use post card on last page. January, 1956 — ELECTRONICS
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The ancient mariner's “marks of mo-
bility”” were few. Today's aircraft
navigate the celestial sphere with con-
fidence — thanks to Kollsman's scien-
tific instruments and controls.

[

ELECTRONICS — January, 1956

the marks of mobility

In an aircraft, instruments and controls are the very marks of its mobility
. .. for accurate measurement and observation are the only guides to safe,
predictable flight. There are no “marks of mobility” more accurate and
dependable than Kollsman in the seven fields of . . .

AIRCRAFT INSTRUMENTS
PRECISION CONTROLS
PRECISION COMPUTERS AND COMPONENTS
OPTICAL COMPONENTS AND SYSTEMS
RADIO COMMUNICATIONS AND NAVIGATION EQUIPMENT
MOTORS AND SYNCHROS
INSTRUMENTS FOR SIMULATED FLIGHT TRAINERS

Our manufacturing and research facilities . . . our skills and talents, are
available to those seeking solutions to instrumentation and control problems.

S
8

kO I I S m a n INSTRUMENT\CURPURATIUN

0-08 45th AVE., ELMHURST, N. Y. « GLENDALE, CALIF. « SUBSIDIARY OF gtdﬂ({dﬂd COiL PRODUCTS CO. INC.

Want more information? Use post card on last page.
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Where voices are

powered

by the sun

A new kind of telephone svs-
tem developed by Bell Telephone
Laboratories (or rural areas is
being operated experimentally by
clectric current derived from sun-
light. Electric current is gencrated
as sunlight falls on the Bell Solar
Battery, which a lineman is seen
adjusting in position.

The exciting achicvement is
made possible by two Labora-
tories inventions—the solar bat-
tery and the transistor. 'The new
SYS(CII1 USCs transistors to the com-
plete exclusion of electron tubes.

BELL TELEPHONE LABORATORIES

IMPROVING AMERICA’S TELEPHONE SERVICE PROVIDES CAREERS

Transistors require little power
and this power can be easily sup-
plied by the solar battery.

Compact and economical, the
transistorized system can carry
several voices simultancously
without interference. It has
proved its ruggedness by stand-
ing up to heat, cold, rain and
lightning. It promises more and
improved telephone service for
rural areas and it typifies the
Laboratories’ continuing eftorts
to make American telephony stll

better each year.

FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS

Want more information? Use post card on last page.

Lineman mounting solar battery on pole
near Americus, Ga. The battery supplics
power dirvetly to the line by day and
also charges a storage batlery for night-
time use. The solar battery contains 432
specially prepared silicon cells. cush-
ioned it ¢il and covered by glass.

In sending aml receiving terminals, transis-
tors are used a< escillators. amplifiers and
regulators. and for signaling.

One of the transistors (actual size) used in
ithe new systein. New ideas. new tools, new
equipment and new methods had to be devel-
oped for this project.
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—the Adjustable Span ZlectrnoniK Recorder

80

HONEYWELL

@ REFERENCE DATA: Write
for Data Sheet No. 10.0-10a,
“Adjustable Span Recorder.”

Here’s a recording potentiometer that is a real jack-of-all-trades (and master
of each one) in any development or test laboratory. Just turn the dials, and in
seconds, you can set it up for the exact range and sensitivity you want. You
don’t have to do any rewiring or changing of calibrating circuits.

50-to-1 span adjustment. Millivolt span of the recorder is continuously
variable over as much as a 50:1 range. Span adjustment is independent of
zero setting.

Variable zero suppression. Coarse and fine adjustment dials let you move the
electrical zero point up and down scale, to concentrate recording on only

the part of the span in which you're interested. Zero adjustment does

not affect span setting.

Sensitivity adjustment makes it easy to get the recording characteristics you
want to match the span being used.

Many optional features: you can choose from recording speeds of 14, 1, 2, 414,
12 or 24 seconds full scale . . . fully automatic, push-button, or solenoid-actuated
remote or locally controlled standardization.

Find out how this versatile instrument can save time in your test work, by
calling your local Honeywell sales engineer . . . he’s as near as your phone.

MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, Wayne and
Windrim Avenues, Philadelphia 44, Pa.—in Canada, Toronto 17, Ontario.

Honeywell

Tt e Coitrals-

Want more information? Use post card on last page. January, 1956 — ELECTRONICS



Two Centralab Sub=-Miniature Controls

for limited-space applications where only the very best will do

Model 1
with knob
and switch

Actual size

Model 1 without
knob and switch

As in all fine things,
quality rs the first
consideration

Write for new technical bulletins on

Centralab Model 1 and Model 6 Sub-
Miniature Controls.

Model 6 with
switch enclosed

More proof that

if it’s a job

for electronic components,

it's a job for Centralab

Centralab’s
advanced engineering

continues to lead
the component
industry

CAPACITORS SWITCHES PACKAGED

ELECTRONIC
CIRCUITS

STEATIT

i T

8.563

SINCE 1922, INDUSTRY'S

0F
ELECTRONICS — January, 1956

Want more information? Use post card on last page.

VOLUME
CONTROLS

INSULATORS

Model

Applications:

"1/10 watt

Hearing aids, military electronic
devices, telephone equipment, sub-

miniature radios, and a wide variety
of other applications.

0889 80000000080 deste000seNN0tetsssssitetssessensssstspanisnsise
Size: 5" diam., without knob.
234+" diam., with knob.
cesssssscsacers

00 T80T ILIONSESBES00000OCRO0CROIITLIY TS

500 ohms to 10 megohms. Tested for
25,000 cycles. Seven standard tapers.

lew! Model 6-1/10 watt

Has completely enclosed switch protected
against dirt and other foreign matter.

Resistance:

Applications: Designed especially for transistor

applications.

0800000 0 ¢t 0 e ede 00ROt EOEIRRIRNRORERSROOROERIRRRIRRRROOEOERNRROOEOOS
Size: 15" diam.

N R R O

L R R N R N N AR R A A R R

500 ohms to 10 megohms. Tested for
25,000 cycles.

Resistance:

Seven standard tapers.

®» 00 0000

This is stricthy
proposition
chance %0
answer this
nore or less:

a . nhat

tning news I* ¥ vou
ou concentra

b

&
—and why?

A jeading editor \,ul\ P
winner of this month’s
vour entry

E

{Nothing to buy. Employees of Centralab and its advertising agency

not eligible. Duplicate prizes awarded in case of tie. Entries become the
property of Centralab — none can be returned.

P Dj\\éﬁ?lyﬂ oé\p!.oi&%-umgu 'lu‘:.
914A E. Keefe Avenuc
In Canada:

GREATEST SOURCE

Milwaukee 1, Wisconsin
804 Mt. Pleasant Road, Toronto, Ontario

STANDARD AND SPECIAL ELECTRONIC COMPONENTS

81



panel instruments. ..

800 STOCK TYPES

. «..plus HUNDREDS MORE, custom-built
from standing tools -

VOEWMETERS,
AMMETERS, MILLIAM-
METERS, MICROAMME-
TERS, WA TMETERS, GAL-
VANOMETERS, VOLUME
LEVEL SNDICATORS,

SEALED & RUGGEDIZED
METERS, METER

RELAYS

Send us your special meter
YOUR ELECTRONIC PARTS DISTRIBUTOR requirements today. Let our

HAS HUNDREDS IN STOCK! top-flight engineers work out
solutions or make recommenda-
tions best suited to your needs.

bl‘ " ‘ ' " M INSTRUMENTS THAT STAY ACCURATE

32 Want more information? Use post card on last page. January, 1956 — ELECTRONICS



A

(A) NEW CORE TYPE—A superb new movement that is self shielded,
remarkably small and lightweight. Instruments now equipped with it
meet the various Military Specifications for Sealed and Ruggedized

Meters. Shallow, medium, and deep sizes.

(C) DYNAMOMETER TYPE—
This fine movement features a
high torque to weight ratie.
With it, Simpson is the only
manufacturer producing a two-
inch wattmeter. Movement is
air damped, sturdily built.

Shunts and Current

Transformers available
to your specifications.

(D) MOVING VANE TYPE—
The preferred movement for
A-C measurement. Consumes
remarkably little power. Fea-
tures Simpson three-way bal-
ancing and patented balance
weight locking clips.

Send for
Technical Manual 17

(8) EXTERNAL MAGNET TYPE —The magnet
structure of this time-proven movement is an
independent part, permitting a choice of magnet
material to match specific requirements.

(E) NEW BIFILAR SUSPENSION
TYPE* — Represents a brilliant,
new adaptation of the D’Arsonval
principle with bifilar suspensions
that eliminates all friction due to
pivots and jewels.
*Simpson-Greibach Movement

im VMO ELECTRIC COMPANY

5200 West Kinzie St., Chicago 44, lll. Phone: EStebrook 9-1121
In Canada: Bach-Simpson, Ltd., London, Ontario

ELECTRONICS — January, 1956

50“‘ ANNIVERSARY

IN THE INSTRUMENT BUSINESS

Want more information? Use post card on last page. 83



NOW PHELPS DODGE SODEREZE*
SUITABLE FOR ALL

I. F. coil

Magnified connection shows direct soldering

without stripping.

Universal wound

TV choke coil Solenoid ceil Transformer coil

FOdL ot (aiting (ualily— from Mine T Mokl !

®Reg. U. S. Pat. Off.

84 Want more information? Use post card on last page. January, 1956 — ELECTRONICS



GIVES HIGH “Q"...
CLASS ‘“A’” APPLICATIONS!

New materials assure high “Q".

* All essential properties equal or superior
to existing film wires.

* Positive uniform soldering. No stripping
or cleaning necessary.

Phelps Dodge Sodereze represents a new advance
in ready-to-solder magnet wire. It’s a typical Phelps
Dodge development designed to keep pace with in-
dustry’s growing need for wires that handle easily,
reduce over-all cost and satisfy a variety of operat-

ing conditions.

Phelps Dodge Sodereze offers a unique combination
of improved chemical and mechanical properties
with the advantage of high “Q”. The versatility of
Phelps Dodge Sodereze not only permits its use

wherever solderable wires have been proven prac-
tical but suggests new applications, particularly in
the finer sizes, to replace conventional wires.

support
i Junior Achievement

O Any time magnet wire is your problem, consult Phelps

PUTTING YOUTH
. IN BUSINESS *

Dodge for the quickest, easiest answer!

PHELPS DODGE COPPER PRODUETS

CORPORATION

INCA MANUFACTURING DIVISION

FORT WAYNE, INDIANA

ELECTRONICS — January, 1956 Want more information? Use post card on last page.



- Laminated Plastics
Vulcanized Fibre

TAYLOR

FIBRE CO.

Plants in Norristown, Pa. and Lo Verne, Calif.

PHENOL —MELAMINE—SILICONE—EPOXY LAMINATES * COMBINATION LAMINATES * VULCANIZED FIBRE * POLYESTER GLASS ROD

Tips for designers

Furniture can make good use of the mar-
resistant, tough surface afforded by Taylor
Vulcanized Fibre plywood combination
table tops.

Terminal strips for high-precision elec-
tronic instruments benefit by the excellent
insulating properties of Taylor XXXP-301
hot-punch phenol laminate.

Heavy bumper blocks for steel mill use,
made of Taylor Built-Up Fibre several
inches thick, give long service under severe
shock and abrasion.

@

Selenium rectifier plates are insulated by
washers made of Taylor Grade 353
phenol laminate . . . chosen for its dimen-
sional stability and mechanical strength.

TAYLOR FABRICATING

FACILITIES
Your production can be simpli-
fied . . . schedules safeguarded

. inventory headaches cured
... and overall costs reduced by
having Taylor fabricate finished
parts to your specifications.
Efficient, modern facilities are
ready to serve you. Get in touch
with Taylor about your specific
requirements.

86
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High strength, light weight, excellent insulating and corrosion-resistant qualities make Taylor Epoxy Glass
Base Laminate the ideal material for tubing in an aircraft fuel gage tank unit made by Avien, Inc.

When service conditions are tough-

use Taylor special-purpose laminates

Designing for severe service? Then
take a look at what Taylor special-
purpose laminates can do. Taylor’s
resin chemists have developed spe-
cial formulations of melamine, sili-
cone and epoxy resins . . . for combi-
nation with a variety of base mate-
rials. The result is a line of laminates
which offer the plus performance
that your new designs may require.

Taylor epoxy laminates. Retain su-
perior mechanical properties after
exposure to high temperatures (above
430 F) ... have outstanding electrical
characteristics, moisture resistance
and resistance to corrosive chemicals
. . . setting these laminates apart as
a means of solving difficult design
problems.

Taylor melamine laminates. Excellent
resistance to arcing, electrical co-

Want more information? Use post card on last page.

WwWWW.americanradiohistorv.com

rona, flame and chemical attack
characterizes these materials . . . use-
ful in many electrical applications.

Taylor silicone laminates. These with-
stand temperatures up to 500 F . . .
provide insulation where other lami-
nates thus far cannot be used. They
alsopossesshighmechanicalstrength,
low power factor and low moisture
absorption.

Sheets, tubes and rods of these ma-
terials are available in a range of
sizes that will give you maximum
economy of material in your manu-
facturing processes.

To help you in the application of
these specialized materials to your
specific product, Taylor offers the
service of its experienced engineering
staff. Call on Taylor for a consulta-
tion on your individual requirements.

January, 1956 — ELECTRONICS



World’s largest line

of vacuum pumps —
from 2 cu. ft. per min.,
Va h.p. to 780 cu. ft.
per min., 40 h.p.

Vacuum pump performance standards were
revolutionized when Kinney introduced the cam
and piston design . . . establishing new criteria by
which all other pumps are judged. Through continu-
ing research, Kinney constantly adds more features
to these superior basic designs . . . controlled gas
ballasting . . . dynamic balancing for reduced

vibration . . . consistently quick recovery of operat-

. . to make each revolution of

ing pressures, etfc. .
a Kinney High Vacuum Pump an economy move
in thousands of installations . . . in a wide variety
of applications . . . throughout industrial America.

Competent vacuum engineers in all our district
offices are ready to help you solve your particular
problem. Send the coupon for details. Kinney Mfg.

Division, Boston 30, Massachusetts.

Kl " N EYMFG. DIVISION

THE NEW YORK AIR BRAKE COMPAN

N
3565 WASHINGYON STREET « BOSTON JD-MAS?Q

INTERNATIONAL SALES OFFICE, 90 WEST ST.. NEW YORK 4 K.Y

Please send Bulletin V54 describing the com-
plete line of Kinney Vacuum Pumps.

Our Vacuum problem involves......

ELECTRONICS — January, 1956
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* I.T-E MULTUMITE Switchgear is compact and efficient. It is designed and built to provide

positive protection of secondary distribution systems with an extra margin of safety for unin-

!crruptcd service. Instrument transtormers are dcsigncd speciﬁca”y for switchboards. §
4

Natvar 400 Extruded Vinyl Tape is used on this Type C-2. 5.000 volt. 600 amp. primary —=»

transformer coil to protect the instrument circuit, because it has good dielectric slrenglh. requires ha (

because it has adequalc heat resistance.

fewer laycrs than VC, is flexible cnough to conform to slmrp bends without wrinkling, and "
\:¥
\
"

uct
Natve’ ond 1P
. “‘br'\c/;\: g
yortshe avos °° qot 10¥°°
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Er more than 60 years I-T-E has been known in the electrical industry
for the quality of its products. This reputation has been maintained through
sound engineering and manufacturing skill.

Component parts and materials that go into [-T-E Switchgear are the finest
obtainable, and are carefu“y coordinated into efficient functional units.
Natvar 400 extruded vinyl tubing and tape and other Natvar flexible insula-
tions are used because they consistently meet [-T-E’s rigid requirements.

Natvar 400 and other Natvar flexible electrical insulating materials are
available for immediate delivery, either from your wholesalers’ stocks or

direct from our own.

mm [ ATYAR corrorarionmm

FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION
TELEPHONE CABLE ADDRESS
RAHWAY 7.8800 NATVAR: RAHWAY, N. J,

201 RANDOLPH AVENUE o WOODBRIDGE, NEW JERSEY

Want more information? Use post card on last page.

January, 1956 — ELECTRONICS



TYPE M CONSOLE
Sixchannels—accommodates
up to six Type 146 amplifiers
with input couplers, uses roli
| or folded charts—eight chart
speeds, 1 to 250 mm. per
second.

i

i

IF YOU COMPARE-YOQU WILL SELECT THE OFFNER DYNOGRAPH!

Compare the direct writing oscillographs on the market to-
day. Ifyoudo, you will select the Offner Dynograph because
only the Cffner Dynograph has these features:

15 microvolt per millimeter d-c sensitivity . .. Abso-
lute drifi-free stability . . . One amplifier for d-c ampli-
fication, resistance and reluctance gages . .. True dif-
ferential input, isolated from ground . .. Rugged, low
resistance movement.

No other direct writing oscillograph on the market has any
of these jeatures! The Offner Dynograph has all these fea-
tures and many more !—because the Dynograph uses the
exclusive patented Offner chopper amplifier. This amplifier
must be distinguished from a chopper srabilized amplifier,
which merely reduces, does not eliminate drift, and provides
none of the other features of the Offner Dynograph.

If you want the widest versatility, highest accuracy, greatest
reliability in direct writing high speed oscillographs—com:-
pare then all! Yowll select the Offner Dynograph.

"~ _-.. Write for your copy of Bulletin L-742. Get com-

plete details and application information on both

g “~ Portable and Console Models. Write for a demon-

__ stration by our Engineering Representatives in your

' 5 area. Compare—and you will select the Offner
e« Dynograph.

g

TYPE P PORTABLE DYNOGRAPH
Single and Dual channel Units—all performance speci-
fications are identical to those of the console model—
Chart speeds from 1 to 100 mm. per second.

OFFNER

DYNOGRAPH
CORDERS

Speed plus sensitivity
—15 microvolts d-c per

millimeter—1 /120th
second deflection time,

)’/ AT

AEEREV/ANEERRN

AL

AANAAN
VY VYV VY

Large, easy to read

permanent records—

[ over 8 cm excursion,

H 7 T 1 T T i

|

/
: x

O O O

torque returns stylus to |
/\\ paper stationary. »
g Y e T R S A a

AAAAANN
VYV VYV VA

base line—even with
VY

Completely stable—

has absolute zero base
line drift. \ ]

OFFNER ELECTRONICS INC.

5324 N. Kedzie Avenue, Chicago 25, U.S. A.

ELECTRONICS — January, 1956
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This year its \

March 19-22
New York City

for the
' Radio Engineering Show

S~ T~
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For the third year in succession, the great annua!l IRE Radio
Engineering Show will open its doors to the industry for four
spectacular days at the Kingsbridge Armory and Kingsbridge
Palace in New York City. As in the preceding years, the Show
will be filled to capacity with 704 exhibits and displays of the
latest and newest developments in radio-electronics.

Is it too big? Not as a true representative of this giant industry.
More than 200 papers presented by 22 Professional Groups at
the Convention’s 55 technical sessions are an accurate index
to new research and development...and the 704 exhibitors
represent about 80% of the productive capacity of the industry
... not one whit larger than necessary to keep pace with elec-
tronic America today!

Plan now to attend the industry’s most vitally important Show

Over 42,000* meet!

*At the 1955 Show, 42,133 men and women from coast to coast
and every field of radio-electronics attended the Radio Show. This
year, attendance is expected to go even higher. Don’t miss it!

90 Want more information? Use post card on last page.

Over 700
Exhibitors
will show all
that is NEW
in radio-
electronic
engineering!

THE INSTITUTE OF RADIO ENGINEERS
1 East 79 Street, New York

January, 1956 — ELECTRONICS



capacifors
Leaders in Electronics
on Good-All Capacitors | miL TYPES

Good-All produces a broad line of hermeti-

... whether for a critical fraction of a second or cally sealed tubular and bathtub capacitors

for a long life of trouble-free performance. Our to specifications MIL-C-25A. Custom designs
technical and production people gain real satisfac- of various metal enclosed styles can also be
tion from working out capacitor problems with puEouiCer ol R PR (i el EpeEifiEations;
design anfi component engineers. The confidence of MYLAR TYPES

these engineers in Good-All “know-how’’ has con-

tributed greatly to our rapid growth in the industry The space-saving size and extremely high IR

of Good-All Mylar* types are ideal for many
special purpose applications. These are avail-

able in several metal enclosed designs as well

as in ceramic or plastic impregnated tubes.

Our engineers are ready to work with you on special |
applications. Write, wire or phone for
specifications and quotations.

GOOD-ALL ELECTRIC MFG. CO. coodall Bidg. « OGALLALA, NEBRASKA

*DuPant’s trademark for polyester film.
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Berkeley

Berkeley

FERRISTOR

Circuitry

Brings You High Speed Counting
and Control Without Vacuum Tubes!

Utilizing rugged BERKELEY Ferristors* to
perform most vacuum tube functions, new
BERKELEY industrial counting and control
instruments offer electronic speed and
precision plus the unfailing reliability,
simplicity and long service life of electro-

magnetic devices:

CONTINUOUS-DUTY RELIABILITY — rug-
ged encapsulated Ferristors®, devel-
oped and manufactured by Berkeley,
are immune to damage caused by
shock, vibration, moisture and over-
loading. They're non-aging, require
no filaments, operate at extremely
low current and voltage levels; pro-
duce little or no heat.

TWessing Tue POWER

T;ﬂ'

ofF THE POLFg

concept of

industrial instrumentation

featuring

RELIABILITY—designed for
continuous duty!

RUGGEDNESS—immune to shock,
vibration, overload!

SIMPLICITY—installation,
operation, maintenance by
regular plant personnel!

“TUBELESS” Decimal Counting Unit (right) generates Yath the
heat of vacuum tube model (left); no component in the

Ferristor* DCU operates ot more than 25% of its ratings.

INSTALLATION, OPERATION, SERVICING
BY REGULAR PLANT PERSONNEL — no elec-
tronic‘'experts’ required! Connections
made on clearly-marked terminal
strips, with standard industrial wiring
procedures. Simple tamper-proof ad-
justments; sturdy, easily-understood
controls!

LONG COMPONENT LIFE — circuits op-
erate at a fraction of component rat-
ings. Elimination of excessive heat
ends heat-caused deterioration and
instability, permits use of dust-tight
enclosures {no ventilation needed).

*Trademark



a totally NEW concept of industrial instrumentation

Berkeley Series 5840 Long-Life MAGNETIC bpual Preset Controller

Counts atrates to 10,000 per sec, produces elec-
trical output signals at any two preset totals.
Absolute accuracy. Operates from photocells,
magnetic pickups, electrical contacts. Built-in
DPDT output signal relay operates solenoids,
solenoid valves, power relays, other control de-
vices. First signal may be used to slow down
operation preparatory to stop at final (second)
count, etc. Has only two vacuum tubes (vs. 54
in electronic model), both used in low-level rf
oscillator-power supply. Simple marginal test
indicates approaching tube failure, permits re-
placement before failure occurs,

BRIEF SPECIFICATIONS
Max. Count Rate: 10.000 counts per sec
Input Sensitivity: 0.1 ma p-p into 10k load

Output Signal: From built-in DPDT relays;
contacts rated at 5 amps (non-ind.)

Accuracy: Absolute

Power Requirements: 105/130 or
210,230 v. 60 cycle, 85 w.

Dimensions. Weight: 187"W x 83%"H «x
13%"D; 50 Ibs.

Price (f.0.b. factory): Model 5846
(6 digit: $1.295.00.

TAMPER-PROOF, dust-tight
transparent cover can

be locked to prevent
re-setting by unauthorized
personnel.

SWING-OUT chassis
construction simplifies
installation, inspection
and servicing.

APPLICATIONS

Control of counting, weighing, sorting,
packaging, shearing, metal forming,
coil winding equipment; cut-off of mo-
tors, turbines, jet engines at precise
predetermined rev count or speed,
computer timing, etc. Continuous-duty
reliability makes new MAGNETIC Preset
Controller ideat for all process and
production control applications where
elimination of costly downtime is a
vital factor.

Berkeley Model 7650 Long-Life MAGNETIC eruT* Meter

Measures events occuring during precise 0.1,
1 or 10 sec time interval, displays results in
digital form. Operates from photocell, magnetic
pickup or any suitable transducer to measure
pressure, temperature, flow, velocity, viscosity,
frequency, rpm, or to count events or objects
at rates to 40,000 counts per second.

Only three vacuum tubes used (35 in compar-
able electronic model) in rf oscillator-power
supply operating at low levels. Simple mar-
ginal test indicates approaching tube failure,
permits replacement before failure occurs. Has
digital “count-down’’ time base for precise
gating: no adjustment of time base required.

BERKELEY Long Life Magnetic EPUT*
Meters and Magnetic Controllers are
ready now to serve in your laboratory,
inspection rooms and test cells, on your
production, processing or packaging
lines. You'll be hours and dollars ahead
to call your nearest BERKELEY represen-
tative or write us now for complete data,
Please address Dept. G-1.

BRIEF SPECIFICATIONS
Count Capacity: 5 digits
Counting Rate: 0 to 40,000 per sec
Time Base: 0.1, 1 or 10 sec
Accuracy: * 1 event, = 50 ppm
Input: 0.3 ma p-p into 10k load

Power Requirements: 105,130 or
2107233 v. 60 cycle, 100 w

Dimensions, Weight: 187% "W x 83 "H x
14%"D (overail; 55 Ibs.

APPLICATIONS

Aircraft, automotive, jet or piston
engine test cells, dynamometer test
stands; laboratory ot production tach-
ometry systems; pracess control sys-
tems; data reduction systems; hydraulic
and pneumatic servo testing; accelera-
tion-deceleration determination; meas-
urement of linear or centrifugal speeds,
forces, strains; measurement. of any
optical, electrical, mechanical or. phys-
ical event occurring during a precise
time interval.

75

INC.

2200 Wright Avenue » Richmond 3, California



Tests show two CATHALOYS
most versatile cathode materials

New alloys from Superior Tube
simplify selection, prolong tube life

Now the engineer’s job of selecting the right cathode alloy for
practically any electron tube can be a simple choice between two
new CATHALOYs from Superior Tube.

CathaLoy A-32* is an active alloy characterized by rapid activation,
high emission level throughout life, absence of interface impedance,
and very low sublimation. These remarkable advantages are the
result of using aluminum in place of silicon or magnesium as the
reducing agent. The addition of a small percentage of tungsten
also makes A-32 approximately 509, more shock resistant than
cathodes without tungsten. Thus A-32 is suitable for virtually
any active alloy application, including ruggedized tubes.

Cathaoy P-50 is a passive alloy of carefully controlled analysis
that is commercially available in WELDRAWNT cathodes as well as
Lockseam.i It can be made in WELDRAWN form because of its
capacity to take much more severe reductions in cold drawing
without rupture than other grades of passive alloys. P-50 is
identical in composition with the well-known ASTM Grade 21.
The important difference is in the method of melting which im-
proves the uniformity and completeness with which deoxidation
is accomplished. All heats are tested in Superior Tube’s laboratory
before being approved for production.

Ask for complete technical reports on both these new CATHALOYS.
Write Superior Tube Co., 2500 Germantown Ave., Norristown, Pa.

ONT:ST. Laboratory photo of test diodes used in Superior Tube’s
electronic laboratory. Under exhaustive tests, the new Cathaloys
display performance characteristics not present in other alloys,

*Patent applied for TTM Reg. U.S. Pat. Off., Superior Tube $Manufactured under U.S. patents NOTE. Cathaloy is-a trademark of Superior Tuke Co., Reg. U.S. Pat. Off.

CATHALOY A-32—3750 psi Tungsten-free cathode alloy—2500 psi
50% STRONGER. High temperature tensile testing machine proves
Cathaloy A-32 approximately half again stronger than tungsten-
free cathode alioys.

R T R

WELDRAWN PASSIVE ALLOY. Typical uses for Cathaloy P.-50 are in
Weldrawn cathode sleeve shown at right and in disc cathode
shank at left. Heretofore, passive alloys have not been commer-
cially available for these applications.

@ ) All analyses .010" to %"
. OD. Certain analyses in
” ”/”ﬁ e light walls up to 2%" OD.

The big name in small tubing
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HS—HERMETIC SEALED
MP—~MOLDED PLASTIC

Submiaiature Package Types — Others Available

| TYPES SHOWN BELOW
uy ARE AVAILABLE IN ™\
]

1| S
o/

T AL
\

0
m
d&\
1

i

Q
?/ ‘/ \ \ 15mbo54 ‘ Our Network Designers can solve your
/ wsatos ; space problems in filters, discriminators
and delay lines with the subminiature
l asyosp 430whost toroids.
¢ 10KC 100KC NG NG Inquiries are inviled.
FREQUENCY c10t

COMMUNICATION ACCESSORIES COMPANY

HICKMAN MILLS, MISSOURI e PHONE XANSAS CITY, SOUTH 5528

ELECTRONICS — January, 1956 Want more information? Use post card on last page. 95

e wwwW.americanradiohistorv.com e e




a
WESTINGHOUSE

BALTIMORE DIVISIONS

opportunity

for experienced electronic engineers seeking long-range
positions of responsibility and opportunity.

Current opportunity at the Westinghouse Baltimore
Divisions combines most of the ordinary advantages—
stich as good income and employe henefits—
with a foremost program of professional recognition,
advanced education at company expense, and long-range
development work that is creative and interesting.
Work in modern facilities that are ideally located.
Apply today!

OPENINGS
EXIST IN THE FIELDS OF:

*CIRCUITRY *!‘;l;!: cmsv'rnor.
*MICROWAVES SYSTEM
*SERVOMECHANISMS *31::;;%6 COMPUTER
*rﬁngr?n‘ixs *TRANSFORMERS
*PACKAGIN *VIBRATION
*DIGITA‘I;. CgMPUTER *RADAR DESIGN
PROGRAMMING *FIELD SERVICE

TO APPLY
Send letter outlining your experience to—

Technical Director, Dept. 284 {
Westinghouse Electric Corp. i
2519 Wilkens Avenue
Baltimore 3, Maryland

you can 8 SURE....iF 7S

&3 “éstinghouse
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ELECTRICAL

Tcrque of an engine balancer
zhaft is recorded by 3rush in-
sirumentation in tiis set-up at
“aterpillar Tractor Co. Test data
aelped Caterpillar eng.neers
reduce vibration, ir-preve =ngine
performance.

MECHANICAL

When you want to measure it
look to Brush Recording Systems

A boxer’s punch, a heart’s con-
traction, ¢ piston’s thrust—you
can measure almost any form
of force with Brush Recording
Systems. These versatile in-
struments zive you the answers
in writing, charting instanta-
neously a= phenomena occur.
Brush offers a complet2 line of
portable, zonsole cr rack
mounting oscillographic sys-

BRUSH ELECTRONICS

“ems for recording 1, 2, 4 or 5
~hannels of data.

These and other Brush in-
struments can help you in
virtually any measurement
oroblem involving electrical,
mnechanical, heat, light, sound
or nuclear quantities. For com-
olete information, call or write
Brush Electronics Company.

COMPANY

| «DUSTRIAL AND RE3SEARCH INSTRUMENTS

PIEZOELECTIR C MATERIALS = ACOUSTIC DEV CES
MAGNETIC KECORDING EQUIPMENT AND COMPONENTS

Division of
Clevite Corporation

NUCLEAR




NEW IDEAS
IN MEASUREMENT
FROM BRUSH

[+
9
8
7
6
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4
3
2
1
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Chooses best recording speed.

Test engineer has a choice of up to 16 recording
speeds on this Brush Recording System. Result—he
can choose the best speed for the signal being mea-
sured for optimum accuracy and clarity of chart
records. Wide speed range helps economize on chart
paper too! Systems like this can record a wide range
of electrical or mechanical variables.

Keeps the music sweet.

This test set-up at Harmmmond Organ uses £ Brush
Frequency Respornse FRecorder to test the ringing
time of tone generating circuits. Brush offers en
integrated line of precision equipment far mea-
suring sound, noise, vib-ation, analyzing frejuency
spectra, etc. Chart records simplify analysis ard
provide permanent records of tests.

Counts anything?

The “Countess’— Brush’s outstanding iligital
counter—counts anythiag up to 100,000 pases per
second. Unit requires only one-half the vo tage,
one-fourth the power needed by conventionil
counters. The result is Less heat, greater rediability.
Use the Countess as a component in equiorent:
for testing, controlling, computing, etc.

BRUSH ELECTRONICS

INDUSTRIAL AND RESEARCH INSTRUMENTS
PIEZOELECTRIC MATERIALS . ACOUSTIC DEVICES
MAGNETIC RECORDING EQUIPMENT AND COMPONENTS

WWW.americanradiohistorv.com

How well does he breathe?

This diver is entering a pressure chamber
for a “dry-land dive” at various simulated
depths. Through strain transducers, Brush
recording instruments chart the pressure of
the diver’s breathing and the rate of air flow.
Tests help evaluate physical effects on the
diver as well as performance of equipment.

Call BRUSH for the answer!

For help in your measure-
ment problems, call your
nearby Brush representative,
or write Brush Electronics
Company, Department 777,
3405 Perkins Avenue, Cleveland 14, Ohio.
Your request will receive prompt attention!

COMPANY

Division of
Clevite Corporation




Convenient, more compact portable radios for Motorola
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Capacitors made with new Du Pont MYI.AR
help Motorola obtain essential space savings

“In designing our top-selling portable
radios, the essential element of compact-
ness was achieved through the help of
capacitorsmade with Du Pont‘Mylar,””’
reports Motorola, Inc. “Smaller capaci-
tors are possible because‘Mylar’is tough,
thin, and has high dielectric strength.
In addition, the moisture insensitivity
of these new capacitors assures superior
performance, whether on the hot, humid
beach or in cool mountain air.”

This successful product innovation is
only one example of the way an imagi-
native industry is putting the unique
properties of Du Pont ‘“Mylar’ poly-
ester film to profitable use. From metal-
lic yarns to smaller transformers for
guided missiles, DuPont‘‘Mylar’’ismak-
ing possible better products at lower cost
in a wide variety of fields. Here’s why:

““Mylar’’ has a tensile strength of
20,000 pounds per square inch. It has
greater dielectric strength than most
known insulating materials, and an im-
pact strength at least twice that of any
known commercial film. What’s more,
Du Pont ‘“Mylar” is resistant to mois-
ture and solvents, and remains flexible

DU PONT

MYLAR

REG. V. 5. pAT.OFF.

BeHer Things for Better Living...through Chemistry

*‘Mylar” is the registered Du Pont trade-mark for its brand of polyester film.

ELECTRONICS — January, 1956
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and stable over a temperature range
extending from -80°F, to 300°F.

How about your product? There may
beaway ‘“Mylar’’ cansolve those knotty
problems and improve over-all perform-
ance. Mail the coupon today for a fact-
filled booklet telling you more about
this new versatile film—‘“Mylar.”

€. 1, du Pont de Nemours & Co. (Inc.)

Film Department, Room E-l, Nemours Bldg.

Wilmington 98, Del.

=
|

|

|

: Please send me sample and further information on
I " Mylar" polyester film.
{

i

|

|

|

|

I

Name.

Firm

Street Address

City State
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MARCONI
F.M. DEVIATION METER
TYPE TF 928

Carrier Frequency Range:
20 to 100 Mc.

R. F. Input Level :

55 mvto 10 v.
Deviation Measurement Ranges:
100, 200 and 400 kc full-scale.

Accuracy of Deviation
Measurement:

+3%

F.M. DEVIATION METER Type TF 928
accurately measures the frequency deviation of f.m.
transmitters operating at carrier frequencies in
the range 20 to 100 Mc.* Designed to accommodate
wide-deviation systems employing modulation fre-
quencies between 50 cps and 120 kc, the Meter has
three deviation measurement ranges extending
from 0 to 100, 200 and 400 kc respectively. A par-
ticularly valuable feature of the design is the
inclusion of a self-checking arrangement introdu-
cing an oscillator crystal into the grid circuit of the
second i.f. amplifier stage. At the same time, an
alternating potential is impressed on the screen of
the ensuing tube which suppresses the generated
frequency at alternate half-cycles; this produces a
test signal of constant effective deviation against
which the deviation scale may be standardized.

* or 5300 Mc using oscillator harmonics.

A Wide-Deviation

/‘c%,;f cz/ — Cglfdnagdugi}eé{

F. M. DEVIATION METER
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MARCONI
INSTRUMENTS

VACUUM TUBE VOLTMETERS - FREQUENCY STANDARDS - OQUTPUT METERS
F.M. & AM. SIGNAL GENERATORS * DEVIATION METERS * WAVEMETERS
WAVE ANALYSERS Q METERS BEAT FREQUENCY OSCILLATORS

Full data and prices will be mailed immediately on request

44 NEW STREET - NEW YORK 4

CANADA : CANADIAN MARCONI COMPANY,
MARCON! BUILDING, 2442 TRENTON AVENUE,
MONTREAL.

ENGLAND: Head Office: Marconi Instruments Ltd., St. Albans, Herts. Managing Agents in Export: Marconi’s Wireless Telegraph Co. Ltd., Marconi House, Strand, London, W.C.2

TC74
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Engineered Wiring—and why Rome
Synthinol® protects it from heat, corroston,
solvents and moisture.

You can avoid failure of hook-up and control wiring,
because of inferior insulations or construction, by
using Rome Hook-Up, Machine Tool and Control
Wires. Rome wires are made to stand up under high-
speed, automatic operation day after day.

Hook-Up Wires
Rome Synthinol is UL approved for 80°C.—has high
resistance to acids, oils, alkalies, moisture and flame.

Rome Synthinol 901 is UL approved for 105°C.—
has all the advantages of regular synthinol plus
higher resistance to heat deformation, shrinkage and
cracking, and improved solderability.

Also, Rome makes Rome Hi-Temp, a rubber in-
sulation with great heat and moisture resistance—
UL approved for 75°C. . . . and a full line of special
and standard commercial and military hook-up wires.

Machine Tool and Control Wires

Rome insulates its machine tool and control wires
with synthinol to proof them against high ambient
temperatures and corrosive conditions. They con-
form to National Machine Tool Builders” Association
Standards and are UL approved as Type TW with
end use approval for 80°C. operation in air; and in
oily, moist locations for 60°C. operation.

Rome Synthinol and Synthinol 901 are thermo-
plastic compounds designed for exceptional resist-
ance to high ambient temperatures, corrosion, oil
and chemical solvents. Synthinol-insulated wiring is
especially suitable for machine tool use. It is avail-
able in a variety of permanently clear colors, solid
or with spiral markings.

Send for complete data and specifications on
Rome Hook-Up Wires, Machine Tool and Control
Wires. Theyre available in special and standard

constructions. Without this control mnel, equipped with
dependable wiring, relays, starters and limit
switches, the machine operator would do
most of the work. Automation takes the
machine through complex cycles without op-
erator atteotion.

Once the hopper is loaded, this machine auto-

matically grinds roller bearing races to preci- It COS'tS LeS'S fO Buy the BeSt

sion tolerances. The machine also trues and
ROME CABLE
. 4

dresses the grinding wheel—automatically.

This machine is built for automatic machin-
ing of a specific automobile part. Machine 4 ROME - NEW YORNK

p

tool and hook-up wires carry the power and
signals which make its automation possible. YCRRANCE - CALIFORNIA
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DRECISION RESOLVE

B
| \
| by

INSTRUMENT CORPORRTION

Accuracy better than 0.05%.
Maximum interaxis error as low as 1’.
Very low distortion.

60 or 400 cps. or wide band.

L S S

With or without booster amplifier
compensation.

Standard military frame sizes.

the HIGHEST PRECISION resolvers available

Reeves' many years of experience as a pioneer in the field
has made it possible to manufacture these compact precision
resolvers in quantity production to a functional accuracy
of 0.05% without culling—or to an accuracy of 0.03% on

REEVES PRECISION RESOLVERS special order. Harmonic distortion and null voltages are
AND RELATED COMPONENTS held below one-tenth of one per cent.

Reeves resolvers are primarily designed for 60 and 400
cps. operation, with or without booster amplifier compensa-
tion. Special units are available for use at over 100 ke
bandwidth. The Reeves R600 series is the standard of
comparison among precision resolvers. Miniature resolvers
of highest precision are also available.

Write for the Reeves Resolver Handbook.

MINIATURE BOOSTER
PRECISION AMPLIFIERS
RESOLVERS

INSTRUMENT CORPORRTION

e
1/

- ) S REEVES INSTRUMENT CORPORATION

SHIFTERS RESOLVER A Subsidiary of Dynamics Corporation of Americo
CHECKER 201 East 91st Street, New York 28, New York
2RV5S6
Want more information? Use post card on Jast page. January, 1956 — ELECTRONICS
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Farnsworth... VISION beyond the range of sight...

MODEL 600A

Consists of a campact light
weight camera ond portable
monitor interconnected by
multiconductor cable.

for defense und indusiry. « « bring you Farnsworth closed circuit television
that is second to none! Engineered especially
for industrial, educational and commercial use
this new, economical medium is saving time, and
money in countless applications.

Yours should be one of them . . . Get the facts

wz from Farnsworth.
) - WRITE DEPT. CT-156 FOR COMPLETE DETAILS

: FARNSWORTH ELECTRONICS COMPANY

a division of International Telephone and Telegraph Corporation

FORT WAYNE, INDIANA

ELECTRONICS — January, 1956 Want more information? Use post card on last page. 101
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The Mullard EL34 can be rightly acclaimed as the
most efficient high fidelity output pentode tube yet
produced in Britain. It is being fitted in many of
the British sound reproducing equipments which
are becoming increasingly popular in the United
States and Canada.

Used in push-pull ultra-linear operation (dis-
tributed load), two EL34 tubes will give 32 watts
output at a total distortion of less than 1%,. The
application of negative feedback reduces distortion
even further.

The EL34 is equally capable of supplying higher
power outputs where an increased distortion level
is acceptable. Under class B conditions, 100 watts
are obtainable from a pair of EL34 tubes in push-
pull for a total distortion of 59%,.

Another significant feature of this tube is its high
transconductance value of 11,000 umhos, resulting
in high power sensitivity and low drive require-
ments.

Supplies of the EL34 are now available for
replacement purposes from the companies
mentioned below.

The British Electronics Industry is making
giant strides with new developments in a
variety of fields. Mullard tubes are an
important contribution to this progress.

Britain’s

foremost pentode
for 25W high
fidelity equipment

Principal
Ratings

Heater
6.3V, |.5A

Max. plate voltage
800V

Max. plate dissipation
25W

Max. screen voltage
425V

Max. screen dissipation

Max. cathode current
150mA

Base
Octal 8-pin

Available in the U.S.A. from:—
International Electronics Corporation,
Dept. El, 81 Spring Street, N.Y.I2,
New York, U.S.A.

Mullard

MULLARD OVERSEAS LTD., CENTURY HOUSE, SHAFTESBURY AVE., LONDON, ENGLAND

Mullard is the Trade Mark of Mullard Ltd., and is registered
in most of the principal countries of the world. N

Toronto 17, Ontario. Canada.

Available in Canada from:—
Rogers Majestic Electronics Limited,
Dept. {E, | -19 Brentcliffe Road.

MEV35
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“JONLY THE LEADER

sets

In harness racing as in capacitors you pick the leader by

looking at the record. That’s why at Cornell-Dubilier, we're

mighty proud of our record of new capacitor designs,

consistent dependability and outstanding field performance

—a record no other company can even come close to

approaching. That’s the record of circuit mica capacitors.

super-power tank

C'D...45 YEARS OF FAMOUS FIRSTS

Typical of these “Famous Firsts” are the examples shown here...
just three of the hundreds of money-saving answers in

eapacitors a C-D engineer can show you. Write to
Cornell-Dubilier Electric Cerp., nept. x-16  South Plainfield, N, J.

0o ONSISTENTLY EPENDABLE
] N
= I
-
¢ ‘°‘”
S PLANTS IN 80, PLAINFIELD, N. J.; KEW BEDFORD, WORCESTER AND CAMBRIDGE, MASS.; PROVIDENCE AND WOPE VALLEY, R. 1. .ca(rier curre_nt
[ INDIANAPOLIS, IND.; SANFORD AND FUGUAY SPRINGS, #. C.; SUBSIDIARY, RADIART CORP., CLEVELAND, OHIO. coupling capacitors,

THERE ARE MORE C-D CAPACITORS IM USE TODAY THAN ANY OTHER MAKE

ELECTRONICS — January, 1956 Want more information? Use post card on last page.




NEW DOELCAM PROPORTIONAL AMPLIFIERS
OFFER GREATEST VERSATILITY IN
LOW LEVEL D-C SIGNAL APPLICATIONS

HERE ARE TWO PRECISION AMPLIFIERS incor- The Model 2HLA-3 is both a Linear Indicator
porating the new Doelcam Second Harmonic and a Multirange Amplifier. The Model 2HLA-4

Magnetic Converter as the input stage. This is a Single Range Amplifier with provision for
vnique design concept makes possible low noise interchanging range by plug-in units. Both are
level, high sensitivity and linear output. ideal for either laboratory or production use.

D-C Indicafin Amplifier
Mode!l 2HLA-3

D-C Amplifier
Model 2HLA-4

Write for Bulletin 1A-7  Write for Bulletin SRA6

WHETHER YOUR APPLICATION is in
the laboratory or on the production line,
one of these two instruments is ideally
suited. Their versatility is illustrated in the
diagrams shown here. The Model 2HLA-3

The fast thermal response of highly sensi- is both a precision measuring laboratory
tive thermistors can be accurately measured instrument and a rugged production test
and recorded. instrument. The Model 2HLA-4 is designed

for rack mounting as a component part of | Dynamic siress measurements made with linear

Production Application a control or measuring system. response up to 20 cps.

HERE ARE SOME PERFORMANCE

CAPACITOR CHARACTERISTI‘CS: Contral Applicatian
UNDER TEST ORI ngh Gain — 10'_ for 2HLA-3 THERMOCOUPLE
105 for 2HLA-4 <
= oC souRce Low Noise — less than 5 microvolts e 1157 Pont ooeicam
equivalent input Rt CONTROLLER [ ¢ o1p uncrion
Linear Amplification—better than =+ 1% Gd  |omrensaTor —]
on all ranges

High Stability — zero drift less than 10
microvolts
Rugged — withstands inputs of 1.5 volts

SPECIAL APPLICATIONS: These instru-
ments can be easily adapted to provide MODEL 2HLA-4| wacwEnc

Praduction Applicatian linearity down to 0.1%, isolated input, AleLne
multiple inputs, increased gain, increased o

power output and extended frequency re- Temperature control within a small temperature

MODEL 2HLA-3 sponse. Send us your complete require- range.

.@08[64”2-’ . SOLDIERS FIELD ROAD

Measuring the dielectric leakage current
of capacitors.

A DIVISION OF MINNEAPOLIS-HONEYWELL BOSTON 35, MASS.

Production testing of precision resistors or Instruments for Measurement and Control
potentiometers in a balanced bridge circuit. Synchros ¢ Gyros e« Amplifiers o Microsyns e« Servo Motors
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EAST COAST OFFICE
Henry E. Sanders

130 N. Broadway

Camden 2, New Jerscy
Phone: Woodlawn 6-1668
TWX No. Camden NJ 380

Phila. Phone: Market 7-3129

WEST COAST OFFICE
Robert A. Stackhouse
928 S. Robertson Blvd.,
Los Angeles 35, Calif.
Phone: Crestview 4-5931
TWX No. BEV H 7666

SOUTHWESTERN U.S.A.
John A. Green Company
60815 Oriole Drive

P.O. Box 7224

Dallas 9, Texas

Phone: Dixon 9918

CANADIAN DIVISION
C. C. Meredith & Co., Ltd.
Streetsville, Ontario
Phone: 310

SOUTH AMERICA
Jose Luis Pontet
Buenos Aires, Argentina
Montevideo, Uruguay
Rio de Janeiro, Brazil
Sao Paulo, Brazil
OTHER EXPORT
Sylvan Ginsbury

8 West 40th Street

New York 18, New York
Phone: Pennsylvania 6-8239

275,000 sq. ft. plant area . . . 1500 employees . . .

making ALL TYPES of variable resistors by the million . . . for

ALL TYPES of military and commercial applications.

Dependable delivery. Exceptionally good delivery
cycle due to enormous mass production facilities.

A CTS control can be tailored to your specific requirement.
Refer your control problems to CTS specialists today.

CHICAGO TELEPHONE SUPPLY

%Wma/fwn

ELKHART = INDIANA
FOUNDED 1896

Ftie Exclicscre %ea’a/% irn Precdscon AMass Pirodwclion 0/ Yarcalle Lesistow

BURTON BROWNE ADVERTISING .




Printed Cireuit

NEW
— Precision Resistors

To meet the requirements for printed circuitry,
RPC has developed Type P Encapsulated Wire
Wound Precision Resistors  Miniature, single
ended units designed for easy rapid mounting
on printed circuit panels with no support other
than the wire leads. Many newly developed
techniques are employed in the manufacture
of Type P Resistors. These units can be oper-
ated in ambient temperatures up to 125°C.
and will withstand all applicable tests of MIL-
R-93A, Amdt. 3. Availoble in 6 sizes, rated
from 1/10 wott to .4 watt. ;" diometer by
X, long to %" diometer by 3, long. Re-
sistance values to 3 megohms. Tolerances from
1% to 0.05%.

HIGH
QUALITY

o

ate ~"‘:. i nec
web weo ?
4 LFBW

Encapsulated Precision
Wire Wound Resistors

RPC Type L Encapsulated Resistors will with-
stand temperature and humidity cycling, solt
water immersion and extremes of altitude, hu-
midity, corrosion and shock without electrical
or mechanical deterioration. Type L resistors
are available in many sizes and styles rang-
ing from sub-miniature to standord with lug
terminals, axial or radial wire leads. Avoil-
able for operation at 105° C. or 125° C. am-
bient temperatures. These resistors will meet
all applicable requirements of MIL-R-93A,
Amdt. 3. Type L can be furnished with all re-
sistance alloys and resistance tolerances from
1% to .02%.

RPC is a widely recognized
supplier of high quality resistors
to industry, Government Agen-
cies and the Armed Forces.
Advanced production methods,
modern equipment and scien-
tific skill enables RPC to manu-
facture resistors of highest
quality in large quantities at
reasonable cost. Modern manu-
facturing plant is completely
air conditioned and equipped
with electronic dust precipi-
tators to insure highest pro-
duction accuracy. RPC resistors
are specified for use in instru-
ments, electronic computers,

radiation equipment, aircraft

v,\?’{
iy

Loc
’p,

| M=

Wire Wound Precision Resistors

Type A Precision Resistors are widely used for
all general requirements. They are available
in @ wide variety of sizes, styles and terminol
types. They can be furnished with all resis-
tance alloys in tolerances from 1% to .02%.
Type A will meet the requirements of MIL-R-
93A, Amdt. 2, Characteristic B. Special wind-
ing techniques, impregnation and thermal
aging result in resistors of exceptional sta-
bility. Matched resistors, networks and special
assemblies can be supplied.

‘equipment and scientific in-
struments.

Test equipment and stand-
ards for checking and calibrat-
ing are equalled by only a
few of this country’s outstand-
ing laboratories. Our ability
to produce resistors of highest
quality coupled with prompt
delivery have established RPC
as a leading manufacturer of
resistors. Small or large orders
are promptly filled.

Representatives in principal
cities. For full information send
for latest catalog.

i)

RESISTANCE PRODUCTS (0.

RESISTORS ..

Wire Wound Precision
Meter Multiplier Resistors

Type MFA and MFB High Voltage Wire Wound
Resistors are Hermetically Sealed in glazed
steatite tubes with ferrule ends for maximum
protection against all adverse environmental
conditions. Fully meet all requirements of
JAN-R-29. Special multi-section winding in-
sures greatest safety factor due to low voltage
gradient between sections. Standard resistors
up to 6 megohms, 6 KV, 0.5% tolerance.
Higher resistance and closer tolerances avail-
able. MFA 9-25/32 inches long x 1% inches
diameter. MFB 5%, inches long x 1) inches
diameter.

ELECTRONICS

High Voltage Resistors

Type B Resistors are stable compact units for
use up to 40 KY. These resistors are used for
VT voltmeter multipliers, high resistance volt-
age dividers, bleeders, high resistance stan-
dards and in radiation equipment. They can
be furnished in resistance to 100,000 megohms.
Available as topped resistors and matched
pairs. Sizes range from a 1 watt resistor 1 inch
long x ¥, inch diameter rated at 3500 volts,
to o 10 wott resistor 614 inches long x ¥, inch
diameter rated at 40 KV, low temperature
ond voltoge coefficients. Standard resistance
tolerance 15%. Tolerances of 10%, 5% and
3% available. Tolerance of 2% available in
matched pairs.

e

)

High Megohm Resistors

Type H Resistors are used in elecirometer cir-
cuits, radiation equipment and as high resis-
tonce standards. Resistance available to 100
million megohms, (10 ohms). For utmost sta-
bility under adverse conditions Type HSD and
HSK Hermetically Sealed are recommended.
Eight sizes fram 73 inch to 3 inches long are
available. Voltage rating to 15,000 volts. Low
temperature and voltage coefficients. Stand-
ard resistance tolerance 10%. Tolerance of
5% and 3% available. Also matched pairs
2% tolerance.

914 S. 13th Street
HARRISBURG, PA.

106

Want more information? Use post card on last page.

January, 1956 — ELECTRONICS




leadership in semi-conductors
from

Transtizon

SILICON GERMANIUM

Trangilron Trangitron

SILICON POWER
RECTIFIERS

SUBMINIATURE GLASS
GERMANIUM DIODES

s

Send aedy Send

. P
for E for
Bulletin Bulletin
TE-1321 g TE-1319

Trang

itron

electronic corporation

melrose 76, massachusetts

‘Trangitron Trangitron
MEDIUM POWER —_ﬂ ] GoLD BONDED GERMANIUM
SILICON RECTIFIERS DIODES
Send E Send
for 5 All Transitron semi-conduc- i for
Bulletin ibt'ﬁ tors are produced to the most g Bulletin
TE-1321 D ’ rigid military and commercial TE-1300
‘Trangitron specifications to assure long Trangitron
life and complete reliability.
HIGH POWER They provide the trouble-free, MATCHED
SILICON RECTIFIERS d dependable performance that QUADS
is so essential in modern com-
Send q 2 Send
; plex electronic equipment.
for  huda ot fo
Bulletin ¢ ay Whether your requirements W Bulletin
TE-1321 C I are for Germanium or Silicon, TE-1310
- the solution can be found in
Trangitron Transitron’s diversified line Trangitron
of semi-conductors. A wide ‘
SIFlCh BONDED variety of standard types, Aubio n
DIODES along with over 300 special TRANSISTORS
fzype.s,' are a\fail_able. Your P I
Send inquiries are invited. E - Send
for m ‘ i | [y for
Bulletin . H T Bulletin
TE1308 - TE-1320
Trangitron Trangitron l
SILICON JUNCTION POWER i% d
DIODES TRANSISTORS :
Send L P Send
for E'u‘""“ for
Bulletin Bulletin
TE-1322 TE-1320 C
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i ’/ OF 1%...LABORATORY

*,/2 OF 1%...WORKING

,0 STANDARDS

the primary instcrument standards the world over. ..
for instrument checking and maintenance, and wher-
ever measurements must be made to a high degree
of accuracy, Available as D-C Voluneters and D-C
Ammeters, and as A-C and D-C Volumeters, Am-
meters, and Single Phase Wattmeters.

@g?ﬁ’f@
W

STANDARDS

the rugged portables for general test work where
long, readable scales and high shiclding are desired.
Available as D-C Voltmeters, Ammeters, Milliam-
meters and Volt-Ammeters; and as A-C Volimeters,
Ammeters, Milliammeters, and mulii-range Amme-
ters and Voltmeters; A-C and D-C Single Phase
Wattmeters.

e e B

Want more information? Use post card on last page.

ACCURACY

STANDARDS

:;.‘ l/4 OF 1%...PORTABLE

the portable reference standards, for checking in-
struments, certified test work, and laboratory meas-
urements. Available as A-C and D-C Voltmeters,
A-C and D-C Ammeters and Milliammeters, D-C
and Single Phase A-C Wattmeters, Poly Phase Watt-
meters, Power Factor Meters, Frequency Meters and
Phase Angle Meters.

RATED

Weston’s comprehensive selection of accuracy
ratings enables you to choose instruments which
exactly meet your measurement needs from every
standpoint...conservatively rated accuracy, long
life, low cost. For literature, consult your local
Weston representative, or write direct.

WESTON Instruments

WESTON Electrical Instrument Corporation
614 Frelinghuysen Ave., Newark 5 N. ).~ A svbsidiary of Daystrom, Inc.

’}:‘ %...FIELD AND SHOP
INSTRUMENTS

Miniature D-C portables for accurate measurements
in shop or field. Available in all required ranges as
D-C Volimeters, Millivoltmeters, Ammeters, Milli-
ammeters, and D-C Volt-Ammeters.

www.americanradiohistorv com
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Cushioned Giass Construction ™ =g 74
High Dielectric Strength m 2 § y ji—x“ 74
Design Standardization 4 { 57 2N “‘xﬁ' g /

Vacuum Tight Sealing
Vibration Resistance
Super Durability
Maximum Rigidity
Miniaturization
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~—and COMPLETE
FACILITIES

MAIN PRODUCTION FACILITIES IN NEWARK, NEW JERSEY
The Newark plant houses the main enginéering and production facilities at E-l.
Designing, tobling and asSembly departments include the most modern methods
and equipment known to industry, today.

CONTINUING RESEARCH KEEPS PACE WITH INDUSTRY'S
INEEDS. The complete research laboratory located in Irvington-on-Hudson in

New York assures products that anticipate the ever more critical requirements
of the electronic industry,

THE HICKSVILLE PLANT ON LONG ISLAND IS EQUIPPED
for all types of electronic production. The Hicksville facility is one of the oldest
producers of transmitting tubes, x-ray tubes, magnatrons and all forms of
glass-to-metal seals.

E-l HEADQUARTERS —for Compres-
sion Seals, Multiple Headers,
Sealed Terminals, Condenser End
Seals, Threaded Seals, Transistor
Closures, Miniature Closures, Color
Coded Terminals, etc. ,

One dependable source
for all hermetically sealed
terminal requirements!

4 £
ELECTRICAL | | ﬁ.,) e
INDUSTRIES M

Division of Amperex Electronic Corp. — 44 SUMMER AVE,, NEWARK 4, N_J.
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RCA “Special Reds” provide that extra “life-line” you need in industrial electronic
equipment, air, marine, and land-mobile communications, and unattended relay
and transmission circuits—that extra margin of safety and dependability that
keeps iliings going!

RCA *'Special Reds” feature remarkable srability. cxcellent resistance to shock
and vibration, exceptienal uniformity ot characteristics {rom tube to tube—and
are backed by RCA far 10,600 hours minimum life!

RCA “Special Reds” are recommended for initial designs in industrial elec-
tronic equipment. They are excellent as replacements in existing circuits where
there is a prototype cperating under conditions within the ratings of the “Special
Reds.”

CONTACT YOUR LOCAL RCA TUBE DISTRIBUTOR TODAY. Ask for

your free copy of the booklet "RCA Receiving Type Tubes for Industry and
Communications” (form RiT-104). .- A ; L bl

" RAD1O' CORPGRARION OF AMERICA

Want more information? Use post card on last page,

wwweamericanradiohistorv.com

RCA-5690—Full-Wave Vac-
uum Rectifier with separate
heaters and cathodes.

RCA-5691—High-Mu Twin
Triode. Similar to the RCA-
6SL7-GT, but has twice the
heater current.

RCA-5692--Medium-Mu
Twin Triode. Similar ta the
RCA-6SN7-GTB.

RCA-5693 —Sharp-Cutoff
Pentode. Similar to the
RCA-6SJ7. = :
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IR VA Ve don't use Automation?

! It's not that we are old-fashioned, here at Karp. Far from it.
We have one of the best tooled and equipped sheet metal fabrication plants
in the world. Many of our machines, indeed, are equipped with
electronic timing controls.

If the time ever comes when we feel that automation can
give you finer work than our several hundred skilled craftsmen...we'll
install automation. But that time is not now—nor in the
foreseeable future.
You see, Karp was founded upon a perfectionist’s idea about
custom craftsmanship. Our methods are paying off because our painstaking
. work to exact specifications results in quality products to you,
e / ’ often at “ready-made” economies. And remember —our men who were
skilled craftsmen ten or twenty years ago are even more highly
skilled craftsmen today.

Let us quote you on your next requirement.

KARP METAL PRODUCTS CO.

Division of H & B American Machine Co., Ine.
214 63rd Street, Brooklyn 20, N. Y.

Custom fabricators of enclosures, chassis, panels

in any metal ¢ All welding facilities U. S. Air Force
Certified o Air-conditioned spray room « Complete
baking facilities « Over 3,000 dies available
Complete sub-assembly facilities

ENGINEERED SHEET METAL FABRICATION

ELECTRONICS — January, 1956 Want more information? Use post eqrd on last page, 11
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Demand s
Controlled

parks production records
tre processing of G-E Germanj -
Recfll.flers produces consistently highe:wm
quality components—byrj ifi
T ngs rectifier

G-E Germanium Rectifier Production
Breaks the 5 Million Mark

Customer requirements accelerate the production of a full
line of highly reliable, long-life germanium rectifiers

THE NEW germanium rectifiers were introduced by General Electric
in 1952 and since then more than 5 million units have been pro-
duced for industrial and military needs. In effect, this achievement
represents more than ten billion hours of rectifier life—in hundreds of
diversified commercial and military applications.

PROVED QUALITY ! Of the 5,000,000 rectifiers produced,
only a fraction of 1% have required adjustment under
the terms of General Electric’s full year warranty!

Wide Range of Designs. G-E rectifiers are available in a broad range
of designs for many applications—for electronic computers, control
equipment, power supply units, magnetic amplifiers; for military and
industrial needs requiring custom designs; and for almost any appli-
cation where DC power is required. G-E Germanium Rectifiers are
more compact, and weigh less—as much as 75% less than comparable
rectifiers of other types—and meet the rigid requirements for perform-
ance established by the U. S. Navy, Air Force, and Signal Corps. What’s
more, G-E Germanium Rectifiers are warranted for one full year.

Immediate Delivery. Mass production assures fast delivery on all G-E
Germanium Rectifiers regardless of quantity. For complete informa-
tion concerning your rectifier needs, contact your G-E Semiconductor
Representative. Or, write: General Eleciric Company, Semiconductor
Products, Section X 416, Electronics Park, Syracuse, New York.

Progress Is Ouvr Most Important Product

GENERAL @3 ELECTRIC

Want more information? Use post card on last page.

~

/‘./
Diffused Junction Germanium Rectifiers
combine very high forward conductance
with very high back resistance. The high
temperature and magnetic amplifier recti-
fiers feature very low reverse current rat-
ings at ambient temperatures of 85°C.

Power of the basic rectifier unit is
boosted 5 times by adding a copper fin.
Stacked one to twelve fins in series or par-
allel, the rectifier may be operated as half
wave, full wave, or bridge circuits, and
many other types of single or polyphase
circuits. Typical power ratings are as high
as 3 amps @ 190 volts; 1.3 amps @ 575
volts; 3.6 amps @ 140 volts, etc.

The Medium Power Rectifier has a 5 amp rat-
ing at 200 volts (55°C). At 85°C it is rated
2.5 amps at 100 volts. These rectifiers, stacked
in series or parallel, have ratings in thousands
of watts depending on the design of the cif-
cuit,

January, 1956 — ELECTRONICS
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PORTABLE RADIO TELEPHONE FOR

PERSONAL CONTACT WITH KEY MEN

Policemen, Firemen, Foremen, Airfield Supervisors and many other key men
are more effective when in constant radio contact with their headquarters.
The Pye Walkiephone, which weighs only 104 lb., is ideal for this purpose.
An outstanding tribute to the Walkiephone was paid by Sir John Hunt, who
praised the part it played in the victorious assault on Everest.
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Telecommunications N e e —
CAMBRIDGE % ENGLAND
Pye (New Zealand) Led. Pye Canada Ltd. Pye Pty., Led. Pye (Ireland), Ltd.
Auckland C.1., New Zealand Ajax, Canada Melbourne, Australia Dublin, Eire
Pye Radio & Television (Pty.) Ltd. Pye Limited Pye C . fA .
ver lo.lohannesburg( ) Pye Limited, Tucuman 829, Buenos Aires 2;0' pg:EO'{::::e?Bu”?iirg'cZ
South Africa Mexico City Argentina New York 17. N.Y.
PYE LIMITED - - CAMBRIDGE « « ENGLAND
Phone: Teversham 3131 Cables: Pyetelecom, Cambridge
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been making precision potentiometers —
from our first unit (Type 736), on through
the more than eighteen different types
! now in production — we have established
, and are carrying out a research and
%\ development program on new designs
LY and materials, techniques and equipment
. that is constantly improving our
potentiometer reliability. The results of
this program are quickly applied to
production units and these improved
methods and designs are maintained by
comprehensive quality control and
type testing programs.

4
\ Over the twelve years that Fairchild has
| 4

how do you get it?

Reliability in precision potentiometers resolves itself into three
basic factors; longer shelf life, longer rotational life, and longer
environmental life. Fairchild has increased the average shelf and
rotational life expectancy of precision potentiometers far beyond
usually expected life cycles, in one way, by compounding and
using special potentiometer lubricants. Life expectancy and
stability under abnormal operating conditions have been vastly
increased through the use of precision-machined aluminum alloy
case construction. Epoxy resin insulation, one-piece Paliney
conductive springs and contacts, and precious metal alloy
resistance elements, for certain applications, also contribute to
increased life and functional reliability. Whether one or all of

these factors of reliability are important to you, you'll do better to

choose Fairchild Precision Potentiometers. For specific facts, " \ -
write Fairchild Camera and Instrument Corporation, 3 M—&
-, -]

Potentiometer Division, 225 Park Avenue, Hicksville,

Long Island, New York, Department 140-64A2.
PﬁECISION POTENTIOMETERS

ELECTRONICS — January, 1956 Want more information? Use post card on last page. 115



to meet modern
miniature
requirements
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®
TEST IT AND COMPARE!
@ E1-Menco’s Dur-Mica DM20 costs even
less than our famous molded mica capacitors,
® Provides greater versatility — wider applications.
® Tougher phenolic casing assures longer-life
and greater stability through wide ranges in
temperature.
® Parallel leads simplify application in transistor
and sub-miniature electronic equipment including
printed circuits for military and civilian use.

TYpim/
Tem,
£ 'Deraf,
. °r DM20 D‘(’//\"”/emg:"”’-"‘enl Ro,
G

Apeit § 3 955(17;3::(/'[0,,”9e

For Extreme Miniaturization Use Our DMI5

Sy
uNiy PGy - 3000
DMI5 — Up to 510 mmf at 300 vDCw .
Up to 400 mmf at 500 vDCw

Available in 125°C operating temperature.

Minimum capacity tolerance available ;%

or 0.5 mmf (whichever is greater). For your special requirements — we are pleased to offer

infarmation and assistance. Write for free samples and
catalog o your firm’s letterhead.

THE ELECTRO MOTIVE MFG. CO., INC.

WILLIMANTIC CONNECTICUT
®* molded mica ®* mica trimmer
* tubular paper * ceramic

Arco Electronics, Inc., 103 Lafayette St., New York, N. ¥,
Exclusive Supplier To Jobbers and Dealers in the U.S. and Conado
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Two of the new Lee:ona No. 107 Automatic Coil Winders recently installed in the
Clock and Timer Department of the Genera! Electric Company, Ashland, Mass. The last
word in automatic coil winder design, No. 137’s wind paper-insulated coils in stick form.
Automatic operation eliminates human error, reduces wire breakage to a minimum, cuts
production time and ccsts. Inset shows a Type H3 Synchronous Motor, one of many Tele-
chron timing units witl coils precision-wound on Leesona No. 107 machines.

Clock and Timer Department, General Electric Company
selects Leesona Coil Winders as standard equipment

General Electric Department
adds No. 107 machines for proved
production advantages

The synchronous timing motors
made by the Clock and Timer Depart-
ment of the General Electric Com-
pany are famous for accuracy and
dependability.

One reason why is the high effi-
ciency maintained by this department
of the General Electric Company, in
its wide range of coil winding opera-
tions. Leesona Coil Winders are

FOR WINDING COILS

IN QUANTITY... ACCURATELY

... AUTOMATICALLY...USE

UNIVERSAL WINDING MACHINES

standard equipment at General Elec-
tric Telechron plants — and during
a recent expansion of production fa-
cilities, Leesona No. 107 Automatic
Coil Winders were important new
additions.

Leesona No. 107 machines are fully
automatic. Every feature is designed
to produce compact, uniform, paper-
insulated coils — in fastest time —
with minimum operator attention —
at lowest cost. This General Electric
department reports:

““The Short Paper Attachment on

our Leesona No. 107 Coil Winders
is a big advantage. Allowing an
initial paper insert of 174", it elimi-
nates the usual 234” insert when
starting winding. On these particu-
lar coils the result is considerable
savings in wire.”’

Get the Whole Story

on how Leesona No. 107 Automatic
Coil Winders can bring new, profit-
boosting efficiency to your own coil
winding production. For complete de-
tails on this advanced machine — and
other helpful coil winding information
— check and mail the coupon today.

B.5.4

—_———— e e ——

| UNIVERSAL WINDING COMPANY

|

| P. O. BOX 1605, PROVIDENCE 1, RHODE ISLAND, Dept. 121

l Please send me

| D Bulletin on the Leesona No. 107 Automatic Coil Winder.

| D Condensed catalog of Leesona Winders,

| D Bulletin on the new Leesona Pay-As-You-Profit Plans for purchasing or leasing modern

} coil winding machinery.

l INOME e fo L ere e e r eI T aeaons « o » SJoke + o = + e § iore S CERSESTSRSRSISNE © * ¢ 1L Titleee. ovevienineessnenana

: (S II75 050000000 0RO 000000000 30 00 0000000000000000000003000000000000000000
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Continuous Coils
Cut Production

Costs

TRUFLE X° Thermostat Metal Coils Over
%5 Mile Long in One Piece Simplify Fabrication

and Reduce Costs in Thermal Element Manvufacture

The problem ... to obtain thermostat
metal strip in a series of types having
sufficiently uniform dimensional con-
trol and temperature response to be
fabricated into finished parts on auto-
matic machines.

The solution . . . Step 1; the consist-
ent quality of each type of TRUFLEx
tested quickly demonstrated that mass
production by machine was fully prac-
tical for all types.

Step 2; General Plate Division then
supplied the required types in long
coils 3 feet in diameter with center hole
to fit the customer’s automatic ma-
chine arbors. Each coil is a continuous
piece 1800 feet long, by 0.040” thick
and 0.250" wide.

These coils save the customer many
dollars by minimizing idle machine
time and eliminating costly waste of
material in fabrication.

If your products require temperature

METALS & CONTROLS CORPORATION

control . . . indication or compensation,
the accurate performance and uniform
high quality of TRUFLEx Thermostat
Metals will save you money too.
Here’s why! General Plate Division
uses advanced production methods,
combining the best equipment available

with years of manufacturing “know W

how”’, to insure positive consistence in
thermal and mechanical performance of
TRUFLEX Thermostat Metals.

General Plate Division will fabricate
parts from TRUFLEX to meet the spe-
cific mechanical and electrical perform-
ance demands of your particular appli-
cations. Or, if you prefer to make your
own parts, General Plate Division will
supply TRUFLEX Thermostat Metal in
strip to meet your specifications.

Write today for your copy of the new
TRUFLEX Thermostat Metal Catalog.
Engineering assistance available with-
out obligation.

GENERAL PLATE ELECTRICAL
CONTACT KIT
FOR LABORATORY
AND DEVELOPMENT USE

Kit K11 contains a wide as-
sortment of silver rivet con-
tacts; Kit K12 has represen-
tative standard button con-
tacts. Also included are metal
strips for fabrication of contact
parts. These kits are available
at nominal cost.

GENERAL PLATE DIVISION

111

FOREST STREET,

ATTLEBORO, MASS.

You can profit by using
General Plate Composite Metals!

Want more information? Use post card on last page.
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THE ENGINEERING S
INTERESTED L

TAFF AT NJE

FROM:
N HIGH VOLTAGE

10: ENGINEERS

SUBJECT: What is Mature Design ?

" Industrial High—Voltage power
good example of mature designe.

our vHg-line
of all applications.

supplies are a

e 23 stock models
® They are completely safe.
e They protect themselves against abuse and/or mishape.
ery flexible——reversible polarity,
100% voltage control,

out adjustment.
and relatively light. They mount in
They make a strik
ses the same

planket 95%

wide-range trip-

® They are compact
T cabinet.

rack ©
® Their simple, logical design 4
circuit, the Same components, the same techniques
his means purchasing and
eflected in

over and over again.
mass-productlon 5avings,

our prices:
aid before=, with the introduction of our H-1ine€,

HIGH VOLTAGE

As we have S

COMES OF AGE!

Assembly of H-line
connolpands.Aﬂ
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Two new Mallory vibrator models, de-

veloped for general commercial use, %
provide performance to meet military
specifications . . . without extra cost! o

SERIES 1850
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New Mallor self-reéying vibrators
lead in long life, and dependable service

New construction. A new kind of leaf spring con-
struction puts extra life and performance into the
self-rectifying vibrators now available from Mallory.
The contact arms attached to the vibrating reed
are dual springs. This design effectively prevents
“bounce” of the contacts to give clean make-and-
break action, and provides dynamically balanced
self alignment. .

Count on them for longer life. Stopping of contact
chatter eliminates a major source of contact wear . . .
assures far longer service in every vibrator, minimiz-
ing danger of occasional early failure.

Engineered to fill the need for a premium-perform-
ance vibrator of this type for commercial power sup-
plies, these new Mallory models are capable of meet-
ing stringent military requirements. They can be

Serving Industry with These Products:

Electromechanical—Resistors e Switches o Television Tuners e Vibrators
Electrochemical—Capacitors e Rectifiers ¢ Mercury Batteries
Metallurgical—Contacts ¢ Special Metals and Ceramics * Welding Materials

Parts distributors in all major cities stock Mallory
standard components for your convenience.

120 Want more information? Use post card on last page.

relied upon to deliver the extra service you need . . .
without premium price. For technical data, and for

a consultation on your power supply requirements,

write or call Mallory today.

New Heavy Duty Mallory Vibrator

The new 1700 series Mallory split-reed “‘communi-
cation type” vibrator* uses special alloy leaves
which serve both as contacts and as springs . ..
eliminating usual button contacts. Life is up to
100% longer, constancy of output improved, and
driving power reduced. The new design is available
both as a split-reed model for 6/12 volt service, and
in a Duplex heavy-duty model without split-reed
construction. For information, write or call Mallory.
*Patent applied for

Expect more... get more from

ALLORY

P. R. MALLORY & CO,,

inc., INDIANAPOLIS &, INDIANA
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W. W. MacDONALD, Editor

» FUTILITY? ... Referring again
to the editorial entitled D.O.A.,
which appeared here in November
and was followed up in December,
it is interesting to note that several
tv. manufacturers reported unex-
pected increases in the sale of
higher-priced sets in the last quar-
ter.

There could be many reasons for
this switch away from rock-bottom
leaders on the part of the public.
Among them, it is possible that
people who have had their fingers
burned by shoddy merchandise hope
they can get good merchandise by
paying more for it.

This may or may not be so
at the moment, depending upon
whether the additional dollar went
into the chassis or into the cabinet.
But it does indicate that the
pendulum may be swinging back
toward quality.

» REVERSE ENGLISH ... As the
trend toward greater automation
continues, more and more manufac-
turers of machinery will get mil-
lion-dollar orders largely on the
strength of thousand-dollar elec-
tronic controls. And in many in-
stances the controls will be made
by somebody else.

Where the somebody else is an
established maker of electronic
equipment our industry will grate-
fully accept the new business and
run. If history repeats there will
be little thought on the part of the
average electronics manufacturer
about the relative size of the two
orders, the thousand-dollar and the
million-dollar package.

What prevents an occasional
manufacturer of electronic controls

ELECTRONICS — January, 1956

CROSS

TALK

from building or buying materials-
handling, or production, or pack-
aging machines for sale in com-
bination with his controls? Must
the tail always wag the dog?

» UPSET THEORIES . .. Up in
the northland, near the spot where
Marconi’s first transatlantic wire-
less message was received 55 years
ago, is a scatter-propagation station
pushing radio signals hundreds of
miles on a frequency believed for
many years limited to just a little
more than line-of-sight distances.

This reminds us that prior to
1901 many scientists thought that
“magnetic signaling” would for-
ever be limited to a maximum range
of 165 miles.

» NO SMUGNESS . .. No industry
is more reliant upon new technical
developments for its future markets

LOOKING AHEAD . . .

JANUARY e 1956

than the electronics industry.

The president of one of the
largest companies in the field ex-
pressed this well in a recent speech
in which he said “In our own com-
pany last year, forty-eight percent
of our sales were in product lines
which our research laboratories and
engineers have developed within the
past 10 years.”

Even more significant because it
promises continued growth was his
statement that “There is no such
thing as an entrenched and un-
assailable position in the electronics
or appliance business.”

» CRYPTOGRAM . .. One of our
most eryptic critics says the word
“reliability” is rapidly becoming as
meaningful as the words ‘“high-
fidelity.”

We’ll be cryptic too, and leave it
right there.

Rash of new-year market surveys, extreme activity of public-
relations people, indicates increasing industry interest in com-

mercial versus military business

Desire for shallower television-receiver cabinets points toward
110 or even 120-degree picture tubes; engineers are burning mid-
night oil to develop deflection circuits

Growing importance of electronics market to machine build-
ers accustomed to leasing equipment could spread lease idea
further as, for instance, in the instrument field

Electronics and other engineers are doing a lot of serious
thinking about the nature of gravity; maybe it would help to
think about it as a combination of centrifugal forces from outer
space pressing upon the earth rather than as a pull from within

the planet

21



Transistors Up Reliability

UMMARY

Four-channel broadecast remote pick-up amplifier similar to

conventional equipment operates either from power line or internal batter-

ies. Automatic cut-over relay prevents loss of program. Printed circuits help

keep weight to 17 pounds

D EVELOPMENT of low-noise, low-
cost, hermetically sealed tran-
sistors has opened the door to
another area of products that can
be transistorized. The broadcast re-
mote amplifier is an example of a
product in which transistors may
be used exclusively without any
sacrifice in cost or performance.

In addition, many new perform-

By PAUL G. WULFSBERG

Assistant Director
Reseurch and Development
Collins Radio Co.
Ceduar Rapids, lowa

ance features may be achieved that
were previously beyvond the state of
the art. Although little has been

published on the use of transistors
in high-fidelity audio circuits, they

are well suited to this field, espe-
cially since they have the virtue of
producing no miercphonics. Reli-
ability, which 1is important in
broadcast equipment, is well served
by the increased life of transistors
and the fact that they are not sus-
ceptible to catastrophic failures but
rather to a gradual decline in per-
formance. This graduzal decline is

Operating engineer using the self-contained transistor remote pickup broadcast and public address amplifier

122
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of Broadcast Remotes

e

S

s

Printed wiring boards shown as normally attached (left) and removed (right) to show components attached to underside

readily spotted in routine perform-
ance checks and does not cause pro-
gram outages. This article de-
scribes the design considerations
and details of an amplifier which
takes advantage of new transistors
now available in production quan-
tities.

The broadcast remote amplifier
is, in reality, a portable studio con-
sole. It permits the broadcast sta-
tion to move the studio out to the
program source and usually in-
volves the use of several micro-
phones. For example, a sporting
event such as a football game may
use as many as four microphones
for full coverage of the event. The
various microphone outputs are
suitably mixed and amplified to a
level of zero to +8 vu (+10 to +18
dbm) for transmission to the main
studio over wire lines.

Customer Preferences

Design details of the remote am-
plifier were influenced by answers
to a questionnaire mailed to a rep-
resentative sample of broadcasting
stations across the country. Among
the features desired are a power
source of both 115-v a-c and bat-
teries with automatic power change-
over when a-¢c power fails. Self-
contained batteries with life of
approximately 50 hours (25 hours
minimum) are wanted. Maximum
gain specified was 90 to 100 db.

ELECTRONICS — January, 1956

Also requested was a bridging vol-
ume control for public address feed
and tone oscillator for line-level
setup.

Preamplifier Problem

The first problem considered was
suitability of transistors in low-
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FIG. 1—Noise figure vs frequency for
selected samples of 2N106 type transistors

level preamplifier service. After
testing many transistors for noise
figure, it was found that a pream-
plifier could be built with perform-
ance comparable to that of the best
studio consoles. Figure 1 shows
the curve of noise figure vs fre-
quency for selected samples of type
2N1G6 units.

Although the noise factor for
frequencies below 1,000 cycles is
not too impressive, the mean aver-
age noise for a 15-k¢ bandwidth is
only about 3.6 db, which is con-
sidered acceptable, Noise power
output of an ideal resistor of any
resistance value for a bandwidth

www.americanradiohistorv.com

of 20 ke (typical for broadcast am-
plifiers) is —124.8 dbm.

The final design of this amplifier
provides an equivalent noise input
as low as —120 dbm (60 db below
a —60 dbm input) which is only 5
db above the ideal amplifier. The
input impedance of the grounded-
emitter circuit used is about 1,000
ohms. Since it was found that the
mismatch losses between the micro-
phone and the transistor were only
1 to 5 db, as shown in Fig. 2, the
usual input transformer was elimi-
nated. This also eliminated the
hum pickup and frequency-response
problems associated with this trans-
former.

The weight aund cost saved by
eliminating the input transformer
made practical high-level mixing
through the use of individual micro-
phone preamplifiers. In vacuum-
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FIG. 2—Mismatch loss between microphone
and transistor is slight enough to eliminate
transformer
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FIG. 3—Elements of the transistorized broadcast remote pickup amplifier. Detail of two input stages similar to others has been elimin.
ated for simplicity. Complete circuit detail is given in Fig. 4

tube designs, high-level mixing is
not nearly so easily attained since
the battery drain for individual
preamplifiers is high and multiple
input transformers are heavy and
costly.

As illustrated in Fig. 3 and Fig.
4, the individual preamplifiers are
followed by ladder type input fad-
ers, Outputs from the four faders
are paralleled and fed to the sec-
ond preamplifier stage, which is

nearly a duplicate of the input
stage. The booster stage follows,
using a less-expensive higher-noise
transistor.

Owing to the high level from this
point and on, noise is no longer

TR
R, 3K/15 TR TRe 33K 3K/15 2Na4 47K
2NI06 2NI06 LADDER NETWORK 2N64 T,
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* MULTIPLE | o
3K/ 15K | TRy 2N44
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OFF~ ~ON =
47
__ A\ TonE 3ok 150 43K : LNE
i e {ox VUMETER §~ o
00K 2N63 — s 18K) 560
3 28 A HIGH $54
28 F~ OFF\ a7 347
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FIG. 4—Complete diagram of the remote amplifier shows that it can be operated from power line for best economy but switches
automatically to batteries in event of power failure
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a design consideration. This con-
dition is indicated in Fig. 5,
which shows typical operating lev-
els throughout the amplifier. The
booster stage is followed by the
master gain control that is used for
initial output level adjustment and
is not normally varied during a
broadcast. Both the input and mas-
ter gain attenuators use a 2-to-1
step-down impedance for low inser-
tion loss.

Output Circuits

The master gain control feeds
the driver stage, which in turn
drives the high-level push-pull out-
put stage. Techniques for achiev-
ing the high-fidelity characteristics’
of this section have been described.
The output transformer feeds the
line through suitable switching as
shown in the diagrams. It has a
second output winding for feeding
a bridging load, normally the public
address system often used for the
audience present at the broadcast.

This eliminates the need for sep-
arate public-address microphones
and gives the engineer better con-
trol of the local public address sys-
tem, since it may be operated by
another person not concerned with
the broadcasting end of the pro-
gram.

Other Circuits

A tone oscillator, employing a
Colpitts circuit, is used to provide
400 cycles for advance circuit line-
up to the main studio. It is fed
through the TONE switch to the
second preamplifier. The micro-
phone circuits are cut when the
tone oscillator is in use.

The power supply for the am-
plifier permits either a-c or battery
operation. The a-c supply uses a
full-wave cireuit employing a pair
of 1N48's to give an output of 22.5
volts at 15 to 20 ma. The total g-c
power consumption from the line
is 1.5 watts.

Emergency Battery

In case of a-c power failure, a
relay automatically transfers to the
battery supply, preventing program
outages. Several instances have
been reported in which this feature
has been valuable in a previous de-
sign. However, in one case where

ELECTRONICS — January, 1956
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FIG. 5—Typical operating levels in dbm throughout amplifier

the announcer was covering a col-
legiate basketball game, the power
and light failure caused the game
to be halted, leaving the announcer
with an operating amplifier but no
game to broadcast.
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FIG. 6—Response and output level taken
at 15 dbm output

As will be noted from the sche-
matic diagram, extensive filtering
is employed in the power supply
to control hum and noise. One of
the characteristics of transistors
appears to be the need for well
filtered supply voltages.

Battery power consumption is
350 milliwatts, which is only about
one-third that of a typical heater-
cathode tube filament. An addi-
tional 4.5-volt battery may be used
if desired for vu meter illumina-
tion. An interlock switch prevents
the power from being left on when
the unit is in its carrying case.

Printed Circuits

Printed circuits are used exten-
sively in the amplifier to reduce the
space and cost factors. It is also
expected that uniformity from unit
to unit will be improved with
printed circuits, For maximum
strength and resistance to heat
and humidity, glass-base epoxy res-
in type boards, shown in the photo-
graph, are employed.

The remaining components are
for the most part fastened directly
to the chassis proper. The a-c power
supply is, however, mounted on a
separate bracket and may be seen
at the lower center of the photo-
graphs. The batteries are mounted
in such a way that they cannot be
seated if they are reversed in polar-
ity. This prevents damage to the
transistors from operator error.

Performance Summary

The performance of the ampli-
fier in its final form has exceeded
expectations. Weight of the com-
plete units including batteries is
only 17 pounds. The carrying case,
used like a portable typewriter
case, adds five pounds additional
weight bringing the total to 22
pounds. The height of the ampli-
fier scarcely exceeds five inches,
and the volume of the unit is half
that of its predecessor.

Figure 6 shows the response and
distortion taken at an output level
of 4+15 dbm. The measured equiv-
alent noise input is —116 to —120
dbm and the gain into the line pad
is 96 db.

The amplifier shows that tran-
sistors have their place in high-
fidelity circuits, particularly where
portability and low battery power
are important. In this particular
unit, battery power was reduced by
a factor of 15 over the previous de-
sign. The absence of microphonics
in transistors is another advantage
which in some applications, such
as hearing aids, is important. This
feature should make transistors
useful in the preamplifier stages of
studio consoles, especially since the
noise factor has been recently im-
proved.

REFERENCE
(1) Robert L. Riddle, High Fidelity

Transistor Power Amplifier, ELECTRONICS,
p 174, Sept. 1955.
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Top view of control relay shows arrangement of circuit components with explosive squib at lower right-hand corner

Fuel Cut-Oif Control

UMMARY

Low-frequency audio signal applied to relay cuts off missile

fuel. Parallel-T feedback network provides stable, high-Q selectivity over

2-to-1 range of frequencies. Built-in low-power gamma-ray source stabilizes

operating potential of neon voltage regulator

ESIGNED for use in conjunc-
tion with a radar-beacon sys-
tem as as fuel cut-off control for
guided missiles, frequency selectiv-
ity and stability of operating po-
tentials were factors of prime con-
sideration in the development of an
audio-frequency operated relay.
Subminiaturization  techniques
were used to develop the unit
shown in the photograph. The com-
plete unit measures only 6% inches
end to end.

Selective Circuit

By developing a tunable paral-
lel-T feedback circuit, stable high-Q

selectivity was obtained over a
2-to-1 range of audio frequencies.
Tunable from 88 to 154 cps, the
input circuit in the schematic of
Fig. 1 comprises a center-fed paral-
lel-T network connected between
the plate and grid of high-trans-
conductance triode V,,. By center
tfeeding the network, several ad-
vantages are obtained. The R-C in-
tegrating network formed by the
input circuit greatly reduces any
response to noise and transients.
For maximum Q, a parallel-T
network should feed into as high
an impedance as possible. If the
grid end of the network were used

as signal input, the relatively low
impedance of R, plus the generator
impedance would shunt the output
of the parallel-T. The resultant loss
of Q would be detrimental to the
performance of the circuit, espe-
cially when the center frequency
is detuned from the point of best
symmetry. This effect is substan-
tially reduced by feeding the net-
work at the center or low-impe-
dance point. At the same time, a
high degree of stability is obtained
due to the integration of the in-
put signal.

Oscillation will occur in all phase-
shift networks whenever too much

INPUT = 24 +150V
ISMV RMS 1002 27K
R, 100K
120K STOIK
mox?
F002 Qo
3t EXPLOSIVE
100K
SQUIB_
F0.05
Rs
1
$68F7W
25K
470K K= X 1000

FIG. 1—Selective a-f control relay. Radium-coated metal band encircles V; to stabilize its operating potential. Squib consists of carbon
element, which when heated ignites a small explosive charge that propels a silver pin between two contacts
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Bottom view of control relay shows arming pin inserted in switch (safe position). Neon requlator with radium band is at center

for Guided Missiles

By GERALD L, ZOMBER and DONALD MACMILLAN

gain is applied for a given amount
of feedback. Gain of the amplifier
is controlled by R, which is ad-
justed for the desired Q. The cir-
cuit will provide stable Q values
up to 100. Rheostat R, controls
phase shift and sets the frequency
of the selective circuit.

Voltage Regulation

Since variations in the plate sup-
ply could cause instability, voltage
regulation of the input plate supply
is essential. Therefore, tube V,; is
utilized as an open-loop shunt reg-
ulator, with an NE-2 neon lamp,
Vi, serving as a voltage refer-
ence. It was found that the ioniza-
tion and operating potentials of
this neon tube could be stabilized
by subjecting its elements to low-
power gamma radiations. To ef-
fect this, a small precious-metal
band containing a microgram of
radium was glued around the en-
velope of the NE-2 using glyptal
cement,

Resistor R, is selected to provide
4128 v at the cathode of V,,.

A conventional a-c amplifier hav-
ing a gain of approximately 400 is
used to bring the signal level up to
an amplitude which, after rectifica-
tion, is sufficient to cut off V...

In the quiescent state, V., and

ELECTRONICS — January, 1956

Avion Instrument Corporation
Paramus, New Jersey

Vs conduct essentially equal cur-
rents. Since their plate voltages
are nearly equal, no net potential
exists between the plate and cath-
ode of thyratron V,, so that this
tube is not conducting.

When a signal of proper ampli-
tude and frequency is applied to
the input, it passes through the
selective portion of the circuit and
is rectified by the 1Ul. Resulting
negative voltage drives the grid of
Vei to cutoff. This action causes
the plate potential of Vg to rise,
thereby charging C, As this
charging voltage reaches a level
sufficient to fire neon lamp V,, the
consequent flow of current through
E; increases the grid voltage of
thyratron V, until it fires. This
action permits C, to discharge
through the squib, provided the
switch is in the armed position
(arming pin withdrawn). Ignition
of the squib sets off a tiny explo-
sive charge that closes the output
circuit, thereby closing a solenoid
valve to cut off the fuel supply of
the missile in which it is installed.

Safety - Feature

When the arming pin is inserted -

in the switch, resistor R, is sub-
stituted for the explosive relay and
the latter is connected in series

wwweamericanradiohistorv.com

with B+ to apply voltage to the
plate of V.. If the explosive squib
should be open circuited, the anode
of Vu will be at or below ground
potential, so that V, will have no
cathode bias. In this case, it would
fire before V; fires and V, would not
glow. This indicates a defect in the
squib circuit. Failure of any tube
will cause the unit to remain in-
operative, since C, will not be
charged and the squib will not
ignite. Also, in case of plate or
heater voltage failures, the squib
will not ignite.

Other Applications

Besides its application as a fuel
cut-off control for missiles, this se-
lective a-f control relay may be
used, upon substitution of a suit-
able relay for the explosive squib,
as a telemetering-switching-com-
mand detector in missiles, radio-
sondes, weather balloons and as a
relay in other remotely controlled
devices.

Development of this device was
sponsored by the U. S. Army Sig-
nal Corps.

The authors appreciate the assis-
tance and encouragement rendered
them by the engineers of the GMI
Branch, Radar Division, Evans
Signal Laboratory, Belmar, N. J.
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Solution of five-component chemical kinetics problem requires only five of computer’s ten amplifiers

Ten operational amplifiers, power supplies and

detachable problem board comprise a . . .

UNDAMENTAL BEHAVIOR of phys-
Fical systems, whether elec-
tronic, aerodynamie, mechanical,
acoustic or other, is best described
by differential equations. With
a simple computer, an unlimited
number of practical system equa-
tions may be solved even more
easily than setting down the ex-
plicit equations themselves.

Elaborate electronic computers
are an indispensable aid in solving
complicated problems like the sta-
bility of high-speed aircraft or the
accuracy of fire-control systems.
Appropriate emphasis is placed on
accuracy and versatility so that the
most complex problems can be han-
dled. Economic considerations are
entirely secondary.

By contrast, the computer in the

128

photograph provides the same fa-
cility for solution of everyday prob-
lems in differential equations that
the desk calculator gives for prob-
lems in arithmetic—with compara-
ble investment and operating econ-
omy.

The computer is applicable to
monitoring or control of industrial
processes, solution of closed-loop
problems in the laboratory and the
analysis of regulating systems or
devices. In addition, the computer
provides an ideal means for study
or demonstration of differential
equations, Laplace transforms, ex-

ponential functions, modulation,
oscillating systems, logarithmic
decrements, damping factor and

other aspects of mathematical or
physical systems. Accessory equip-

Simplified Analog

ment can adapt it for the solution
of general nonlinear problems.

Theory of Operation

The computer is an electronic
differential analyzer which solves
physical or mathematical problems
by analogy between two sets of
equations. One set of equations ex-
presses the problem which the com-
puter is asked to solve. The second
set is set up by the computer opera-
tor to form a consistent quantita-
tive analogy between the two sets
of equations.

The computer yields the time-
dependent solution of differential
equations automatically through
the use of operational amplifiers.
These units provide the fundamen-
tal functions of integration, multi-
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FIG. 1—High-gain d-¢ amplifier FIG. 2—Amplitude transfer characteristics of d-c amplifier
UMMARY - Everyday problems in differential equations yield to solu-

tion by compact analog computer that sacrifices extreme accuracy and elab-

orate design but is sufficiently versatile to handle the most complex problems

Computer

plication or division by a constant,
addition, subtraction and sign
changing required to reduce the
differential equations to a closed
representation in analog form.
Rules of procedure permit progres-
sive setup of the differential equa-
tions to be solved through repeated
integration and summation of terms
to find the variables of final interest.

Operational Amplifiers

The ten operational amplifiers in
the computer are identical. Using
the circuit of Fig. 1, each amplifier
meets the requirements for reliable
and accurate performance in an
electronic analog computer in-
tended for both repetitive and ex-
tended time solutions.

The amplifier employs a 6AU6

ELECTRONICS — January, 1956

By VICTOR B. COREY

Technical Director
Donner Scientific Company
Berkeley, California

high-gain input pentode, V,, and a
direct-coupled 6BQT7A dual triode,
V. operated as a cathode-follower
output. The load impedance of the
cathode follower is a series ar-
rangement of an OA2 voltage-
regulator, V,, and one triode sec-
tion of a 6BQ7A, V.. Returned to a
regulated source of —300 v, V,
maintains essentially constant plate
current over a wide range of plate
voltage. An output voltage bal-
anced about zero for zero input
voltage is generated with respect to
ground at point 4. The second
triode section of V, serves a dupli-
cate function for an adjacent opera-
tional amplifier.

Coarse d-c balance potentiometer
R. compensates for gross offset in
output voltage at zero input volt-

age. The fine d-c balance poten-
tiometer R. has a more limited
range and is used for final setting
of 6AU6 cathode potential to make
zero output voltage correspond with
zero potential on the input grid.
Once this adjustment has been
made, output voltage will be pro-
portional to input voltage over an
output range of =100 volts.

The conductance through R, and
R, changes the cathode potential
of V. in the same direction as the
output voltage. This is equivalent
to an increase in the potential at
the input grid and represents posi-
tive or regenerative feedback.
Thus less signal is necessary at the
input grid to obtain a given output
voltage. Increasing the conductance
of the feedback path by decreasing
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R, can increase positive feedback to
the point of infinite gain so that
the ratio of output voltage to the
signal on the input grid increases
without limit. Infinite gain can be
achieved under one set of operating
conditions, but the changes in tube
characteristics over the operating
range impose a practical limit on
average gain at the extremes of the
range,.

Characteristics

Experimental measurements of
output voltage versus input voltage
for a typical amplifier are shown
in Fig. 2. Infinite gain over the
full operating range would be
represented by a horizontal line
through the origin extending from
—100-v output to +100-v output.
The curve for the unloaded ampli-
fier (R, = «) shows that a maxi-
mum grid signal of 5 mv is re-
quired for operation over the full
+100-v range and that average
gain over most of the range is
greater than 40,000. The lowest
value of average gain under full
load (R, = 20,000 ohms) is 10,000
at +100-v output, where an input
of —10 mv is required. Even un-
der full load, average gain exceeds
30,000 over most of the operating
range,.

The amplifier of Fig. 1 is shown
symbolically in Fig. 3A. Gain A is
high and the input and output are
of opposite polarity.

When a high-gain amplifier is
used in an analog computer it is
made an operational amplifier by
adding two passive external im-
pedances, as shown in Fig. 3B*. Im-
pedance Z, is connected in series
with the input voltage e,. Imped-
ance Z, is connected directly be-
tween output and input of the am-
plifier and introduces negative
feedback. In Fig. 1, Z, would be
connected between point A and the
grid of V..

The value of grid current for V,
has been found consistently below
1 millimicroampere under normal
operating conditions. Since -cur-
rents in Z, and Z, of Fig. 3B will
nearly always be between five hun-
dred and five million times this
value, the grid current may safely
be neglected.

130

— ]
‘ AN
e il
-A Z; -A
i
€in . €, €; e,
@ = ®)
i i Cr
1 1
71
=} )
1,
-—2~» 1 R :
€2 [ h - a2
—{z -2 M A
L PE— B == € ey
5 —i— & e, &
_I__ IF Al SO THAT ¥ :0 = IF e 0
AND IF ig: 0, THEN
) IF 170, e°:'a"c' Sue; dtveg]e,,
en=2|e| (Z/2)
(C) (o)
FIG. 3—High-gain amplifier (A) is converted to operational amplifier (B) by

external impedances. Amplifier can be used for summation (C) and integration (D)

With the addition of Z, and Z,,
the gain of the amplifier becomes
independent of all circuit param-
eters except Z, and Z,. The gen-
eral case is illustrated in Fig 3C
where n separate voltages e, €., e
. ... e are fed to the amplifier
through n input impedances Z,, Z,,
Zs . ... Z,. A single impedance
Z, is connected directly between
input and output of the amplifier.

For algebraic summing of input
voltages, sign changing and multi-
plication or division by a constant,
impedance Z, and all input imped-
ances are resistances. In practical
operation the ratio R,/R, is not
allowed to exceed 50. For integra-
tion, impedance Z, is a capacitance
and the input impedances are re-
sistances. The characteristic opera-
tion of such an arrangement can
be seen in the simple integrator of
Fig. 3D. Since i, = 0, the current
through R. is continuous with the
charging current on C,.

1f the voltage across the capaci-
tor is V and its instantaneous
charge is ¢(t), the charging cur-
rent is

1(t) =dq(t)/dt = d(VC,)/dt = C,(dV/dt)

But the negative feedback opera-
tion of the high-gain amplifier
keeps e, = 0 so that the input grid
is held at ground potential for any
normal value of output voltage.
The current equation therefore be-

comes
/R = C/(dV/dé) =
1t follows that

1 3
T RC, j; edt + e5)is
The arbitrary constant of inte-

gration e,],., is supplied by the
voltage across C, when ¢t = 0.

= C/(deo/dt)

€ =

Differential Equations

By more complicated input and
feedback impedances, single opera-
tional amplifiers may serve a va-
riety of special functions such as
the generation of the electrical
analogs of Laplace transforms.
However, the amplifiers’ basic role
in the computer involves their use
in combination to solve differential
equations.

To solve such a problem with the
computer a formal procedure® may
be adopted in which it is assumed
that an input signal representing
the highest derivative is available
to a specified operational amplifier
in the computer. If this amplifier
is connected as an integrator, its
output voltage will be proportional
to the next lower derivative with
sign reversed. This voltage may
serve as input to the next opera-
tional amplifier, again connected as
an integrator and the process re-
peated.

The highest derivative in the dif-
ferential equation to be solved by
the computer may be expressed
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mathematically in terms of lower
derivatives, the dependent variable
itself and the driving function. As
a final step in setting up the com-
puter to solve the problem, the
highest derivative is so expressed in
circuit form. Lower order terms
are taken from the operational
amplifier outputs where they are
assumed to be generated through
integration.

The input driving function is
supplied from an external function
generator or synthesized by other
operational amplifiers in the com-
puter. All terms are combined in
the proportions specified by the dif-
ferential equation and fed into a
summing amplifier., Any necessary
changes of algebraic sign are in-
troduced by additional operational
amplifiers.

Output of the summing ampli-
fier is connected to the amplifier
input where the highest derivative
was first assumed to exist. Alter-
natively, the summing operation can
be combined with the first integra-
tion in a single operational ampli-
fier. When the highest derivative
is synthesized in the proportions
specified by the differential equa-
tion, the unique requirements of
the equation are imposed on the
solution delivered by the computer.
To generate the correct definite
integral at the output of each
operational amplifier connected as
an integrator, it is necessary to
apply the initial condition voltages
which correctly define the various
constants of integration. These
voltages are maintained by sepa-

rate sources until the time ¢t = 0
when the voltage sources are simul-
taneously disconnected and the

problem 1is released to the com-
puter for solution.

Functional Arrangement

The computer comprises the am-
plifier section, power supply section,
cabinet and problem board. The
amplifier panel and power-supply
panel are the upper and lower sec-
tions of the computer. The com-
pletely detachable problem board
plugs into two multiconductor con-
nectors near the bottom of the
power-supply panel.

The amplifier section contains
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ten operational amplifiers, ar-
ranged side by side on a single
chassis.

The front panel of the amplifier
section is furnished with controls
for both selection and adjustment
and a 4% in. zero-center meter. A
row of lights near the top of the
panel indicate actual or approach-
ing overload for the operational
amplifiers.

The power supply section con-
tains the main regulated power
supplies for the operational ampli-
fiers, separate regulated initial-con-
dition power supplies with their
output controls, relays and con-
nectors.

The two multiconductor con-
nectors near the lower edge of the
panel carry the amplifier and relay
connections to the problem board.
To minimize crosstalk between am-
plifiers, all the amplifier input wir-
ing is routed through the connector
at the left while the connector at
the right carries the wiring from
the amplifier outputs. For the same
reason the ten compute-reset relay
poles are divided into two equal
groups which are routed separately
through the two connectors.

The main positive and negative
high-voltage power supplies for the
operational amplifiers are individ-
ually electronically regulated to ap-
proximately 0.25 percent for line-
voltages changes from 105 to 125
v and amplifier loads up to 5 milli-
amperes. The negative supply,
which delivers a regulated voltage
—300 v at 130-ma constant load
current, is controlled with respect
to the voltage drop across an QA2
voltage regulator operated at con-
stant current. The positive voltage
supply uses the regulated voltage of
output of the negative supply as a
reference and delivers 370 v at load
currents up to 180 ma.

The problem board provides con-
nections between operational am-
plifiers and external computing ele-
ments which generate the electrical
analogs of differential equations.

Each problem board is furnished
with a bottom cover plate which
serves as a shield and reduces 60-
cycle hum on any amplifier output
to an unimportant level.

The compute-reset relays main-

tain an independent initial-condi-
tion voltage across the feedback
capacitor of each operational am-
plifier used as an integrator until
the problem is released to the com-
puter for solution. Thereupon the
compute-reset relays disconnect
each integrating capacitor from its
initial-condition power supply and
connect the input of each opera-
tional amplifier used as integrator
to the proper driving point in the
circuit analog.

Hold-Operate Relays

During normal reset or compute
operations the hold-operate switch
is kept in the operate position. The
hold-operate relays remain deener-
gized in this position. The center
terminal of each relay group is di-
rectly connected to the pole of its
compute-reset  relay. However,
when the switch is thrown to HOLD,
the hold-operate relays are ener-
gized and the center terminal of
each relay group is disconnected
from its compute-reset relay pole.

The hold function is used when
problem solution is to be inter-
rupted temporarily for examination
or change of parameters or scale
and then resumed.

Two or more computers may be
used as a single larger computer.
To synchronize compute-reset
operations the two-conductor com-
pute-reset plugs at the lower rear
of the computer cabinet are con-
nected in parallel for all computers.
Operation of the compute-reset
switch of any one computer pro-
duces simultaneous operation of the
compute-reset relays in all com-
puters combined with it. A similar
arrangement may be used to syn-
chronize the hold-operate function.

Many design aspects of this com-
puter are directly related to char-
acteristics of simplified analog
computers originated by the Sys-
tems Development Section, Aviation
Ordnance Department, Naval Ord-
nance Test Station, Inyokern, Cali-
fornia, and used there since 1949.
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THE FRONT COVE3—Tool setup for cutting intricate shape in aluminum oxide in a simgle operation, note finished workpiece
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Ultrasonic Machining of

UMMARY

Slicing or cutting germanium, silicon, quartz, ferrites,

glass-bonded mica and other materials at high speed by impact grinding

results in greater precision and makes possible a great variety of shapes

EMICONDUCTOR DIODES and tran-
S sistors, as well as complex
ferrite and ceramic shapes, must
be produced in volume and at min-
imum cost. Since no compromise
in precision ean be allowed, con-
ventional machining methods are
no longer adequate. All these re-
quirements are met by ultrasonic

Qg

(A)

impact grinding, with significant
advantages.

The processing of germanium,
silicon and quartz for diodes, tran-
sistors and frequency-control crys-
tals is performed in two operations:
slicing and dicing.

In the first operation, boules of
the material, usually between 0.5

(B)

inch and 1.25 inches in diameter,
are sliced inte thin wafers.

After being sliced, the wafers
are cemented flat onto a glass or
ceramic block and cut into small
squares or disks or into rectangular
bars. This operation is called die-
ing.

Slicing and dicing have usually

FIG. 1—Tool for slicing quartz crystals showing quartz boule and waters (A) machined ferrite core (B) and ceramic-spacer holes cut

to close tolerances (C)
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to another, providing great versatility

tion of the tool shape in the workpiece

ULTRASONIC IMPACT GRINDING

® The cutting tools are rugged and usually inexpensive

® Attaching tools to the machine is simple. The setup is readily changed from one tool
® The operating principle insures sharp edges on every cut, as well as perfect duplica-

® Since tool shape is duplicated in the workpiece, there are mo restrictions on the
shape to be cut. Tools can be round, square, triangular or any other shape

® Because lapping grades of abrasive are used to do the cutting, a fine surface finish
is produced which requires a minimum of subsequent surface lapping

By MAURICE S. HARTLEY*

Director of Engineering
Sanborn Company
Cambridge, Mass.

Brittle Materials

been done by means of diamond
wheels ganged on an arbor to give
the desired wheel spacing. This
method has several drawbacks:
diamond wheels are costly, and very
thin wheels are subject to break-
age; much time and skill are re-
quired to assemble an arbor of
precisely spaced wheels, thus re-
stricting the versatility of the gang-
ing setup; diamond sawing tends
to leave rough edges at the edge of
each cut, especially in deep cuts,
so that extensive lapping is re-
quired to finish each wafer; a
diamond wheel cannot be used for
dicing round disks from the wafer.

Impact grinding offers a number
of advantages, the most important
of which are listed in the box.

In ultrasonic impact grinding, as
with diamond-wheel cutting, there
are limits to the area which can
be machined in one operation.
Also, it is not possible at present
to slice wafers thinner than 0.015
inch with consistent results.

Figure 1A shows a multiple-blade
cutting tool assembly, mounted on
its supporting and driving tool
cone, with typical erystal wafers.
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Designers of magnetic cores for
high-frequency transformers, elec-
tronic computer switches and micro-
wave transmitting devices can now
explore the advantages offered by
the electrical and magnetic prop-
erties of ferrite crystals.

By means of impact grinding,
this material can readily be shaped
in one piece with sharp corners
and precisely oriented sides. More-
over, the core is not subjected to
stress during machining.

The ferrite core shown in Fig.
1B was cut from an 0.125-inch
thick single crystal wafer in less
than two minutes. The procedure,
developed for the study of domain
patterns in ferrite, involved six
steps. Each ferrite crystal was
first x-rayed to determine the
orientation of its lattice structure,
then mounted on a rectangular
steel block with the edges properly
located. The block was mounted on
a rotary table which was placed
on the worktable of the impact
grinder. This arrangement per-
mitted the crystal to be positioned
at any desired angle with respect
to the face of the soft-steel tool.

For each cutting, 600-grit boron-
carbide abrasive in liquid suspen-
sion was dammed around the
crystal with modeling clay. Grind-
ing was accomplished without pro-
ducing stresses that might have
affected the internal structure of
the crystal.

Glass-Bonded Mica

Glass-bonded mica, like other
hard abrasive materials with a
strong grain structure, is difficult
to machine by conventional meth-
ods. The operator must take special
care not to force the tool since
the material is susceptible to in-
ternal damage from heat and pres-
sure even when the cut looks
perfect. By the use of impact grind-
ing this material is readily ma-
chined with no danger of hidden

damage.
Ceramics

When aluminum-oxide ceramic
spacers are fired after the con-
ventional molding process shrinkage
occurs which makes it difficult to
obtain the required shape. Each
change in the location and shape of
the holes requires expensive mold
design and fabrication.

Simultaneous machining of mul-
tiple holes in finished blanks on the
impact grinder was tried as an
alternative to molding and proved
to be an immediate success. Figure
1C shows a 0.030-inch-thick, 0.75 by
1.25-inch ceramic spacer produced
at the rate of three per minute.

Not only are the tolerances uni-
form from piece to piece, but
changes in location of the holes are
made by positioning of the work-
piece. Shape changes are also
economically accomplished by con-
ventional machining of the cold-
rolled-steel tool tip, which is then
easily soldered to the tool cone of
the grinder.

The impact grinder, sketched in
Fig. 2, comprises: a driver unit
which serves as a source of ultra-
sonic (25-ke) electrical power for
the cutting head; a pedestal unit
that carries the cutting head and
locates and feeds the work to it;
an abrasive unit that circulates
and feeds an abrasive fluid to the
cutting tool; a head unit that sup-

* Work done while at Raytheon, Waltham,
Massachusetts.
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ports and drives the cutting tool;
an interconnection unit that pro-
vides electrical services and inter-
connections to the various units;
and a water-flow switeh unit to
prevent operation without cooling-
water flow through the head unit.

Incorporated in the head unit is
an electromechanical transducer
which converts alternating current
supplied by the driver unit into
mechanical vibrations at 25 ke.
These vibrations are amplified and
transmitted to the cutting tool by
means of a shaped tool cone. The
cutting tool is secured to the tip
of the tool cone and vibrates per-
pendicularly to the tool face (along
the cone axis) without side-to-side
motion.

The transducer, shown in cross-
section in Fig. 3, is of the mag-
netostriction type and utilizes pure
nickel laminations as the core
material. Attached to the nickel
is a mechanical-amplitude trans-
former, the transmitting cone, and
the resonant support which is rigid
at low frequencies but highly com-
pliant at 25 ke. The resonant sup-
port is designed to hold the device
securely but permit free vibration,
while the transmitting cone drives
the tool cone to relatively large
longitudinal vibrational amplitudes
at the resonant frequency. The tool

Table I—Impact Grinder Performance

Typical
Maximum Grinding Rate
Ratio of Practical 157_dia. Tool,
Material Stock Removed Grinding Area 15" Deep
to Tool Wear (sq in.) (in./min)
Quartz..... . ... 50/1 1.4 0.045
Ferrite. . ... ... ... ..... 200/1 3.1 0.075
Germanium and Silicon. 200/1 3.1 0.075
Ceramic. . ............ 150/1 2.4 0.060
Glass. ... ........ R 200/1 3.1 0.100
Carbon.. ... ...... .. .. 150/1 2.0 0.060
Glass-Bonded Mica. . . . 200/1 3.1 0.075
Synthetic Ruby.... . ... 2/1 1.2 0.020
Mother of Pearl. .. .. .. 200/1 3.1 0.075
Boron Carbide. ... .. ... 3/1 1.1 0.015
Tungsten Carbide. ... .. 1/1 1.2 0.009
Tool Steel............. 1/1 1.2 0.007
Impact grinder employs 320-grit boron-carbide abrasive and cold-rolled steel tool

cone is also a mechanical-amplitude
transformer which -supports and
drives the cutting tool. Typical
amplitude of vibration for a 0.5-
inch-diameter cutting tool is 0.003
inch. Larger amplitudes may be
obtained with smaller cutting tool
diameters.

Cutting Process

A small space filled with abrasive
fluid develops between the vibrat-
ing tool face and the workpiece.
Tiny particles of abrasive, accel-
erated by the motion of the cutting
tool, are driven with tremendous
impact against the work. Thereby

INTERCONNECTION
UNIT _

ABRASIVE
UNIT /i

PEDESTAL
UNIT

WATER-FLOW
SWITCH UNIT

Ty

J-

DRIVER UNIT

FIG. 2—Diagram of the impact grinder showing all units of the equipment
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an exact counterpart of the tool
face is chipped or ground into the
work. The work is fed up to the
tool to maintain constant grinding
force between the two.

Despite the fact that the abrasive
particles strike the work with im-
pact forces up to 150,000 times their
own weight, the grinding force re-
quired seldom exceeds 10 pounds.
This small force, together with the
vibratory nature of the process,
the absence of direct tool-to-work
contact and the use of cool abrasive,
combine to make impact grinding
a cold-cutting and stress-free pro-
cess.

The work material is not stressed
or distorted and is not raised in
temperature. 1t is normally un-
necessary to clamp the work, and
there is no tendency for the tool
to wander. Existing or unfinished
work may be taken up again with
old or new tools without difficulty
in recentering or relocation.

Design

The transducer design problem
is the central one in impact grind-
ing. Cutting rate varies directly
with frequency and amplitude of
vibration, and so it is desirable to
have these as high as possible. The
maximum useful amplitude is
limited by the strength of available
materials for the cutting tool, for
the tool cone, and for joining these
together, since vibration amplitude
is largest for these parts. The
cutting-tool face is limited in size
to the maximum area which can
be made to vibrate all as one piece.
This sets an upper limit to vibra-
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tion frequency for a given area.
Inaudibility of the vibration is also
desirable for physiological reasons.

A practical compromise among
these considerations, together with
transducer efficiency and reliability,
results in the choice of the mag-
netostrictive transducer operating
at 25 ke. For a given output power
level at a set frequency, vibration
amplitude of the parts coupled to

LAMINATED
NICKEL STACK

COOLING NANNVA
WATER § “:t";__ff]:;:‘ E EXCITATION

N COIL
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SUPPORT

SILVER BRAZE || ¢\ o0 0oL
TOOL MOTION _I s

RS N
= - ABRASIVE
WORK PIECE & T )

FIG. 3—Cross-section of transducer as-
sembly of the magnetostriction type

the transducer varies inversely
with their cross-sectional area. This
means that small tools can be driven
with high amplitude, large tools
with smaller amplitude. The small-
est useful tool size is therefore de-
termined by material strength,
the largest by lowest tolerable cut-
ting rate.

The choice of nickel for the
transducer laminations is indicated
by its availability, ease of fabrica-
tion, high fatigue strength, high
tensile strength, ease of bonding to
other metals, high Curie tempera-
ture and good magnetostrictive ef-
ficiency at convenient impedances.

Driver Circuit

As shown in Fig. 4, the driver
unit is relatively simple and
straightforward. The basic circuit
consists of a 6C4 Hartley oscillator
driving a pair of push-pull 813’s
operating class AB.. A special out-
put transformer matches the trans-
ducer load impedance to the power
amplifier.

A tuning-indicator circuit is in-
corporated to enable the operator
to tune the oscillator easily and re-
liably to the mechanical resonant
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FIG. 4—Circuit of driver unit incorporating tuning-indicator circuit

frequency of the transducer. Al-
though this resonant frequency
does not produce a maximum or
minimum electrical impedance that
permits direct indication, it does
produce a unique impedance value
that can be measured.

In effect, a sample of the current
to the transducer and the voltage
across the transducer are compared
in magnitude and phase with values
determined at the factory to exist
at resonance. Correspondence of
these values as they vary with
tuning of the driver is indicated
as a dip in the reading of the panel
meter. This meter is actually back-
ward-reading, so that the dip looks
like a maximum. The tuning fea-
ture is valuable since it enables an
unskilled operator to tune for max-
imum output without error.

The transducer requires a stand-
ing d-¢ bias current for proper
operation. This is provided through
an isolating network which pre-
vents the d-c from saturating the
output transformer. It also pre-
vents the d-c source from shunting
the ultrasonic output current.

Grinding Performance

Table I shows the effectiveness
of the impact grinder in working
with a variety of materials, using
a cold-rolled-steel tool and 320-grit
boron-carbide abrasive. These fig-
ures. while generally descriptive of
impact grinding machinery, apply
specifically to machines of the Ray-
theon Model 2-332 Series, which
have 700 watts output.

In stock removal the abrasive
grit, vibrating at ultrasonic rates,
wears away both the tool and the
workpiece. The work normally re-
ceives much greater wear, result-
dng in the desired stock removal.
Some of the ratios shown in column

2 of Table I are as great as 200
to 1. Tool wear is confined mostly
to the bottom face where dimen-
sions are usually not critical. Be-
cause there is little lateral cutting
action, the precise profile of the
tool is maintained. Moreover, the
soft cutting tool is usually inex-
pensive to replace.

For each tool and material com-
bination there is a maximum grind-
ing area which it is impracticable
to exceed. These maximum areas
are indicated in column 3 for the
tool and abrasive specified. Impact
grinding can be performed over
larger surfaces but of approxi-
mately equivalent grinding area.
Portions of stock can be removed
by making several connected cuts
with the impact grinder.

Column 4 shows conservative
grinding rates for each material,
using the tool and abrasive noted.

Further development of ultra-
sonic impact grinding equipment
will be directed toward the achieve-
ment of higher machining speeds
and larger areas.

Higher speeds will require higher

power (more amplitude) which
will require stronger materials.
Larger areas will also require

higher power, but may also enforce
the use of lower frequencies. Sonic
impact grinders operating at high
power levels in soundproofed rooms
may prove both necessary and en-
tirely practical.

Much investigational work re-
mains to be done on the actual
mechanism of cutting, reduction of
tool wear by variations in tool de-
sign, and methods of supplying
abrasive.

Development work on the ultra-
sonic impact grinder was supported
in part by the Signal Corps under
Contract DA-36-039-sc-30282.
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Servo Amplifier Uses

UMMARY

Power outputs of better than 5 watts obtained from servo

power amplifiers using silicon power transistors in push-pull output stage.

Amplitude distortion is under 10 percent measured at 3.5-watt output

XPERIMENTAL power transistors
have been used in several re-
cent circuit designs. A typical ap-
plication is a servo-motor drive
amplifier which utilizes overall
closed-loop negative feedback.
This unit was designed to drive
the control phase of a 3,400-ohm
split control-winding servo-motor.
The amplifier is well stabilized and
has a voltage gain of 400 at 400 cps.
At an operating power-output
level of 0.115 watt, the output volt-
age would be approximately 20
volts. The characteristics of a re-
sulting design are listed in Fig. 1.
A schematic of the amplifier is
shown in Fig. 2. The unit uses
type 904 silicon transistors in the
low-level input and driver stages.
The grounded-emitter input stage
is current-stabilized by the 220,000-
ohm resistor between collector and
base.
The output stage uses two experi-
mental silicon power transistors in
push-pull. No output transformer

is required because the control
winding of the motor is center
tapped. The d-¢ component of cur-
rent flowing in the winding is small
because the output stage is biased
for class-B operation.

The feedback-loop stabilizing
voltage is fed from the output of
the amplifier through voltage di-
vider R, — R, to the emitter of the
input stage. For degeneration, the
voltage fed back across K. must be
in phase with the 400-cps signal
input at the base of the first
transistor. Approximately 0.24 per-
cent of the output signal voltage is
applied across R, for stabilization.

Stability

The 4-uf capacitor in the emitter
circuit of the second stage ad-
equately bypasses the 680-ohm
emitler resistor at the 400-cps op-
erating frequency and at higher
frequencies. However, at lower
frequencies it has little effect.

Hence, the circuit degenerates these

e ¥
' AMPLIFIER o %RL

2—7:4”0

LOOP GAIN=65 (20-V OUTPUT LEVEL)
Zoyr = £92 OHMS (20-V QUTPUT LEVEL)
R(= 3,400 (TUNED MOTOR IMPEDANGE )
0= e, = B2V RMS

FREQUENCY =400 CPS

Poax® 2 WATTS

FIG.
drive

1—Specifications for servo-motor

frequencies and acts to stabilize the
amplifier at lower frequencies.
Similarly, the 0.018-uf capacitor
across the primary of the output-
stage drive transformer and the
R-C series network between the

basa and collector of the second
stage stabilize the amplifier at

higher frequencies.

The amplifier feedback voltage
cain and phase-shift characteristics
with the feedback loop closed are
shown in Fig. 3. The gain is con-

Servo-motor drive amplifier at left is not much larger than a matchbook: power amplifier at right shows component mounting designed

to give increased heat dissipation
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Silicon Power Transistors

By J. W. LACY and P, D. DAVIS, JR.

Semiconductor Products Division

FTexas Instruments Incorporated
Dallas, Texas

10
400-¢PS —]
SIGNAL

INPUT —_—

Ry ~ 20,500

206
8

+ 28V

Apparatus Division

Table I-—Servo Amplitfier Data

Input impedance:
Closed Loop 130K
Open Loop 5k

Output impedance:
Closed Loop
Open Loop

Under 100 ohms
Approx. 10 K

Voltage gain:
Closed Loop

Approx. 410
Open Loop

Over 10,000

Power gain:
Open lLoop 83.2 db

K=X1,000
FIZOY 400CPS Ambient temp: 19? ((; &%:ﬁ:;;im
FIXED P -
PHASE operating
FIG. 2—Circuit diagram of servo amplifier which uses two experimental silicon power
transistors in push-pull 115V 400CPS
RATE
o - —— FEEDBACK —
=700 — - I I T [_ ' powER LGENERATOR
600 \ / - 500 B T \ DRIVER AMP
0 P 5 ||| SN POSITION
y A - %0 2 - : - - + FEEDBAC
© 400 | § 40 £59 Z4OG| =T ~t~ Is EXP IO‘) I DBACK
+ 300 } VOLTAGE GAIN 30 32u a | [ q -
0200 1, 120 ;—5(715 ©30G] ¢ ’N.L [ I\T » e
Z 100 7 B 0 £98 o} | \ | # 8% fmst1 @MOTOR
o} 1 > 0 Suz F20C - I -] B 13 O_I I -/J\o |
L bl ~ -0 === | ‘ 5 ol
! PHASE ANGLE i ’_20 Sgg 3100 | ) 1 e ']‘ i
5 H-30 388 ‘ Q =l
| [claiat o ! ! 3| EXP T
40z 00 18K =5 |9 1
SN 50<>> J S 2 22K o7
20 100 10 10,000 R S D 2 N O i ‘ I ) N
FREQUENCY IN CPS 6.00I foXe] ol 10 e] oy
OQUTPUT IN WATTS +22v +100V 60V 400GCPS

FIG. 2 —Closed-loop
servo amplifier

characteristics  of

stant over a wide range of fre-
quencies on either side of 400 cps.
Also, the phase shift is near zero
over the same range.

Although there are gain peaks
at two points, 90 cps and 3,000 cps,
outside of the desired operating
frequency range, the phase shift at
these points is still sufficiently low
to eliminate any tendency toward
oscillation.  Additional data is
shown in Table 1.

Voltage gain characteristic as a
function of power is shown in Fig.
4. The gain of the amplifier is
constant for output signal levels
up to about 2 watts and drops only
slightly at 3 watts.

The output section of a servo am-
plifier, from which more power
output is required, is shown
schematically in Fig. 5.

ELECTRONICS — January, 1956

FIG. 4—Voltage gain plotted as a func-
tion of power servo amplifier output

To obtain power outputs greater
than those of the amplifier pre-
viously described, it is necessary to
have more drive signal current
available than is practical for the
type 904 transistor to supply.
Higher driving currents require a
higher-wattage bias supply for the
power transistors. In this case high
gain at low signals is not needed.
Consequently, the power supply re-
quirements are reduced by eliminat-
ing the bias. The output charac-
teristics of the amplifier are shown
in Fig. 6.

Due to the need for the a-c driv-
ing signal to swing well into the
nonlinear region of the collector
characteristic, an increase in out-
put is accompanied by an increase
in amplitude distortion. However,
this distortion is not detrimental.

WWW.americanradiochistorv.com

FIG. 5—S8ervo power amplifier with an
output in excess of 5 watts

Actually, in using the motor as a
tuned load, the measured distortion
is under 10 percent at 3.5 watts.
The authors thank the engineers
at Texas Instruments for their as-

sistance. Particular thanks go to
C. De Weese, W. Jurek and E.
Heckman.

) N |

T - —
| a Q02
<1

0 4 8 2 16 20
INPUT IN MILLIWATTS

FIG. 6—OQutput characteristics of servo
power amplifier
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Measuring Phase at R-F

UMMARY

Time delay or phase angle of two sine waves in the fre-

quency range between 10 ke and 20 mc can be measured by comparison-type

instrument with an accuracy of 0.1 degree or 1 percent of dial reading.

Unaffected by tube variations or noise and harmonic content of input sig-

nals, it can measure 5 X 107" second delay

OMPARISON METHODS of meas-
C uring direct potential, using a
standard cell and a linear poten-
tiometer, are generally far more ac-
curate than the direct indication of
a voltmeter. Similarly, in measur-
ing a phase angle between two al-
ternating voltages, the comparison
method is likely to be more accurate
than the direct-indication method.

The instrument to be described is
essentially a comparison device em-
ploying a continuously variable de-
lay line as a standard phase shifter
and a sensitive balanced phase de-
tector to indicate the phase differ-
ence of the two input signals.

Continuous Delay

A continuously variable delay
line is effectively a compressed
radio-frequency cable with one con-
ductor changed into a long thin coil
and the other conductor spaced
closely to the first, thus producing
a large amount of time delay while
maintaining a low attenuation at
high frequencies. Figure 1A shows
a schematic diagram of a continu-
ously variable delay line.

The variable contact can be ad-

By Y. P. YU
President

Advance Electronics Co., Inc.
Passaic, N. J.

justed to travel from one end of the
line to the other; thus the time de-
lay between the output terminal
and the input terminal can be varied
from zero to the maximum time
delay of the entire line. A dial can
be made to measure time delay di-
rectly, or phase delay in degrees
can be determined by multiplying
the frequency of the signals and
360.

A balanced phase detector is a
special type of peak rectifier capa-
ble of producing a direct potential
at its output terminals, propor-
tional to the vector difference of the
two alternating voltages applied to
its input terminals. Therefore,
when the input signals applied to
the balanced phase detector are in
phase, the reading of the output d-c
meter will be equal to zero when
the amplitudes of both input sig-
nals are equal and equal to a mini-
mum when the amplitudes of both
input signals are unequal. Figure

1B shows a simple circuit diagram
of a balanced phase detector.

The operation of the instrument
may be explained with the aid of
the block diagram of Fig. 1C. Both
E, and E. may be introduced with
two low capacitance probes. Potenti-
ometer R, is used with the input
capacitance of the amplifier to in-
troduce a small lagging phase angle
to E, channel in order that the
phase difference caused by lead in-
ductances and stray capacitances
can be balanced out by the initial
adjustment of the continuously
variable delay line.

The differential tuned amplifier
is used to increase the sensitivity
and to reduce the effects caused by
noise and harmonic contents of both
signals. A gain control is installed
in the differential tuned amplifier
for balancing the difference in ab-
solute amplitudes of E, and E..

First E, is disconnected and sig-
nal FE, is applied to both input
probes. Then the continuously var-
iable delay line is adjusted until
the meter reading becomes mini-
mum. The reading of the continu-
ously variable delay line is recorded

(a)

PROBE

D

(B}

-
E, M" DIGE PHASE I
R, | TUNED
= amPL |_|DETECT.

CONTINUOUSLY VARIABLE
DELAY LINE

= (c)

FIG. 1—Schematic of continuously variable delay line (A) and circuit of balanced phase detector (B) combined to form precision phase

detector shown in block diagram form at (C)
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and Video Frequencies

Delay line is coiled around a copper-plated ring. Moving contact is shown at left.

microseconds on direct-reading dial

as t, or 4,. At this point, both input
channels have equal time delay.
With £, and E, separately applied
to the input probes the continuously
variable delay line is adjusted un-
til the meter reading again becomes
minimum or zero and the dial read-
ing recorded as t, or #. The un-
known phase angle 6 is 6. — 4, in
degrees or t, — ¢, in microseconds.

Circuit Description

In Fig. 2, V, is an amplifier feed-
ing the continuously variable delay
line. Amplifier V., is the input
amplifier for FE. channel. Poten-
tiometer R, and the input capaci-
tances of V, are used to introduce a
lagging phase angle to the F, chan-
nel. The purpose of adjusting R,
is to balance the difference in phase
shift caused by lead inductance and
stray capacitance of £, and E, in-
put channels. Tubes V, and V, are
connected as a differential tuned
amplifier, in which a single tank
circuit is connected between the
two plates. Phase shift caused by
off-resonance of the circuit will not
affect instrument accuracy.

ELECTRONICS — January, 1956
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Switch S, selects the frequency
band. Variable capacitor C, is
used for tuning. In case the ampli-
tude of E, is higher than E. both
bias and screen voltages of V, can
be adjusted by potentiometer K.
and R, until the amplitudes of
the output signals at the plates of
V., and V, are approximately equal.
Resistor R. is used for coarse ad-
justment and R.” is used for fine
adjustment. Diode D, is connected
as a balanced phase detector. Duo-
triode V. is connected as a d-c
amplifier.

Potentiometer R, is used for zero
adjustment of the panel meter, and
to supply a negative direct voltage
to offset a part of the input d-c
signal from the phase detector. The
output of V, is used to excite the
output meter. The power supply of
this unit has 300 volts unregulated
potential and a 150 volts regulated
potential.

The continuously variable delay
line unit illustrated is a ring with a
layer of copper coated on a part
of its surface. This form is wound
toroidally with Formex magnet
wire, Both the dimensions and the

www americanradiohistorv com

Front of unit (right) gives delay in

number of turns on the coil are very
accurately controlled to obtain good
linearity and precise time delay.

The time delay of the line can be
accurately measured by the follow-
ing procedure: (1) apply a single
signal whose period T is shorter
than the total time delay of the de-
lay line to both K, and E. input
terminals of the instrument; (2)
adjust for minimum meter reading
near the beginning of the dial and
record the dial reading as t,; (3)
adjust for the second minimum
meter reading near the middle or
the end of the dial and record the
reading as t.. A correction factor C
for the dial of this instrument may
be found by using

C =T/ — 1)

Another method for checking the
value of time delay is to connect
E., binding post to ground, short
the END terminal to the GROUND
terminal at the rear of the delay
line unit and apply a signal with
frequency f, to the E, input bind-
ing post. Then the delay line dial is
turned slowly from its end grad-

ually to its beginning until the
meter indication becomes maxi-
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220K

EXTERNAL INDICATOR

K- X1,000

FIG. 2—Complete circuit of comparison type phase indicator

mum. The dial reading is recorded
as t.. Increasing the signal fre-
quency to f,, the delay line dial is
again adjusted until the meter
reading becomes maximum and the
dial reading recorded as £,. Correc-
tion factor C can be determined by

1 1

C= S —w Goa=1v
Both terminating resistors R,
from INPUT terminal and END
terminal to GROUND terminal of

the continuously variable delay line
must be equal to the characteristic
impedance of the line. Otherwise,
standing waves will be introduced
within the line, thus decreasing the
accuracy of the instrument. The
value of R, can be determined by
applying a single sine-wave signal
to E. input binding post and rotat-
ing the delay line dial. If the line
is properly terminated, no maxi-
mum ot minimum reading can be
found on the panel meter. If the
meter reading decreases rapidly
when the variable contact is being
rotated away from its END termi-
nal, the value of R, is too high. On
the other hand, if the meter reading
increases rapidly, R, is too low.

Meter Sensitivity

Maximum sensitivity for full-
scale deflection is 0.01 volt rms in
the instrument described. Since
the phase detector is based on
measuring the vector difference of
the two input signals, the meter
indication can be expressed in terms
of the absolute amplitude of one
signal, say F, and the phase angle @
when the absolute amplitudes of
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both signals are equal.
Meter indication = 2E, sin (8/2)

To obtain an adequate minimum
indication, the amplitude of the in-
put signals can be calculated by us-
ing the above expression; the ve-
sults are given in Table 1.

This table shows that the re-
quired amplitudes of the input sig-
nals become larger when the phase
angle is small. When the input sig-
nals are 0.5 volt, the panel meter
has an indication of about 0.00087
volt when the phase angle 6 is 0.1
degree according to the above ex-
pression. In other words, the de-
flection will be about 9 percent of
full scale under this condition.
Thus, 0.5 volt is recommended as
the minimum input for detection of
0.1 degree to produce 9 percent of
full-scale deilection.

The significance of minimum in-
dication on the panel meter when
the delay line dial is being rotated
depends not only on the amplitude
but also on the frequency of input
signals., Therefore, it is desirable
to consider the relationship between
signal frequency and rotation of the

Table | —Input Amplitudes Re-
quired for Full-Scale Deflection

Input amplitude
in volts

Phase angle
in degrees

0.01 180
0.014 90
0.01 60
0.115 10
0.286 4
1.15 1
2.3 0.5

delay line dial. For a 0-to-0.25
microsecond continuously variable
delay line, the change in meter in-
dication becomes full scale as the
delay line dial is rotating from
one end to the other when E. equals
0.01 volt at 2 megacycles.

This is found from the above ex-
pression by substituting 0.25 micro-
second at 2 megacycles equal to 180
degrees, Similarly, the change in
meter indication will be full scale
as the delay line dial is rotating
from one end to the other when E.
equals 0.115 volt at 111 ke. There-
fore, the significance of minimum
indication becomes poor when the
signal frequency decreases. To rem-
edy this condition, it is possible to
use longer delay lines for low-fre-
quency signals. A variation of the
circuit by addition of a step vari-
able delay line of 5 microseconds
total delay in steps of 0.05 micro-
second connected in series with the
continuously variable delay line has
been built and tested. The results
are satisfactory below 10 ke.

One of the advantages of this in-
strument is that stray capacitance
and inductance of input leads and
all circuit elements do not affect the
accuracy of the measurement. Fur-
thermore, the accuracy 1is com-
pletely independent of variations of
tube factors, meter tolerance, and
other circuit parameters, since the
instrument is based entirely on a
comparison principle. Because a
continuously variable delay line is
employed as a phase shifting ele-
ment, the instrument can be used
to measure very small time delay
and phase angle of transmission
networks at very high frequencies
where other phase measuring de-
vices fail.

Many instruments of this kind
have been constructed and tested.
It has been found that the accuracy
is always better than +=0.1 degree
or =1 percent of the time delay in-
dicated on the dial of the continu-
ously variable delay line. The reso-
lution time is 5 X 107 second or
smaller; the smallest phase angle
in degrees that can be read on the
dial is aproximately equal to
5 x 10™ x 360 X frequency in
cps. The practical frequency range
can be from 10 ke to 20 megacycles.
The indicator sensitivity is about
0.01 volt full scale.
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Regqulated bias supply uses two power transformers. Section at
upper left supplies standby bias in case of tailure of main sup-
ply. Lower section provides regulated voltage for control tube

Power supply as installed in linear accelerator. Standby supply
is at left, with 845 tube used as grid-leak resistor at rear center.
Small power supply for 65L7 is at lower right

Biasing Large Amplifiers

UMMARY —— Tube acting as variable grid-leak resistor provides constant

grid bias to linear-accelerator amplifiers over a wide range of grid current

demands. Supply will provide up to 100 ma at 1,000 volts

AINTAINING a constant bias on

the twenty-two 6401 triode
amplifiers used in the Yale linear
accelerator normally requires a bias
supply large enough to hold the
bias steady regardless of variations
in grid current.

The amplifiers operate at 600 me
and have a peak power output of
200 kw, which they deliver for 15
usec at a repetition rate of 100 pps.
At a plate voltage of 12 kv the re-
quired grid bias is about 600 volts,
but it is convenient to be able to
vary the bias up to 1,000 volts or
more. The tubes draw grid current,
but it is variable from tube to tube.

These conditions would require a
large and costly supply since it is
possible that all the tubes might
draw the same sign of grid current.
To avoid that, the circuit shown in
the diagram was devised, which
will supply 1,000-volts bias at cur-
rents up to 100 ma.

If bias were developed across an

ELECTRONICS — January, 1956

By W. G. WADEY

Yale University
New Haven, Conin.

ordinary grid-leak resistor no bias
supply would be needed, but the bias
would vary with grid current. Re-
placing the fixed grid-leak resistor
with a tube allows the resistance to
be varied as the grid current
changes thus keeping the bias con-
stant.

In the circuit shown, the type
845 tube is the regulated grid leak.
The grids of all the amplifier tubes
are connected to the bias bus, C—,
and the grid currents of all tubes
flow to ground through the 845.
The grid potential of the 845 is de-
termined by a direct-coupled feed-
back amplifier consisting of both
halves of a cathode-coupled 6SL7.
The bias potential of the right-
hand grid of the 6SLT7 is picked off
a potential divider connected from
ground (positive) to a point 300

volts below the bias bus as main-
tained by the two 0A2 tubes. The
25,000-ohm potential divider across
the lower 0A2 puts the left half
of the 6SL7 in the proper range of
its characteristics. The power sup-
ply at the lower right serves only
thethe 0A2 tubes and the 6SL7.

Failure Protection

As with any grid-leak bias, if the
r-f drive on the amplifiers fails,
the bias fails and the tubes may be
damaged. To prevent this a small
back-up supply is provided. It is set
with a wvariable transformer at
some value less than the operating
bias voltage. Normally, its only load
is a voltmeter since the lower 3B24
tube is noncondueting.

If the r-f drive fails the bias will
fall until the 3B24 conducts and
then stay at the back-up voltage
until the drive is restored. The
back-up supply has no load, since
no grid currents are drawn.
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Scale Weighs Moving

UMMARY

Highway trucks diverted to lane along edge of road are

weighed while traveling at speeds up to 48 mph. Overweight vehicles set off

preset alarm. Scale is operated at 400 cps and uses load cells bridge-con-

nected to d-c amplifier. Dead weight is balanced with potentiometer

N ELECTRONIC highway scale,
Arecently installed on U. 8.
Highway 1 in Virginia, is capable
of detecting overloaded trucks
while they are in motion, recording
the weight of all passing trucks
and accurately weighing stationary
trucks.

The scale operates at 400 cycles.
Power is fed into the load cells, the

zero-adjust potentiometer and the
slide-wire circuit as shown in
the block diagram. The voltage into
the slide wire circuit and the zero-
adjust potentiometer are in opposite
phase to that fed to the load cells.
The zero-adjust potentiometer is
used to counterbalance load cell out-
put owing to the dead weight of the
scale platform,

A i o
~ ~
K = ~ | sratic
MANUAL
SLIDE S ~ WEIGHT
WIRE METER INDICATOR
CIRCUIT
SELECTOR N
400-CPS LOAD RECORDER
BN | AMPLIFI WEIGHT
OSCILLATOR CELLS = ER AMPLIFIER s
SINGLE SINGLE
PER0) TANDEM [~ AXLE
BT XLE OVERLOAD
SELECTOR [ | DETECTOR
[ AXLE
OVERLOAD
TANDEM
AXLE ANDEM | >{ siGNaL
DETECTOR| | OVERLOAD
DETECTOR

Elements of hichway scale that indicates static weight or signals and records

overweight on basis of preset alarm

RESET
7
REMOTE
<= CONTROL
| SRR, A
L
_FROM <, =
7 AMPLIFIER ]
! g =, —r
nl —
i 1
! T0.02 REMOTE
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—

Alarm circuit of scale must be reset manually
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When this equipment is used for
static weighing, the circuit selector
is connected to the balance meter,
which is a zero-center, 100-micro-
ampere meter, With no load on the
scale and the weight indicator dial
at zero, there is no input to the
amplifier and the meter shows a
zero balance. When a load is placed
on the platform, unbalancing the
bridge network in the load-cell cir-
cuit, a voltage is applied to the
amplifier and the meter goes off
balance.

Static Weight

3y turning the weight indicator
dial, a voltage of opposite phase is
introduced into the amplifier and
this voltage is adjusted until its
magnitude is equal to the load-cell
output. The resulting amplifier in-
put is zero and the meter returns to
zero balance. The actual weight on
the scale is indicated by gradua-
tions of the weight indicator dial
on the shaft of the slide-wire con-
trol used to develop the balancing
voltage.

Four load cells of this type are used under weighing platform
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Trucks

By ARTHUR L. THURSTON

Consulting Engineer
Cor and Stevens Electronic Scales Division
Revere Corp. of America
Wallingford, Conn.
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Weighing platform is set into roadway. Equipment is triggered by switch ahead of
platform ond shut off by another that follows. A permanent tape record shows the

weight of each axle

When the scale is recording mov-
ing weights, the circuit selector
switeh is turned to the record posi-
tion. The slide wire is not used and
the weight indicator dial remains at
zero. In this case, any load placed
on the platform develops from the
cells an output that is amplified and
fed into the paper-tape recorder.

This recorder uses a heated stylus
and sensitized paper for low-
inertia, high-speed operation. To
save tape, because it is used at the
rate of 50 millimeters per second, a
roadway treadle is placed just ahead
of the scale to start the paper drive
as a vehicle approaches the weigh-
ing platform. A second treadle
shuts off the drive after the plat-
form is cleared.

Overload Alarm

As an overload detector, the man-
ual slide wire is set to the prede-
termined limit over which excess
weights are to be detected. For a
signal to trip the overload detector
circuit, a voltage must be developed
by load cells in excess of that volt-

ELECTRONICS — January, 1956

age introduced by the slide wire.
Any slight excess will trip the de-
tector circuit and set off the alarm
signal. In addition to the alarm,
there would normally be a sign
along the roadway to indicate to
the driver of the overloaded truck
that he is to pull off the highway
and be weighed at a static scale
operated by enforcement personnel.

Tandem Detection

As most states allow less weight
on a tandem axle arrangement than
on two single axles, two treadles are
placed on the platform for tandem
axle detection. If the contact strips
in both treadles are closed at the
same instant as by tandem axles, a
high-speed switch circuit changes
the amplifier output to a detector
set to trip on a higher voltage. This
detector, adjusted independently of
the single-axle detector, is set to
trip at a weight near the tandem
axle load limit. In either case, the
overload signal information is the
same,

The oscillator and amplifier em-

STARTS FRONT “-REAR TANDEM
TAPE  TRACTOR TRACTOR AXLES

SEQUENCE OF WEIGHTS

STOPS
TAPE

Typical tape record of weighis deter-
mined by automatic equipment from
truck passing at 48 mph

Underside of platform shows support

for electronic load cell. Four cells are
used, one at each platform corner

ploy standard circuits, the amplifier
having a gain of approximately 90
db. In addition, the amplifier con-
tains a phase-detection circuit re-
lated to the 400-c¢ycle supply, to pro-
vide a positive d-¢ output when the
cell voltage exceeds the slide-wire
voltage and negative for the re-
verse condition. The overload de-
tector uses a standard d-c amplifier
circuit with a relay in the plate cir-
cuit of the final stage. Only when
the load cell output exceeds the
slide-wire voltage will a grid volt-
age of the proper polarity be ap-
plied to the detector circuit. For
the high weight limits of tandem
axles, this bias voltage is increased
so that a higher cell output to trig-
ger the relay is required.

When the relay closes, a positive
voltage from the power supply is
applied to the grid of the output
tube through the reset button on
the panel and an external reset in
series, should there be one. This
locks in the relay to hold the alarm
and roadway signs until the circuit
is manually reset.
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Spark (left) when 7-kv supply of tv transmitter with electronic-crowbar fault protection is shorted. Neither solder-wire loop nor alu-
minum foil are damaged. Effects of same test with overcurrent relay-magnetic swilch type of fault protection are shown at right

Gas Tubes Protect

By W. N. PARKER and M. V. HOOVER

OST POWER TUBES are subject
Mat some time to a phenomenon
known as the Rocky Point effect,
which derives its name from expe-
riences with power tubes in com-
munications transmitters at Rocky
Point, Long Island.

Nature of Effect

This phenomenon manifests it-
self as an internal flash-are de-
veloping with little warning in
power tubes which apparently are
of good design and are operated in
a conservative manner. Triggering
sources range from cosmic rays to
line-voltage transients, parasitic os-
cillations, spurious renegade pri-
mary and secondary electrons, ma-
terial whiskers and photoelectrons.

The cause of this effect is not
thoroughly understood and thus ef-
forts to find a remedy are ham-
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Tube Division
Radio Corporation of America
Lancaster, ’ennsylvania

pered. However, techniques have
been evolved which protect power-
tubes against Rocky Point effect.
These circuits detect the develop-
ment of fault conditions in a power
tube and/or its circuitry and trig-
ger a gaseous-conduction device
connected in shunt with the d-c
power supply. extinguishing the
flash-arc in the power tube before
serious damage results. The gas-
eous conduction device bypasses the
rectifier output and filter-cireuit
energv until the rectifier is de-
energized.

This protection system is known
as an electronic crowbar.

Fault Protection

In the past, the chief technique
available for minimizing the effects
of flash-are damage in power tubes
has been the addition of resistance

WWW americanradiohistorv.com

in series with the d-c¢ supply to
limit surge currents during faults.
Figure 1 shows a circuit of this
type in which R is the series limit-
ing resistance. In high-power in-
stallations this type of circuit dis-
sipates an objectionable amount of
power in the series limiting re-
sistance if even marginal protec-
tion is to be afforded.

In 1951, it was suggested that an
electronic crowbar be built and
electronically slammed across the
high-voltage-supply bus in event of
a fault as a means of shunting the
fault currents of a 2,000-kilowatt
rectifier from the faulting tube.?
This device placed a virtual short-
circuit across the rectifier output,
similar to that placed on the rec-
tifier by the flash-are, but trans-
ferred the short-circuit current to
a device which was not damaged
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FIG. 1—Simple r-f power amplifier has limiting resistance

UMMARY

FIG. 2—Basic electronic-crowbar fault-protection circuit

Microsecond-response fault-detection and protection circuit

minimizes flash-arc damage to power tubes. Gas tube shunted across d-¢

supply extinguishes flash-arc before serious damage occurs. Systems handling

up to 5 megawatts can be protected

High-Power Transmitters

by the momentary short-circuit

condition.

Basic Circuit

A simple electronic-crowbar cir-
cuit is shown in Fig. 2. A fault in
the protected power tube results in
a sudden increase in current
through cathode resistor R,, pro-
ducing a positive voltage pulse
which is coupled by C, to the grid
of the thyratron. This impulse
ionizes the thyratron and causes it
to conduct damaging current away
from the faulting tube.

The current through the crowbar
tube energizes the coil of the over-
load relay, causing the circuit
breaker to open, thus deenergizing
the primary source of a-c power to
the rectifier.

In the sequence of these opera-
tions, plate voltage across the fault-
ing tube is quickly reduced to a
value of 15 to 20 volts, which is the
voltage drop across the ionized
gaseous-conduction crowbar device.
This low voltage starves and extin-
guishes the flash-arc in the pro-
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tectad tube before serious damage
can result. A small series resistor,
R, provides adequate voltage across
the crowbar tube to insure its con-
duction despite severe low-imped-
ance flash-ares in the protected
tube.

In a typical large-power-tube
installation, the value of the series
dropping resistor is only about 5
ohms.

Actuation Time

Measurements have revealed that
the electronic-crowbar tube is ca-
pable of beginning its protective
funetion within 1 to 5 microseconds
after the fault has been detected.
When vigorously triggered, hydro-
gen-thyratron crowbar tubes begin
to conduet within approximately 1
microsecond and mercury-vapor de-
vices within about 5 microseconds.

A simplified diagram of a crow-
bar protection circuit currently in
commercial use is shown in Fig. 3.
This circuit is employed in the
RCA TTU-12, a 12.5-kilowatt uhf
television transmitter.®

In the arrangement shown in
Fig. 3, the series resistance corre-
sponding to R of Fig. 2 consists of
series resistors, R,, R. and R..

Resistor R, also serves as a
sensing resistor. In the event of a
sudden overcurrent in the load
circuit as a result of a fault, a
steep-wavefront positive pulse is
transmitted through the trans-
former to the grid of the thyratron
crowbar tube, which is normally
biased off by the bias source.

This pulse causes almost im-
mediate ionization of the thyratron,
which then conducts and forms an
effective short-circuit in parallel
with the load. Energy stored in
reservoir capacitor C, and that
which is subsequently furnished
from the power supply is dissipated
in R, and R.. Because R, has a large
value compared to the resistance
of the ionized thyratron, very little
current flows to the faulting load.

The series resistance of R, and R,
in combination with the impedance
of the power supply limits the fault
current to a value not exceeding the
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peak-current rating of the thy-
ratron. Conduction of the thyra-
tron operates the overload relay,
which ultimately interrupts the
primary source of a-¢ power by the
circuit breaker. Several other vari-
ations of this circuit also give
effective protection.

Performance

When a wire having a diameter
of 0.003 inch is placed directly
across the energized 7,000-volt plate
lead of the circuit shown in Fig. 3,
the resulting arc is so slight that
it produces only a small pit in the
wire. However, a tremendous cone
of fire results if the plate potential
is short-circuited with the protec-
tive system disabled.

In another test of effectiveness,
the positive power-supply lead is
touched to a small sheet of thin
metal foil at ground potential. The
thin metal foil used in cigarette
packages is quite satisfactory. If
the protective circuit is operating
properly, the foil will show no melt-
ing, pitting or burn marks. How-
ever, the foil will disappear in a
cloud of vapor if the test is per-
formed with the electronic pro-
tective circuits disabled. Results of
such tests are illustrated in the
photographs.

Equipment Installations

An electronic-crowbar system of
protection has been emploved in
conjunction with the 1,700-kilowatt
rectifier for part of Navy’s Jim
Creek million-watt transmitter.® °
More recently, super-power trans-
mitters for the Voice of America
have used the electronic crowbar.’
In these superpower installations, it
is not uncommon to find rectifiers
having fault-current capabilities of
the order of 2,000 amperes.

The effectiveness of fault-pro-
tection circuits in these large sys-
tems may be demonstrated by a
deliberate short-circuiting of the
high-voltage bus or tube terminals
with a movable horn gap in which
one of the electrodes is a piece
of conventional 0.060-inch-diameter
rosin-core solder. A slight melting
and pitting of the solder will result
when the electronic crowbar is in
operation.

When conventional breaker-pro-
tected rectifiers are used. however,

146

the horn gaps will disappear in a
frightening display of aural and
visual fireworks. Although the use
of grid-controlled rectifiers reduces
tube damage significantly, expe-
rience has demonstrated that such
rectifiers are also capable of damag-
ing tubes and circuits.

Another advantage of rapid fault
protection is that full power can be
restored almost immediately when
the damage due to the flash-arc is
minimized. Operators of high-power
transmitters are familiar with the
lengthy aging process demanded by
power tubes after a severe flash-
arc.

These periods of operation at
lower power level may require many
hours or days. Furthermore, tubes
which have suffered from severe
flash-arc damage are often some-
what gassy and may produce a final
and fatal flash-arc unless they are
adequately protected during reag-
ing.

Out of Service Time

Actual tests of electronic-crow-
bar circuits in super-power trans-
mitters have demonstrated that
full-power operation can safely be
restored almost immediately after
a flash-are. When these protective
circuits are operated in conjunc-
tion with grid-controlled rectifiers,
the total down time due to a flash-
arc is of the order of 50,000 micro-
seconds, a period almost unobserved
in most communications services.
The down time is, of course, di-
rectly proportional to the severity
of flash-arc damage.

High-speed fault protection is

not limited to power tubes, but is
equally applicable to circuitry as-
sociated with the tubes. Capacitors,
inductors, insulation and the like
can also be damaged by fault cur-
rents. Crowbar protection greatly
enhances the possibility of survival
of circuit components and of early
restoration of normal full-power
operation.

Fault Detection

The effectiveness of high-speed
fault-protection circuits is contin-
gent upon the early detection of a
fault in the tube or in its associated
circuitry.

In simple fault-detection systems,
such as that shown in Fig. 2, the
power tube is protected against
faults, but the system is incapable
of sensing fault conditions in the
circuitry associated with the pro-
tected tube. This disavantage may
be obviated by the use of a fault-
detection system such as that shown
in Fig, 3. In this system, any d-c
fault in the tube or circuit on the
load side of sensing resistor R.
triggers the protection system into
action.

Several other fault-detection sys-
tems are available® A differential
svstem of fault protection has
proven very successful.® The opera-
tion of the differential fault de-
tector is predicated on the fact
that a fault which develops in a
vacuum tube operating as an os-
cillator or an amplifier causes the
r-f output to decrease sharply and
the d-¢ input to increase.

In the differential fault-detector
circuit shown in Fig. 4, rectifier

CIRCUIT

BREAKER RECTIFIER

A-C

ELECTRONIC| PROTECTED
~CROWBAR

OVERLOAD &
RELAY - -

FIG. 3—High-speed protection circuit used in 12-kilowatt ultra-high-frequency television

transmitter. Resistor R- acts as sensing element
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FIG. 4— Ditferential fault detector in hicgh-speed protection system

load currents manifest themselves
as a negative voltage across R, in
the negative return of the rectifier.
A sample of the r-f power output
from the protected tube is coupled
by a link line from the tank cir-
cuit to the parallel resonant circuit
in the diode plate circuit. Rectifica-
tion by the diode develops a positive
voltage across resistor R, having
a magnitude directly proportional
to the r-f amplifier output. Resistor
R, may be adjusted until the dif-
ferential voltmeter reads zero
voltage with respect to ground, in-
dicating balance between the sample
of rectified r-f power output and
the sample of d-c input from the
negative return of the high-voltage
rectifier. Because the r-f power
output is approximately propor-
tional to the d-c¢ input, the null
balance from point X to ground
should be approximately maintained
at all signal levels, despite 100-per-
cent modulation of the protected
tube.

It should be noted that the volt-
age from point X to ground is zero
when the high-voltage rectifier and
protected tube are idle. Con-
sequently, under all normal circum-
stances the differential voltage is
zero, resulting in zero-bias opera-
tion of the differential amplifier.

This amplifier normally draws
plate current through resistor R, to
produce a negative voltage at point
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Y with respect to ground. When all
the circuit parameters are designed
properly, the negative voltage across
resistor R, is greater than the pos-
itive voltage across resistor R, pro-
duced by the battery. A resultant
negative voltage is produced from
point Z to ground which biases off
the thyratron, as indicated by the
bias voltmeter.

Circuit Operation

In the event of a fault, the rec-
tified r-f voltage sample across K.
decreases rapidly toward zero, while
the d-c sample voltage across R, in
the negative return of the high-
voltage rectifier suddenly becomes
increasingly negative. Either or
both of these sample voltages pro-
duce a resultant voltage which is
increasingly negative at point X as
fault conditions develop. A negative
voltage is thus produced from point
X with respect to ground and the
differential amplifier is biased off,
reducing the negative voltage across
R, to zero.

Point Z, which is positive with
respect to ground because of the
voltage divider across the battery,
then triggers the thyratron elec-
tronic crowbar. In addition to its
protective function, the thyratron
also interrupts a-c power to the
rectifier by the overload relay and
the circuit breaker.

The tubes employed in electronic

crowbar service must be reliable
and rugged. They must also be able
to conduct heavy surge currents for
a short period of time after having
been idle for a long period of time.

Tubes for Electronic Crowbar

In high-power installations, the
type 5563A mercury-vapor thyra-
tron has demonstrated its effective-
ness in commercial equipment® with
circuits similar to that shown in
Fig. 3.

Hyvdrogen thyratron tubes are
also reported to have been used
effectively in connection with crow-
bar applications in super-power
transmitters.’

From the standpoint of long life,
dependability and ruggedness, the

ignitron appears to be an ideal
choice for super-power crowbar
service. Absence of a hot cathode

in this tube is an attractive feature.

Ignitrons appear to be almost
indestructible in crowbar service.
One tube has been in almost daily
use in the protective circuits of
superpower-tube test equipment for
the past seven years. In the course
of this activity, the ignitron crow-
bar has been operated in con-
junction with a 5,000-kilowatt grid-
controlled rectifier in which fault
currents may approach several
thousand amperes at output volt-
ages of 27 Kkilovolts.

Because many flash-arcs are ex-
perienced during the early opera-
tion and aging of large power
tubes, this particular ignitron has
been subjected to an unusually rug-
ved life. Since the electronic crow-
bar has been used, not a single
protected tube has been seriously
damaged by flash-ares during test-
ing.
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Digital Presentation
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1—Resistance.capacitance network in preamplifier grid functions as modulator/mixer,

derivative controller and noise filter

UMMARY —— Servo-driven self-balancing potentiometer with counter

coupled to servo shaft provides vacuum-tube voltmeter with digital presen-

tation. Chopper samples potentiometer signal and compares it with input

BRGE—NUMERAL three-digit pres-
entation displayed on the front
panel of the vacuum-tube voltmeter
avoids parallax errors. Polarity is
indicated by a sign before the
digits, and the decimal point is in-
dicated in the display. The instru-
ment is insensitive to line-voltage
variations, and has no warmup drift
when used as a d-c voltohmmeter.
Presentation accuracy for direct
voltage is dependent only upon the
linearity of the self-balancing po-
tentiometer and the potential of
the mercury-cell reference battery,
modified slightly by the precision
input attenuator. As an ohmmeter,
the intrinsic accuracy is limited
only by potentiometer linearity.
All measurements are accom-
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plished by a null techique. Voltage
measurements employ a self-bal-
ancing potentiometer, which has a
basic range of 1 mv to 1 volt. High
voltages are measured after division
in a self-contained voltage divider.
Resistance measurements employ a
self-balancing Wheatstone bridge.

Alternating-voltage measure-
ments are effected by peak-to-
peak detection with a compensated
6BC7 detector, and measurement
with the basic direct-voltage servo.

Accuracy

The instrument has a minimum
accuracy of plus 1 percent of full
scale on direct volts and ohms and
plus 2 percent on alternating volts.

Repeatability of reading is ap-

WWW americanradiohistorv com

proximately one part in one thou-
sand obtained by high gain without
compromising dynamic stablity.
A derivative controller in the servo
feedback loop, a low-pass filter
for attenuating noise and 60-cycle
hum, & d-c heater supply for the
preamplifier, and means for pre-
venting potentiometer noise from
being introduced into the servo
amplifier contribute to freedom
from zero drift and -calibration
errors and to critically damped dy-
namic vresponse. Because of the
stability of the servo, no damping
control is necessary.

As a d-c voltmeter, the digital
presentation permits reading to
one millivolt on the one-volt scale
and to 1,000 volts with four decade
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Vacuum-Tube Voltmeter

Chassis and servo gear train

By AUGUST NUUT
and CLARENCE MUNSEY

Hycon Manufacturing Company
Pasadena, California

ranges. On all ranges, the input
impedance is 11 megohms.

Resistance values range from 1
ohm to 10 megohms. The presenta-
tion is linear. Accuracy may be
expressed as a percentage of fuli
scale, and compares favorably with
laboratory-type resistance bridges.

The digital voltmeter is a servo-
driven self-balancing potentiometer
with a counter coupled to the servo
shaft. The motor is coupled by spur
gears to a shaft which positions the
mechanical counter through two
beveled gears, The potentiometer
is operated from this shaft by a
worm gear.

The life of the mercury-cell bat-
teries is approximately equal to the
shelf life, due to the less-than-50-
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microampere current drawn. These
batteries need to be replaced ap-
proximately once a year.

The feedback potentiometer has
a linearity of % percent and a
resolution of % digit. Potentiometer
noise has little effect on the balanc-
ing servo because of the chopper
used for sampling the signal and
comparing it with the input.

Circuit

Capacitor C, (Fig. 1) samples
the potentiometer voltage. As a re-
sult, spike noise from the poten-
tiometer is eliminated from the
input to the low-level preamplifier.

Inverse feedback is used in two
places in the servo amplifier for
setting and stabilizing gain. Feed-
back resistor R, stabilizes the gain
of the second 6AUS6, and R. stabi-
lizes the gain of the entire phase-
inverter and power-amplifier loop
in addition to lowering the output
impedance of the power amplifier.

The amplifier loop included by
R, contains a direct-coupled phase
amplifier for stability. The direct-
coupled phase inverter saturates at
a peak swing which is slightly less
than that required to cause the
6AQ5’s to draw grid current. The
only grid-current-limiting resistor
used is R, at the input of the
12AT7. In spite of the 60-db range
of inputs that can be applied,
this high-gain amplifier cannot be
blocked.

Although the motor is direct-
coupled to the 6AQ5 output tubes,
no d-c component flows through
the motor winding. This reduces
motor noise. Little signal power is
lost in the transformer. Most of it
is absorbed by the motor. Thus a
small transformer with the sec-
ondary winding used for feedback
may be used without compromising
efficiency or smooth operation.

R-C Network

The network R., C. and R, when
used with the chopper and C, func-
tions not only as the modulator
and mixer, but also functions as a
derivative controller and potentiom-
eter noise filter. Capacitor C, is
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smaller than C, and R, is much
larger than R,. Thus the voltage
of C, is constant during the period
that the chopper arm is connected
to the right-hand contact. Assum-
ing a constant signal input to K,
and a step change of voltage to the
left-hand contact of the chopper;
the charging time constant through
the choppers and the right-hand
contact consists of C, and R.. This
time constant is shorter than that
of C,, R., R, I, plus the resistance
of the input dividers.

As a result of a step change of
the feedback signal, the initial
error voltage coupled to the grid
of the preamplifier is equal in
amplitude to the magnitude of the
step change. After a period of time,
however, C. accumulates a charge
which opposes the potential of the
step change. The difference po-
tential is smaller and the amplitude
of the error voltage to the pre-
amplifier is smaller. Figure 2 il-
lustrates the process.

The counter was designed by
Warren White and Warren Malcher.
The contributions of coworkers in-
cluding Edward M. Boughton, Jr.,
who reviewed the material, are ac-
knowledged.

(ST + 1)

G(8)=
) ﬂ(ST,(H)

Tx =2Rg5Cp

I

T°=ﬁ

FIG. 2—Simulated potentiometer step
function (A), error signal to preampli-
fier (B) and general form of derivative
controller transfer function
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Magnetic-Switch

UMMARY

High accuracy of response time measurements in testing

high-speed magnetic amplifiers is provided by frequency tripler and mag-

aetic switch. Phase shifter permits varying of switch firing point in relation

to test voltage waveform

Breadboard mcdel of magnetic-amplifier analyzer. Magnetic switch is on right and

magnelic frequency tripler is at lett

YNCHRONOUSLY operated mech-
S anical switches have proved
to be a valuable tool for experi-
mental studies on the dynamic
properties of high-speed magnetic
amplifiers. Application of such
equipment is limited to power-sup-
ply frequencies where a mechanical
switch can be used.

Analyzer performance can be
considerably improved by provid-
ing a magnetic switch which con-
sists of a saturable-reactor circuit
producing an auxiliary current
with nearly rectangular wave-
shape. The amplifier under test is
supplied from a magnetic frequency
multiplier which produces an exact
multiple of the frequency of the a-c
power supply.

When applying a frequency
tripler, as illustrated in the typical
example of Fig. 1, the magnetic
switch makes and breaks alter-
nately in a sequence of three half-
cycles.

Figure 1 shows an arrangement
of operation from a three-phase,
400-cps power supply in connection
with a three-phase type of mag-

FIG. 1—Transient analyzer using magnetic
switch is shown with circuit of high-speed
magnetic amplifier under test
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netic frequency tripler providing
the frequency ratio 400-to-1,200
cps.

The amplifier under test is con-
nected with the 1,200-cps output of
the tripler. The 400-cps tripler
input is supplied through a phase
shifter with the magnetic-switch
circuit. This circuit produces an
auxiliary current I, with nearly
rectangular waveform and corre-

sponding unidirectional square wave
pulses representing the variable
signal voltage Es for controlling
the amplifier input circuit.

Magnetic-Switch

The waveform of the output
current Iy of an ordinary saturable
reactor with high-permeability core
material having series-aiding-con-
nected a-¢ load windings N/, N”
and series-opposing-connected d-c
control windings N/, N.” is nearly
rectangular. This assumes that the
control-circuit loop carrying con-
stant direct current I, represents a
very high impedance (choke coil
L;) with regard to even-harmonic
currents. These even-harmonic cur-
rents are suppressed and the satu-
rable reactor operates under forced
magnetization conditions.

To derive corresponding unidirec-
tional square-wave pulses (signal
voltage E¢) from the square-wave
alternating-current I., a splitting

3-PHASE

TRIPLER
400 cPs

3-PHASE
400CPS
400-CPS
PHASE
i O SHIFTER
DUAL-
BEAM

CRO

AMPLIFIER UNDER TEST
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Transient Analyzer

By W. A. GEYGER

U_. 8. Naval Ordunance Laboratory
Silver Spring, Marvland

circuit is provided which consists
of two half-wave-rectifiers D’ D”,
a potentiometer (first-half-cycle
pulses I,’) and a fixed resistor
(second-half-cycle pulses I,”).

Magnetic Frequency Tripler

A simple arrangement for pro-
ducing third-harmonic frequency
power from a three-phase, four-
wire power source contains three
Y-connected saturable reactors SE
with series-connected linear reac-
tors, LR. The load consists of the
magnetic amplifier under test and
a variable transformer.

Introduction of the phase shifter
offers the possibility of varying the
actual time interval between the
instant of firing of the saturable-
reactor switch and the instant
supply voltage E, of the magnetic
amplifier goes through zero.

Choke coii L. carries the constant
direct current I, = 0.6 amp which
is supplied from a storage battery
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Table I—Core and Winding Data for Magnetic Switch and Tripler

Core

No. |

| Material and Size

Magnetic Switch

2 14 in. by 2 mil Orthonol tape coil,
14 in. i-d, 115 in. o-d
Frequency Tripler
Saturable Reactor
3 3% in. by 2 mil Orthonol tape coil,
1% i-d, 135 od

Linear Reactor

3 | 2-stacked APermalloy dust cores,
Western Elect. No. 167585

Winding
No. Function Turns | Wire Size
1 | acload 1,700 | No.28
2 d-c¢ control 500 No. 28
1 380 | No. 23
1 300 No. 23

or a full-wave rectifier. The split-
ting circuit consists of 2 rectifiers,
each made up of 12 1-sg-in. sele-
nium plates.

When supplying a 400-cycle volt-
age of about 110 to 130 volts rms,
the average value of the full-wave-
rectified load current is

N, 500
N, ~06 2,000
The average value of unidirectional
current components is I,” = I,” =
0.075 ampere. Thus, the average
value of the unidirectional square-
wave signal voltage E; may be
varied within the limits of from
zero up to a maximum value of
E... = IR,y = 0075 x 200 = 15
volts.

Figure 1 shows the circuit dia-
gram of a high-speed magnetic
amplifier of the self-balancing
potentiometer type. This single-
ended external-feedback circuit
contains two equally rated sat-
urable-reactor elements with load
windings N, N,”, d-¢ control wind-
ings N¢, N/, and external-feed-
back windings N,’, N,”. Positive
feedback produces an effectively
infinite gain and 100-percent nega-

In =14 = (.15 ampere,

FIG. 2—Oscillograms of magnetic am-
plifier transient response show effect
of changing time interval between fir-
ing of magnetic switch and time when
magnetic amplifier voltage goes through
zero point

tive voltage feedback. Signal volt-
age E; is balanced automatically
by the opposing average voltage
drop E« = I.R., and the average
control-winding current I, flowing
through the moving-coil microam-
meter is substantially zero. There
is a linear relationship between I,
and E; and 1/R, is the transcon-
ductance of the self-balancing
magnetic-amplifier circuit.

Voltage drop I.Rx, produced by
load current I, across compensating
resistor Ry, is applied to the one
channel of a dual-beam oscilloscope.
Meanwhile the square-wave signal
voltage E5 synchronous with sup-
ply voltage E,. of the amplifier, is
applied to the second channel.

The oscillograms of Fig. 2 show
the transient response of the mag-
netic amplifier circuit of Fig. 1.
The lower trace of each oscillogram
shows the square-wave signal volt-
age Es derived from the magnetic-
switch circuit. The upper trace
shows the transient response of
compensating voltage FEy across
compensating resistor RE..

In oscillogram Fig. 2A, the re-
sponse time of the amplifier is
one half-cycle of the 1,200-cps
power-supply frequency. The am-
plifier reaches 100 percent of its
final steady-state output-current
value 0.417 millisecond after the
transient signal voltage E; is ap-
plied to the control circuit.
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Analog-to-Digital

UMMARY

Gating variable-frequency pulse oscillator into fixed-inter-

val counter converts analog voltage into digital quantity over four-decade

range. Output pulses, 20 volts at }

v sec into 100 ohms. are suitable for driv-

ing counter. Stability and repeatability are better than 0.1 percent of maxi-

mum frequency

NE METHOD of converting an
analog voltage to a digital
quantity is to generate a pulse fre-
quency that is proportional to the
voltage to be converted. This fre-
quency is then gated into a counter
for a fixed time interval. At the
termination of the gating interval
the number left in the counter is
the digital representation of the
voitage. This article describes a
variable-frequency pulse oscillator
possessing a range of over four
decades and an accuracy of 0.1 per-
cent. Previous attempts’ have been
limited to about one decade.
The basic mechanism of oscilla-
tion is a pair of saw-tooth wave-
forms produced by integrating a

By SHERMAN RIGBY

Johns Hopkins University
Operations Research Office
Chevy Chase, Maryland

l (©)

FIG. 1-—Saw-tooth waveforms (A) ana
(B) control output pulses (C)
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FIG. 2—Variable-frequency pulse oscillator uses Schmitt trigger circuits
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control voltage E.. Termination of
one saw tooth causes the other to
start; return to the initial voltage
being accomplished during the ac-
tive time of the other integrator as
shown in Fig. 1. Output pulses are
emitted at the termination of each
saw-tooth waveform. The time
between pulses is proportional to
the total height of a saw tooth,
K, — e,, and inversely proportional
to its slope, (E. + e,)/(RC). The
pulse repetition frequency, the re-
ciprocal of this time, is

(Ec'}‘em 1

I=1E —%) RC W
Hence, a frequency is linearly re-
lated to a d-c voltage E..

Fig. 2 is the block diagram and
Fig. 3 the circuit diagram of the
converter. The actual d-¢ input is
negative voltage —E..

Operation

In Fig. 2, assume that gate diode
A is conducting, sending current
into the summing junction of in-
tegrator A. This causes the out-
put of integrator A to integrate
downward until clamp diode A con-
ducts, passing just sufficient cur-
rent to make the net current into
the junction zero. The cycle of op-
eration is started by reversing the
flip-flop which causes gate diode 4
to be cut off.

QOutput from integrator A rises
linearly. When this output voltage
reaches E,, Schmitt trigger A trips
reversing the flip-flop and sending
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FIG. 3-—All supply voltages for converter except two must be regulated to 0.1 percent. The 4150 and 490 voltages are derived from

voltage regulators Vi and Vi

a pulse into the pulse amplifier.
This reversal of the flip-flop ciauses
gate diode A to conduct, returning
integrator A to its initial con-
dition, and also cuts off gate diode
B which starts integrator B. When
integrator B reaches FE,, Schmitt
trigger B trips again reversing the
flip-flop and sending another pulse to
the output circuit via the amplifier,
puise-former and output tubes. The
entire circuit can be thought of as
a multivibrator with linear timing
waveforms.

Diodes D in Fig. 2, V,, in Fig. 3,
are used to send current into both
integrator junctions simultaneously
to give external start-stop gating
control of the pulses. This method
is used rather than gating in the
output tubes to obtain phase co-
herence between the pulses and the
gating signal.

Integrator

An upper limit of 200 ke on the
output pulse frequency implies a

ELECTRONICS — January, 1956

square-wave input to the integra-
tors of 100 ke. Significant har-
monics of this waveform extend
well into the megacycle region.
Conventional analog-computer-in-
tegrator designs do not even ap-
proach this bandwidth.

Theoretical considerations® indi-
cate that multiple-tube operational
amplifiers cannot be constructed to
handle large bandwidths. Hence a
single amplifying stage is indi-
cated. However, a large gain is
needed to produce the required
accuracy of integration.

Positive feedback applied from
the output to the cathode of ampli-
fier Vs is employed. Potentiometer
R, is adjusted to make the overall
gain of the amplifier infinite. This
is accomplished by adjusting R, for
zero amplitude of the triangular
waveform at the grid of V,, as in-
dicated by a oscilloscope. As the
proper setting of R, depends on the
9. of the tube, it must be read-
justed whenever V; is replaced. A

50-uuf capacitor provides high-fre-
quency compensation of the feed-
back network but is not made
adjustable since the value is non-
critical. Omission of this eapacitor
produces a square wave at the sum-
ming junction.

The transfer function of this
integrator obtained from the equiv-
alent circuit of Fig. 4A is

where y is fraction of V, plate
swing appearing at the output of
the cathode follower, C, and C, are
input and output parasitic ca-
pacitances of V, B is fraction of
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output voltage fed back to the
cathode of V, and p is je. The
coefficient of the brace represents
pure integration. If the quantity
within could be made a constant,
the integration would be perfect
for all frequencies. By adjusting
B to the value

1

" {gnRLv)
this is best approximated. This
value of B is the critical amount of
regeneration, which makes the
open-loop gain of the amplifier
infinite at d-c. Using this appro-
priate value of B, Eq. 2 represents
a pure integrator followed by a
single-section low-pass R-C filter as
illustrated in Fig. 4B where the
3-db cutoff frequency is

B 3)

— YGm 4 il; @)

2(Co +55 € 2rR(C: = O)

If the output of this integrator
were inverted and added in a re-
sistive network to the output of a
conventional R-C integrating cir-
cuit, the overall effect would be
perfect integration at all frequen-
cies.

As with any single-ended am-
plifier, an equivalent drift of e, of
about 0.3 volt changes the current
flowing through R and hence the
frequency®. This would, if uncor-
rected, cause excessive frequency
drift at the low-frequency end of
the range where the current
through R is small. Push-pull am-
plifiers operating at low plate cur-
rents maintain grid stabilities of
about 0.02 volt.* By using such a
push-pull amplifier in a negative-re-
sistance circuit V, or V,, the current
into the integrator junction is made

¢

independent of changes in e,. The
denominator of Eq. 1 also contains
an e, term since the initial clamp
point of the integrator output is
e,, which is not corrected by this
circuit. However, this represents
only a given percentage change in
frequency and therefore does not
become more troublesome as the
frequency is decreased. Better
overall stability for both e, terms
in Eq. 1 could be obtained by chop-
per stabilization of the integrators
if accuracy considerations warrant.

Differential adjustment of the
bias on drift-compensator tubes V.
and V. with R, equalizes the in-
tegrating rates of the integrators
for low values of E. At high
values of E. the integrating ca-
pacitors are adjusted to equalize
rates. The setting for E. should be
readjusted if V, or V, is replaced.

Other Components

Each Schmitt trigger detects the
instant when the integrator wave-
form reaches the voltage E.. 1t then
delivers a negative pulse which re-
verses flip-flop V... The other
Schmitt trigger does the same when
the other integrator reaches FE..

Both Schmitt triggers send nega-
tive pulses through mixing diodes
CR, and CR, to pulse amplifier V..
Here the pulse is sharpened and
clipped at its most rapidly changing
level by biased diode CR, in the
output circuit of V.. This sharp
negative waveform cuts off pulse-
forming tube V.. An inductance
in the plate of V,; rings for one-
half cycle, which is about i mi-
crosecond in duration. Ringing
after one-half cycle is damped out
by diode CR,. Pulse output tube
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V., amplifies this shaped pulse and
delivers an output to a low-im-
pedance line.

The entire circuit was designed
to make stability a funection of
voltages rather than a character-
istic of tubes and passive com-
ponents. Examination of Eq. 1 will
show how far this has been accom-
plished. Since a basic component of
frequency is time, it was necessary
to use an R-C time constant. These
components must be kept stable,
but most of the other components
have only secondary effects upon
the frequency.

Variations of e, have been dis-
cussed. Variations of E, must now
be considered. Although V, and V,
in Fig. 8 are operated at high cur-
rents they are push-pull operated
at the tripping point and hence
have better voltage stability than
single-ended pick-off circuits.?

Other major factors affecting
E, are the 400-volt supply for the
Schmitt triggers and the resistor-
divider ratio supplying the nor-
mally conducting triode grid.

The Schmitt triggers are fast
but not instantaneous. This delay
in starting the saw tooth causes
nonlinearity in the frequency-
versus-control voltage curve. This
is compensated by slightly chang-
ing E, with changes in E. with
R, and R..

Since most of the important fac-
tors have been referenced to volt-
ages it is necessary to regulate the
supplies to 0.1 percent if this is
the expected accuracy and stability
of the overall circuit. However,
the +150-volt screen supply and
the +490-volt supply are not so
critical and hence are derived from
cathode-follower regulators V.; and
Vs

Performance

Figure 5 shows the performance
expressed as a plot of pulse repeti-
tion frequency as a function of the
control voltage corrected for the
3.286-volt offset. Although the de-
sign goal was about three decades
final performance indicates four de-
cades are available. The high-fre-
quency limitation is the rapidity
with which the integrators can re-
turn to the clamping point. This
could be speeded up by increasing
the current sent into the integrator

ELECTRONICS — January, 1956
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FIG. 8—Setup for converting product of two voltages into digital quantity

summing junctions through gate
diodes V., and V.

Figure 6A shows the two saw-
tooth waveforms produced by the
integrators operating at a fre-
queney of about 88 ke.

Figure 6B shows one saw tooth
and the output pulses at a fre-
quenecy of about 10 ke. The flyback
time on the saw tooth is a much
smaller percentage of the total
cycle because of the lower fre-
quency. Zero output frequency
would be at a voltage of —3.286
volts. Hence this offset must be
supplied by the device producing
voltage E..

Applications

The block diagram of Fig. 7
shows the oscillator used to con-
vert a voltage into a digital quan-
tity.

Sometimes it is desired to con-
vert the product of two voltages X
and Y into a digital quantity. This
can be accomplished by combining
two methods of analog-to-digital
conversion. One voltage, X, controls
the frequency and the other voltage,
Y, controls the time of counting.

Figure 8 shows the block diagram.
The phantastron* produces a wave-
form proportional to the plate-
catching voltage, Y. A trigger re-
sets the counter and starts the
phantastron. During rundown a
positive waveform appears at the
screen, which is inverted and ap-
plied as the gating waveform of
the variable-frequency oscillator.
At the termination of the rundown,
the count left in the counter is pro-
portional to the product XY. If the
grid return voltage of the phan-
tastron is considered as another
variable, Z, this product can be
divided by a third voltage. The de-
vice then yields the digital conver-
sion of XY/Z. By its nature, the
phantastron limits the range of Y
and Z to about two decades each.
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Phase Shifter Circuits
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FIG. 1—Components of meter tester. Top row of blocks supplies potential-coil voltage; bottom row supplies current-coil current. Sub-
standard meters have permissible error of less than 0.3 per cent. Input is a-c line voltage

NEED for portable universal
equipment for testing meters
is keenly felt in the laboratories of
engineering firms and utility com-
panies. The electronic meter tester
to be described has been designed
to fill this need.

Design of the equipment is based
on the principle of phantom load-
ing." Test loads are simulated by
applying rated voltages to the po-
tential coils and variable current
loads to the current coils.

System Theory

A two-stage phase-shifting net-
work provides smooth control of the
phase angle between the current
and voltage vectors, particularly in
the zero and unity-power-factor re-
gions.

In the block diagram of Fig. 1,
a low-voltage winding of the trans-
former supplies the current coil of
the meter under test, the substand-
ard wattmeter and a substandard
ammeter; the value of the current
is adjusted by a limiting resistor.
Another secondary winding applies
a voltage to a phase shifter capable
of shifting the phase of the a-c¢ in-
put voltage up to 360 degrees. To
keep the load impedances on the
phase-shifting circuits extremely
large, cathode followers have been
interposed as shown in the diagram.

The final phase-shifted voltage is
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applied to a cathode-follower power
amplifier which drives the requisite
current through several meter po-
tential coils ordinarily met with in
practice.

Phase Shifting

Voltage ARB, shown in Fig. 2,
from the secondary of input trans-
former T. is applied to the first
phase shifter in Fig. 3 consisting
of C, and R.. Voltage CO is applied
to cathode-follower V,, which serves
as an impedance-matching device.
This voltage is constant in magni-
tude for any value of R, and its
position in the vector diagram is
fixed by the setting of R,. The out-
put of the cathode-follower is slight-
ly less in magnitude than, but in
phase with, CO and is applied to the
second phase-shifting network con-
sisting of C, and R..

Point E, like O, moves on the sec-
ond semicircle on CO. The double
phase shifter is thus capable of
rotating the voltage vector through
360 degrees. The magnitude of the
output voltage, however, is a little
less than a quarter of the input
voltage.

The first phase shifter insures
that the voltage and current vec-
tors are in phase with each other.
The second phase shifter is cali-
brated to read the power factor
directly on the dial setting.

FIG. 2—Vector representation of two-
stage phase shifter

The output of the second phase
shifter is applied to the primary
of T, which is used to obtain a
grounded signal to the succeeding
stages of the meter-testing equip-
ment.

Potentiometer R, across the sec-
ondary of the interstage trans-
former provides smooth control of
the magnitude of the power-ampli-
fier output. The output of voltage
amplifier V, is applied to the grid
of the triode-connected cathode-
follower driver amplifier, V..

A small voltage of the order of 9
volts is fed back from interstage
transformer T, to V, to improve
stability of operation.

The power amplifier is of the
cathode-follower type with two
EL37 pentodes in class AB push-
pull. The primary of output trans-
former T. is connected between
the cathodes and the center tap of
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Test Power Meters

UMMARY - Device permits testing and calibration of wattmeters, watt-

hour meters and power-factor meters at line frequencies of 40 to 60 cps.

Actual loads are simulated by phantom loading

the primary is grounded through
the biasing resistors.

To keep the screen-grid voltage
constant with respect to the cathode
at the quiescent value, a separate
winding of the same number of
turns as the primary is provided
on the output transformer. The
ends of this secondary winding are
connected to the two sereen grids,
with the center tap connected to
the positive supply of the plates.

This amplifier is capable of de-
livering about 35 watts of undis-
torted output at any of its second-
ary taps.

To permit frequent checking for
the correct initial phase alignment,

By P. VENKATA RAO

Department of Power Emngineering
Indian Institute of Science
Bangalore, India

a test wattmeter is incorporated in
the equipment.

The first phase shifter is ad-
justed until a maximum reading
is obtained on the wattmeter under
test or on the panel wattmeter,
when the power factor is set at
unity. The phase angle can be
smoothly varied through =+ 90 de-
grees by the second phase shifter.
In actual testing, the potential
coil voltage wave can be smoothly
varied through 180 degrees with
reference to the current through
the current coil of the meter under
test. The wattmeter can be com-
pared with a standard wattmeter
for calibration purposes.

For the energy meter, however,
a standard ammeter and a stand-
ard voltmeter are included in the
current and potential circuits;
power factor is indicated by the
setting of R, of the second phase
shifter.

The author is indebted to C. S.
Ghosh for his encouragement and
constant help, and to the Director,
Indian Institute of Science for his
permission to publish this paper.
The assistance of G. Krishna is
also acknowledged.
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Electrically Variable
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FIG. 1—Experimental variable gas-
dielectric capacitor (A} and structure
using 15 NE-2 glow tubes (B)
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HIS CONTROLLABLE capacitor

exhibits a usably high ratio
of capacitance change to total
capacitance.

Although its dielectric constant
is not appreciably greater than
1, the capacitance change is suffi-
cient to provide frequency modu-
lation and control of self-excited
oscillators, see Fig. 1 and 2.

Circuit

A diagram of the capacitor cir-
cuit is shown in Fig. 8. The capaci-
tor consists of a pair of plates with
a glass envelope placed between the
plates. Within the glass envelope
are two electrodes and neon gas of
suitable density and ionizing
characteristics.

The gas within the envelope
forms an appreciable part of the
space between the two plates. Un-
der the condition of no ionization,
the aggregate dielectric constant
will be slightly greater than one
owing to the glass envelope and
the negligible amount of neon.

That portion of the dielectric
which is air and that portion which
is glass will remain relatively con-
stant, as will the insignificant
amount of neon. When an ionizing
potential is applied to the elec-
trodes that part of the dielectric
which consists of ionized neon will
have acted to alter the aggregate
dielectric constant.

An increase in capacitance takes
place when gas ions are generated
between the two electrodes. The
greatest capacitance change takes
place between the condition of no
ionization and maximum ioniza-
tion. There are applications for
such abrupt capacitance changes.
However, the use of the capacitor
as a frequency modulator or similar
proportional control requires that

the ionizing current be maintained
at some controilable level above the
extinguishing point.*

With » gas ions present a cer-
tain fixed value of capacitance will
result and with » + 10 or n — 10
gas ions a proportional increase or
decrease in capacitance will take
place. With the standard neon tubes
used, the capacitance change for a
linearly increasing current change
is exponential.

A linear current-controlled vari-
able capacitor should conform to
the expression C Ik, where C
represents the capacitance and I
the ionizing current; & defines the
relative current-capacitance sensi-
tivity. For frequency-modulator ap-
plications the ideal capacitor should
agree with the expression C = Iek
where ¢ = 2 defines conformity to
the capacitance change in a reson-
ant circuit to create a frequency
change linear with current.

Neglecting inductance and re-
sistance which must necessarily
exist in a practical structure, such
a capacitor will always appear as
a variable capacitance in shunt
with a fixed one. If Cy represents
the fixed shunt capacitance, the
expression becomes C = Cs + Iek.

To make the variable section
as effective as possible a maximum
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FIG. 4—Effective frequency sensitivity
of the assembly using a single NE-51
glow tube. A reduction in Q is noted
wherever the current increases
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Gas-Dielectric Capacitor

UMMARY —— Neon diode between plates of air capacitor varies dielectric

constant in proportion to diode current, giving variation in capacitance

between plates.

Applications include frequency control of self-excited

oscillators and potential use in other low-power circuits

ratio of variable capacitance to
fixed capacitance must be accom-
plished.

The experimental units were de-
signed to have low inductance and
have worked satisfactorily through
the test ranges shown. They should
work effectively up to field frequen-
cies of several hundred megacycles,
although the effective current capa-
citance sensitivity k& for a given
current increment decreases as the
field frequency increases, as shown
in Fig. 4.

Limitations

One might expect the gas tube
capacitor to be sensitive to ambient
light, heat and stray electrical
fields.® Such effects are almost
negligible once ionization has taken
place. The NE-51 and NE-2 bulbs
are of the negative-glow type in

Single-tube showing NE-S1

capacitor
glow tube glass envelope

which light is produced by the ion
activity surrounding the cathode.
The direct-current flow through
such tubes may be considered as
closely following statistical laws
and might be expected to contribute
noise in frequency-modulator ap-

plications. A realistic determina-
tion of noise contribution was made
by utilizing the multiple tube capa-
citor to modulate an oscillator.

The oscillator output frequency
was multiplied and applied to an
f-m receiver. A modulating volt-
age was applied to the capacitor
sufficient to create approximately
10 percent of the maximum capaci-
tance variation available. The re-
sults are shown in Table I.

The rms f-m detector output was
measured under conditions of no
modplation at the received fre-
quency. It was then compared with
the residual noise when the gas
capacitor was extinguished. No sig-
nificant noise change was found.

Two possible ionization modes
were noted where a sufficiently
strong field exists to create a sec-
ond ionization independent of the

Table I—Performance Data on the Variable Multiple Glow-Tube Capacitor

Static current . . .

*At 1.75 me

Static capacitance at 0.005 amp .. .. ..
Maximum capacitance change . .. . .. ..
Capacitance change for & 109, peak current
change........... ... ... ... . ...
RMS Level of contributed noise with respect
to RMS test receiver output crezted by
+ 109, peak current change. . . ... ..
When muiltiple glow tubes are used it is desirable to apply
the modulation in series in order to eliminate the use
of a separate coupling capacitor for each glow tube.
Noise measurements were made by substituting this
capacitor for the single unit in the circuit of Fig. 5.

** Audio bandwidth of receiver output held to 10 ke

+i50v

+0.125 uuf* 2

< —60db**

R-F QUTPUT

—

68 uuF

[Tl
22K 2K 0.1
~AAAA AAA—]
MODULATION
K=X 1,000

VN

FIG. S—Frequency-modulated oscillator circuit at
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right

with which modulation measurements of Table I were made
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d-c¢ ionization. The first of these
modes is the one under which all
of the measurements shown were
made and is the condition created
by the d-c ionizing current with
negligible contribution by the field
between the plates.

If, under the conditions of this
first mode, the field strength be-
tween the plates is increased to a
high enough value the second ad-
ditional ionization will take place.
This 1is characterized by the
familiar blue-violet glow which dif-
fuses throughout the bulb. A sud-
den increase in capacitance ac-
companies this change.

The d-c ionizing current still
exhibits some control over the
effective capacitance. A different
situation exists here since the
capacitor can be expected to exhibit
a resistive component of impedance
which will absorb appreciable
energy from the circuit.

If the field strength should in-
crease, so will the extent of this
secondary ionization up to the
saturation point. If such a condi-
tion occurs, where the capacitor is
applied as an oscillator control, the
amplitude changes will usually de-
grade the frequency stability and
the performance may be erratic.

This difficulty is not present if
the field strength is maintained at
a low level. The gas-dielectric
capacitor should be operated in a
sufficiently weak field in frequency
modulator use to assure that the
second mode will not be triggered
by peak-modulation currents.

Frequency Modulator
Applications

The circuit of Fig. 5 meets the
general requirements for a fre-
quency-modulated oscillator. Ioniza-
tion is held to the first mode where
the field between the capacitor
plates is suitably low. The fre-
quency swing versus the rms modu-
lating voltage is uniform through-
out the audio range.

An experimental four-band r-f
exciter unit was constructed utiliz-
ing four separate oscillators each
on a different frequency. The NE-
51 bulbs were placed behind
windows in the front panel and
served as indicators of the band
selection in addition to their ca-
pacitor function.
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FIG. 7—Curves show frequency stabil-
izing effect of gas tube on 300-mc
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No measurable degradation of
oscillator stability due to the use of
the neon capacitors was experi-
enced over the range 3 to 30 mc
during 1,000 hours of test service.

The upper effective modulation-
frequency limit will occur at the
point where the ionization delay
reaches a maximum. This takes
place well above the audio range,
however. It is characterized by a
gradual increase in internal gas
resistance as the modulating fre-
quency is increased.’

Reference to Fig. 2 will indicate
that some amplitude distortion of
the demodulated wave must occur,
since the capacitor does not ex-
actly meet the C = I¢k requirement
for a perfect modulator. This dis-
tortion will increase with the devia-
tion requirement and will be
largely second harmonic in order.
It is typical of neon glow tubes that
their terminal resistance decreases
as the voltage increases.’

If one assumes a zero impedance
modulating source, a condition will
exist where the ionizing current
will rise to a higher value during
positive voltage increments than
would be the case if the glow tube
exhibited a constant impedance.
This positive nonlinear resistance
characteristic may be used to can-

cel the nonlinear capacitance char-
acteristic. Thus distortion is re-
duced by placing resistance in
series with the modulating source,
see Fig. 6, or by suitable choice of
modulation-source impedance.

The second mode of operation
has been used to advantage experi-
mentally to stabilize a h-f oscil-
lator against changes resulting
from plate-supply variations. In
this case a circuit similar to that
shown in Fig. 5 was used except
that no d-¢ ionizing current was
present and the capacitance was
controlled by the field strength be-
tween the plates.

The test results® are shown in
Fig. 7. This suggests a means of
frequency stabilizing an a-m self-
excited oscillator. The multiple-
bulb coaxial-type capacitor shown
in Fig. 1B provides greater capaci-
tance changes than are possible
with the single unit.

The variable gas-dielectric ca-
pacitor is a simple, efficient and re-
liable device having applications in
frequency control of self-excited
oscillators. It is potentially useful
in other low-power circuits where
small changes in capacitance are
required to be controlled at rates
to at least 20 ke.

While the glow tubes shown pro-
vide creditable performance, they
show considerable variations be-
tween individually available com-
mercial types. With particular at-
tention to structure and type of
gas, a group of gas tubes may be
designed to take fuller advantage
of the method described.

The writer wishes to express his
appreciation to R. F. Smeltzer of
the Bendix Radio Division; A. B.
Meador, Melpar Corporation; W. G.
Chenoweth and T. C. Fletcher of
the Shasta and Beckman Divisions,
respectively, of Beckman Instru-
ments, Incorporated.
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Transistor Characteristics
for Circuit Designers

UMMARY -

- Tables indicate physical properties, maximum electrical rat-

ings, small-signal low-frequency parameters and average characteristics for

erounded-base, grounded-emitter, grounded-collector and switching circuits
for 218 transistor types: 106 junction triodes, 46 high-frequency triodes, 6

tetrodes, 23 high-power units, 25 point-contact and 12 phototransistors

UCCESSFUL transistor circuit de-
S sign requires not only famili-
arity with transistor equivalent
circuits and characteristic curves
but also an understanding of the
behavior of the parameters describ-
ing the transistor and the variation
of these parameters with bias and
temperature. Tables I to VI have
been compiled as a systematic pres-
entation of data necessary for tran-
sistor circuit design.

Each of the charts presents phys-
ical properties, maximum electrical

ABBREVIATIONS USED
IN TABLES

«  Current gain

8  Base-current amplification fac-
tor

BW Bandwidth

C. Collector capacitance

Alpha cutoff frequency

g-b Grounded base

g-¢ Grounded collector

g-¢ Grounded emitter

I, Base current

I Second base current (tetrode)

I.  Collector current

I., Collector cutoffl current

I, Emitter current

I., Emitter cutoff current

NF Noise figure

ry  Base resistance

r,  Collector resistance

r, Emitter resistance

R, Generator resistance

R; TInput resistance

Ry Load resistance

R, Output resistance

V. Collector voltage
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ratings, typical small-signal low-
frequency parameters, average
characteristics for grounded-emit-
ter, grounded-base and grounded-
collector «circuits and switching
characteristics. Figure 2 illustrates
the circuits referenced in Tables II
and IIIL

Small-signal parameters are ex-
pressed as resistances. This permits
a familiar physical representation
of the transistor in circuit design.
Box on p 171 enables transforma-
tion between 7 and » parameters.

All the characteristics are for
fixed-bias conditions. However,
these values vary with operating
conditions. Examples of these vari-
ations are shown in Fig. 1A, 1B,
1C and 1D.

Figure 1A illustrates how col-
lector capacitance C, varies with
collector voltage V. In designing
an i-f tuned circuit, the tuning ca-
pacitor must be large enough to
swamp out the effects of the varia-
tion of collector capacitance. If the
i-f stage is a grounded-emitter
rather than a grounded-base stage,
the collector capacitance is magni-
fied by the base-current amplifica-
tion factor, g.

In i-f stages where neutralization
is used to maximize gain by balanc-
ing out C., instability may occur
when the battery voltage decreases.

This variation of C, with V. per-
mits use of the transistor as a re-
actance element in f-m applications.

At low current bias, Fig. 1B, 1C
and 1D, the noise factor of the tran-
sistor decreases and emitter re-
sistance r, base resistance 7, and
collector resistance r. increase, pro-
viding increased power gain and
larger values of input and output
impedance. This is advantageous
in hearing aids where low bias cur-
rents are used.

Temperature Effects

In the germanium transistor, no-
ticable changes in «, 8 and /., take
place at approximately 60 C as
shown in IFig. 1E. These changes
can lead to instability at high tem-
peratures by « becoming equal to or
greater than unity or by /., increas-
ing and causing a collector run-
away effect due to self heating.

Temperature problems are mini-
mized in silicon transistors as seen
in Fig. 1F. The value I., becomes
almost negligible in design consid-
eration as the upper limit or tem-
perature range is above 100 C. In
such special applications as d-c am-
plifiers, the slightest change in «
over the normal temperature oper-
ating range can produce a signifi-
cant change in d-¢ current gain of
the grounded-emitter stage.

The low-frequency low-power tri-
ode junction transistor, Table I, is
most commonly used. The majority
are utilized in hearing aids audio
systems, low-power control systems
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TABLE 1—JUNCTION TRIODE LOW-POWER TRANSISTORS

| Max | Max | Max Small-Signal Low-Frequency
Max Coll | Coll | Coll | Am-
Manufacturer | Type No. Type Power | Volt- | Cur- | bient Bias
! (mw) age | rent | Temp Te Ty re
(v) | (ma) |(degC)| V. 1, 8 | (ohms) | (ohms) | (meg)
| ™ @) |
Amperex Electronic Corp. OC70 pnp fused® 25 (45C) —10 —10 45 =2 0.5 30 39 1,000 1.43
230 Duffy Ave. 0C71 pnp fused! 25 (45C) -—-10 -—10 45 =2 3 47 6.5 500 0.625
Hicksville, N. Y.
CBS-Hytron 2N36 pnp fused 50 ~20 —8 5 -6 1 45 30 150  0.95
Danvers, Mass. 2N37 pnp fused 50 —-20 — 8 50 —6 1 30 30 350 0.55
2N38 pnp fused 50 —20 - 8 50 —6 1 15 25 350 0.5
HA-1 pnp fused 50 -20 -8 50 -3 0.5 40 24 700 1.7
HA-2 pnp fused 50 -20 -8 50 -3 0.5 30 35 350 0.8
HA-3 pnp fused 50 -20 — 8 50 -3 0.5 35 30 150 0.6
HC-1 pnp fused 50 —-20 - 8 50 —6 1 45 30 450 0.95
Germanium Prod. Corp. NPN-3/ npn grown 50 (25C) 35 10 75 4.5 -1 4 25 100 2.0
26 Cornelison Ave. 2N103
Jersey City, N. J. RD2517A/ npn grown 50 (25C) 30 10 75 4.5 —1 13.3 25 100 3.0
2N97
RD2518A/ npn grown 50 (23C) 40 10 85 4.5 -1 13.3 25 100 10.0
2N9TA
RD2521A/ npn grown 50 (25C) 40 10 75 4.5 —1 40 25 150 5.0
2N98
RD2522A/ npn grown 30 (25C) 10 10 85 4.5 -1 40 25 150 10.0
2NOSA
RD2523A/ npn grown 30 (25C) 10 10 75 4.5 -1 40 25 150 5.0
2N99
RD2525A/ npn grown 25 (25C) 25 5 50 45-1 140 25 400 5.0
2N100
General Electric Co. 2N13 pnp fused 150 (25C) —155 —50 100 -5 1 49 32 400 1.0
Electronics Park 2N 14 pnp fused 150 (25C) —15¢ —50 100 —5 1 21.2 26.5 300 1.0
Syracuse, N. Y. 2N15 pnp fused 150 (25C) —155 —50 100 -5 1 11.5 20 250 1.0
2N43A pnp fused 130 (25C) —455 —50 100 -5 1 43.4 15 575 1.43
IN13A pnp fused 150 (25C) —45 —50 100 -5 1 43.4 15 575 1.43
USAF
2N76 pnp fused 50 (25C) —206 —10 60 —5 1 19 17 300 1.0
General Transistor Corp. GT-14 pnp fused 70 (50C) —25 8 —4.5 1 28 30 800 1.5
95-18 Sutphin Blvd ~ GT-20 pnp fused 70 (50C) —25 85 45 30 800 1.5
Jamaica, N. Y. GT-34 pnp fused 70 (30C) —25 85 15 30 800 1.5
GT-81 pnp fused 70 (50C) —25 85 65 30 800 1.5
GT-83 pnp fused 70 (50C) —25 85 45 30 800 1.5
GT-87 pnp fused 70 (50C) —25 85 28 30 800 1.5
GT-88 pnp fused 70 (50C) —25 85 65 30 800 1.5
2N34 pnp fused 70 (50C) —25 85 —45 1 40 30 350 2.0
2N36 pnp fused 70 (50C) —25 8 —45 1 15 30 850 2.0
2N37 pnp fused 70 (50C) —25 8 —45 1 30 30 600 2.0
2N38 pnp fused 70 (50C) —25 85 —4.5 1 15 30 400 2.0
2N39 pnp fused 70 (50C) —25 85 —45 1 45 30 850 2.0
2N40 pnp fused 70 (50C) —25 85 —4.5 1 28 30 600 2.0
2N42 pnp fused 70 (50C) —25 8 —45 1 13 30 400 2.0
Hughes Aircraft Co 11A5001 npn atloyed 300 (25C) 30 100 85 5 1 65.6 16.5 900 2
Culver City, Calif. HA5002 npn alloyed 500 (25C) 20 100 85 S 1 27.5 16 400 1
11A5003 npn alloyed 500 (25C) 20 100 85 S 1 99 26 400 1
Hydro-Aire Inc. J-1 pnp fused 150 (25C) —40 —10 50 —6 1 34 30 400 1.0
Burbank, Calif. J-2 pnp fused 150 (25C) —40 —10 50 —6 1 15 30 300 0.7
I3 pnp fused 150 (25C) —40 —10 50 —6 1 9 30 300 0.5
HA-1 pnp fused 100 (25C) —20 —-10 50 —6 1 40 30 350 0.75
COQ-1 pnp fused 150 (25C) —40 —10 50 —6 1 9 30 200 0.5
Nat'l Union Llectric 2N39 pnp fused 47 (25C) -27 —12 60 —4.5 1 32.4 1to2
350 Scotland Rd. 2N 10 pnp fused 47 (25C) —27 —12 60 —4.5 1 15.7-32.4 1to2
Orange, N. J. 2N42 pnp fused 47 (25C) —18 —12 60 —45 1 9 05t02
T34D pnp fused! 56 (25C) —-27 —12 70 —4.5 1 32.4 20 1102
T31E pnp fused! 56 (25C) —-27 12 70 —4.5 115.7-32.4 20 lto2
162 January, 1956 — ELECTRONICS



TRANSISTOR CHARACTERISTICS

Parameters 1 Grounded-Emitter Connection Grounded-Base Grounded-Collector
| | | |
| fuw | G| Lo NF| L | R | Ry | R, (Gan| R | R | R, |Ganl R | R, | R, |Gain
| (mc) | (uuf) (na) (db)| (ma) |(ohms)| (ohms)| (ohms) (db)|(ohms)| (ohms)| (ohms) |(db)| (ohms) |(ohms)| (ohms) | (db)
! r |
| e | |
- 8 10
—-8 10
0.5 30,000 1,000 40
0.5 30,000 1,000 36
0.5 30,000 1,000 32
—-12 12 30,000 1,000 30
=12 30,000 1,000 30
1,200 1,000 35
0.7 —-12 30,000 1,000 40
0.75 20 5 22 0.25 225 100,000 matched 33 45 250,000 matched 30 2,500 500 matched 7
1.0 19 2 20 0.07 400 100,000 matched 38 35 250,000 matched 32 7,000 500 matched 11
1.0 19 2 15 0.07 400 100,000 matched 38 35 250,000 matched 32 7,000 500 matched 11
2.5 14 2 20 0.025 850 100,000 matched 47 35 250,000 matched 35 20,000 500 matched 15
2.5 14 2 15 0.025 850 100,000 matched 17 35 250,000 matched 35 20,000 500 matched 15
3.5 10 % 15  0.025 850 100,000 matched 47 35 250,000 matched 35 20,000 500 matched 15
5.0 1t 2 20 0.007 3,500 100,000 matched 53 45 250,000 matched 35 70,000 500 matched 20
1.0 40 —-10 22 1,000 30,000 600 39 60 50,000 100 28 30,000 600 30,000 15
1.0 10 —-10 22 700 30,000 600 38 55 50,000 100 28 15,000 600 15,000 12
1.0 40 —10 22 450 30,000 600 36 50 50,000 100 28 7,500 600 7,500 11
1.0 40 -5 10 1,000 30,000 600 39 60 50,000 100 28 30,000 600 30,000 15
1.0 40 — 5 30 1,000 30,000 600 39 60 50,000 100 28 30,000 600 30,000 15
1.0 40 = 5 18 1,000 30,000 600 38 55 50,000 100 28 15,000 600 15,000 12
0.65 —-10 16
0.65 ~10 16
0.65 —10 16
0.65 —10 16
0.70 —-10 16
0.50 —-10 16
L0 - 16 and low-speed computing cirecuits.
—-15 24 . . .
15 % Present units are available in the
_15 24 pnp and npn fused germanium, the
—15 24 npn grown germanium and npn
—15 24 grown silicon types. Of the fused
-15 24 tvpe of transistor, the pnp is more
—-15 24 available commercially and conse-
25 15 5 quently has found a wider range of
0.8 1215 applications. The npn fused type is
}(5) _18 ﬁ 5 suitable' for complementary sym-
“:5 13 9 35 metr_\'. circuitry. Tbe grown silicon
05 _920 33 30 type is used for hlgh temperature
—10 20 and low I., applications.
0.5 —20 33 The germanium and silicon grown
-10 20 30,000 500 39 transistors are used in almost the
-10 24 30,000 500 38 same manner as the fused tran-
—-20 28 30,000 500 36 sistor. Frequently, the grown types,
—-10 20 30,000 500 39 owing to their lower value of col-
—10 24 30,000 500 38 lector capacitance and higher value
of a cutoff, may be employed as
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Table I {cont)

Nat’l Union (cont)
Philco Corp.

Manufacturer

4700 Wissahickon Ave.
Philadelphia, Pa.

RCA

Harrison, N. J.

Raytheon Mfg Co.

55 Chapel St.
Newton, Mass.

Sylvania Electric

1740 Broadway
New York, N. Y.

Texas Instruments

6000 Lemmon Ave.
Dallas, Texas

Transitron

407 Main St.
Melrose, Mass.

Tung-Sol Electric

100 Eighth Ave.
Newark, N. J.

Western Electric

120 Broadway
New York, N. Y.

Westinghouse

Box 281
Elmira, N. Y.

Type No.

T34F
2N47
2N19

2N104
2N77
CK721
CK722
CK725
CK727
2N63
2N6t
2N65
2N34
2N35

200
201
202
2065
2078
208S
300
301
903
904
905
904A
210
302
350
2N85
2N86
2N87
2IN88
2N89
2N90
2N91
2N92
2N34
2N36
2N37
2N38
2N43
2N44
2N45
2N63
2N64
2N65
DR126
DR128
DR129
DR130
DRI154
2N27
2N28

2N54
2N55
2N56

Type

pnp fused!
pnp fused!
pnp fused!

pnp fused?
pnp fused!
pnp fused?
pnp fused®
pnp fused?
pnp fused?
pnp fused
pnp fused
pnp fused
pnp fused
npn fused

npn grown
npn grown
npn grown
npn grown!
npn grown!
npn grown!
pnp fused

pnp fused

npn grown
npn grown
npn grown
npn grown
npn grown
pnp fused

pnp fused
pnp fused
pnp fused
pnp fused!
pnp fused!
pnp fused!
pnp fused
pnp fused
pnp fused
pnp fused
pnp fused
pnp fused
pnp fused
pnp fused
pnp fused
pnp fused
pnp fused
pnp fused
pnp fused*
pnp fused*
pnp fused*
pnp fused*
pnp fused*
npn grown
npn grown

pnp fused!
pnp fused!
pnp fused!

Max Coll

Power
(mw)

36 (25C)
50 (25C)
50 (25C)

110 (25C)
35 (25C)

50 (25C)
50 (25C)

50 (25C)
50 (25C)
50 (25C)
50 (25C)
50 (25C)
50 (25C)
50 (25C)
50 (25C)

150 (25C)

150 (25C)

150 (25C)

150 (25C)
50 (25C)
50 (25C)
50 (25C)

750

750

750
25
25
25

125

125

125

125

125

125

375

375

375

125

125

125
50 (25C)
50 (25C)
50 (25C)
50 (25C)
50 (25C)
50 (60C)
50 (60C)

200 (25C)
200 (25C)
200 (25C)

Max
Coll
Volt-
age

L)

—18
—35

—35

—30
—25
_.4156
998
—19s
— 6
—.996
—1586
—19
—40
—10

30
30
30
30
30
30
-30
-30
30
30
30
30
307
—30
—-12
—45
—60
-30
—12
—-12
—-12
—-15
—25
-25
-25
—-25
—25
—45
—45
—45
—25
—25
-25
—107
—107
—957
_957
— 9257
30
30

—45
—45
—45

Max
Coll
Cur-

rent

—12
—20
—20

—100
—100
—100
—10
—10
-10
—-500
—-200
—-20
—20
—20
—20
—50
—50
—50
—20
—20
—20

5
5

-10
-10
—10

Max Small-Signal Low-Frequency
Am- = _—
hient Bias r. s Te
Temp — B8 | (ohms) | (ohms) | (meg)
(ma) /(degC) V. | I,
0 -—-45 1 9 20 0.5t02
-5 1 39 25 600 1.0
-5 1 39 25 600 1.0
85 =6 1 44 24.5 750 2.25
50 —4 0.7 40 36 560 2.3
70 -6 1 45 25 700 2.0
70 —6 1 22 25 250 2.0
0 -6 1 90 25 1,500 2.0
70 —-1.5 0.5 35 50 500 2.0
8 —6 1 22 25 350 2.0
8 —6 1 45 25 700 2.0
8 —6 1 90 25 1,500 2.0
—6 1 40 2 800 2.0
6 -1 40 26 800 2.0
50 5 -1 9 22 150 0.4
50 5 -1 19 22 170 0.4
50 5 -1 49 35 200 0.4
50 25-05 35
50 25-05 19
50 25-10 19
50 -5 1 9 550 0.4
50 -5 1 19 1,000 0.4
150 5 -1 9-19 150 500 0.5
150 5 -1 19-39 150 1,250 0.5
150 5 -1 539 150 2,500 0.5
150 5 -1 =19 150 1,250 0.5
50 22.5 =2
50 —5 1 44
100 —12 10 40 2.5 300 0.16
100 —12 10 20 2.5 300 0.125
100 —12 10 20 2.5 300 0.125
8 -—-13 0.5 25 50 1,000 0.5
8 —-13 05 25 50 1,000 2.0
8 —-13 2.5 40 10 600 0.5
8 -3 30 25 1.5 50 2.0
8 -3 5 30 5 500 1.0
100 —6 1 40 18 600 1.0
100 —6 1 45 18 700 1.0
100 —6 1 30 20 500 1.0
100 -6 1 15 20 250 1.0
100 -6 1 33 20 500 1.0
100 -6 1 16 20 300 1.0
100 —6 1 9 20 250 1.0
100 —6 1 20 20 350 2.0
100 —6 1 30 20 700 2.0
100 —6 1 50 18 1,500 2.0
85 —1.5 0.5 24 26 900 1.5
85 —1.5 0.5 49 34 1,400 2.0
8% —-15 0.5 324 26 1,200 2.0
8 —-1.5 0.5 13 20.5 650 1.3
8 —1.5 0.5 124 55 600 1.2
85 4.5-1 19-198 50 700 2.0
85 4,5-1 5-198 125 1,000 1.0
60 —6 1 33 25 400 1.0
60 —6 1 20 20 100 1.0
60 —6 1 13 5 400 1.0

high frequency transistors.

The maximum power ratings on
most of the low-power transistors
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are of the order of 50 milliwatts
collector dissipation at room tem-
perature. Some of these units have

external heat sinks and are able to
dissipate considerably more power.
The rating most commonly em-
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OR CHAR CTERVISTICS‘

Parameters '| Grounded-Emitter Connection \ Grounded-Base i Grounded-Collector
|
fi | G L. |NF| 1, R; R, | R, |Gain‘ R; Ry, R, [Gain R | Ry ' R, | Gain
(mc) | (uuf) | (pa) {(db)| (ma) |(ohms)| (chms) (chms) |(db) ‘ (ohms)| (ohms)I (ohms) i(db) (ohms) |(ohms)| (ohms)  (db)
—20 28 30,000 500 36
1.0 49 —10 15 1,000 50,000 matched 42
1.0 49 —10 12 1,000 50,000 matched 42
0.7 —-10 12 1,200 50,000 matched 43 110 100,000 matched 32.8 500,000 20,000 matched 13.9
0.7 —10 9 1,350 50,000 matched 42.6 130 100,000 matched 33.2 10,000 300 matched 16.2
-6 22 1,500 20,000 matched 41 70 100,000 matched 31 600,000 20,000 matched 15
-6 25 500 20,000 matched 36 45 100,000 matched 32 200,000 20,000 matched 10
— 6 20 2,700 20,000 matched 42 110 100,000 matched 30 1,000,000 20,000 matched 16
- 6 12 20,000 1,000 36 200,000 100 28 540,000 10,000 100,000 14
— 6 25 800 20,000 matched 39 50 100,000 matched 32 350,000 20,000 ‘matched 13
— 6 22 1,500 20,000 matched 11 70 100,000 matched 31 600,000 20,000 matched 15
-6 20 2,700 20,000 matched 42 110 100,000 matched 30 1,000,000 20,000 matched 16
0.6 15 -5 18 —-0.03 1,200 30,000 500 40 20,000 500 matched 16
0.8 18 5 16 0.03 1,200 30,000 500 40 20,000 500 matched 16
09 15 10 2 480 20,000 500 37 35 100,000 60 30 9,500 500 15,000 12
1.1 17 10 23 970 20,000 500 40 40 100,000 60 30 15,500 500 15,000 14.5
1.3 19 10 20 1,250 20,000 1,250 43 15 100,000 60 31 32,000 500 15,000 17
3 14 20,000 1,000 32
3.5 21 20,000 1,000 29
4 2 300 1,000 26
—10 25
—10 20
3 1(25C) 23
3 1(25C) 23
3 1 (25C) 23
=4 1(25C) 23
50 (25C) 10,000 500 39
—10
0.8 -10 20 1,000 500 30
0.8 —-10 20 1,000 500 26
0.8 —20 20 1,000 500 26
0.5 —-10 10 20,000 1,000 36 All sockets A to H except where otherwise noted
0.5 ~10 20 20,000 1,000 36 1 Socket type A
0.5 -10 20 600 1,000 26 2 Socket types B to 1
—-15 3 Socket types A, 1 and J
—-10 4 Socket type not given
—10 20 30,000 1,000 40
-10 20 30,000 1,000 40 Characteristics measured at 25 C unless otherwise noted
-15 22 30,000 1,000 36 & Characieristics measured at 30 C
—25 24 30,000 1,000 32 & Characieristics measured at 27 C
-15 20 30,000 1,000 40 7 Temperature not given
—15 22 30,000 1,000 37
—15 22 30,¢00 1,000 33
—10 25 30,000 1,000 38
~10 22 30,000 1,000 39
—10 20 30,000 1,000 41
0.9 -9 14 --0.006 30,000 1,000 33
0.9 — 8 18 —1.5 300 24
0.7 --10 18 —0.006 30,000 1,000 35
0.5 — 14 21 —0.006 30,000 1,000 27
0.7 ~10 18 —0.006 30,000 1,000 40
2 17 10 30
0.95 25 10 30
0.5 - 6 700 50,000 700 39.5 125 300,000 125 31 35,000 1,000 35,000 15
0.5 - 6 550 67,000 550 39 125 300,000 125 31 27,000 1,000 27,000 13
0.5 -6 450 85,000 450 37 125 300,000 125 31 20,000 1,000 20,000 11

ployved is the maximum power rat- achieved simultaneously because the maximum voltage rating is set at a
ing. Maximum current and maxi- product of these two ratings usu- value safely below the collector volt-
mum voltage ratings cannot be ally exceeds maximum rating. The age breakdown value while the max-
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TABLE 11l—HIGH-FREQUENCY TRANSISTORS

| l Typical Small-Signal
| | Max | Max | Max
Max Coll | Coll | Coll | Am- Storage S
Manpufacturer Type No. Type Power Volt- | Cur- | bient Temp Bias
(mw age | rent |Temp| (degC) |—— | re re
| [ (v) | (ma) |(degC) Ve i 1. 8 | (ohms) (ohms)
| ' (v) | (ma)
| | | | !
General Electric 2N78 npn rate 50 (30C) 15 20 100 100 max 5 -1 27.5
grown
2N123 pnp fused 150 (25C) -—-15 150 85 -5 1 30-150
2N135 pnp alloyed 100 (25C) —20 —50 85 -5 1 20
2N136 pnp alloyed 100 (25C) —20 —50 85 -5 1 40
2N137 pnp alloyed 100 (25C) —10 —50 85 -5 1 60
Germanium Prod. RD2523A  npn grown 50 (25C) 40 10 75 5 -1 40 25 150
(2N99)
RD2525A npn grown 25 (25C) 25 5 50 5 -1 100 25 100
(2N100)
RD2521A  npn grown 50 (25C) 40 10 5 o =i 10 25 150
(2N98)
RD2517A  npn grown 50 (25C) 30 10 75 5 -1 13 25 100
Hydro-Aire HF-1 pnp fused 35 (25C) —-15 — 5 55 —4.5 1 25 30 500
IF-1 pnp fused 35 (25C) —-15 — 5 55 —4.5 1 20 30 500
Philco SB-100 surface 10 (40C) — 4.5— 5 —55t085 —3 0.5 19 50
barrier!
Raytheon CK-760 pnp fused -6 —5 —55t085 —6 1 45 22 70
CK-761 pnp fused -6 -5 —55t085 —6 1 50 22 70
CK-762 pnp fused -6 — 5 —55t085 —6 1 60 22 70
Sylvania 2N94 npn alloyed 50 (25C) 20 10 —55t08 6 —0.5 30 52 500
2N91A npn alloyed 50 (25C) 20 10 —55 to 85 6 —05 30 52 500
Texas Inst. 22 npn grown'! 50 (25C) 30 5 50 22.5
221 npn grown' 50 (25C) 30 5 50 22.5
222 npn grown' 50 (25C) 30 5 50 22.5
223 npn grown' 50 (25C) 30 5 50 22.5
904A npngrown 150 (25C) 30 10 150 5 -1 =19 150 1,250
224-1
2
3
4
5
225-1
2
3
4
5
226-1
2
3
4
5
227-1
2
3
4
5
Tung-Sol DR-155 pnp fused? 50 (25C) -—10 85 —535t085 —1.5 0.5 32
2N112 pnp fused 50 (25C) —-10 — 8 85 —55t085 —6 1 32 31 110
2N113 pnp fused 50 (25C) —-10 — 8 85 —55t085 —6 1 32 31 110
Western Electric 2N27 npn grown 50 (60C) 30 5 85 £.5 -1 20-198 50 700

Socket types A to H unless otherwise noted

1t Socket type A only
2 Socket types A and J
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 TRANSISTOR CHARACTERISTICS

Low-Frequency Parameters H.F Pa- | High-Frequency Circuit Conditions High-Speed Switching
! rameters l Characteristics
| { [ | Reverse

Te faco Cc| I, |I,| NF | +C. R: | R, |PowerCir-| Rise | Fall | Emitter| Cir-

(meg)| (mc) (uuf)|(ua) [(ua) | (db) | (nusec) Application (ohms) (ohms)| Gain | cuit‘ Time Time| Voltage| cuit
| LA | (useq) (wseq) (V)
| l | | b | [
5.5 6 1 14 r-f amp 1,000 6,000 20
i-f amp 1,500 10,000 30
7.5 1+ -2 5 10 1,000 switching 0.1 0.2 5
4.5 11 5 r-f/i-f amp 29
6.5 14 5 “ 31
10 14 5 « 33
5.0 3.5 10 2 15 i-f amp 500 10,000 22 <0.2 <0.3
unneut

5.0 5.0 14 2 20 £ 750 10,000 23 <0.2 <0.3

5.0 2.0 14 2 20 “ 500 10,000 22 <0.2 <0.3

3.0 1.0 19 2 20 “ 350 10,000 20 <0.2 <0.3

1.0 5.0 10 —10

1.0 2.0 10 —10

0.4 30 (osc¢) 2.2—-0.5 0.5 800

1.0 5 14 -2 2 25 1,000

1.0 10 14 -2 2 25 1,000

1.0 20 14 -2 2 25 1,000

2.0 3.5 10 3 -3 15 1,000 i-f (g-b) 80 100,000 25¢ C 0.15 0.15 =0 F

i-f (g-e) 500 25,000 32¢ D

2.0 6.0 10 3 -3 15 1,200 i-f (g-b) 80 100,000 25¢ C 0.1 0.1 >0

i-f (g-e) 800 25,000 35¢ D
r-f (g-b) 80 15,000 205 E
50 262-ke (g-e) i-f 750 70,000 31 A
50 4 750 70,000 33 A
50 “ 750 70,000 35 A
50 262-kc conv 300 60,000 20 B
0.5 >8 1
neut 262-kc 600 70,000 26 H
g-eif 28
30
32
34
neut 455-kc 500 50,000 24 H
g-ei-f 2
28
30
32
neut 262-kc 65 120,000 18 I
g-bif 20
22
24
26
neut 455-kc 65 150,000 18 I
g-b i-f 20
22
24
26

1.0 1.4 -15 28

1.2 5 —-10 28 i-f 600 25,000 32 G

112 10 —-10 28 i-f 600 25,000 33 G

2.0 2 17 10

Characteristics measured at 25 C unless otherwise noted
3 Characteristics measured at 27 C
¢ Bandwidth 12 ke
& Bandwidth 25 kc
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TABLE I1l—GROWN NPN JUNCTION TETRODE TRANSISTORS

I

|

[
\
| Max | Max ! Max | Small-Signal 1.ow-Frequency
| Max Coll | Coll | Coll | Base-
Manufacturer Type No. Power | Volt- | Cur- ‘ to- Application ‘ Bias
(mw) age | rent | Base - T a r.
(v) | (ma) | Cur- | V. I, (ma) (ohms)
rent ’ (v) | (ma)
l (ma)
Germanium Prod. RDX-302/ 50(25C) 30 5 5 video amp, switching 4.5 1 0 095 30
3N23 10-mc osc
RDX-301/ 50(25C) 30 5 5  video amp, switching 1.5 1 0 0.97 30
3N23A 20-mc osc
RDX-300/ 50(25C) 30 5 5  video amp, switching 4.5 1 0 098 30
3N23B 35-mc¢ osc 20-mc i-f
RDX-300A/ 50(25C) 30 5 5  video amp, switching 4.5 1 0 099 30
3N23C 50-mc osc, 20 to 30
me i-f
Texas Inst. 700 50(25C) 30 5 3 low-level, low-freq agc 5 -1 0 0.95 30
Western Electric 3N22 30(25C) 12 5 5  video amp, r-f 9 -2  —4.5 0.90 25
9 =D 0 0.975 25
All sockets A, F, G, Il and M
TABLE IV—POWER TRANSISTORS
| ! 1
’ Max Power Output. (w) l | Max Coll | Max Small-Signal
‘ l | Voltage (v) | Coll
Manufacturer Type Type | Max Coll — | Cur- | faeo | Bias
No. Class Power (w) Circuit | rent | (ko) ——
Class B D-C | ; | (amp) V.| I B
} A | (push-pull) | Switch g-e i g-b (v) |(ma)
| |
Amperex 2N115 pnp fused 1.5 2.5 2(45C) —12(B) -1 300
—6(A)
2-0C72 pnp fused? 0.045(45C) 13(B) 0.045 10
CBS-Hytron HD-197 pnp fused! 0.5(25C)  —40 150 —10 50 10
Hydro-Aire JP-1 pnp fused> 0.45 0.9 1.5 0.5(250) —45 —-0.1 50 —22.5 20 9
Minneapolis-1loneywell  H-1 pnp fused! 5 10 10 20(21C) -30 —-60 —0.8 20 -2
Regulator Co.
2753 1th Ave. S 2N57  pnp fused! 6 12 48  20(21C) —30 —60 -1 20 -2
Minneaupolis, Minn.
-2 pnp fused! 8.5 18 68  20(21C) -30 —60 —1.4 20 -2
-3 pnpfusedt 2 4 16  5(21C) ~30 —60 —0.35 20 -2
-1 pnp fused! 2 6 16  5(21C) —-30 —60 —0.5 20 =2
Sylvania 2N68  pnp alloyed? 0.75 10 1(25C) —-25 —-1.5 -6 50 10
2N95  npn alloyed? 0.75 10 1(25C) 25 1.5 6 —50 10
2N101 pnp alloyed electrically identical to 2N68
2N102 npn alloyed electrically identical to 2N95
Texas Inst. X-2 npn grown 35  0.075 225 5 =L @
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| TRANSISTOR CHARACTERISTICS

imum current is selected where 8 to « cutoff frequency divided by 8.
Typical has not decreased to too low a value. Table IIT lists tetrode junction
()pém“o" Table II, high-frequency tran- transistors which are high-fre-
- sistors, includes pnp and npn fused quency triode npn grown junction
Parameters Power- junction, mpn grown junction and transistors with an extra base lead
— Freq Gain paup surface-barrier units. Except and a narrower base region. The
(mc) at for the npn grown type, which is electrical characteristics of the
r e I, Circuit | 5Sme of either germanium or silicon, all grown tetrode transistor are almost
(ohms)  (megohms) | (ua) J Cif‘ of these units use germanium. identical to the grown triode tran-
| c}‘(lt Physically, one of the main dis- sistor except for a lower value of
— = tinctions between these units and base resistance and higher value of
the low-frequency units is the closer a-cutoff frequency. The extra base
70 2 10 10w 12 spacing between emitter and col- lead makes the tetrode applicable
lector junctions. Electrical charac- in specialized control circuits and
100 g 1" Ao 35 14 teristics are higher alpha cutoff, avc applications. Bias for the extra
ST 9 0 351050 15 lower collector voltage breakdown base lead is usually obtained from
and in many units lower collector a bleeder across the main supply.
: P : capacitance and lower base resist- . .
300 10 St s ance. The widest application is in High-Power Units
radio receivers and high-speed The high-power transistor, Table
1,000 1 10 switching circuits. 1V, is in most cases the largest of
100 1 10 15 In selecting a high-frequency all transistors. One element is at-
1,000 1 transistor for a grounded emitter tached to the container. In most
i-f amplifier, note that the 8 cutoff units the case may be connected to
Characteristics measured at 25 C frequency of the amplifier is equal the chassis either directly or
Low-Frequency Parameters Typical Operating Conditions
Sup- Zero
' Rise Class | ply | Coll | Base ‘Sigmll Power P()weri Driv-
re | T Te C. Time I & Volt- | Cur- | Cur- | Cur- Output Gain | ing R, R;. R,
(ohms) | (ohms)| (chms)| (upuf) (wsec)| (pa) | Circuitl age  rent | rent ‘ rent (w) (db) [Power| (ohms)| (ohms)| (ohms)
1 () | (ma) | (ma) | (ma) (mw)
B(ge) —6 —1,280 5 5t 27
B(ge) —6 0.2¢ 27
70 5,000 A —50 30 5,000 100
2 150 100,000 —~500 B(gh) —22.5 —40 0.74 20
1.5 —8,000 A(g-e) —28 400 50 5 15 158 20 70 4
B(g-e) —28 510 4 104 12 630 100 140 1
1.2 —8,000 A(g-¢) —28 500 45 6.25 16 156 35 56 4
B(g-e¢) —28 640 4 12,54 13 625 140 128 4
0.5 —8,000 A(g-e) —28 600 30 7.5 20 75 40 47 !
B(g-e) —28 890 4 17.54 16 140 100 80 4
1.2 —1,000 A(g-¢) —28 150 15 1.9 16 18 100 187 4
B(ge) —28 220 0.5 4.4¢ 12 278 240 320 4
0.6 —1,000 A(g-e) —28 150 10 1.9 21 15 60 187 4
B(g-e) —28 318 0.5 6.25¢4 14 250 200 224 4
1 30 100,000 300 —~100 A(g-b) —12 —150 0.6 23 (& 100 50
B(g-e) —12 —550 -1 5! 15 50 12 50
B(g-¢) —12 —550 -1 54 10 250 12 100
B(g-b) —2¢+ —950 -1 104 10 2 24 2
1 30 100,000 300 100 A(g-b) 12 150 0.6 23 75 100
B(g-e) 12 550 1 54 15 50 12
B(g-¢) 12 550 1 54 10 250 12
B(g-b) 24 950 1 10+ 10 2 24
25 0.75 200,000 25 B(g-b) 22.5 40 0.5¢ 9.5 1,000
B(g-b) 225 40 0.5 22.7 1.000
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Table IV (cont)

| Max Power Output (w)

Small-Signal

] Max Coll | Max |
| ‘ Voltage (v) | Coll — —
Manufacturer | Type Type — | Max Coll Cur- | faco Bias
| No. | Class | J Power (w) Circuit | rent ’ (ke) | ——
| Class B | D-C | -— (amp) Vo | I. | B
| { A | (ushopull) Switch go | &b | v) | (ma)!
[ ! | |
Texas Inst. (cont.) 951 npn grown 0.45(25C) 1(25C) 50 0.06
silicon 0.3(100C) 0.5(100C)
0.15(150C) 0.15(150C)
952 npn grown 0.6(25C) 1(25C) 80 0.05
silicon 0.4(100C) 0.5(100C)
0.15(150C) 0.15(150C)
953 npn grown 1(25C) 1(25C) 120 0.01
silicon 0.5(100C) 0.5(100C)
0.15(150C) 0.11(150C)

Transistor Products X-107  pnp fused! 1 2(25C) —30 —60 —1 —24 80 22
241-251 Crescent Ave. X-120 pnp fused! 7.5 15(25C) —30 —60 —4 —28 360 20
Waltham, Mass.

Transitron 2N83  pnp fused? 5 15 10 10(25C) -30 —45 -1 200 —20 100 8

2N81  pnp fused? 5 10 30  10(25C) —22 =30 -1 200 —20 100 12

Tung-Sol DR-150 pnp fused 1 3.5 5(25C) —25 —1 250 —15 10 33

Western Electric 2N66  pnp fused! 5(25C) —40 —60 —0.8 500 —4.5 100 45

—40 0
1 Type A sockets 2 Socket types A to I1
TABLE V—POINT-CONTACT TRANSISTORS
" I ‘ Max
| Re- | Max
|  Max Max | Max | verse | Emit- Max Small-Signal
| Coll Coll | Coll |Emit-| ter Emitter -
Manufacturer Type ‘ Application | Power | Volt- ‘ Cur- | ter | Cur- Power Bias
| No. (mw) age | rent | Volt- | rent (mw) |— | —a re
‘ | | (v) | (ma)  age | (ma) v. | I, | (ohms)
R SR D o lm ol ey
Hydro-Aire A-0 amp, osc 0(25C) -—-20 -8 -8 0.3 2 425
A-l amp, osc 50(25C) —20 —8 -8 03 2 42
A-2 amp, 0sc 50(25C) —20 -8 —8 0.3 2 375
A-3 amp, osc 50(25C) —20 —8 —8 0.3 2 350
S-0 switching 50(25C) —t0 -8 —30 ’
S-1 switching 50(25C) —40 -8 —30
S-2 switching 50(25C) -30 -8 —-30
Sprague Electric 5A switching 80(25C) —-50 —10 —50 —-10 ¥ 3
Transistor Prod. 2A amp, 0S¢, SW 120(25C) —50 —8 —50
2C switching! 100(25C) —50 —8  —50
2D amp, osc! 100(25C) —50 —8 —50
p amplifier! 100(25C) —50 -8 —50
2G switehing! 120025C) —50 —8 —50
211 mplifiert 100(25C) —50 —8 —50
21, switching! 50(25C) —50 —8 —50
IN32 switching! 50(25C) —40 -8 —40
2N33 switching! 30(25C) -85 —7
2IN50 switching! 50(25C) —-15 —1 —15
2N51  sw, osc! 100(25C) —-50 -8  —50
2N52 amp, osc! 120(25C) —50 —8 —50
aN53 switching! 120(25C) —-50 -8 —50
Western Electric IN2t switching 120(25C) —100 —60 —100 60 80(25C): —10 1 2.5 200
2N21A  amn. osc. sw 120(25C) —100 —60 —100 60 80(25C)2 —10 1 2.58 200
INTIN switehing 200(25C) —100 —75 —100 75 1002302 —10 1 2.58 200
NGT i—sneed sw 100(25C) —100 —60 —100 60 60(25C)2 —10 1 3 904

Socket tvpes A 1o 1l unless otherwise noted
1 Socket types A and L.

Maximum ambient temperature 50 C unless otherwise noted

2 Maximum ambient temperature 85 C
Characteristics of A-0, A-1, A-2, A-3, 2N2I
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Low-Frequency Parameters Typical Operating Conditions
Sup- Zero |
Rise Class | ply | Coll Base Signall Power |Power| Driv-

e | T e C, |Time| I & Volt-| Cur- | Cur- | Cur- Output | Gain | ing | R, R, | R,
(ohms) | (ohms) (ohms)| (uuf) | (usec) (ua) | Circuit| age | rent | rent I rent (w) (db) Power (ohms) (ohms) (ohms)
SR B — S ‘ ! (v) | (ma) {(wa) {(ma)| | [(mw)] ]

5 B(g-e) 28 30 0.45(25C)¢ 20 1,500 1,000
0.15(150C)
6 B(ge) 45 25 0.6(25C)* 21 1,000 1,000
0.15(150C)
8 B(g-e) 67.5 20 1(25C)* 23 8,000 1,000
0.15(150C)
0.85 12 50,000 —120 A(g-b) —28 —80 1 24 4 1.5 375
0.65 1 10,000 —200 A(g-b) —28 —360 5 20 50 0.8 100
0.3 15 20,000 400 1.5 —100 B(g-e) —30 —160 2.5¢ 24 600 100
0.3 15 20,000 100 1.5 —100 B(g-e) —20 —160 2.04 2 100 100
30,000
400 75
300
3 Socket types A and K 4 Push-pull connection
PARAMETER CONVERSION
b FORMULAS
Low-Frequency Parameters Large-Signal Parameters
T Hy = B —a
Turn- Emitter | « (at Ran
s Te I, C, | Nf| I, Rise | Off | Off | On Rev max Ry Ru
(ohms) | (chms)| (me) | (upf) [ (db)| (wa) | Time |Time | I, V. | Resist. | rise Hy = Ry — “Rn
. e B ‘_.Qseg) (_yseﬁ) Lma) (v) (ohms) | time) v (g gy
200 13,000 3 —1,200 Ho — Ry ¢ rp
1=y = —
200 13,000 2 —1,500 Ry Te
175 13,000 1 —2,000 1 e 1
150 13,000 0.3 —2,000 oy =
0.23 -1 -2 50,000
0.5¢ -1 -2 50,000 1
15 -1 -2 50,000 e = g
43 012 05 =
5 ry = r.Hip
le| =|Hy|
Te = Hu —_ Tb(]. — a)
TRANSISTOR SOCKETS
Code Manufacturer Type
A Solder connections
B Elco Corp. 3-pin polarized
3-pin printed-circuit
C Cinch Mfg. Corp. 3-pin polarized
D Super-Ear Prod.  3-pin polarized
Co.
E Mycalex Tube 3-pin polarized
Socket Corp.

90 10,000 2 45 -—-1.1 0.2 1.3 -1.1 -1 200,000 5 F  Elco Corp. 4-pin polarized

90 10,000 2 45 -1.1 0.2 1.3 -—-1.1 -1 200,000 5 O— ;:pil:: printed-circuit

9 15,000 1.5 -0.9 0.3 1.3 —09 —1 200,000 4 Fay e

500 20,000 20 —-0.9 0.02 0.9 —-0.9 —0.8 2,000,000 7 H Elco Corp. 5-pin
5-pin printed-circuit
3 Fall time = 1 usec I Sugzx.'-Ear Prod. 3-pin equal spacing
4 Fall time = 2 usec J Cinch Mfg Corp. 5-pin
¢t Fall time = 6 usec K émphenol Co.
g L L Cinch Mfg Corp.
* Large-signal o = 2.4 M Cinch Mfg Corp. 4-pin polarized
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TRANSISTOR CHARACTERISTICS

TABLE VI—PHOTOTRANSISTORS

Max Max Mux  Max |
Coll | Coll Max dark  Am-  Cutoft
Manufacturer Type Type Volt-  Cur- Coll Cur- = hient | Freq. Noise Sensitivity
No. age | rent Power rent | Temp. (ke) | (fi-candles) (ua/ft-candles)
(v) | (ma) | (mw) (pa) | (deg C) '
Gieneral Transistor  GT-66  fused, 3 lead! 12 20 30(25C) 15 750 6 X 1075 25
Texus Inst. 800 grown, 2 lead? 20 20 30(25C) 250 10 20 35
Transistor Prod. IN188  grown, 2lead 100 40(25C) 30 310 10 pv 10 pa/millilumen
IN189  nonrect, 30(25C) 20 50 0.08%,/ft-candle
2 lead
10A grown, 2lead 15 100(25C) 500 50 15 to 100uv  4ma for 300 ft-candles
L0B grown, 2lead 15 100(25C) 50 50 1510 100uv  50% for 10 ft-candles
5B grown, 2lead 50 100(25C) 20 50 3 to 10uv  Ima for 300 ft-candles
5C grown, 2 lead 50 100(25C) ) 50 310 10uv 509, for 40 ft-candles
11A nonrect, 15 50(25C) 4,000 50 2,000 ohms for 300
2 lead ohms ft-candles
1B nonrect, 15 50(25¢) 4,000 50 3,000 ohms for 300
2 Jead ohms ft-candles
17A grown, 2 lead below 1uv
Western lilectric IN85 grown, 2 lead! 90 1 50 20 85 25 2X 10 %ua  0.35ua/uw

1 Socket type A
2 Socket type A to 11

through a thin mica spacer. The
types used as power transistors are

watts. The larger physical size also
contributes a higher collector ca-

in applications requiring collector
power dissipation below & watt,

lower a-cutoff fre- to

the germanium pnp fused and sili-
con npm grown.

The pnp fused transistors are
usually the high-power units whose
larger physical size provides col-
lector power dissipation up to 20

pacitance and
quency. Medium power pnp and
npn tused units which retain their
smaller physical size and most of
the electrical characteristics of
the low-power transistors are used

The characteristics peculiar
the high-power transistor are the
lower values of input resistance,
output resistance and «, resulting
from the higher values of bias cur-
rents employed. Bias stability tech-

I
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FIG. 1—Variation of transistor parameters with operating point (A to D} and ambient temperature (E, F)
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(PATENT PENDING) b

CONNECTOR -

CINCH EDGE CIRCUIT (=~

The CINCH EDGE
CIRCUIT CONNECTOR

provides quick, easy

PRINTED WIRE BOARD assembly. Eliminates

moisture trap.

(SHOWN ENLARGED) [> §

.. . high quality etched circuit boards with 5, 6, 7, and 8 pin Allows more flexible tolerances.

Lower cost. Available in ma-

subminiatures as well as 7 and 9 pin standard CINCH
terials for both Military

sockets. Provide flexibility of design and application. S Al —

Graphik Circuits reduce wiring costs, reduce assembly

time e eliminate errors ® miniaturize o

GRAPHIK C|RCUITS Division of Cinch Manufacturing Corporatien

221 South Arroyo Parkway, Pasadena 1, California

Sockets, terminals and other
hardware installed to
specifications

CINCH will design, or re-
design, components to fit spe-
cific needs, and will assist in the assembly of com-
ponents through proven automation technique.

CINCH components are Centrally located plants at
available at leading elec- Chicago, Shelbyville, Pasa-

tronic jobbers—everywhere. CONSUI.T C'NCH dena and St. Louis.

1026 South Homan Ave., Chicago 24, lllinois

Subsidiary of United-Carr Fastener Corporation, Cambridge, Mass.
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niques are used to minimize the
effect of runaway due to self-heat-
ing of the collector.

The point-contact transistor,
Table V, is limited to high-speed
switching circuitry. Phototransistor
devices, Table VI, are divided into
two basic types: the two-lead and

TRANSISTOR CHARACTERISTICS

three-lead devices. In the two-lead
unit, one lead is attached to the
base and the other to the collector.
The three-lead device has leads
going to the emitter, base and col-
lector respectively.

The two-lead device is used in
circuits providing d-c amplification

for unmodulated light while the
three-lead device can be used in cir-
cuits employing a-c¢ amplification
for modulated light.

Acknowledgment is given to Ann
M. Field and Elizabeth A. Sewell
for their assistance in compiling
data.

(D)
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FIG. 2—Typical circuits for high-frequency
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transistors (A to I) and junction tetrode transistors (J, K) referred to in Tables II and III
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FP Capacitors withstand high ripple currents . . .
are ideal for use with selenium rectifiers, doubler
or tripler circuits, especially at high ambients.

High ripple currents...high temperatures...
call for Mallory FP Capacitors

Higher ripple currents in color television circuits empha-
size the importance of ripple current rating in choosing
electrolytic capacitors.

To see how Mallory FP Capacitors compare in this
quality, take a look at the table at the right. The figures
are based on extended life tests in our laboratories.

Uniformly higher in ripple current rating than other
standard types of electrolytics, FP’s often ecan carry
double the current rating expected for a given capacitance
and voltage rating. The reason for this superiority is the
unique FP construction. The fabricated plate compresses
a lot of effective area into minimum volume . . . so that
more electrolyte and more capacitance can be placed in a
smaller size container. This compact construction has
improved heat dissipation. In addition, separator, etched
cathode, end seal and air space are designed for 85° C.
operation.

The same characteristics which give Mallory FP’s their
superior ability to handle high ripple current also permits
them to operate effectively in auto radios, sealed mili-
tary units and other equipment where high ambient
temperatures are a problem.

Serving Industry with These Products:

Electromechanical—Resistors ® Switches ® Television Tuners e Vibrators
Electrochemical —Capacitors * Rectifiers ® Mercury Batteries
Metallurgical—Contacts ® Special Metals and Ceramics ® Welding Materials

Parts distributors in all major cities stock Mallory
standard components for your convenience.

ELECTRONICS — January, 1956

The Mallory FP is a capacitor that needs no de-rating at
85° C., and that can take heavy ripple current without
overheating and with normal life expectancy. A Mallory
capacitor specialist will be glad to consult on the use
of FP capacitors in your specific circuit...or to send
you detailed technical data.

Typical Ripple Current Ratings
for FP Capacitors
The following ratings represent values obtained by tests
on single section units at 85° C. ambient, on 120 cycle

ripple.
Ripple Current Rating

Usual Industry

Capacitance Voltage Mallory FP Expectation
80 mfd 450 VDC 670 MA 480 MA
60 450 620 440

100 350 820 500
200 150 1290 525
150 250 1030 515

Expect more... get more from

M ALLORY

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

Want more information? Use post card on last page. 175



Electrons At

Work

Edited by ALEXANDER A. McKENZIE

Wrist Receiver Circuit Uses Three Transistors

DET AUDIO AUDIO
” 2 > 2
220K 150K
1 +
5 BV
=< B

150K

20K

K= X 1,000

6.8K

Highly efficient detector and two a-f stages comprise the LEL wrist radio

COMPLETE CIRCUIT of the wrist
radio receiver (ELECTRONICS, p 10,
Dec. 1955) is shown in the diagram.

The tap on the input inductance
is adjusted for best impedance
match and selectivity. The low load-
ing of the input circuit by the tran-
sistor allows a frequency coverage
of over 3-to-1 ratio with conven-
tional slug tuning.

Regeneration is provided by the

tank ecircuit in the emitter circuit
of the r-f stage. This is tuned to
a frequency below the broadcast
band, thus presenting a capacitive
reactance at all frequencies within
the band.

Reduction of the time constant in
the base circuit of the r-f stage will
result in oscillation when the base
current control is advanced beyond
the point of stability. In strong

Breakdown In Gas Tubes

OF PERENNIAL surprise to young
physicists and engineers is the
effect of light on the breakdown
voltage of glow-discharge tubes.
This interdependence is spelled out
in an unpublished National Bureau
of Standards report on character-
istics of cold-cathode glow-dis-
charge tubes by Eugene J. Hebert,
Jr., quoted here with permission.
“The d-¢ breakdown voltage is
greatly affected by light or rather
the lack of it. Experiments of the
present study indicate that the
breakdown voltage, after a tube has
been in complete and total darkness
for 24 hours or more and then fired
in complete and total darkness, may
vary from 100 to 200 percent of the
breakdown voltage at general room
illumination (20 to 50 foot-candles).
“The effect is not consistent; a
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Influence of temperature and light on
direct breakdown voltage

particular tube may display this
variation only at intervals and then
again may or may not display it
for a considerable number of tests.
Some tubes show little variation at
all.  The intensity of the light
seems to be of little importance, the
main factor being just that some
light be present.

“The light from a nearby tube is

signal areas, it is not necessary to
operate the base current control
close to the point of instability.
However, as the distance from the
station increases and low signal
energy results, it is necessary to
operate the control closer to thres-
hold, as is common with regenera-
tive receivers.

The collector cireuit of this stage
is bypassed to ground by the 2,000-
uuf capacitor,

The low base current provides
operation in the nonlinear portion
of the transistor A7, AI, character-
istic, resulting in good detection
characteristics. As regeneration is
advanced, the input circuit losses
are decreased and sufficient signal
energy is supplied to the base
emitter circuit,

The higher efficiency that results
permits reception of much weaker
signals than would be possible with
a diode detector. The balance of
the receiver is a two-stage audio
amplifier. The overall signal gain
of these stages exceeds 70 db.—v.Z.

usually sufficient to bring the break-
down voltage back to that under
general room illumination. This
effect is illustrated in the graph
where V, is the breakdown voltage
under room illumination and V,
that under total darkness.”

One experimenter in early cos-
mic-ray sounding utilized a neon-
bulb relaxation oscillator to key a
radio transmitter. When the key-
ing circuit was sealed in a metal
can, it failed to operate. With a
tiny window set into the wall of the
can in the general vicinity of the
neon tube, normal operation was re-
stored. This was true when the
window passed any degree of day-
light or even artificial light from
an electric bulh. Intensity of illumi-
nation appears uncritical.—A.A.M¢K.

(Continued on Page 17%)
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VOLTAGE REGULATED
POWER SUPPI.IES

Model KR-18

FEATURES:

A A Power Regquirements 105-
o Fast Recovery Time, Suit @
able for Square Wave Pulsed 125 volts, 5060 cycles.
Loading. Units operate up to 400
) cycles.
o Voltage Range continuously

Model
KR-18MC

variable without Switching.

o Either Pasitive or Negative
may be Grounded.

o© 01l Filled Condensers.

o Wire Harness and Resistor
Board Construction.

Build these compact Power Supplies into your equipment!

@ Terminations on rear of unit.

o Locking type voltage control,

AC, DC Switches, Fuses, and
Pilot Lights on Front Panel.

Color Grey Hammertone.

o Guarantee One Year,

JE R Voltage Regulated Power Supplies are conservatively
rated and are designed for continuous duty at 50°C ambient,

REGULATION: Less than 0.2 volts for line fluctuation from
105-125 volts and less than 0.2 volts for load variation from
0 to maximum current.

RIPPLE: Less than 3 mv. rms.

To Include 3" Current and Voltage Meters, Add M to Mode!
number (e.g. KR 16-M) and Add $30.00 to the Price.
To include Dust Cover and Handles for Table Mounting, Add C to

Model number {e.g. KR16-Ci and Add $10.00 to the Price.

® = To Include Meters, Oust Cover and Handles, Add MC to Made!
< =GN number (e.g KR-16 MC) and Add $4000 to the Price:

PRICES £.0.B. Flushing.
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1.5 Amp. KR series

Rack Mount
Model Volts 6.3V AC w H D Price

KR16 0-150 | Each supply | 197|124~ |17 | $625
KR17 | 100-200 has two 197 112% 17" | $625
KR18 | 195-325 15 Amp. 197 [12Y4 |17 | $695
KR19 | 295-405 | outputs 197 112Y2 |17 | $695

The KEPCO KR SERIES in the above voltage ranges are
available in 600 Ma. — 300 Ma. — 125 Ma. series.

A LINE OF 50 MODELS
Available from Stock - Catalog on Request

Want more information? Use post card on last page, 177



Computer Stored Program Alters Itself

Memory section has space for 4,096
instructions and numbers. Since instruc-
tions are stored in the memory, the pro-
gram can alter itself

Plug in units based upon mechanized
wiring facilitate servicing in new Libra-
scope computer. Logic section (right)
can be removed

Total access time is 2 millisec minimum
and 17 millisec maximum. Addition
time is 0.26 millisec, division and multi-
plication are 17 millisec

Transistors Lighten Field Telephone Repeaters

Transistorized version of telephone repeater enables a combat soldier to talk more
than 30 miles. Total weight of the unit is 3.5 pounds

RANGE of the average Army fieid
telephone line is 6 miles. Repeat-
ers, or amplifiers, increase the
talking distance to 30 miles, but
normally require 15 vacuum tubes
powered by a special 24-volt jeep
battery or a small power generator.

The new repeater, using a tran-

178

sistor audio amplifier, is some 40
times smaller and 20 times lighter
than the multitube version of the
equipment.

Batteries for the new Signal
Corps device last 90 days and cost
$6 a year. For an obsolescent
World War II repeater, batteries

i

SRR /|
| IR\ Y

Amplifier uses transistor shown at the
middle left of unit

had to be changed every two weeks
and cost $105.
The repeater circuit is printed on
a card and sealed in a plastic case.
It is expected to last 10 to 15 years
in field service and needs no adjust-
ment.
(Continued on Page 180)
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Look mom...no hands!

SR S L
SN

Mom died a thousand deaths when Junior
free-wheeled his two-wheeler down Deadman’s Hill . ..
no hands, yet!

Despite dire predictions, Junior grew up...
but he didn’t change a bit.

True, he’s outgrown his bike ... more complex
machines are his meat today. He’s designing industrial
indicators, recorders and computers. . . automatic
machine tools . .. six-figure process controllers.
Tomorrow, his dream of automation will come true
in the completely automatic factory.

Yes, Junior’s grown up, but his war-cry is the
same..."look mom, no hands!”

422 REG. U. S. PAT, OFF.
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Junior outgrew his bike when he
discovered HELIPOT * precision poten-
tiometers. If you’re still riding in circles,
Jjoin Junior! Yow'll find that Helipot
makes the most complete line. .. linear
and non-linear...in the widest choice

of sizes, mounting styles and resistances
-..that our engineers will gladly adapt
standard models to your requirements...
even design entirely new ones for you.
For information and specifications. ..
write for data file 101.

" Helipot

first in precision potentiometers

Helipot Corporation/South Pasadena, California
Engineering representatives in principal cities
a division of Beckman Instruments, Inc.

BECKMAN
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American Transistor

Broadcast Receiver
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Scaltter Symposium

PROPAGATION experts gathered dur-
ing November for a two-day session
in Washington. Their symposium
on communication by scatter tech-
niques was sponsored by the Insti-
tute of Radio Engineers (acting
through professional groups on an-
tennas and propagation, and com-
munications systems) as well as by
the George Washington University.

Besides addresses that were es-
sentially nontechnical, 21 formal
papers were presented ranging
from theory and experimentation
to commnunications practice. Both
vhf propagation by ionospheric
scattering and uhf beyond-horizon
tropospheric transmissions were
described.

Commissioner E. M. Webster of
FCC discussed the allocations prob-
lems inherent in a new technique
and pointed out that so far no new

180

FAILURE of microwave equipment to
furnish consistent communication
may be caused, not by malfunction-
ing of the gear, but by refraction
in the atmosphere. Equipment re-
cently developed by Motorola for
special applications requiring maxi-
mum possible reliability uses two

Diversity microwave terminal uses two
transmitters and two receivers

allocations have been made to ac-
commodate scatter circuits. Allen
B. DuMont reviewed propagation
mechanisms and urged the estab-
lishment of live television hookups
between North America, Europe
and South America.

» Auroral—H. G. Booker reviewed
the propagation phenomenon by
which signals are returned from a
northerly direction. J. H. Chis-
holm described wartime propaga-
tion anomalies and indicated that
diversity techniques in modern
transhorizon circuits may increase
effective bandwidth as well as im-
proving s-n ratio. Experimental
ionosphere scatter paths studied by
R. C. Kirby showed a maximum
Doppler shift of 6 ke. The role of
meteors in extended vhf propaga-
tion was discussed by O. G. Villard.

3ROADCAST receiver using transis-
tors is being produced by General
Electriec. It is powered from a
d-¢ supply of 13.5 volts and uses a
plated wiring chassis. Tuning be-
tween 540 and 1,620 ke, the circuit
employs a 455-ke intermediate fre-
quency.

There are five hermetically sealed
transistors, including oscillator-con-
verter, detector, audio amplifier and
two i-f amplifier stages. Power out-
put is 40 milliwatts at 10-percent
distortion.

Brocdcast recziver employs five transistors

beams at different frequencies.

Two separate transmitters are
required as well as two receivers.
Only one receiver output is used at
a time. Received signal strength of
both beams is monitored by a signal
comparator cireuit. If the level of
one beam falls significantly below
the other, receivers are automati-
cally switched in a period of only
a few milliseconds.

J. R. MecNitt, in describing the
Maine to Greenland vhf circuits
said that the Loring AFB-Goose
Bay link, which is too short for
satisfactory service, will be ext-
tended to 900 miles. K. A. Norton,
who discussed the scatter mode,
relied upon meteorological data
previously presented in a paper by
B. R. Bean. F. J. Altman described
a simplified diversity system using
two planes of polarization to obtain
quadruple diversity, and W. E. Mor-
row presented a plan for parallel
connection of equipment to effect
greater equipment reliability.

» By request—T. J. Carroll of
MIT Lincoln Lab, departed from
his role as moderator to explain
the controversy between two theo-
retical groups in the field of over-
horizon propagation. One camp
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A COMPLETE LINE OF DEPENDABLE ENCAPSULATED RESISTORS

L

PERMASEA L

PRECISION WIREWOUND RESISTORS FOR 85C AND 125C AMBIENTS

SPRAGUE ELECTRIC COMPANY .

ELECTRONICS — January, 1956

When you have applications requiring
accurate resistance values at 85C and
125C operating temperatures, in units
of truly small physical size—you’ll find
the resistor you want is one of the 46
standard Permaseal designs in tab and
axial lead styles.

They meet or exceed requirements
for all types of military and industrial
electronic apparatus and instruments.
They are “extra-protected” by a special
Sprague-developed plastic embedding
material that performs beyond the se-

vere humidity resistance specifications
of MIL-R-93A and Proposed MIL-R-
9444 (USAF).

Permaseal winding forms, resistance
wire and embedding material are
matched and integrated to assure long
term stability at rated wattage over the
operating temperature range.

These high-accuracy units are avail-
able in close resistance tolerances
downto=0.1%.Theyare carefully
and properly aged for high stabil-
ity by a special Sprague process.

FOR COMPLETE DATA
WRITE FOR COPY

OF SPRAGUE *
ENGINEERING
BULLETIN NO. 122A

Want more information? Use post card on last page.

35 MARSHALL ST. « NORTH ADAMS, MASS.
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RACK & PANEL CO

RELIABILITY in computer programs is first at-
tained through the use of top quality compo-
nents. And the finest rack and panel connec-
tors for subassembly plug-ins are made by
aMPHENOL. Check these types and features!

BLUE RIBBONS. For quick, positive connect/
disconnect there are no finer connectors
than ampHENOL Blue Ribbons. The self-wip-
ing, self-cleaning “ribbon” type contacts
work smoothly and efficiently. The tough
diallyl phthalate dielectric combines high
electrical quality with high impact strength
In 8, 16, 24 and 32 contacts. With or withowt
shells and latch-lock fittings.

PRINCIR. These new printed circuit connec-
tors have as a design hasis a contact with
exceptionally long spring base and a circle-
lip for good wiping action. Because of this
contacts can’t be “set” and provide extreme-
ly long life. Available with 6, 10, 15, 18 and
22 contacts. Diallyl phthalate dielectric;
gold-plated contacts.

PIN & SCCKET TYPES. Three connector designs
are available in this versatile group: hex
miniatures, rectangular miniatures and stan-
dard rectangulars. With a wide choice of
contact arrangements and accessory hard-
ware they provide dependable service in
hundreds of computer applications.

L 911029 9. TONIHAWY

TR

CORPORATION -

DL CANADA LIMITED » toronto

WWW-americanradiohistorv-com

ELECTRONS AT WORK (continued)

believes in the concept of a blob in
which occurs fine scale microturb-
ulence that produces extended-
range signals. Carroll himself be-
lieves that the mode theory is
adequate by which stratified air,
affected by gravity, produces some-
thing akin to optical twilight.

H. V. Cottony described a series
of experiments using rhombic,
corner-reflector and Yagi antennas.
T. Moreno and F. A. Speaks listed
existing and preproduction models
of high-power klystrons useful for
transhorizon transmitting equip-
ment. J. R. Day outlined the de-
sign considerations for Pole Vault
and White Alice communications
equipment. The ionospheric scatter
equipment used at vhf was de-
scribed by R. M. Ringoen. The
Montreal-Riverhead  experimental
circuit was handled by H. H. Bever-
age and L. C. Simpson.

A brief run-down of the Booker-
Gordon theory was given by W. E.
Gordon. T. E. Rogers commented
upon sensible circuit design based
upon some 220 mec transmissions
over water from Scituate, Mass.
Kenneth Bullington reviewed ex-
periments carried out along the
coast of Newfoundland using 505
and 4,090 me. Preliminary measure-
ments over the 468-mc Montreal-
Riverhead path were evaluated by
G. S. Wickizer. W. A. Whiteraft,
Jr. reviewed backscatter and sug-
gested that the technique could be
used to communicate between two
stations within the skip zone. Sig-
nal fluctuations in overwater propa-
gation at 3 and 9 e¢m received com-
ment from W. S. Ament.

It is expected that transactions
of the symposium will be published
by IRE.

Interaction Between
Antennas

FOR MANY YEARS it has been known
that the loop patterns of marine
radio direction finders are affected
by proximity of other wires, par-
ticularly those antennas resonant
at, or connected to, equipment
tuned to the desired frequency of
d-f reception.

It is customary to break up guy
wires with insulators so that re-
radiation of radio signals will occur
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. . . and this amazing sensitivity is only
one of many outstanding characteristics of the
entirely new DuMont Type 324 cathode-ray
e oscillograph. New standards of stability,
ﬁ 7 e \ ‘;.f,,.:,ﬁ.’ J - J low noise and hum level assure full use of the
\ Y-y P e O Type 324 for d-c to 200 kc measurements even in
) s ¥ B the microvolt region. Furthermore, the Type 324
is completely calibrated to read time and amplitude
directly. There are so many features incorporated
in this new instrument we can’t begin to give you
the whole story here. Write us for complete specifications,
or better still, ask for a demonstration of the

NEW DUMONT TvPE 324

For further information write to:
Technical Sales Department + ALLEN B. DU MONT LABORATORIES INC. 760 Bloomfield Ave., Clifton, N. J.
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DE MORNAY-
BONARDI

model
DB-715

HOW
ACCURATE

can a
wavemeter

be...?

TEMPERATURE
You'll find DeMornay-Bonardi COMPENSATED
wavemeters so accurate that
they may be used as secondary
standards. Advanced design is
responsible. These units offer
extremely high Q, and a high
resolution micrometer which
permits precise determination |- "
of plunger position. Backlash
is eliminated. Micrometer
readings are plotted on a
multi-page, high-resolution
calibration chart for maximum 5

2me SE—
-50° =250 o* +25° +50° +75° +100°
accuracy.

TEMPERATURE DEG. C.

SEALED AGAINST

ATMOSPHERIC CHANGES FEWER INSTRUMENTS

NEEDED
DeMornay-Bonardi units are
effectively sealed against
changes in atmospheric pres-
sure and humidity. A metal-to-
glass window seals off the
cavity ... a bellows construc-
tion seals the plunger area.
Pressurizing the cavity with
inert gas further assures the
maintenance of dielectric con-
stant. These features, plus the
use of ball bearings, keep
accuracy high for many years
without service.

Each DeMornay-Bonardi instru-
ment covers an unusually wide
segment of the total range, and
measures the entire frequency
band within that range. Only
eleven sizes serve from
2.6 KMC to 90 KMC. You save
capital outlay on the number
of sizes needed.

REACTION TYPE

CAVITY WAVEMETERS Model DB-715 units are avail-

able in Reaction, Absorption or

Calibrated | Calibration | Transmission types. Prices

Freq. Band | Accuracy average around $460. Thirty-
KMC | Min & MC | Cat. No. |Price day deliveries on all sizes.
60-90 40 | DBA-715-1 | 5460 Write for complete data.

50-75 30 DBB-715-1 | 460

3350 | 10 DBC-715-1 | 440

26.5-40 | 6 DBD-715-1 | 460

18-26.5 3 | DBE-715-1 | 460 _
s mon o MR (e ESNE
8.2-12.4 0.75 | DBG-715-1 | 415 ®

7.05-10 0.60 | DBH-715-1 | 450

5.85-8.2 0.35 DBJ-715-1 | 485
3.95-5.85 | 0.15 ‘ DBK-715-1 | 530 DE MORNAY-BONARD!
2.6-3.95 | 0.075| DBL-715-1 | 735 780 SOUTH ARROYO PARKWAY
PASADENA, CALIFORNIA
184 Want more information? Use post card on last page.

ELECTRONS AT WORK (continued)

CHANGE IN DEGREES, ANTENNA CONNECTED
k=4

10 2 3 40 0 60 i 0
LOOP-DOWN LEAD DISTANCE IN FEET

Minimum error occurs when the down
lead is 60 feet from the d-f loop

only at frequencies well above those
used for direction finding.

Since reradiation on the d-f fre-
quency results in large and unpre-
dictable bearing errors, it is usual
to disconnect receiving and trans-
mitting antennas while using the
d-f loop. However, the need for
maintaining watech on the distress
frequency (500 ke) has resulted in
a recent evaluation by J. H. Moon
in the Marconi Review, No. 113.

The errors found among ships
with different spacings of antennas
is shown in the graph. The spacing
shown on the abscissa is that be-
tween the d-f loop and the down lead
of a ship’s main antenna when the
latter is tuned to 500 ke. Loop re-
ception is likewise on 500 kec.

The pure quadrantal error that
originates in the solid mass of the
ship’s structure is not considered
here.

Tt has been concluded by the
author of the original paper that
many ships with some 500 feet of
separation between antennas might
safely use the d-f equipment with-
out isolating the receiving antenna
during the operation.—A. A. McK.

Paging Receiver
Uses Two Tubes

GROWTH of one-way signaling and
also one-way reception of com-
munications signals has led to an
increased number of receivers for
the purpose. A recent design em-
ploys only two tubes and is pack-
aged in a styrene case.

The receiver comprises a super-
regenerative detector followed by a
single audio stage that drives a
magnetic speaker. Euach stage uses
a subminiature pentode, which to-
gether with all other parts Iis

January, 1956 — ELECTRONICS



Will this blot
spread...
or shrink?

NOTHING STRIKES so brutally at human lives as a slum.

Yet of America’s many millions of homes, the blot that
is a slum covers more than 1 out of every 10...and
nearly one-half of ull our homes are urgently in need of
repair and basic improvements.

Will the blot go on spreading? Or will a concerted, na-
tionwide attack on the causes of slums shrink it, year by
year, until it is wiped out? Today, this is a challenge to
every American . . . a challenge that must be met.

Your community . . . your problem !

A slum reaches across blocks, across miles, to sit on your
doorstep and demand a price.

You pay it in the threat of crime and juvenile delin-
quency to your family. You pay the price in higher per-
sonal property taxes to fight the disease and crime and
poverty that are slum-bred. You pay personally when the
value of your home sinks as community deterioration
takes another step closer.

Your firm pays when the community where you do
business goes downhill. Slums automatically mean lower
purchasing power and less etlective labor.

Good citizenship is good business

It’s good citizenship and good business both for your firm
to join efforts to check housing decay. .. to stop slums
before they start. In fact, iU’s the responsibility of every
business, as it is of every other good citizen, to support
community improvement cllorts.

Some slums are beyond repair. They should be torn down
and a fresh start made. Others can be remodeled, made
to conform to better living standards. So it is up to you
to get behind cvery sound program which secks to pro-
vide adequate housing for all our people.
Adding vour support to the efforts of the millions already
attacking the problem, your firm can help stop slums cold
and put America’s housing standards at a new height.

How to get into action

A group of Americans from every walk of life has formed
a new, non-profit organization to help combat home and
community deterioration — The American Council To
Iniprove Our Neighborhoods . . . A.C.T.I.O.N.

Send for a free copy of ““ACTION.”” It explains what
A.C. T.I.O.N. is and proposes to do. 1t also lists book-
lets, research reports, check-lists, and other material
which can help you protect the housing health of your
cemmunity. Address P. O. Box 500, Radio City Station,
New York 20, N.Y.
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AN INSPIRING

ADVANCE

IN MINIATURE

RATE GYRO DESIGN

Peak Accuracy in a Capsule —Weighs
only .7 pound, measures only 114" by 37,
yet resolution and threshold levels of
new 2157-F gyro approach zero.

““Stiff-Cross-Axis" Torsion Bar—Radically
improved torsion bar provides friction.
less suspension, adds new stiffness to
eliminate cross-axis flexure inaccuracies.

No Thermal Null Wander —Use of ther-
mally compatible materials for all
associated parts eliminates inaccuracies
due to differing expansion gualities. Null
doesn’t vary with temperature.

Uniform Damping —Same temperature-
conscious approach includes a greatly
superior new method of damping the
output axis to assure uniform dynamic
performance from —65°F through
+-165°F. Twin compensating plungers
operate in a special fluid within tiny
steel cylinders in such a way that the
relative thermal expansion of the parts
compensates the thermal characteristic
of the viscous fluid to provide uniform,
frictionless damping throughout the
temperature range. No heating of any
kind is reqguired.

Immeasurably Sensitive —With no fric-
tional restraints of any kind on the out-
put axis sensitivity is maximized.

No Wiping Contact—Electro-magnetic
pick-off of output axis motion eliminates
friction of conventional wiper-contact
potentiometer for better resolution.

Rugged and Durable—Designed with par-
tially floated gimbal for a guaranteed
life of 1000 hours minimum, meets all
applicable military specifications.

For complete engineering data
write Lear, Inc., Grand Rapids Division,
Grand Rapids, Michigan.

LEA
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Circuit of the one-way signaling receiver
uses a superregenerative detector

Upper model of the receiver shows speak-
er ports (right)

mounted on a phenolic board.

Gummed aluminum foil is applied
to the inside of the case and pro-
vides an inexpensive but excellent
low-loss r-f shield. The units are
pretuned to either 35.58 or 43.58 me,
the standard one-way signaling fre-
quencies, by proper choice of C..
Final tuning is accomplished with
adjustment of L..

The unit, with its short, single-
wire antenna weighs less than 6 oz.
Technical information on this re-
ceiver was kindly furnished by the
manufacturer, West Coast Elec-
tronies Co., of Los Angeles, Calif.

Single-Sideband
Mobile Radio

FEDERAL COMMUNICATIONS COMMIS-
SION has gone on record as looking
towards establishment of single
sideband transmission in radiotele-
phone stations below 25 mec. Pres-
ently, this includes stations in the
fixed service except Alaskan and
maritime. Because of special tech-
nical problems, there are no im-
mediate plans for extension of ssb
to mobile, Alaskan and maritime
fixed stations.

Radiotelephone stations custom-
arily employ double sideband trans-
missions on the frequencies in

question although ssb has been used
for vears in international radiotele-
phone service. Elimination of the
extra sideband offers means of re-
ducing bandwidth for each station,
probably resulting in additional
channels being made available.

FCC expects users, manufactur-
ers and professional groups to con-
duct tests and studies to serve as
technical background for future
consideration,

Citizen Radio Evaluation

USE oF Citizen Radio frequencies
has failed to live up to early plans,
but the facilities are being increas-
ingly employed by those prepared to
purchase commercial equipment
that can be tuned to frequencies be-
tween 460 and 470 mc.

An evaluation recently made has
been published as Bulletin No. 9 of
the Engineering Experiment Sta-
tion of the University of Idaho in
Moscow, Idaho. Retuned commer-
cial equipment was used in the class
A bands, 460-462 and 468-470 mc.
Hand portable, class B, equipment
was used at 465 mc.

In the Idaho terrain it was found
that the class A equipment had a
minimum range about 3 miles and
maximum range over 60 miles. The
class B equipment operates satis-

Radar Data Via Wire

Bandwidth of radar ppi signals is com-
pressed by an optical-electronic scanning
device in a ratio of 100 or greater. After
transmission over a telephone line or
radio link. the signals are used to re-
create a facsimile of the original radar
picture. The Rafax system is manu-
_factured by Haller. Raymond & Brown
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Low 717 Cost — Small in Size — Depem/able
in Performance — AC or DC

P
-
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For industrial ™%
smoke detectors

For television

screen enlargers

==

For photoelectri
street lighting control

preheaters

ESSEX WIRE CORPORATION
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jet aircraft

HE

-\f?} For radio

transmitter panels

For auxiliary
gas engine
generators
tectseesceseseteesssereistisonee ceseessevies

e

For automatic
furnaces

N ADDITION R-B-M General

Purpose Relays are used on
X-Ray apparatus, permanent
wave machines, wire record-
ers, automotive radio tele-
phone communication equip-
ment, vending machines, coin
operated phonographs and
many other applications.

Let R-B-M engineering and production facilities
serve you. Contact us immediately—Phone 5121

R-B-M DIVISION

Logansport, Indiana

Controls for Electronic,
Refrigeration, In-
dustrial, Appliance,
Communication and
Automotive Industries

Want more information? Use post card on last page.

ELECTRONS AT WORK {continued)

factorily between 300 yards and 10
to 20 miles. Class C equipment used
for remote control and utilizing a
frequency of 27.255 mc was not
tested.

Summaries of a large number of
tests are given in the 35 pages.

Photocontrol Prevents
Motorist Blindness

TUNNEL ENTRANCE lights must be
switched to high intensity during
periods of bright external sunlight
so that drivers’ eyes will have neces-
sary time to accommodate to less
illumination within the tunnel.

The photoelectric control used for
this application differs from the
more usual type of device that op-
erates with failing sky light. It is
essentially a two-stage photorelay
using a 1P39 vacuum phototube, a
6SQ7 buffer amplifier and a 6SJ7
output tube to energize the pilot
relay. This relay, in turn, actuates
a power contactor.

The phototube directly controls
the buffer amplifier. The power
amplifier is controlled through a
time-delay network that provides
a 4 to 6-second delay at turnoff.
False operation that might be
caused by transient artificial light
sources is thus prevented.

A small portion of the p-a output
is fed back in series with the photo-
tube-buffer tube signal circuit. This
feedback causes a regenerative or
trigger action. The circuit becomes
unstable and snaps over when the
operating points are reached. Be-
cause the turn-off point is fixed at
a foot-candle value higher than the

0.5 510K

10MEG

6507
PiLoT iy

145V
or e
“E)ATERS
H 120K frm
A
ok |
> é 5K

o [
U

120V 80CPS
N
T0 EXTERNAL CIRCUIT

10 MEG

P39

POWER

Circuit of photocontrol adapted from

street-light device
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NEW HUDSON
STANDARD
CASES

Available
From Stock!

STANDARD
RECTANGULAR
SIZES

HU—688:
DIMEN. A—5s"
DIMEN. B—1 5/16”
LENGTH—S54"
HU—734:

DIMEN. A—11/16"
DIMEN. B—1 9/32*
LENGTH—1 27/64"
HU—-736:

DIMEN. A—34"
DIMEN. B—15/16"
LENGTH-—7s"
HU—745;

DIMEN: A—34"
DIMEN. B—15/16"
LENGTH—134"
HU—750:

DIMEN. A—7g"
DIMEN. B—1 1/16"
LENGTH—134*
HU-—796:

DIMEN. A—5%"
DIMEN. B—1 5/16"
LENGTH—21"
HU-—826:

DIMEN. A—11/16"
DIMEN. B—1 9/32"
LENGTH—1%
HU—844.

DIMEN. A—11/16"
DIMEN. B—1 9/32"
LENGTH—114""

STANDARD
ROUND SIZES

HU—727:

OUTSIDE DIA.—114""
LENGTH—12""
HU—728:

OUTSIDE DIA.—1 1/16"
LENGTH—214"
HU—737:

OUTSIDE DIA.—1 15/64"
LENGTH—1 13/32*
HU—760:

OUTSIDE DIA.—21/32"
LENGTH—5/16""
HU—771:

OUTSIDE DIA.—.742""
LENGTH—34"
HU-—773:

OUTSIDE DIA.—1 1/16"
LENGTH—1*

HU—806:

OUTSIDE DIA.—1 9/64
LENGTH—17"
HU—819:

OUTSIDE DIA.—49/64"
LENGTH—2 1/64"

STANDARD
SQUARE SIZES

HU—709.
DIMEN. A—1*
LENGTH—214"
HU-—789:
DIMEN. A—1”
LENGTH—115"
HU—793;
DIMEN. A—1/
LENGTH—1 19/32"
HU—808

DIMEN. A—1 1/64"
LENGTH—1 25/32"
HU—810:

DIMEN. A—4 5/64"
LENGTH—7/16"
HU—847:

DIMEN. A—17
LENGTH—214"

File This Page for
Future Reference

ELECTRONICS — January, 1956
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... THREE COMPLETE SERVICES!:

Hudson Standard Metal Closures

Over 1000 economical standard types mean HUDSON can
supply precision components at commercial prices. A wide
variety of optional features make it possible to solve

all but the most unusual closure requirements with
standard types selected from HUDSON stocks.

Hudson Quality Metal Stampings

Metal parts produced to your exact specifications at prices
that reflect the economies of mass production methods.
Hudson can work to close tolerances and maintain
uniformity throughout production runs. Quotations supplied
promptly on receipt of drawings.

Hudson Sheet Metal Facilities -
Depend on HUDSON for expert fabrication of simple or
complex sub-assemblies. Facilities include certified welding
of alloys, silver soldering, brazing and chrome plating.

HUDSON

Precision Components of
Steel, Aluminum, Copper,
Brass, Mu Metal

Want more information? Use post card on last page.

The Hudson story

NEW
CATALOG
READY,
NOW!

is contained in one handy
catalog, Full descriptions of
atl standard items and com-
plete information on Hudson
metal working facilities. Call
or write for your copy, nowl

TOOL & DIE COMPANY ¢« ING
118-122 SOUTH 14th ST, NEWARK 7, N.J..
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MODEL 59-LF OSCILLATOR UNIT

Frequency Range: 100 Kc to 4.5 Mc.
Price - Oscillator Unit {Head) only
$98.50

MODEL 59 OSCILLATOR UNIT

Frequency Range: 2.2 Mc to 420 Mc.
Price - Oscillator Unit (Head) only
$98.50

MODEL 59-UHF OSCILLATOR UNIY

Frequency Range: 420 Mc to 940 Mc.

Price - Oscillator Unit (Head]) only
$123.00

PRECISION
GRID-DIP METERS

The Power Supply is a compact, light-
weight portable unit consisting of a
full-wave rectifier with voltage reg-
vlator tube—designed for use with
any of the oscillator heads illus-
trated.

PRICES:

Power Supply only $75.00

Model 59-LF Head with Power Sup-
ply $168.00

Mode! 59 Head with Power Supply
$168.00

Model 59-UHF Head with Power
Supply $198.00

Prices FOB. Boonton, N. J.

Measurements’ Megacycle Meter is now available in a choice of
three oscillator heads providing frequency range coverage from
100 Ke to 940,000 Kc. Thus, the utility of this versatile instrument
has been extended, making it, more than ever, indispensable to any-

one engaged in electronic work; engineer, serviceman, amateur

or experimenter,

| ity St

MEASUREMENTS
CORPORATION

BOONTON - NEW JERSEY

Want more information? Use post card on last page.

ELECTRONS AT WORK {continued)

Photocontrol is housed in meter-type glass
enclosure

turn-on point, cycling is prevented.

The turn-on point can be adjusted
over a range and the turn-off point
follows it, but always at a fixed
differential. The on and oftf designa-
tions used above refer ultimately
to the condition of the pilot relay,
which is energized during daylight.
The contacts of the power contactor
can be used to close or open the ex-
ternal circuit during either day-
light or dark periods.

For tunnel applications, the day-
light-closed circuit would be used.
The information abstracted here
comes from a maintenance manual
furnished by The Fisher-Pierce Co.,
Inc., of South Braintree, Mass.

Hawaii Cable Authorized

AUTHORIZATION permitting Ameri-
can Telephone and Telegraph Co. to
construct and operate twin subma-
rine cables between the United
States and Hawaii has been granted
by FCC.

The new cable system, designed
for telephone and telegraph com-
munication from Point Reyes, Calif.
to Koko Head, Oahu, Hawaii, will
cost about $35 million. When com-
pleted in 1957 the cable will be the
world’s longest telephone-telegraph
span. With a length in excess of
2,000 miles it will exceed those of
the Newfoundland-Scotland and
Alaskan cables.

FCC Mobile Monitor

BECAUSE fixed monitoring stations
cannot receive distant television
transmissions, Federal Communica-
tions Commission has developed a

January, 1956 — ELECTRONICS



how to reduce

costs with

Wesrern

Gear

rotary electrical

equipment

We have more than 50 basic prototype motors, fans,
blowers, converters, alternators and generators. Motor
designs range from 1/500th to 4 HP, 50 to 1,000
cycles in frequency, any desired voltage. Extensive line
enables economic modification to your requirements
or special design. Complete engineering service gladly
offered for help on any rotary electrical equipment
problem. Write for new catalog No. 254-A.

oy

Precision fine pitch gears, constructed to the highest
specifications for electronics use, available from 200 to 6
diametral pitch and from .125” to 10" diameter.
Complete engineering and manufacturing facilities for
the application of high precision gearing and gear

drives in electronics equipment. Ask for help

on your problem. No obligation!

“The difference s reliability” » Since 1888 i

Detail your requirement on any electronic problem. Utilize
Western Gear's production facilities to cut your product costs. ESTR” EAR
Our engineers will give their recommendations promptly. i
Address Western Gear Corporation, Electro Products Division,
132 W. Colorado St., Pasadena |, Calif. ENGINEERS AND MANUFACTURERS

PLANTS AT LYNWOOD. PASADENA, BELMONT, SAN FRANCISCO (CALIF.), SEATTLE AND HOUSTON — REPRESENTATIVES [N ALL PRINCIPAL CITIES

ELECTRONICS — January, 1956 Want more information? Use post card on last page 189



WATER-COOLED

LAPP INSULATION

SYSTEMS

For carrying cooling
water which must
undergo a change in
potential,use of Lapp
porcelain eliminates
trouble arising from
water contamination
and conductivity,
sludging and electro-
lytic attack of fittings. Permanent cleanness and high resist-
ance of cooling water is assured with the completely vitri-
fied, non-absorbent Lapp porcelain.

PORCELAIN WATER COILS

Twin hole or single hole models to provide flow of cooling
water from 2 to 90 gallons per minute. Each assembly in-
cludes ceramic coil, aluminum mounting base, nickel
plated brass attachment fittings . .. and is proof-tested to
100 lbs. per square inch water pressure.

PORCELAIN PIPE

Practically any piping layout can be made with these pieces
...swivel flanges provide automatic alignment. Straight
pipe up to 60" lengths, 90° and 180° elbows, fittings for
easy attachment to metal pipe; matching support insula-
tors. Inside diameters 345" to 3.

190

WRITE for Bulletin 301 containing complete
description and specification data. Lapp
Insulator Co., Inc., 245 Sumner Street,

Le Roy, New York.

Want more information? Use post card on last page.

ELECTRONS AT WORK (continued)

mobile monitoring unit that will
operate in the various field engi-
neering districts where it is needed.

Measurements to be made include
frequency of the sound and picture
carriers, color subcarrier, line scan-
ning and field scanning repetition
rates, modulation percentage and
waveform observations. Distribu-
tion of the elements of the televi-
sion signal over the assigned chan-
nel will be determined by spectrum
emission analysis.

South Africa
Time Signals

ESTABLISHED in 1949, station ZUO
is now one of the six stations in the
world transmitting standard fre-
quency and time signals in accord-
ance with standards of accuracy set
up by CCIR (International Con-
sultative Committee for Radio).

Operation is continuous except
between the hours 0630 and 0700
Universal Time. Output power is
100 watts on 5 mec from Johannes-
burg, South Africa.

Modulation for time signals is one
impulse a second, each consisting
of 10 cycles of 1,000 cps tone (10
milliseconds duration.) The first im-

Microwave Facsimile

Photograph of the Chicago terminal of
Texas Illinois Natural Gas Pipeline Co.
microwave link to Houston, Texas was
sent over the system and the result repro-
duced above. Copy was scanned at
drum speed of 100 rpm with a definition
of 100 lines to the inch. A temporary
channel 7%2 was inserted between two of
the 12 channels in regular use. Micio-
wave antenna in foreground has protec-
tive cover against weather

January, 1956 — ELECTRONICS



%gdz-sTAR IN THE

ELECTRONIC GALAXY

SOME TYPICAL Haydu's 10 digit in-line numerical indicator!

Small, electronic indicating tube uses the direct read-out method
NIXIE which clearly displays the digits at top surface of tube. This method
APPLICATIONS assures the highest readability from a wide angle . . . speeds work,

reduces errors, cuts costs in hundreds of diversified applications.

. DIGITAL VOLTMETERS

. COUNTERS
. CALCULATORS NOTE THESE OUTSTANDING ADVANTAGES :
. ALTIMETERS . .
Small, simple plug-in tube
RADAR

Uses standard sockets
. DIAL SYSTEMS Vivid numbers for highest visibility

Low power required
) :!'fmgﬁol"‘gSITlﬂN Operates directly off Beam Switching

Tubes or any voltage source
Radical Simplification of circuitry
e Long life

e Rugged construction

~N D W N =
s 6 o o o

Write to Haydu Tube Division, Dept. 10, Plainfield, N. J.,
for complete information on your applications.

SFHAYDU

BROTHERS OF NEW JERSEY
PLAINFIELD, NEW JERSEY
SUBSIDIARY OF BURROUGHS CORPORATION )

@nn



AUTOMAT'C PRODUCTION AND
QUALITY CONTROL TEST'NG

with the

The CTI Supertester is an automatic, pre-
cision instrument for production testing,
fault analysis, and preventive mainte-
nance. It checks electronic and electrical
products more completely and in a fraction
of the time required by present methods.

Providing complete flexibility and rapid
interchangeability between products, the
Supertester can be programmed for any
combination or sequence of the following
measurements:

A-C Voltage
D-C Voltage

Leakage
Continuity

Impedance
Resistance

¥ 1 —Superlester

REDUCE TEST COSTS

Requiring only an un-
trained operator, the Supertester
frees valuable technical person-
nel for specialized work. One

Supertester is the equivalent of
a series of custom built, single
product testers, or a benchful of
precision bridges and meters.

SPEED PRODUCTION

Complex circuits, gain
and frequency measurements,
involved relay operations —all
are checked at the rate of 180

INCREASE PRODUCT

Accurately checking
every production unit against
design values and tolerances, the
Supertester does not overlook
tests or pass questionable cir-
cuits. Original specifications are

tests per minute. Hours of man-
ual test procedure have been re-
duced to minutes. Time is not
wasted checking good units.

QUALITY

tirelessly and rigidly adhered to.
Instead of checking only the
essential circuit parameters, the
Supertester tests equipment com-
pletely, quickly, and at far less
cost.

Proved in Use!

The Supertester is being used daily by
a number of the nation’s leading manu-
facturers. Their testing applications in-
clude printed circuits, telemetering units,
guided missile circuitry and pre-flight
tests, and aircraft electronic equipment.

Whatever the problem, rigid test speci-
fications, high production rates, or re-
ducing test costs, automatic testing is
the solution, and the CTI Supertester has
proved itself to be the efficient, money
saving means to this solution.

192 Want more information? Use post card on last page.
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ELECTRONS AT WORK

(continued)

pulse in each minute is prolonged to
about a half second.

Announcements are made ahead
of each quarter-hour minute using
Morse code. For example, the an-
nouncement between 4.14 and 4.15
pm would be sent:

ZUO ZUO ZUO 1615

Since the maximum oscillator
drift is less than 1 part in 10° a
month, frequency accuracy is = 2
parts in 10°. If necessary, signals
are phased in steps of 20 millisec-
onds or multiples thereof on the
first Monday of the month. The
maximum value of steps of fre-
quency adjustment is 1 part in 10°

Accuracy of time intervals is
+ 2 %X 10® (=% 1 microsecond). A
quarterly bulletin is published by
The Union Astronomer, Union Ob-
servatory, Johannesburg, South
Africa.

Gamma Rays
Preserve Meat

PASTEURIZATION by gamma rays has
been suggested as a public health
measure for fresh meat and sea-
foods. It would have the further ad-
vantage of making available to the
small market the method of pack-
aging cuts of meat in the manner
employed in very large markets.
The ultimate effect would be to con-
fine the butchering operation to
the slaughter and packing house.
Gamma radiation might destroy

Tiny Loudspeaker

Small loudspeaker for use in pocket-size
transistor radio receivers is only 2% inch
in diameter and about a half inch thick.
Magnetic structure that projects from the
rear of conventional speakers is con-
tained within the shell surrounding the
vibrating cone. Unit was developed by
RCA engineers

January, 1956 — ELECTRONICS



Designed for Application
Grid Dip Meters

Millen Grid Dip Meters are available to meet all various laboratory and
servicing requirements.

The 90662 Industrial Grid Dip Meter completely calibrated for laboratory
use with a range from 225 ke. to 300 nc. incorporates features desired for
both industrial and laboratory application, including three wire grounding
type power cord and suitable carrying case.

The 90661 Industrial Grid Dip Meter is similar 10 the Y0662 except for a
reduced range o 1.7 to 300 me. [t likewise incorporates the three wire
grounding type cord and metal carrying case.

The 90651 Standard Grid Dip Meteris a somewhat less expensive version
of the grid dip meter. The calibration while adequate for general usage
is not as complete as in the case of the industrial medel. Tt is supplied
without grounding lead and without carrving case. The range is 1.7 to
300 me. Extrainductors available extends range to 220 ke,

The Millen Grid Dip Meter is a calibrated stable RY oscillator unit with
a meter to read grid eurrent. The frequency determining coil is plugged
into the unit so thatit may he used as a prole.

These i nstruments are complete with a built-in transformer type A.C.
power supply and internal terminal board te provide connections for
battery operation where it is desivable to use the unit on antenna measure-
ments and other usages where A.C. power is not available. Compactness

AMES MILLEN

J

OFFICE

M

M

has been achieved without loss of performance or convenience of usage.
‘The incorporation of the power supply, oscillator and probe into a single
unit provides a convenient device for checking all 1y pes of eircuits. The
indicating instrument is a standard 2 inch General Flectrie instrument
with an easy to read scale. The calibrated dial is a large 205° drum dial
whiclt provides seven dircet reading seales, plus an additional universal
scale. all with the same length and readability. Each range has its indi-
vidual plug-in probe completely enclosed in a contour fitting polystyrene
case for assurance of permanence of calibration as well as 1o prevent any
possibility of mechanical damage or of unintentional contact with the
components ol the circuit heing tested.

The Gride Dip Meters may be used us:
1. A grid Dip Oscillator
2. An Oscillating Detector
3. A Signal Generator
4. An Indicating Absorption Waveneter
The most common usage of the Grid Dip Meter is as an oscillating
frequency meter to determine the resonant frequencies of de-energized
tmed eirenits.

Size of Grid Dip Meter only (less probe): 7in. x 3346 in. x 334 in.

'MFG. CO.. INC.

AND FACTORY

MALDEN, MASSACHUSETTS, U.S.A.
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for msulated wire, one

Source

For the run-of-the-mill wiring problems —or the hundreds of
specials—the one source for practically all types of permanently
insulated wire—is Continental. Whether it's electronic hook-up
wire, military hook-up wire or cable, switchboard AVB—TA _SHFS
Cable or Wire . .. Asbestos, Glass, Nylon, Varnished Cambric,
Polyethylene, etc. . . . the Always Correct Source is Continental
Wire Corporation. Refer your special wiring problems today to

Continental's Wire and Cable specialists. *A.C. Source

Contact: Continental Sales, Box 363, Dept. C
Wallingford, Conn., Phone COlony 9-7718

POWER and RHEOSTAT CABLE—TYPE AIA
available in Sizes 18 AWG—2,000,000 CM inclusive.

=

Stranded copper conductor, asbestos
insulation, asbestos braid. Heat, flame, femperatures, oil, grease, corrosive
moisture resistant impregnation and vapors or moisture. Maximum tempera-
finish. ture 257° F,

For open installation in high operating

ontinental
WIRE CORPORATION

WALLINGFORD, CONNECTICUT ® YORK, PENNSYLVANIA

Want more information? Use post card on last page.

ontinental

ELECTRONS AT WORK (continued)

about 99 percent of the microorgan-
isms without developing off-flavors
and also increase refrigerator shelf
life. Refrigeration would still be
necessary.

Electrostethograph
Measures Heart Sounds

ADAPTATION of a surface roughness
measuring gage (ELECTRONICS, p
181, Nov. 1953) to measurement
of heart sounds has extended the
range of cardiographic equipment.
Using a stethoscope diaphragm
coupled directly to the anode of a
movable anode transducer tube, fre-
quencies as low as one cps can be
recorded. The output of the device
can be observed on a conventional
cro or a recording oscillograph and
can also be recorded on tape for
reference.

High directional selectivity of the
cardiograph pickup head permits
observation of the vibrations pro-
duced in different areas of the heart.
Study of these localized vibrations
may lead to more accurate diagnos-
tic techniques. With the accumula-
tion of a large library of recordings
from normal and defective hearts,
the value of the instrument will be
increased as a supplement to con-
ventional electrocardiograph and
stethoscope techniques.

Development of the stethograph
was done at the Medical College of
South Carolina by Dr. Dale Groom,

Multimegawatt
Fluorescent

Fluorescent tubes fastened to inside of
radome used in arctic service are light-
ed by power in beam from Air Force
FPS-8 height-finder radar on test by
General Electric engineers
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by

fast
deliveries!

' savings
up to
300%!

SAVE! o IMPROVE with

“EE” CORES

Leaders in Engineering core Economy

Preferred-type Stackpole “EE” iron cores meet 8 out of 10

engineering needs . . .
They are stocked for immediate delivery in any

quantity . . .

Cost savings amount to as much as 300% less than cus-
tom-engineered cores that entail set-up charges . . .

Equally important, new Stackpole core types are con-
stantly being added to the “EE”’ list to keep abreast of new
engineering and production requirements.

Write for latest Stackpole “EE” Core list.

i

] : Electron:c Components D:v:sion‘ % " -

w0 o

S'I‘ACI(POI.E CARBON COMPANY‘*,@St Marys,

In Canadag, Canadian Stackpole Ud. SSQ@ Evbny;ﬂvenue; Tq;oMo I4 Qn!arr
L L b '« = o -f= <§‘-_ . e T L Jp,..l,.l_;,:‘*'ﬁ-.
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LAB

PULSESCOP

Size:
13" x 162" x 144"

ANOTHER EXAMPLE OF%IILEIL PIONEERING ...

The LAB PULSESCOPE, model S-5-A, is a JANized (Gov’t Model No.
08-26) compact, wide band laboratory oscilloscope for the study of all
attributes of complex waveforms. The video amplifier response is up to 11
MC and provides an equivalent pulse rise time of 0.035 microseconds. Its
0.1 volt p to p/inch sensitivity and 0.55 microsecond fixed delay assure por-
trayal of the leading edge when the sweep is triggered by the displayed signal.
Anadjustable precision calibration voltage is incorporated. The sweep may
be operated in either triggered or repetitive modes from 1.2 to 120,000
microseconds. Optional sweep expansion of 10 to 1 and built-in markers of
0.2, 1, 10, 100, and 500 microseconds, which are automatically synchronized
with the sweep, extend time interpretations to a new dimension. Either
polarity of the internally generated trigger voltage is available for synchro-
nizing any associated test apparatus. Operation from 50 to 400 cps at 115
volts widens the field application of the unit. These and countless addi-
tional features of the LAB PULSESCOPE make it a MUST for every
electronic laboratory.

WATERMAN PRODUCTS CO., INC.

PHILADELPHIA 25, PA.

CABLE ADDRESS: POKETSCOPE WATERMAN PRODUCTS INCLUDE

4-C SAR PULSESCOPE®

-5-A LAB PULSESCOPE

S-6-A BROADBAND PULSESCOPE
$-11-A INDUSTRIAL POCKETSCOPE®
$-12-B JANized RAKSCOPE®
$-14-A HIGH GAIN POCKETSCOPE
$-14-B WIDE BAND POCKETSCOPE
S-15-A TWIN TUBE POCKETSCOPE
RAYONIC® Cathode Ray Tubes

and Other Associated Equipment

S-
S-

A
WATERMAN PRODULTS
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ELECTRONS AT WORK (continued)

Electronic stethoscope using a movable
anode transducer

aided by Joseph Bidwell of the Gen-
eral Motors Research Laboratories,
where the original surface rough-
ness gage was developed.

Delay-Line

Pulse Generator

By IRVING BARDITCH
Baltimore, Md.

A VARIABLE-WIDTH high-precision
pulse is simply produced by the
circuit shown in the diagram. The
width is continually variable, jitter-
free and as accurate as the delay-
line being used. A trigger pulse is
used to initiate one tube of a
bistable multivibrator; the same
pulse is then passed through a var-
iable delay line and used to initiate
the other tube of the multivibrator.

As a consequence, the output
pulse is jitter-free, continually var-
iable within the resolution limits of
the delay line and independent of
any R-C time constant or other
source of instability. The rise time
and minimum width of the pulse

DELAY

TRICCER  LIKE.
SOV 0.2,SEC \
PUSE 31— 2k

Lool 4om 338

é’l—louﬂ 110 H

LI2ATT

Simple delay-line circuit can generate
pulses of less than l.usec duration
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Save, save, save . . . time, trouble, money . . .
when purchasing molybdenum permalloy* Powder
Cores, for there can be no waste when you buy
from Magnetics, Inc. Exclusively Performance-
Guaranteed, these cores are also graded according
to inductance, and color-coded so your assemblers
know how many turns to put on without special
testing. Write today for full details . . . Bulletin
PC-103 and vour Color-Coding Card . . . and
remember . . .

PERFORMANCE - GUARANVTEED

~ Pormalloy Powder Gores

(08T 10 MORF-

WY TAkE 1FSS?

NNy
MAGNETICS inc.

DEPT. E-22, BUTLER, PA\\«‘/

*Manufactured under a license agree-
ment with the Western Electric Co.

ELECTRONICS — January, 1956 Want more information? Use post card on last page




ELECTRONS AT WORK (continued)

are limited only by the capabilities
of the tubes. This circuit allows
the generation of variable-width
pulses below one microsecond, a
region in which the cathode-coupled
multivibrator will not function.

PERTINENT PATENTS

By NorMAN L. CHALFIN

Hughes Aircraft Co.
Culver City, Calif.

SIGNALING methods and oil pros-
pecting are two diverse but impor-
tant applications of the electronic
| technique. Considerable space has
| been given below to a French inven-
| tion describing the former, since it
| appears to have high interest.

| Coded Pulse Device

| A circuit shown in Fig. 1 defines
| a “Method and device for decoding

groups of coded pulses representing

an intelligence wave”. This is the
1 invention of A. P. Pages and G. H.
l L. Dureau of Paris, France. They
| have assigned their patent No.
2,685,647 to Societé Alsacienne de
Constructions Mecaniques of Paris.
| This invention, provides a method
| of translating successive groups of
| coded recurrent electric pulses of
| time period 7T, comprising an in-

tegral number n of coded pulses,
| each of which may be of one or

another of two possible signaling
. conditions, into a variable amplitude
intelligence wave. This method com-
prises the steps of creating, on re-

they shadll ‘mot pass!

A. W. HAYDON PRECISION

Governed D. C. Motors like the 5600 series insure unfailing per-
formance of America’s perimeter defenses. They are an integral
part of “Hogan’s Fence -— Guided Missiles and Launching Apparatus.

The 5600 series motor incorporates a 900 beat governor movement
which corrects the motor speed at the rate of 900 times per minute or

15 times per second. Corrections are made as ripples in motor speed caused
by the pulsing of contacts or as phase shifts due to a change in load or voltage.

Windings are available for nominal voltages of 6, 12, and 25 volts D. C;
however motors may be operated on higher voltages by means of a voltage
divider resistor. Output speeds from 900 RPM down to 1 revolution in 2
hours can be provided. |

- 5600 Series -
4 GOVERNED PERFORMANCE CHART
D. C. MOTOR 35 100 INPUT ,_&]Tmmmnc
y - | o] T [NETWORK
. . | i
, 0] P N sricionzeD | o
S T » | ]
q L 4 /'»y\*z T e é i hig hiig
2 3 £ : s 5 % g | STRCHRO-1 | sTomike STORING STORING
. 4 204 / i - S 8: SELECTOR DEVICE DEVICE DEVICE
= B 3 4 o e i @ 5 |
LA z - X = )i
& 4 154 : =1 B i G
% ’(‘ 2 YOLTAGE YOLTAGE VOLTAGE
LS n ‘ CONP CONP CONP
SPECIFICATIONS A — !
1. yociyltag: 6rsaonlége nominal = ° 1 1 - + 3 | I giilélén%g; PULSES
a . . 2 A
2. Amf)ie’nt temp. rarige minus VOLTS D.C. I
§3°F to plug 165°F | o e
3. Vibration 5-55 cycles per |
sec. with 10g max. accel.
4. Tolgrance on escapement Rated 30 oz. — in. full load torque at 1 RPM. Torque
(a)ra_:_e.o 19% under condition 1 is limited by materials used in gear train to 20 oz. — in.
b) o 0.3% under condition 2 intermittent or 5 0z. — in. continuous duty at 1 RPM. TERNINATING,
(c) + 0.5% under condition 3 Special gear trains are available. NETWORK
5. Shock — per MIL-E-5272A, BIASED AMPLIFIER
Eiseall COSKSAlInD) WHEN TIMING POSES A PROBLEM CONSULT . , » « | i
{General AOWG[HIAYDON WM GENERATING SYSTEW”
Cotalog
Sent on 235 NORTH ELM STREET, WATERBURY 20, CONNECTICUT %
Request)
Design and Manufacture of Electro-Mechanical Timing Devices FIG. 1-—Successive groups of three cod-
ed pulses applied to input
198 Want more information? Use post card on last page. January, 1956 — ELECTRONICS
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For greater economy...

wider design flexibility...

Up to

0%
SMALLER

INTERNATI
REGTIFIE]

Miniaturized Hi-Voltage
QUALITY CARTRIDGE RECTIFIERS BY

International

Manufactured under the The higher voltage ratings of International selenium rectifier cells
United States Army Signal Corps result in a 309, shorter length cartridge! These miniature-size
Reduced Inspection rectifiers permit greater design freedom where spacc is at a pre-
Quality Aesurancg Biogrom mium. They are available in numerous terminal types, circuits,
cell sizes and protective coatings to meet your specific nceds.
International—leader in the field —sells more selenium cartridge
rectifiers than all other manufacturers combined! As a result,
your special cartridge rectifier requirements may be standard at
International. A wire, letter or phone call will bring immediate
and experienced recommendations for your application.

International Rectifier

C O RP OWRATI ON

RIQAP

N

A WORLD OF DIFFERENCE THROUGH RESEARCH

EXECUTIVE OFFICES: 1521 E. GRAND AVENUE, EL SEGUNDO, CALIFORNIA * PHONE OREGON B-6281
NEW YORK: 501 MADISON AVE.. PLAZA 3-4942 * CHICAGO: 205 W. WACKER DR.. FRANKLIN 2-3809
IN CANADA: ATLAS RADIO CORP, LTD.. 50 WINGOLD AVE. W., TORONTO. ONTARIO. RU 1-6174

WORLD'S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS

ELECTRONICS — January, 1956 199
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an
important W
new
drafting
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GERMANY

technique

M DA

HROM

MARS-LUMO CHROM

possible only with

5S.STALUTLER D30 MARS - LUMD

MARS'[“M"GHROM does not fade

.. . does not smear . . . is waterproof
. . erases perfectly . . . keeps finest point

Send for free sample

=
b TAEDTLER diso proudly introduces the Mars-

Pocket-Technico for field use, the Mars “Draftsman’s” Pencil
Sharpener with the adjustable point length feature, and the
efficient, clean Mars lead sharpener. All available—along with
the established standards: Mars-Lumograph black graphite
drafting pencils, Mars-Technico lead holder and leads, and
Tradition-Aquarell painting pencils—at all leading art material
and drafting supply dealers.

J.S. STAEDTLER.IN(. HACKENSACK, NEW JERSEY

_——— I
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24 COLORS—$1.50 PER DOZEN, LESS IN QUANTITY

ZLECTRONS AT WORK continued

ceiving each one of the successive
croups and storing for a time i
most equal to 7. a group of n elec-
trical voltaves.

Fach voltage corresponds to one
pulse in one of the groups and has
one or another of two predeter-
mined constant values according to
the sienaling condition of the cor-
responding pulse, rapidly produc-
ing, during a time interval at most
equal to T, a sequence of 2" ditter-
ent permutation groups of n voltage
pulses in which each individual
pulse huas one or another of the two
predetermined constant voltages.

All of the permutation groups
have the same duration and follow
each other at unilform time inter-
vals of duration 7. Each of the
(n-1) first pulses in each of the
permutation groups is thereby de-
layed vrespectively by such an
amount that 2" different groups of
n simultaneous pulse voltages suc-
cessively appear at w terminals at
2" ditferent instants within the time
interval at most equal to 7. Each
one of the n voltages appearing at
said n terminals is then compared
with one of the n voltages of the
stored-group of n electric voltages.

» Equal Voltages—When all com-
pared voltages are equal a derived
pulse of short duration is emitted
at that instant. The time position of
the derived pulse within the time
interval at most equal to T thus de-
pends upon the composition ot the
stored electrical voltage group. Sue-
cessive derived pulses =o obtained
from successive groups of coded
pulses are demodulated by their
time position with respect to tixed
reference instants whereby theyv are
transtformed info an intelligence
wave of variable amplitude.
Another feature of the invention
provides a device for translating
into a variable amplitude intelli-
gence wave, periodic electric syn-
chronizing signals of period T and
recurrent groups ot electrie coded
pulses of recurrence period T in-
cluding an integral number =n of
pulses. Each of the integral pulses
may be one or another of two pos-
sible signaling eonditions. The de-
vice comprises a wenerator of peri-
odic voltage pulses of period T
synchronized by the periodic elec-
tric  synechronizing signals, with
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~ for Counting Electrically..

This Veeder-Root Reset Magnetic Counter (AC
or DC) is actuated through electromagnets. And
it may be connected in series with any device hav-
ing a contact arrangement . . . like the specially
designed Veeder-Root Electrical Contactor at the
left, which insures positive operation of the
counter, either in oscillation or connected directly
to a revolving shaft . . . with the counter placed at

VEEDER-ROOT INCORPORATED
HARTFORD 2, CONNECTICUT

ELECTRONICS — January, 1956

any distance from the machine or process on which
the count is required.

This is another one of the hundreds of Veeder-
Root Standard and Special Counting and Com-
puting Devices developed for every conceivable
counting duty, in every field from atomics to
electronics.

What dc you need to count? Just write:

Chicago 6,188« New York 19, N. Y.

Montreal 2, Canada
Offices and Agents in Principal Cities

“The Name that Counts”’

Want more information? Use post card on last page.

Greenville, S. C,
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Mercury Pack
with

\
\ Glove-Snap

Mercury Pack
with
Friction Contact

mercury batteries can add
sales appeal to your products

&

The miniature size and high energy output of General
Mercury Batteries are giving many products the added
sales appeal of smallness and better performance.

For instance, the radio industry is using these qualities
of General Mercury Batteries to produce a truly portable
radio. They are small enough and light enough to be car-
ried conveniently and comfortably in a coat pocket or
purse. Yet these new radios provide excellent tone and
trouble-free operation. /

If small size, without sacrifice of efficiency, is important
to your products, it will pay you to investigate the advan- 7 B
tages offered by General Mercury Batteries. They have | /
exceptionally long shelf and operating life, and supply a ‘
constant source of current. General Mercury cells are
available in “power packs” in an unlimited number of By
serles, parallel or series-parallel combinations. General

“power packs” are made up of individual cells permanently
joined together by General’s exclusive surge-weld process.
You may be interested to know that a great many of these
mercury cells are being used on Government scientific
developments.

We would appreciate an opportunity of discussing the
individual battery needs of your products. We will be glad
to send you complete data,

ST DRY BATTERIES, INC.

13000 ATHENS AVE., CLEVELAND 7, OHIO
b N BOvlevard 2-0030

202 Want more information? Use post card on last page.

ELECTRONS AT WORK (continued)
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CODED AND
SYMCHRONIZED |
PULSES

Il
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]
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SONCHRONZER +
l_—{i) PULSE GENERATOR

FIG. 2—Voltage storing device is one
of three used

1Hlr—

provision for creating and storing
a group of n electrical voltages on
receiving each one of said groups
of coded pulses.

Each voltage corresponds to one
pulse in one of the groups and has
one or another of two predeter-
mined constant values according to
the signaling condition of the cor-
responding pulse. There is also a
device controlled by the generator
for creating, during a time interval
at most equal to T, a series of 2"
electric voltage pulses spaced in
time at uniform intervals of dura-
tion r and an arrangement con-
trolled by the generator, which gen-
erates at the same time a sequence
of coded pulses successively repro-
ducing each one of the 2" possible
permutation groups of n voltages in
the form of pulses having one or
another of the two predetermined
voltage values.

A chain of delay networks in cas-
cade is provided having a total de-
lay time at least equal to (n-1)
and with n connection points spaced
along the chain in such a manner
that the propagation time from one
point to the next is equal to said
duration r. There is an arrange-
ment for applying the sequence of
coded pulses at one end of the
chain and an impedance for termi-
nating the chain at its other end to
avoid pulse reflections at that end.
A voltage comparator compares
each of the n voltages that appear
at the n connection points to one
voltage of above-mentioned stored
voltage group.

The comparator is controlled by
pulses from the series of 2" electrie
voltage pulses. The comparator con-
trols a generator of a derived pulse
when the voltage values in each
compared pair are equal. Successive
derived pulses are demodulated as
derived from successively received
coded pulse groups with respect to
their time position in relation to
fixed reference times established by
the generator. Signals received at

January, 1956 — ELECTRONICS



“System-designed”
Leach relays
serve all three

this is the
toughest yet!

this is
tougher

2500 MAY
1

Yes, the missile age is the toughest challenge yet for electronic
components . .. and supersonic inhabited aircraft aren’t far
behind in their demands for reliability. Just meeting specifi-

cations is no longer enough. In this newest family of electronic- — ] e
aircraft-missile relays, LEACH does more, offers rcliability wseat ST nij 8)@@, J‘ﬁ?l
beyond specs . . . dependability based on design and manufac- -fiﬁ_-.'
turing experience second to none. b
These relays were system designed ... Leach Engineers \\\\\ \\\ \\
started with the framework of today’s system demands, they T = 3
built a family of relays not merely to satisfy specifications but 9220 9226 9230
to do a job. Here are some of the features that help insure sys-
tem reliability in your electronic, aircraft and missile work. .. Contact arrangement 4poT 6PDT 4p0T
\Operating voltage 18-30 VDC | 1830 VDC | 18-30 VDC
HERMETIC SEALING — every relay checked by mass spectrometer
Contact rating at 28 VDC
OPTIONAL LEADS — solder terminals, potted leads or plug-in bases Resistive 5 amp 5 amp 10 amp
Inductive 1.5amp 1.5 amp 7 amp
SQUARE CANS — 20% more relays in the space required
by round cans Coil resistance 250 ohms 200 ohms 150 ohms
SHOCK RESISTANCE — vibration and shock properties Duty Continuous | Continuous | Continuous
exceed MIL specs
Weight .25 |b. .25 1b. S 1b.

HIGH-TEMPERATURE — dependability assured at 120°C ambient

ELECTRONICS — January, 1956

CORPORATION

COMPLETE SPECIFICATIONS on these three new relays will
be sent on request. Write for them today.

LEACH RELAY DIVISION

5915 AVALON BOULEVARD, LOS ANGELES 3, CALIF.
DISTRICT OFFICES AND REPRESENTATIVES IN PRINCIPAL CITIES OF U.S. AND CANADA

Want more information? Use post card on last page.

WWW.americanradiohistorv.com
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QUAKER CITY
GEAR..

® For complete gear as-
semblies . . Hardened
and Ground Gears. . Mas-
ter Gears and Involute
Spline Gauges . . Thread
Ground Worms . . Coni-
flex and Spiral Bevel
Gears.....

.lun|m,| it

We invite your inquiry

UAKER CITY EAR WORK
f"‘o R
ORpont

Want more information? Use post card on last page.

ELECTRONS AT WORK (continued)

the output of the demodulator are
applied to a utilization circuit.

Groups of binary pulses may be
arranged in 2" different ways to
represent 2" different amplitude
values. A basic sequence of N bi-
valent symbols may also be written,
provided N be large enough, in
such a way that 2" different groups
of n bivalent symbols are succes-
sively found at regular intervals in
the sequence. A most economical
way of doing so is to write 2" +
(n-1) bivalent symbols in such an
order that all the 2" possible per-
mutation combinations are succes-
sively found by shifting the rank of
the group in the sequence by one
unit.

While the application of the prin-
ciple of the invention is not limited
to the use of a basic sequence of
the latter type, it will be assumed
in the following description that
this is the case for greater sim-
plicity and because one of the sim-
plest embodiments of the invention
is thus effected.

To simplify the description,
there is considered below the par-
ticular case when n = 3, that is,

when the groups of coded pulses
each comprise three pulses each
capable of assuming two values that
will be represented respectively by
the figures 0 and 1. It is assumed
that one of the values of the pulses
is effectively zero—the pulses may
each be either absent (value 0) or
present (value 1).

Groups of three binary pulses
may be arranged in eight different
ways and consequently represent
eight distinet amplitudes. For in-
stance, to represent eight distinet
amplitudes of an intelligence wave,
corresponding to the integral num-
bers from 1 to 8, the eight groups
may be 000, 001, 011, 111, 110, 101,

AMPLIFSER

FIG. 3—Pulse generating system pro-
duces coded and noncoded signals

January, 1956 — ELECTRONICS



/

NEW ASTRON ET ELECTROLYTICS
SAVE SPACE AND WEIGHT
.PERFECT FOR PRINTED CIRCUITRY

Astron’s newest capac1tor design
puts miniaturization directly in your s1ghts .. .now it’s
possible to reduce overall equipment size, s1gn1ﬁcant1y—
without impairing quality. NewE'T Electrolytlcs, avail-
able in industry’s widest range of values, incorporate
Astron’s exclusive “SM”* Safety Margin Construction
for the extra stamina to withstand surge voltages, ripple
currents and high temperatures.

' H, E'T Electrolytics offer a new de-
signing approach whether you’re working with printed
cirenitry, miniature tubes or transistors because here’s

REECT FOR MNVENTION A1
ERFEC

Uxport Division: Rocke International Corp., 13 East 40th St., N, Y., N. Y.

in Canada: Charles W, Pointon, 6 Alcina Ave., Toronto 10, Ontario
*Trademark

ELECTRONICS — January, 1956

Wont more information? Use post card on last page.

UNITS SHOWN HALF-SIZE

a unique capacitor that matches their compactness.
Long life .. .dependable 85°C operation and good capac-
itance stability result from meticulously controlled
production techniques. Surgically-clean assembly of spe-
cially etched high purity foil ... “regulated” electrolyte
formulas for long life under varying conditions . . . posi-
tive hermetic sealing in metal cans for absolute environ-
mental protectlon

W r JYTICS  utilize low-resistance
terminal tab constructxon and exhibit exceptionally low
current leakage over their entire operating range. Mul-
tiple production tests and 100% final inspection are your
guarantee against costly rejects.

for chassis space? You'll
want full engineering and application information —
please request Bulletin AB-22.

- al s
OR TRANSISTORS

@ ASTRO!

C O R P O R A T 1

28% GRANT AVENUE, E. NEWARK, N. J./
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ADDED SAFETY

for the

: RCA’s new C-Band air-borne
weather mapping radar unit marks
a big-step toward all-weather commercial
air transport service . . . a major contribution to
added efficiency, safety and comfort in flight.

Efficient and safe, too, are the Camloc quarter-turn
firmly in place. A quarter-turn and the Camloc

fastener is opened fast. A quarter-turn and the
Camloc fastener is closed fast—to hold fast!

/

]

| fasteners that hold the C-Band's electronic assemblies
\

\

Electronic components in this RCA \
C-Band radar accessory unit are
assembled in groups for quick \
and easy servicing. Camloc quarter-

turn fasteners provide the fast.acting,
firm-holding means of insuring \
quick accessibility on the ground,
vibration-proof operation in the air.

Camloc fasteners

and latches are

serving the aircraft

\ and electronics
fieldsin hundreds of

\ ways. There’'s a
Camloc device to
meet your fasten-
ing needs, too.
Write for
complete
information.

A\
©

[ 4mLOC

FASTENER CORPORATION
75 Spring Valley Road, Paramus, N. J.

(WEST COAST OFFICE: 5410 WILSHIRE BLVD., LOS ANGELES, CAL.

206 Want more information? Use post card on last page.
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ELECTRONS AT WORK {continued)

010, 100. These groups may be
formed by extraction, from the
sequence 0001110100111 . . . succes-
sive three-figure groups obtained by
shifting one figure from one group
to the next one.

If there is produced, by anyv
means, a series of ten two-valued
pulses, the composition of which is
represented by the basic sequence,
all possible permutation groups will
be successively found in each per-
mutation group appearing once.
This occurs if it is assumed the
production of the sequence begins
at a time that varies according to
the particular composition of the
considered group.

» Sequence—In the practice of the
invention, the above-mentioned se-
ries of at least 2" pulses and the
whole sequence of N coded pulses
will be produced during a time
interval at most equal to and pre-
ferably slightly less than 7. Des-
ignating the repetition period of
the pulses in the series by r, such
arrangements will be taken that the
product 2" be less than T and that
changing from one coded pulse
group (permutation combination)
to the next different group will be
effected in a4 sequence at regular
time intervals also equal to r.

Cireunits can be arranged such
that, at 2" recurrent instants sepa-
rated by time intervals equal to
and defined by the pulses of the
abovementioned series, a received
coded pulse group may be compared
with every possible group present
in the sequence, any one of the
comparisons will show identity. The
received group is thus identified by
the rank of the identical group of
the sequence; 2" comparisons will
thus be made during each time in-
terval T, at 2" instants correspond-
ing to 2" pulses of the series. Some
of the pulses may possibly be un-
used if, as in certain embodiments
of the invention, the series includes
more than 2" pulses.

Ag already mentioned, it is pos-
sible to build a sequence of coded
pulses fulfilling the required condi-
tions by taking N equal to 27
(n-1).

Figure 1 illustrates an arrange-
ment wherein successive groups of
three coded pulses are applied to
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... what we mean is a promotion package of

REGULAR
ISSUES OF

12

Whatever other dilemma the advertising
budget planner may be in, he is in agreement
on one salient point: advertising, to develop
maximum effectiveness, must be continuous.
Nothing, absolutely nothing, pays off on the
long run more than getting potential buyers
familiar with your product and trade name by
way of consistent, all-the-year-round advertis-
ing. Once ascertaining what your market is, the
logical approach is to keep your product in view
of this market through continuous, consistent
advertising.

For instance, the value of continuity in ad-
vertising was demonstrated by a series of
surveys conducted by McGraw-Hill’s Research
Department. It was found through the results
of these surveys that continuity in advertising
increased the recognition of an electronic firm’s
products 26 % in nineteen months.

For the budget planner with an electronic
account, there is a ready-made promotion

)

BUDGET NOW FOR 13

€ 4
A McGraw-Hill Publication
ey

ELECTRONICS — January, 1956

ELECTRONICS plus the BUYERS' GUIDE

package for the consistent, continuous year
round advertising program. That program is
12 regular issues of ELECTRONICS plus the
1 issue of the ELECTRONICS BUYERSY

GUIDE . . . 13 insertions for 1956! Here you
will reach more than 40,000 subscribers who
pay to get ELECTRONICS — owners, partners,
corporate officers, managers, department heads,
chief engineers and especially: electronic, elec-
trical, design and research engineers; in brief,
the people of the industry who are responsible
for buying the products you promote in the
sales pages of ELECTRONICS and the buying
reference pages of the “Guide.” With a con-
sistent, continuous advertising program in 13
issues of ELECTRONICS (12 regular issues
plus the “Guide”) manufacturers have dis-
covered that they get the greatest return from
their advertising dollar investment because
ELECTRONICS reaches the men who influ-
ence purchasing.

INSERTIONS IN 56!

330 West 42nd sugfd;' New York 36

wWWW.americanradiohistorv. com
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Up here

Only the Best is Reliable Enough

G-V Thermal Time Delay Relays have won the confidence
of the country’s major manufacturers of aircraft and air-
borne electronic equipment. More than a quarter million
of them are now giving dependable service in over 500
different applications.

Timings of 1/10 to 300 Seconds

Precision of operation, unobtainable
elsewhere, is made possible by the
G-V design. Hermetic sealing, field
adjustability and temperature com-
pensation make closer settings and
accurate repeatability inherent in G-V
Thermal Time Delay operation.

A well-qualified G-V representative is
ready to serve you. Write for com-
plete data.

G-V CONTROLS INC.
24 Hollywood Plaza, East Orange, N. J.

Want more information? Use post card on last page.
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ELECTRONS AT WORK (continued)

the input from an external source.
This may be a card or other system.
They follow through a chain of
delay networks with time delays
equal to that occupied by a com-
plete group of coded pulses divided
by a number n of pulses that are
received by and fully dissipated in
a terminating network.

Three voltage-storing devices
such as shown in Fig. 2 are timed
at a recurrent rate T by appropriate

ourpyT
ELECTRODE

COMMUTATOR

i 1
FRASE | NSULATION

CONTROL
ELecThot
L
COMMUTATOR N
INPUT
ELECTROGE
N g

.(\ =N
2 "3 INPUT ELECTRODE
\ /

FIG. 4—Output and input devices are
connected through phase control

control pulses and separated from
the coded groups by a synchronizing
selector.

A generating system shown in
Fig. 3 produces the series of 2" +
(n-1) noncoded and two sequences
of 2" + (m-1) coded pulses, using
the same recurrent pulse generator
as supplies control pulses T, which
are used as directing pulses for the
system. The noncoded pulses are ap-
plied to a second system of delay
networks as deseribed above having
delay times such that they are to-
tally dissipated in the termination
device.

It will be assumed that pulses
representing the combination 101
ave received at the input of Fig. 1.

These three pulses are propagated
in the first delay networks and are
positioned in the storage devices
according to the delays at the same
instant when the recurrent pulse
generator puts out a pulse. This
pulse is under the control of the
svnehronizing selector to allow only
the synchronizing pulses through,
The synchronizing pulse turns on
the storage devices to receive a
present pulse and an absent or no
pulse. The present pulses are in
devices I and III while the absent
pulse is in device II. They thus
store the 101 input.

During the next phase of the op-
eration the generating system
supplies a sequence of 10 coded

January, 1956 — ELECTRONICS



ACTUAL SIZE

complete with selector switch...

RiL

ELECTRICAL INSTRUMENT CO.
Bluffton, Ohio

® 20,000 ohms per volt. D.C.

® BANANA-TYPE JACKS—positive
connection and long life.

® EXCLUSIVE SELECTOR SWITCH
speeds circuit and range settings.
The first and only miniature VOM
withthis exclusive feature forquick,
fool-proof selection of all ranges.

® 5,000 ohms per volt. A.C.

CARRYING CASE

Handsome leather carrying case
with adequate space for Model 310
tester and accessories. Trouser
bel: slips through loop on back of
the case for out-of-the-way carrying.
MCDEL 369 CASE—U.S.A. Dealer
Netd, o $2.90

Model 310 MIGHTY MITE
the only complete miniature

Looxaran  V-0-M (AC-DC)

DC VOLTS: 0-3-12-60-300-1200 at 20,000 Ohms/VYolt.

AC VOLTS: 0-3-12-60-300-1200 at 5,000 Ohms Volt.

DC MICROAMPERES: 0-600 at 250 Millivolts.

DC MILLIAMPERES: 0-6-60-600 at 250 Millivolts.

OHMS: 0-20,000-200,000 (200-2000 at center scale).
MEGOHMS: 0-2-20 (20,000-200,000 Ohms at center scale).
OUTPUT: Convenient chart in instruction book.

SEE IT AT YOUR JOBBER
AND IT'S ONLY ONE OF TRIPLETT'S MIGHTY NINE VOM LINE!

ONLY $2950 Dealer Net

BURTON BROWNE ADVERTISING

631 630-NA 630 630-A
Combination For Best Testing The Popular A Good Lab and
V-0-M=VTVM Around The Lab, All-Purpose Production Line
Production Line V-O-M V-O-M
or Bench
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666-HH 625-NA 666-R
Medium Size The First V-O-M Medium Size
or With 10,000 With
Field Testing Ohms/Volt AC 630 Features
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SOUTHSIDE

IRGINLA

“THE COUNTREY MOST OVER GROWNE WITH PYNES"
... is still rich in resources for your plant

CAPTAIN JOHN SMITH REPORTED from
Virginia in 1608 “"the countrey most
over growne with pynes.” That year, the
Colony exported "pitch, tarre, clapboard

PLUS FACTORS FOR YOUR PLANT range
from conservative Southern manpower to
a mild, no-shut-down climaie. You're cen-
tral to the East Coast, with favorable rail
rates to Mid-west markets.

and waynscot’’ ...items
still on the modern list. But
today Virginia forests have
reared new industries of
which Captain John never

dreamed.

Atavists

Farmitie

oCreme
SOUTHSIDE VIREINIA

A host of truck lines, plus
five main-line railroads,
bring coal, chemicals, soy-
beans and other materials
at short-haul cost.

«Veclors

Lawtencewtie

Seuth Hili

Tmporia

«Crahim Chasecity
Soutt Betlon

AMPLE LOW-COST ELECTRICITY

CHEMICALS, CARTONS,

RAYON as well as furniture and paper now
roll from Southside Virginia’s modern
plants. If you, too, can profit from abun-
dant, nearby supplies of resin, fiber, pulp,
lumber . . . you will find many other advan-
tages in this new industrial area.

fiows from VEPCO's modern power network.

Generating capacity in 1955 was stepped
up by 300,000 kilowatts, with 300,000 more
authorized and ready soon. For more facts
... and confidential help with your indus-
trial home hunting, write or telephone
VEPCO—sServing THE TOP OF THE SOUTH.

VIRGINIA ELECTRIC and POWER COMPANY

Walter 1. Dolbeare; Vice President—Area Development
Electric Building, Richmond . 9, Virginia ¢ Phone: 3-4261
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ELECTRONS AT WORK (continued)

pulses, 000, 111, 01, 00, which are
applied to a chain of delay networks
IV, V and VI. At the appropriate
times these pulses are applied to the
three amplifiers and to the voltage
comparators.

The amplifier supply to the com-
parators a present or absent pulse
in accordance with the code. Only
one of the eight possible groups
will coincide with the stored infor-
mation in storage units I, II and
11T or 101. When this group passes,
the voltage comparators are bal-
anced and no output appears at the
grid of the nonconducting biased
amplifier tube.

While the coded sequence is being
applied from coded pulse amplifier
to delay networks IV, V, VI non-
coded pulses are being applied to
another grid of the biased ampli-
fier tube and tend to make it con-
ducting except that when noncoin-
cident pulses from the comparator
devices are applied this conductive
condition is inhibited.

Thus when the coincidence of the
101 of the coded sequence occurs
and no signal appears at the grid of
the biased amplifier, a pulse appears
at the anode, is detected and may
be used to control other circuits. A
similar condition would occur for
any other coincidence.

Pulse Prospecting

A technique for “Geophysical Ex-
ploration by Electric Pulses” has
resulted in the grant of patent
2,685,058 to W. J. Yost of Dallas,

Texas. The patent is assigned to
Socony-Vacuum Qil Company, of
New York.

According to Yost’s patent as il-
lustrated in Fig. 4, when a com-
mutated d-¢ potential e of alternate
polarity is applied through input
electrodes to a particular ground
area, at a distance s a particular
signal will be picked up that it has
been found varies in phase and
amplitude in accordance with the
geophysical conditions of the
ground. The electric field picked
up at the output electrodes depends
upon the resistivity of the earth.

The field decreases with increas-
ing values of distance s as the cube
of s. In practice, s is a great dis-
tance and so this factor is ignored
since there will be only the minutest
field owing to direct flow between

January, 1956 — ELECTRONICS
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Keith Alderson (above) is Tratfic Co-ordinaror for Sportsvision, Inc., in Hollywood. He says,

“I'm the Sunday morning quarterback!”’

“When the final gun sounds on Saturday’s football games,”
says Keicth Alderson of Sportsvision films, “cameramen rush
therr film to us.

‘By Sunday morning, we've got finished prints of Pacific
Coast Conference games into the hands of the coaches. They
call me their ‘Sunday morning quartecback’!

“But that’s the easy part of the job.

“Hy cvening, we've edired all the games into three half-

CALL AIR EXPRESS

ELECTRONICS — January, 1956

Hirlkxpress

hour TV shows—Big Ten, PCC games, and the All American
Game Of The Week. Out they go to 150 television stations
for immediate showing.

“"How do we do it? Air Express, across the board!

“Nobody clse can meet our schedules. Yet Air Express
saves us money ! Austin, Texas, to Hollywood, for instance,
costs $8.03 for 15 lbs. That's $1.68 less than the next lowest
priced air service.”

D

GETS THERE FIRST via US. Scheduled Adirlines

. division off RAILWAY EXPRESS AGEMNCY

Want more information? Use post card on last page 2n



TRAGEDY

IN TWO CHAPTERS

Once there was a happy band of people called
Project Engineers. Mostly human, they had carefree
spirits and careworn bodies. Among their number
were many with the magical ability that most

of us lost when we passed nine years old.

In large and small industrial

w plants they could be found,
dreaming impossible castles

and making the dreams come
true. How sadly this happy
picture was to be shattered, we shall soon see.

The attack was launched insidiously,
by The Forces of Darkuess, who easily
captured citadels of management ?f’g by firing
terms like “specialized knowledge” '

and " departmental responsibility
Always noted for an open unsuspicious outlook
where animate objects are concerned, the Project
Engineers saw no bad omen and did their best
to cooperate. Specifications of all sorts began
dropping around them.

Small thick Military ones on white paper; &
large limp Departmental ones in purple
hectograph; and superlarge Wrinkled ones
on single sheets of blue print.
The P. E.’s struggled to give each its
due. The result, but for the aforesaid trusting
natures, should have put them wise.

Equipment started passing more and more
specifications, and doing less and less useful work.
The P.E.s rcalized vaguely that all was not
right in Denmark. They lost their carefree
spirits and their faces bowed down to match
their already laboring shoulders.

The F. of D. chose this as the time for the next
ploy. “Complexity!", they chortled. /~

"That’s the thing — yuk!” j—‘i

And now equipment blossomed forth in cancerous
fashion with thousands and thousands of parts

in each set. The F. of D. rubbed their hands!
“'With three thousand parts ( = chances-to-fail),
we’ll have things g-r-r-round to

a standstill in no time,”

Il

And now comes the real Drama. A small

gallant few P.E’s still with some

old time spirit locked horns

with a vicious casc of complexity Mercilessly they
tortured components picce by piece eliminating
each one destined to fail early As mercilessly
they treated finished cquipments They beat the
percentages, and made the equipment work; —
but at what cost!

They tried to tell others of what they had done,
in the city of brotherly love.

But as in any real tragedy, the F. of D. had the
inexorable vote of destiny They made their final
overwhelming attack " We must keep these
insufferable undoers of our dastardly doings in
the dark. Insulate them from germinal contact
with the outside world!' Withhold from them the
wisdom available by playing

intellectual ping pong with suppliers! ,{“4"4}2
Cause them to wither from within

by starvation of ideas!”

In no time flat a host of New Harpies were
drawn up in cobwebby cadaverous cacophony
just out of reach of the Project Engineers

They had names like " Standards Department''—
" Qualified Products List"~—"Vendor History
File” —"AQL"

The last employed survivor of the original happy
band resigned last month to join three cronies

in a secluded nut hatchery featuring

do-it- yourself therapy.

ingeniously - casy - maintainability.

A It only we had been in time, we might have helped repricve a few survivors of the

above unecqual struggle.

For us, all this is a great shame. We are, as usual, out of step. While we should
have been setting up QP L’s, we have been doing things like finding out if our hot
new little telegraph relays* would work. (Not pass.) It takes time even on a telegraph
set to run up half a billion operations. We are now getting back (as exhibits only!)
relays which customers have operated in printers (.06 amp. 110 VDC inductive )
that many times and more, without even availing themselves of the built-in-

SICMA

SIGMA INSTRUMENTS, INC.
62 Pearl Street, So. Braintree, Boston 85, Mass.
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ELECTRONS AT WORK {continuved)

input electrodes and output elec-
trodes. If the earth is considered
homogeneous the signal at the de-
tecting electrodes may be only
boundary wave energy traveling at
speeds approaching the speed of
light.

Where the earth is not homo-
geneous, detecting electrodes will

~
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FIG. 5—Typical signals resulting from
geophysical soundings

pick up a combination of the signal
of the air-earth boundary wave and
subsurface reflections from discon-
tinuities and resistive interfaces.
At the detector a commutator simi-
lar to that at the transmitter is
employed. In the presence of dis-
continuities an original signal as
shown at (A) in Fig. 5 is received
as at (B) or in the presence of
severe discontinuity as at (C).

Considerable subsurface struc-
ture results in a received pattern
such as shown at (D).

A phase shift of 40 deg in a
tangential received wave is reported
from certain subsurface interfaces
compared to others. These meas-
urements may be made by the tech-
nique shown to depths greater than
1,000 feet.

By standards developed from
measurements made in areas well-
known as to the subsurface geo-
physical structures, the invention
has provided means for prospecting
as yet untapped areas.
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Whatever you need in Ferrites

Sleeves
Threaded Cores
Coil Forms

Antenna Rods
Toroids
Cups

Cores

There is a MOLDITE quality engineercd
product perfect for your application.

also Magnetic Iron Cores
Molded Coil Forms

(iron & phenolic)

Send for our catalog NM No. 110

. .. and backed by MOLDITE’S reputation for highest quality
and guaranteed uniformity from first to last.
The use of a MOLDITE [erricore properly designed into a specific coil

has the following advantages.

® Lower losses (eddy current)

® Smaller sizes for more compact
construction

® Higher efficiency

® Higher permeability

® Lower operaling temperatures
® Less corona effect

® Lighter weight

® Lower cost

0

1410 CHESTNUT AVE,, HILLSIDE 5, N. J.

William A. Franklin
3 Holly Road
North Syracuse, N.Y.

Jerry Golten Co.
2750 W. North Ave.
Chicago 22, 111

Robert T. Murray Co.
604 Centra!l Avenue
East Orange, N. J.
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John S. Plewes Co.
52 Humbercrest Blvd.
Toronto 9. Ontario

Jose Luis Ponte
Cardoba 1472
Buenos Aires

| Perlmuth-Colman & Assoc.
2419 South Grand Ave.
Los Angeles Cal.
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Eight Captive Screwdrivers Align Video I-F Strip

Method of sliding finished board into alignment fix

lever attached to cam that moves contacts up fo board, making test connections for

energizing all circuits on board automatically

ETCHED wiring boards serving as
video i-f amplifiers in Westinghouse
television receivers are accurately
aligned with the aid of a bench fix-
ture that automatically makes all
necessary connections and provides
the required aligning tools. The
operator merely slides a board ver-
ticallv into the fixture, up against
a stop. then pulls a lever to press

spring-loaded contaets against the
required terminals on the dip-
goldered wiring pattern.

Using both hands, the cperator
then adjusts captive screwdrivers
for each of the four transformers
in turn, while watching indications
on the scope over the bench. The
screwdrivers are spring-loaded so
that they move back out of the way

ture. Right hand of operator ig on

automatically when released. A
pushbutton under the left wrist of
the operator is pressed between
transformer adjustments, to actuate
a five-position attenuator controlled
by a stepping switch. After the
fourth and last transformer on a
board is aligned, the next push on
the button brings the attenuator
back to its original setting in readi-
ness for the start of the next board.

Boards awaiting alignment are
placed in a rack at the right of the
operator for preheating tube fil-
aments, so that no time is lost in
waiting for them to warm up in
the alignment fixture. After a
board is taken from the preheating
rack and transferred to the align-
ment fixture, the operator places a
cold board in the empty position.
The time for this operation is suf-
ficient for the tubes to recover the
heat lost during transfer.

For most work with etched wir-
ing boards in Convair’s Pomona,
Calif. missiles plant, three sizes of
holes have proved adequate for leads
of components, namely 0.053, 0.063
and 0.094 inch. Clinching of leads
against the etched wiring permits
considerable clearance of leads in
these holes, simplifying assembly
operations.

Wood Pallet Aids Insertion of Parts in Wiring Boards

Inserting seven-terminal Couplate in etched wiring board for radio. Tuning ca-

=

pacitor and volume control bhave special terminels that permit manual insection
in much the same manner, for automatic anchering and connecting by dip soldering

214
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MANUAL insertion of components
in four-tube radio etched-wiring
boards is accomplished efficiently
on moving conveyor lines in the
Metuchen, N. J. plant of Westing-
house Electric Corp. with the aid
of simple wood pallets, each hoid-
ing three wiring boards. The three-
up arrangement of pallets gives
sufficient weight and bulk so that
the relatively light boards do not
move around on the belt during as-
sembly work.

Pallets are loaded simply by
dropping the boards into position
on sawed-out shelves. Each oper-
ator on the line inserts her assigned

January, 1956 — ELECTRONICS



KESTER 1
( FLUX ﬁg T come |

KESTER "’44’' RESIN, PLASTIC ROSIN AND "“RESIN-FIVE"” FLUX- so many mantfacturers combat rising production costs.
CORE SOLDERS are tried-and-proved remedies for almost It could be the solution you’ve been looking for!

every production S,ltuatlon where's‘olderln'g tlme'gets THIS IS IT . . . the informative 78-page free Kester text
out of hand. Kester’s great adaptability to widely diver- book “SOLDER . . . Its Fundamentais and Usage.” Send for
gent soldering requirements has time and again helped your copy today!

ROOLDER

C O M PA NY 4204 Wrightwood Avenue, Chicago 39, lllinais; Newark 5, N. J.; Brantford, Canada
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quota of parts. IPunched holes are
almost double the lead diameter in
most cases, making manual inser-
tion easy. Leads are not clinched.

When all parts have been inserted,
the board is carefully lifted out
without tipping and transferred to
a metal pallet for dip soldering.

Cutouts along the front edge of
the wood pallet enable the operator
to grip the front of the board read-
ily when lifting it out of the pallet.

Machines Speed Cutting of Resistor Leads for Etched Wiring

ALTHOUGH intended for handling
individual components, the motor-
driven lead cutter developed in
Emerson’s Jersey City plant (ELEC-
TRONICS, page 258, May 1952) has
been found suitable for cutting two
or three i-watt resistor leads at a
time. Because of their small body
diameter, these resistors can be
readily loaded into the slots of the
projecting sprockets on the endless
chain. The chopping blades can cut
two or three leads just as readily
as one while moving up and down
under cam action.

This type of machine has stood
up well in actual use now for over
3 years. Its settings can be changed
to provide different equal or un-
equal lead lengths simply by loosen-
ing two captive Allen wrenches at

Loading resistors manually two at a time on motor-driven cutter

Z16

the rear. The enly drawback is the
necessity for hand loading, though
this is at the same time an ad-
vantage because a human operator
can load bent leads just as easily
as straight leads.

The loading problem is partially
solved by the IRC automatic lead
cutter, an early version of which
has been under test in the Emerson
plant for a number of months. This
does not have the latest automatic
feed and hence the resistors must
be dribbled down into the hopper
a handful at a time by the operator.
Though giving many times the cut-
ting speed of an individual-resistor-
loading setup, this machine does not
begin to appreach the ultimate cut-
ting capacity of 60,000 resistors
per hour that can be achieved with

=
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fully automatic feed of the hopper.

From the hopper, the resistors
drop down a zig-zag path, achieved
by having zig-zag slots for the leads
in the two vertical side-plates be-
tween which the bodies of the re-
sistors pass. This prevents the re-
sistors from cocking at too great an
angle and jamming as they go down.
A Syntron electric vibrator bolted 1o
the back of this slide-down plate
helps to keep resistors moving with-
out jamming.

At the bottom, the resistor leads
pass between two pairs of rotating
cutters, each pair individually ad-
justable as to position, to give any
desired equal or unequal lead
lengths. The cutters are geared to-
gether and driven by an electric
motor through a reduction gear ar-

=
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PRECISION CONSTRUCTION

Precision construction insures perform-
ance that gives you great power in so
compact a unit.

COMPACT DESIGN

- Joy's axivane design permits installation
of Axivane fans as part of the duct .
requires no extra space.

ﬁ’_ _ LIGHT WEIGHT
£ 7

Axivane fans are light in weight as well as
compact because they are built from pre-
cision aluminum or magnesium castings
produced in our own foundry under JOY engineering
supervision.

AERODYNAMIC ENGINEERING

The airfoil blades and stationary vanes
of JOY fans are made with power-saving,
efficient airfoil cross-section. AXIVANE
design provides equal pressure and velocity distribu-
tion across the fan outlet . . . eliminates turbulence . . .
and produces the greatest cooling effect with the least
expenditure of power.

£
} e

/{%

=

{ﬁ‘ﬂ— " MAXIMUM STRENGTH
5“\; % Joy AXIVANE fans are durable because

et

¢ the outer casing, stationary vanes, and inner
casing are precision-cast as a single unit,
giving extra strength and maximum resistance to shock.

Conanttar Qg Enpereee

For VANEAXIAL FANS * COMPRESSORS * VACUUM PUMPS and BOOSTERS
OXYGEN GENERATORS ¢ HYDRAULIC FITTINGS  ELECTRICAL CONNECTORS
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In Electronic
~ Fan Design

A

i

Offer All These
~— __ Advantages T

Want more information? Use post card on last page

>

UNMATCHED EXPERIENCE

Joy’sunmatched experience as the world’s
=~ largest manufacturer of Vaneaxial fans and

blowers is a bonus that costs you nothing
extra . . . JOY'S leadership is due solely to the multi-
tude of customers who are now enjoying the benefits
of outstanding engineering. Why not join the number
of satisfied JOY customers . . . you’ll be in the best

company.
& A
{&ﬁtf standard line.. .. as well as custom-designed
types that are available to your specifica-
tions. The Joy line includes fans for all purposes
ranging from 1/500 HP to 3000 HP. You'll find a
fan to suit your needs in the JOY line. Let us work
with you. Joy Manufacturing Company, Oliver Building,
Pittsburgh 22, Pa. In Canada: Joy Manufacturing Company
(Canada) Limited, Galt, Ontario,

COMPLETE LINE
Joy offers a large selection of fans in the

%

£

Write for FREE Bulletin 15-39

WwaD | 5837-18

WORLD’S LARGEST MANUFACTURER
OF VANEAXIAL-TYPE FANS
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SCIENCE AND ENGINEERING

AT LOCKITEED MISSILE SYSTEMS DIVISION

THE OPERATIONAL APPROACH TO RELIABILITY Dr. Richard R. Carhart, Carl D.
Lindberg, Reliability Staff Dept.
Reliability is the root of operational effectiveness, seeking out Engineer, and Dr. O. B. Moan
and solving failure before it occurs. The end result of Reliability evaluate the functional and
is g missile system able o perform its mission successfully at operational reliability effects of
a time dictated by military necessity. proposed revisions in the electrical

power supply of a missile.

To achieve that high standard, scientists and engineers at Lockheed
Missile Systems Division apply an operational approach to Reliability in
all phases of missile systems research, developmerit and opecration.

Under the Lockheed philosophy of Reliability, scientists and engineers

combine their talents to study: ( / / L
e ' : LV,
Human factors; training; design and operational safety; ground s
support and maintenance systems; airborne systems reliability; statistical MISSILE SYSTEMS DIVISION
methods; components application, including electronic, electrical, sesearch ank Tngine cina o fT

electromechanical and mechanical systems and environmental conditions:

Those possessing a high order of ability applicable to these LECHBEED MBCRART SORFOR Sidas

arcas of endeavor are invited to write: VAN NUYS, CALIFORNIA
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PRODUCTION TECHMNIQUES (continued)
rangement. The rear cutter of each
pair has small gear teeth so as to
grip resistor leads, while at the
same time serving as a shearing
anvil against which the sharply
beveled front cutter ecan work to
give a shearing eut.

In the fully automatic version of
the machine, the box of resistors is
unloaded automatically under photo-
electric feed control, so that the
operator needs onlv to remove
empty boxes and put in full boxes
from time to time.

Blower-Cleaned Tote Trays for Tube Grids

- .
] r
/

Construction of dustrepelling trays for
small and critical grids used in minia-
ture tubes

SPECIAL perforated metal trayvs are
usecd for tube grids in the Bloom-
field, N. J. tube plant of Tung-Sol
Electric Inc. to insure cleanliness
during assembly. Loaded trayvs are
placed in recesses in a slanting box,
at the rear of which is mounted a
small  centrifugal blower. The
blower keeps a steady stream of air
coming up through the trays past
the grids to keep dust from settling
on them.

The nickel-plated trays are de-
signed to be self stacking. The slots
also permit quick drainage of de-
greasing solution when entire trays
of grids are immersed for cleaning.

Fluorescent Lamps Aid Inspection of Wiring

SHIELDED fluorescent lamps mounted
directly on the rails of a pass-along
assembly line provide glareless low-
angie lighting that aids inspectors
in detecting and repairing defects
in dip-soldered wiring for a large
etched-wiring board used in West-

inghouse tv sets. Bad joints and
shorts between wiring lines are
easily detected. Shorts are cleared
immediately with the tool used for
probing joints. Locations requiring
hand soldering are marked for later
correction by putting on a small

Clearing short between leads with probe tool at inspection position illuminated by
flucrescent lamps above and below wiring board. Operator’s right hand rests on
shield of lower lamp while holding etched wiring board in pass-along line

ELECTRONICS — Januasy, 1956
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McGRAW-HILL

MAILING LISTS
WILL HELP YOU

e Merchandise your
advertising
® Conduct Surveys
® Get leads for your salesmen
® Get inquiries about
your product or service
® Pin-point geographical
or functional groups
o Sell Direct
Build up weak territories
® Aid Dealer Relations

Direct Mail is o necessary supple-
ment to a well rounded Business
Paper Advertising program,

600,00 actual names of the top
buying influences in all the fields
covered by the McGraw-Hill publi-
cotions make up our 150 mailing
lists. These lists are built and main-
tained primarily for our own use,
but they are available to you for
Dire¢t Mail purposes. Pick out a
list of YOUR prospect from our
tndustrial Direct Mail Catalogue.

More and more, progressive compa-
nies are using Indusirial Direct Mail
regularly as an advertising medium,
They effectively allocate a portion
of their concentrate on the best
business publication.

For complete, detailed information
about our service, fill in the coupon
or write for your copy of our free
Business and Indusirial Direct Mail
catalogue,

HAE

Mc GRAW-HILL

DIRECT MAIL LIST SERVICE

Direct Mail Division,

McGraw:Hill Publishing Co., Inc.

330 West 42nd St., N. Y. 34, N. VY,
Please forward my free copy of the

McGraw-Hill “Industrial Direct Mail
Catalogue.”

Naome

Company

Address




ARECISION-EERING

THE DIFFERENCE IN ATLAS
DIFFERENTIALS

® Every tooth a masterpiece
in finish, fit and motion. Atlas
differentials are‘precisioneered””
to provide Nth degree accuracy
in addition, subtraction and other
electro - mechanical applications.
The high sensitivity and minimal
lost motion of precision Zerol gears
...plus corrosion and wear resistance
assure long life in every assembly.
Atlas gears and assemblies are made
to meet your design and specifica-
tions. Have proved themselves by
their acceptance and constant re-
orders from the world’s largest users
of electro-mechanical equipment.
From drawing board to production
line Atlas design, production and
methods engineers and skilled tool-
makers work with you on a job
basis. Let them help you. Write
for your copy of **Precision-eering
Electro-mechanical Equipment’’
to Atlas Precision Products,
Philadelphia 24, Pa.

FROM DRAWING BOARD

TO PRODUCTION LINE

. Precrsion Froduers

Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES (continued)
alligator clip to serve as indicator.

The 18-inch fluorescent lamps are
mounted in plain white fixtures of
the type having an adjustable metal
shade. This shade is covered with
black tape to eliminate reflections
from overhead lighting. The in-
spector adjusts each shade so look-
ing directly at the lamps will be
avoided.

To prevent warping of such a
large wiring board during dip sol-
dering, a heavy punched metal stiff-
ening strip is plugged into the cen-

ter holes of the six-in-line tube
sockets running across the center
of the board. Three of the punched
pegs on the strip, one at each end
and one at the middle, are under-
cut. The operator crimps the socket
tubulations over these to give the
mechanical holding required to pre-
vent the board from curling when
immersed in the molten solder. The
solder itself provides increased
holding ability afterward, so there
is no give when tubes are plugged
in or removed.

Conveyorized Oven Bakes Resist on Boards

Silk-screen printing setup for etched wiring boards. with inspection position at right

SILK-SCREEN stenciling positions
are located on both sides of a mov-
ing-belt conveyor running through
a baking oven in RCA’s Indianap-
olis plant. After placing a sheet
of XXXP copper-clad phenolic in
position on the worktable, the op-
erator brings down the hinged silk-
screen holder and forces the etching

resist through the screen with one
slow movement of a wide rubber
squeegee. This applies the resist
to protect the copper in regions
where a wiring pattern is desired.
The operator then transfers the
board carefully to the conveyor, for
transport through the oven to bake
the resist.

Fiber Tote Tray Is Experimental Chassis

By GEORGE H. AMBER

Professiongl Engineer

Jam Handy Organizalion, Inc.
Detroit, Mich.

SMALL fiber tote trays reinforced
with metal-edge corners have proved
ideal as bases for day-to-day bread-
board setups and for experimental
lab checkouts of analytical designs.
The inexpensive and expendable
trays serve the same function as a
metal chassis but are much easier to
prepare.

WwWWwWWwW.americanradiohistorv.com

Conventional metal-working tech-
niques were applied to the fiber box
at first, these being drills, a socket
punch and a key-hole hacksaw for
large rectangular holes. However,
it was soon found that drills were
not needed, for screw and wire holes
could be readily pierced through the
fiber with a scriber or awl. For
potentiometer shafts and switch
barrels, a small hole could be worked
up in size with a center punch
or screwdriver. Also, aviation-type

January, 1956 — ELECTRONICS
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ermally Similar

RESISTOR ASSEMBLIES BY
CLAROSTAT

Anather example of imagineering at Clarostat=Two ar more
depasited carban resistors encapsulcted in o common potting
compaund to provide highly similar thermal conditions.

Designed to fill the needs of critical circuitry, the Clarostat
thermally similar resistor assemblies cre made up of deposited
carban resistors approved under Mil-R-10509A specifications.
Resistance, ar voltage ratio change from that of room temperature
is less than 0.1% throughout the rangs of -55° C to +85° C.

Write for complete technical informe-
tion on this latest product of the House
of Resistors.

f
CLAROSTAT

®

CONTROLS AND RESISTORS
CLAROSTAT MFG. CO. INC., DOVER, NEW HAMPSHIRE

In Canada: Canadion Marconi Co., Ltd., Toronto 17, Ont, Manufactured under
license in Great Britain by A. B, Metal Products Ltd., 17 Stratton St,, London W, 1,
Concessionaires for British Cammonwealth except Canada.
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MARKING
INKS

For Resistors
and Capacitors.
For Machine or Hand
Application.

Whatever the substance, Phillips
has an ink to mark it permanently
and legibly—or can make one.
Marking experts insist on "Clear
Print" Wood Block Stamp Pads
and Opaque Inks. They get clear,
sharp, fast-drying impressions.
Also inks for brush, pen, stencil or
machine application available in
| a variety of colors and quantity
| containers.

I % Quick Laboratory Service

l On Your Problem Markings.

PARI’ ”0! Y To Permanently Mark . . .
10 ’ Metals, Plastics, Glass, Wood,
Paper, Leather, Ceramics—

glazed, varnished or lacquered
surfaces and virtvally every
other known material.

’NO;YP
CLEAR-PRINY "PEmuyE;R
Rispoy

L. A. PHILLIPS, President

PHILLIPS

PROCESS CO. INC.

192 MILL STREET
ROCHESTER 14, N. Y.
s — B e 50
Want more information? Use post card on last page.
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' PRODUCTION TECHNIQUES

oty g

sheet metal snips replaced the hack-
saw for rectangular holes.

The fiber tote trays are manufac-
tured by National Metal Edge Box
Co., Philadelphia, Pa. The two

smallest sizes of trays (55 X 5
X 2.75 inches deep and 11.25 x 5
X 2.75 inches deep) are most fre-
quently used as a chassis. Cost in
quantities of twenty-five or more is
under 20¢ each.

In working on the fiber chassis,

enlarging with center punch

www americanradiohistorv.com

@'}ivl-\us
M

Punching screw and wire holes in 4 X 10 inch tote tray with ordinary awl

a yellow china marking »encil makes
a contrasting layout on the blue
surface. Binder-head sheet metal
screws and flat speed nuts are
used instead of machine screws
when mounting components, brack-
ets, sockets or clamps. The pointed
screw is compatible with a pierced
hole, and the broad speed-nut offers
ample backing to resist pull.
United-Carr snap fasteners are
used as electrical lead connectors

Making socket hole with Greenlee punch after making pilot hole with awl and

Cutting transformer hole with aviation-type metal snips

January, 1956 — ELECTRONICS



, 50 GMS.
113 GMS.

S Anidibl o ¥ Toper! ACCURACY 7 MINDTES + .50

Primary Secondary
. . Impedance Impedance Secondary
Function Type Primary  Excitation Input Input Secondary  Primary  Secondary vutput Primary  Impedance  Secandary Phase Sensitivity Accuracy
Number Element Vottage  Current Power Open Resistance  Element Voltage Open Primary  Resistance Shift my./deg.  Minutes
00 cy. (ma.) (Watts) (Phase) (line) (Phase) Shorted (line) Degrees Max.
Transmitter CGC-8-A-7 Rotor 26.0 100 .50 541 37.0 Stator 11.8 12+ 154 Kt .8 8.0 200 7
1 Phase 260 3 Phase 145 3.5
Control CTC-8-A-1 Stator 118 90 .23 284- 24.7 Rotor 23.6 220+ 246+ 143 8.5 400 7
Transformer 3 Phase jl110 | Phase 740 i60
Control CTC-8-A-4 Stator 1.8 37 .09 67+ 59.5 Rotor 24.0 5084 640+ 38l 9.2 400 1
Transformer 3 Phase j270 1 Phase 11680 190
Stator 11.8 84 27 38+ 27.0 Rotor 23.2 280+ 344+ 230 11 400 7
Resolver SC-8-A-1 2 Phase j136 2 Phase 1600 75
SC Rotor 260 39 43 280+ 230 Stator 106 38+ 70+ 27.0 20 180 7
2 Phase 1600 2 Phase 136 29
Repeater CRC-8-A-1 Rotor 26.0 100 .50 544 37.0 Stator 11.8 124 154 1.8 8.0 200 30
1 Phase 1260 3 Phase 45 3.5
Differential CDC-8-A-1 Stator 1.8 85 21 274 25.0 Rotor 118 384+ 474 36.0 9.0 200 7 Rotor
3 Phase j120 3 Phase j122 114 7 Stator

Total Null max. 30mv for each unit *Torque 2500 mg.-mm./degree from CGC-8-A-7

Also available in 115v 400 cy. primary, 90v secondary Transmitters, C.T.'s, Receivers
Look 1o In equipment which must be flown, why load on extra weight?
e c Clifton’s new Size 8 Synchros can take the place of larger units at very significant saving in bulk and weight.
These new Size 8's are now in use in some of the latest and lightest avionic equipment,
Samples are available from stock, quantities from the production line.

FOR SYNCHRO PROGRESS CLIFTON PRECISION PRODUCTS CO. INC.

CLIFTON HEIGHTS PENNSYLVANIA

ELECTRONICS — January, 1956 Want more information? Use post card on last page. 223
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S | PRODUCTION TECHNIQUES continued

28
foot

TRANS-

- HORIZON

- ANTENNAS |
available NOW

Mounting United-Carr snap fastener on
top of fiber chassis for use as battery
connection

and to connect separate units to-
gether. For example, a power supply
is snapped onto one side of a sum-
ming amplifier chassis and a 6.3-v
filament transformer is snapped
onto the opposite side of the sum-
ming amplifier. Some B batteries,
such as the 673-v size, come with
snap terminals so they can be
snapped directly to a fiber chassis.
The fiber chassis is tough and
strong, so that it springs back
| from a severe stress rather than

Field proven for two years in over
50 installations, this versatile, rugged antenna
is currently available from stock.

This typical SCATTER in-
stallation shows three 28-foot
trans-horizon antennas. D). S.

S N

Kennedy & Co. not only fur-
nished the “dishes”, but also ali
of the waveguide components
which included diplexers, bends,
horns, transitions, etc.

From design and develop-
ment through production of
complete antenna systems
Kennedy has your answers. And
when ume is an 1important
factor, Kennedy is unmatched.

becoming permanently deformed.
Heavy components, such as mag-
netic amplifiers and transformers,
are best mounted at a corner for
stiffness.

While tubes can be mounted up-
right in a conventional manner, the
trend in the test laboratory is to
mount the tubes upside down. This
permits components to be readily
changed, and makes readily avail-
able all tube socket pins for point-
to-point measurements and wave-
form checks. Most GT series tubes,

b O
such as the 6SN7 type, and all min-
ST atures can be mounted upside down
&\ / in any of the trays. Hot tubes, such
- as rectifiers and power pentodes, be-
. =y long on top.
BT . e AN In addition to the tangible ad-

",mumm-ﬂ!(éﬁﬁ .

e )

ANTENNA EQUIPMENT |
i

- D. S. KENNEDY & CO.
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|

COHASSET, MASS. — TEL: C0O4-1200 |

Want more information? Use post card on last page.
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vantages of reduced shop time and
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Appearance of ring oscillator as wired on
fiber chassis for experimental work
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Temperature Compensating

-

.
24

These DISCAPS meet all elec-
trical specifications of the
RTMA standard REC-107-A.
Small size, lower self inductance
and greater dielectric strength
adapt them for VHF and UHF
applications. Type C DISCAPS
are rated at 1000 working volts
providing a high safety factor.
Available in six sizes in all re-
quired capacities and tempera-
ture coeflicients.

Type JL

Heavy-Duty

RMC Type B “Heavy-Duty”
DISCAPS are designed for all
by-pass or filtering applications
and meet or exceed the RTMA
REC-107-A specifications for
type Z5Z ceramic capacitors.
Rated at 1000 V.D.C.W ., Type
B DISCAPS cost no more than
lighter constructed units. Avail-
able in standard capacities be-
tween 470 MMF and 40,000

e

Type JL DISCAPS afford ex-
ceptional stability over an ex-
tended temperature range. They
are especially engineered for
applications requiring a mini-
mum capacity change as tem-
perature varies between —60°C
and +110°C. The maximum
capacity change between these
extremes is only +7.59 of
capacity at 25°C.

High Voltage

The exclusive wedge design of
the leads on these DISCAPS
lock them in place on printed
circuit assemblies prior to the
soldering operation. ““Wedg-
Loc¢” DISCAPS are available in
capacities between 2 MMF and
20,000 MMF in TC, by-pass
and stable capacity types. Sug-
gested hole size is an .062 square.

g’”- nw-:v;“s};zi&‘
DISCAP
CERAMIC
CAPACITORS

Special high voltage DISCAPS
are available in a wide range of
capacities for color television and
other electronic applications.
RMC DISCAPS for deflection
yokes insure the voltage safety
factor required in this applica-
tion. They are available in all
capacities between 5 MMF and
330 MMF.

Write today on your company letterhead for expert engineering help
on any capacitor problem.

| s

ELECTRONICS — January, 1956

S\

RMC Plug-in DISCAPS will
speed up production time in
printed circuit operations. Leads
are constructed of No. 20 tinned
copper (.032 diameter) and are
available up to 114" in length.
Manufactured in TC, by-pass
and stable capacity types, Plug-
in DISCAPS have all the elec-
trical and mechanical features of
standard DISCAPS.

Z

Want more information? Use post card on last page.
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ORATION
GENERAL OFFICE: 3325 N. California Ave., Chicago 18, Il.
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Precision Components
for Microwave Systems

Unequalled experience in the design and
manufacture of both simple and complex
test components makes Technicraft your
best and most economical source of
supply.

Technicraft researca has led to the
development of new and better designs
for such equipment as traveling detect-
ors, slide tuners, movable shorts, stub
tuners, VSWR calibrators and oscil-
lating joints.

Our field representztives will be glad
to provide assistance or information to
help solve your microwave problems —
contact us at Thomaszon.

For complete details and characteris-
tics ask for our specification sheets.

[ECHNICRAF JABORATORIES

INCORPORATED

1550 THOMASTON RD. ® THOMASTON, CONNECTICUT

Designers and Manufacturers of Rigid and F exible Waveguide Assem-
blies, Microwave Test Plumbing and Components, Waveguide Systems,

226 Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES {continued)

reduced chassis cost, these sim-
plified fiber-chassis experimental
techniques brought about unex-
pected intangible advantages at the
Jam Handy Organization. Most elec-
tronic engineers are eager to prove
out their paper designs, but are in-
timidated at times by the prospect
of the time and metal work involved

RN
Wien-bridge oscillator mounted on bot-
tom of small fiber tote tray

Underside of Wien-bridge oscillator,
showing potentiometers and tube

in working up a conventional chas-
sis. Many a good idea thus cools off
and many a poor one is carried into
the prototype and pilot model, be-
cause it was never adequately bread-
boarded.

Designers are less reluctant to try
out a circuit idea when it is easy to
whip together functional hardware.
Checking out each design change
saves engineering time and reduces
the need for last-minute re-designs
and field modifications.

A shielded chassis is often de-
sirable for high-frequency applica-
tions. It is planned to try out a
copper-laminated fiber chassis that
would permit point soldering of
brackets and ground return leads.

A further experiment would in-

January, 1956 — ELECTRONICS



SMALL
- DIMENSIONS
o o N\ BUT BIG

DISCHARGE RATINGS

RATES UP TO

20 TIMES

CAPACITY \ VERY FLAT
DISCHARGE

~ OUTLAST | ¢ CURVE
CONVENTION s

UNHARMED
BY VIBRATION,
SHOCK,
SHORT-
CIRCUITS
TEMPERATURES
—40°C to
+160°C

MAINTEN-
ANCE

LRI
N

OUTPERFORMS ANY BATTERY AVAILABLE IN .
U. S. TODAY <

For the first time VOLTABLOC'S® hermetically sealed hermetically sealed, metal case is the secret. They
cells make practical the application of rechargeable cannot leak or gas—can be stored indefinitely in any
batteries in elecironic design. state of charge or discharge.

VOLTABLOC'S patented construction of <intered, Their high quality and outstanding characteristics
nickel and cadmium plates compressed tightly in a have introduced new standards of battery perform-

ance and economy. Send tocday for complete in-
formation on your specific applications. Write to
SAFT Corporation of America, 2 Gregg St., Lodi, N. J.

A COMPLETE LINE FROM 0.8 a.h. TO LARGEST
PEAK DISCHARGE REQUIREMENTS.

VOLTABLOC ®—
AMERICA . THE HERMETICALLY SEALED BATTERY
ELECTRONICS — January, 1956 Want more information? Use post card on last poge. 227
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A e L)
B LOPACH

TEMPERATURE STABLE

ERIE ARST A6/

Hi-K DISC CERAMICONS®

TYPE "H-A

A NVEL AHer!
W STABLITY

NOT 7%2% —NOT 5%

ERIE OFFERS 3% -
MAXIMUM CAPACITY CHANGE over

temperatures ranging from +10° to
+85°C. on this new Hi-K dielectric.

L] =

As a result of ERIE’s continued basic research in Ceramics,
another outstanding Hi-K ceramic dielectric has been created
from ERIE laboratories known as TYPE “H-A". This dielec-
tric exhibits the flattest temperature characteristic Hi-K ma-
terial ever offered to industry at non-premium prices.

+5%
0%p——=
= —=
—5%

+5°  +15° 4+25°  +35° +45° 455  +65° +75° +8°
TYPICAL TEMPERATURE CHARACTERISTIC

TYPE “H-A” Temperature Stable Ceramicons are available in
production quantities in any nominal capacitance value rang-
ing from 150 mmlf. to 4,250 mmf. with tolerances of = 10% and
=+ 209%. Diameters of the “H-A” Ceramicons range from % ¢”
to 34”. Maximum thickness on all units is %,”. Available in 22
gauge wire leads; also with 20 gauge wire leads or spade leads
for automatic insertion in printed circuit boards.

Because of their small size and convenient shape, the TYPE
“H-A” disc is ideally suited for critical applications that for-
merly required the use of expensive capacitors of other types.

For further information write for ERIE Bulletin 449.

ERIE ELECTRONICS DIVISION
ERIE RESISTOR CORPORATION

Main Offices and Factories: ERIE, PA.
Manufacturing Subsidiaries
HOLLY SPRINGS, MISSISSIPPI * LONDON, ENGLAND * TRENTON, ONTARIO

228 Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES (continued)

volve combining etched circuit tech-
niques with the fiber chassis. In
this way, the advantages of low
cost, easy workability, shielding and
printed circuit simplicity may all
be possible at the same time.

The fiber chassis is even being
seriously considered for use as a
permanent chassis. Its resilience
makes it extremely resistant to
shock damage and the inherent in-
ternal damping of the fiber resists
vibration.

Producing Inkless
Drawings for
Etched-Wiring Patterns

By DonaLp F. PENNIE

Electrical Engineer
Minnesota Engineering Co.
Minneapolis, Minn.
IN TESTING various units of auto-
matic assembly systems, etched-
wiring layouts are often needed for
test purposes. Where high ac-
curacy is not necessary, engineers
themselves can produce a satis-
factory master drawing by apply-
ing Scotch electrical tape to a sheet
of glass. This eliminates a costly
drafting operation and saves con-
siderable time. Furthermore,
changes can be made in a few sec-
onds, as compared to the hours re-
quired to move ink blots around on
Bristol board or make new draw-
ings.

To make a typically simple cir-
cuit by the tape method, the neces-
sary tools are several sheets of
fs-inch to 3-inch plate glass, a few
china marking pencils, Scotch tape
(No. 471 and No. 33 work satisfac-
torily), a sharp cutting edge such
as a razor knife and a paper punch.
Even more convenient are the strip
and circle preforms recently made
available for this purpose by W. H.
Brady Co. of Milwaukee.

A scale is selected (usually two
times actual size). Paper cut-outs

1 4

Example of paper cutouts for three-
tube amplifier having power {rans-
former and selenium rectifiez
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INDIANA
PERMANENT

HOW TO MAGNETIZE
PERMANENT MAGNETS

MAGNET

DESIGN INFORMATION

FIG. | MAGNETIZER

POLE PIECES
A \
(Good)

N
] ASSEMBLY

An assembly consisting of a bar-type
magnet and soft-steel pole pieces
should be placed with the magnet be-
tween the magnetizer pole pieces as
shown in Fig. 1-B. Positioning the as-
sembly as shown in Fig. 1-C will not
fully saturate the magnet.

“U” shaped magnets and assemblies
should be positioned as shown in Fig.
2, with the tapered ends of the mag-
netizer pole pieces used toward the
gap. A meter or separator assembly
would be placed on the magnetizer as
shown in Fig. 2-B.

Magnetizing permanent magnets aft-
er assembly into the product offers sev-
eral advantages. Higher field strengths
are obtainable. The magnetic field pro-
duced in a loudspeaker, for example,
using an Alnico V permanent magnet
that has been magnetized after assem-
bly, is about three times as great as the
field obtained when the same magnet is
magnetized before assembly.

The unmagnetized magnets are eas-
ier to handle and to assemble with
other parts of the assembly. There
is less contamination due to pick-up
of magnetic particles.

Magnetizing after assembly is also
advantageous in such applications as
watt hour meters, polarized relays, and
permanent magnet motors.

Using the Magnetizer

Most commonly used magnets are
of simple bar or “U” shapes, which
may be magnetized with an electro-
magnetic magnetizer in the user’s plant.

Fig. 1-A shows how a bar magnet
should be positioned between the mag-
netizer’s pole pieces. The square ends
of the pole pieces are used toward the
gap. The space between the pole pieces
is adjusted so the magnet can be easily
inserted and removed. Normally, only
one to two seconds are required to fully
magnetize the magnet.

FIG. 2

MAGNET
MAGNETIZER

When a “U” shaped magnet is tall or
larger than the generally accepted set-
ting of the magnetizer, the field pro-
duced at point “X” (see Fig. 2-C) may
not be sufficient to saturate the mag-
net. In this case there are two accept-
able methods of magnetization. One is
to place the magnet with its side on the
pole picces as shown in Fig. 2-D. This
allows the yoke of the magnet to be-
come magnetized. The magnet is then
raised to the position in Fig. 2-C and
again magnetized.

The other procedure is to stand the
magnet on the magnetizer pole pieces
with one or two steel blocks against
each of its legs as shown in Fig. 2-E.
The magnet (or assembly) is then
magnetized three times: first, with both
pairs of blocks in place; second, with

THE INDIANA STEEL PRODUCTS COMPANY

Valparaiso, Indiana

WORLD'S LARGEST MANUFACTURER OF

ELECTRONICS — January, 1956
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PERMANENY MAGNETS

published for industrial and consumer
product engineers and designers

blocks (a) removed; and third, with
blocks (b) also removed.

For a complete discussion of how to
magnetize permanent magnets by the
electro-magnetic method, write for a
copy of Applied Magnetics,Vol.2,No.3.

Chesterfield?

Cigarette manufacturers invest a great
deal of time and money to bring you
the best smoke possible.

Chesterfield is no exception . . and
strangely enough, behind some of their
recent efforts is an Indiana Permanent
Magnet. You've probably read dozens
of ads which say, “Chesterfield . . made
the modern way . . with AccuRay.”

AccuRay is a machine, made by In-
dustrial Nucleonics Corp., that checks
and controls the making of Chester-
fields. One of the basic parts of this
machine is a contact meter-relay, man-
ufactured by Assembly Products, Inc.
And the heart of this relay is an Indi-
ana Hyflux Alnico V magnet!

Report on Indox |
Ceramic Permanent Magnets

This recently published four-page
technical bulletin, “Indox I Ceramic
Permanent Magnets,” suggests factors
to be considered during design calcula-
tions, and discusses possibilities for
new applications or improvements of
existing ones.

Also discussed are some 30 repre-
sentative sizes and shapes available in
sample quantities for immediate ship-
ment. Ask for price list and Catalog
15-A-1.

INDIANA

PERMANENT
MAGNETS
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What are YOUR paper tube |
requirements?

~ ® Special size

or shape

""" = ® (ritical |

] tolerances ‘

® High |
dielectric
strength |

® High |
tensile
strength ‘

® Dimensional
stability

® Low unit cost

|
Prompt delivery | l
_in any quantity | ||
I
|
|

i i

can

meel your exact specifications

You can order from Precision in an infinite variety of sizes, shapes,
1.D.s or O.D.s and be sure of the finest quality and construction, |
plus uniformity throughout. You can specify kraft, fish paper, ace-
tate, combinations, phenol impregnation, etc., whichever material is
best suited to your particular application.

Precision’s modern high production facilities and rigid manufac-
turing control bring you all these advantages at lowest possible cost!

Request samples and Arbor List of over 2000 sizes.

PRECISION BOBBINS CUT COIL COSTS

@ Eliminate rejects, waste, loss of time. Order
1 in any size or shape, plain or fitted with leads,
slots or holes. Flanges cut to your specifica-
tion. Ask for samples and bulletin.

Sales Representatives in:

New England: Framingham, Massachusetts, Trinity 3.7091
Mefropolitan New York, New Jersey:

Jersey City, New Jersey, Journal Square 4-3574
Upstate New York: Syracuse, New York, Syracuse 4-2141
Northern Ohio, Western Penn.: Cleveland, Ohio, Atlantic 1-1060

Indiana, Southern Ohio: logansport, Indiana, logansport 2555
California: Pasadena, California, Sycamore 8-3919
Canada: Montreal, Quebec, Canada, Walnut 0337 I

PRECISION PAPER TUBE CO.

2041 W. CHARLESTON ST. CHICAGO 47, ILL.
Plant No. 2: 79 Chapel St., Hartford, Conn.
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Taped wiring layout on glass

of the components are made to this
scale and shifted about on a flat
surface within the limits of the
desired board size until an optimum
arrangement is achieved. The cut-
outs are then tacked to the drafting
board surface with masking tape,
a clean plate of glass is placed over
them and a china-marking pencil
is used to sketch possible wiring
routes. Different colors are some-
times helpful for signal, d-c and
60-cps paths. The work then be-
comes a game of moving or rotating
tube sockets and shifting resistors
and capacitors to minimize the
number of jumpers. The pencil
lines are easily wiped off with
cleaning tissue to make changes.

When satisfied with the compo-
nent positions and interconnections,
the penciled plate glass is removed
and a fresh glass placed over the
paper cutouts. Component termina-
tions cut from plastic tape (or pre-
forms) are now placed on the fresh
glass over the final component lay-
out. For example, 3-inch terminal
circles of No. 33 Scotch tape are
placed over the ends of all resistor,
capacitor and other axial-lead com-
ponents. Small resistor and ca-
pacitor terminations are spaced on
centers 3-inch apart or more, as re-
quired for Minn-A-Matic insertion
machinery. Squares or rectangular
terminations are used for larger
parts such as potentiometers and
transformers.

When all tape terminals are in
place, the connecting strips are cut
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Are you in step with the more progressive
manufacturers of BUSINESS MACHINES —AIR-
CRAFT—GUIDED MISSILES—ELECTRONIC EQUIP-

MENT—who have approved and are profiting by the

use of A-MP TAPER TECHNIQUE?

There is still room on the A-MP TAPER TECHNIQUE Band Wagon for

you to join the leaders. You, too, can increase speed of assembly, im-

prove reliability, and save money by using A-MP TAPER PINS, TAPER TAB
RECEPTACLES, TAPER BLOKS and TAPER TIPS.

And you'll be “cheered on” by the many alert manufacturers of electrical and electronic
components who have modified their standard products to help you enjoy the advantages of
A-MP TAPER TECHNIQUE.

Make it a MUST to specify A-MP TAPER TECHNIQUE in your PROJECTS for 1956.

AIRCRAFT-MARINE PRODUCTS, INC.
GENERAL OFFICES: HARRISBURG, PA.

A-MP of Canada, Ltd., Toronte, Canada A-MP—Holland N.V.'s-Hertogenbosch, Holland
Aircraft-Marine Products (G.B.) Ltd., London, England Societe A-MP de France, Courbevoie, Seine, France
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SILVER —because of its superior
electrical conductivity, its
equally superior thermal
SILRED conductivity, its excellent
resistance to corrosion and its ready
workability— is used in many different
forms on a wide variety of applications in
the electrical and electronic industries.
As a leading fabricator of silver and its
alloys, Handy & Harman has developed
silver in many forms to meet the
industries’ needs.
The list at the right is typical of the
silver products readily available
for your use. In addition, we are
equipped to produce special silver
alloys to meet special requirements.
Our engineering and research
departments are always ready to
cooperate in solving your particular
problems.
Write us if you want information
about the uses of silver and its alloys.

® Fine silver
{wire & strip)

® Silver anodes and
grain for plating

o Silver contact alloys
o Silver powders
o Silver flakes
and paints
o Silver brazing alloys
® Spedial electronic
solders

® Solder-flushed
sitver alioys

® Silver chioride and oxide

& Special silver alloys
to your requirements

|

OFFICES ond PLANTS
BRIDGEPORT, CONN.
PROVIDENCE, K. |.

PRECIOUS METALS
SINCE 1067

232

HANDY & HARMAN

General Offices and New York Plant
82 Fulton Street ¢ New York 38, N.Y.

Want more information? Use post card on last page.

CHICAGO, ILL.
CLEVELAND, OHIO
DETROIT, MICH.

LOS ANGELES, CAUF.
TORONTO, CANADA
MONTREAL, CANADA

www.americanradiohistorv com

PRODUCTION TECHNIQUES (continued)
from tape with the razor and added.
Spacing and minimum width of
these strips of tape depend on the
current to be passed, coupling, ef-
ficient use of resistors for bridging
and the necessary spacing to avoid
bridging in the solder-dip opera-
tion.

Scotch No. 33 electrical tape is
easy to cut and work with, but is

Examples of finished boards

too stiff for sharp radii. Scotch
No. 471 tape may be easily used
for sharp radii, but bleeds if the
tape is allowed to get too warm and
may slip on the glass plate if laid
down in a stretched position.
During the final routing of cir-

Finished amplifier after soldering

cuits the china-marking pencil
sketch serves as a good guide. It
will be found that a 3-watt resistor
will nicely bridge two or three
fs-inch parallel conduction paths.
Ground paths serve as fairly good
shields and unfortunately also as
efficient ground loops. If the china-
marking pencil sketch has been
correctly drawn, rotation or shift
of components rarely needs to be
made in this third step.

When conduction paths are com-
plete, extra tape can be added
where grounding is thought to be
necessary or to widen areas which
might become points of poor pat-
tern adhesion. Tape wiring is

January, 1956 — ELECTRONICS
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the AMPEX FR200 for digital handling provides new performance
standards, new convenience features and an unmatched excellence of design

NEW EASE OF TAPE CHANGE...

The time saving feature of single loop threading is pro-
vided by a lever which moves the idlers into a straight
line. This arrangement eliminates chance of faulty
threading by unskilled personnel.

NEW MACHINE-TO-MACHINE TAPE COMPATIBILITY...

All Ampex FR200 Tape Transports are manufactured
to exact standards that permit tapes recorded on one to
be reproduced on any other. Ampex-to-Ampex compati-
bility is guaranteed — and at no extra cost.

NEW PLUG-IN HEADS TO MATCH OTHER
TAPE TRANSPORTS...

The Ampex FR200 uses self aligning plug-in head as-
semblies. These can be furnished to match other digital
or analog tape recorders to permit tape interchange.
A second head stack for monitoring or “off-tape’” parity
checking can also be added if desired.

FULL SPECIFICATIONS ON THE FR200 and description of —
its features and accessories are given in descriptive literature.
For your copy, write Dept. E 2539.

HIGH-SPEED START AND STOP...

On the Ampex FR200 the tape attains full speed or full
stop within less than 5 milliseconds to provide high in-
formation storage density. A remote control provision is
provided, as well as pushbuttons on the topplate.

NEW STANDARD OF EXCELLENCE...

The FR200 brings to digital applications the reliibility,
durability and adherence to specification that have made
Ampex Tape Recorders the most widely used in instru-
mentation.

NEW LOW PRICES BEGINNING AT $2675

The base price of $2675 is for a complete FR207-TB
tape transport, with 7-track head, for Y-inch tape op-
erating at 30 ips tape speed. Prices will be quoted on
machines with other tape speeds, multiple speeds, other
tape widths and other heads.

~ ] 934 CHARTER STREET

AMP[EX | REDWOOD CITY,
| CALIFORNIA

DISTRICT OFFICES: New York; Chicago; Atlanta; Dayton; Redwood City; Silver Spring, Maryland (Washington D.C. Area)
DISTRIBUTORS: Radio Shack, Boston; Bing Crosby Enterprises, Los Angeles; Southwestern Engineering & Equipment, Dallas

and Houston; Ampex-American in Canada.

ELECTRONICS — January, 1956
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PRlN]' BY‘ SiLK 5‘!‘@2‘“—) - PRODUCTION TECHNIQUES (continved)
K &

FLECTRONIC | 47|~
CIRCUITS |
AUTOMATICALLY =

\

easilv removed or added at this
stage.

The finished drawing is removed,
clamped in a frame against a white
background and photographed con-
W\ ventionally for the production of
etched wiring boards.

Under-Bench Wire Bins

DECORATOR PRESSES-SERIES B

E The Silk Screen method is being widely accepted Mode! l
No.
|

for preparing copper laminated plastic panels B1224  BIs2a  B1836
prior to etching printed circuits. General Deco- [

2 8 o Sheet
rator Presses put printed circuits on an auto- Size 13x25°  19x25°  19x37°

matic, high production basis. Bowed panels are
held fiat by vacuum. Line contact impression and  {speeds 1000 800 800
accurate register give clean, sharp reproduction [UpTo  perhr. perhr. perhr
of fine lines. Controlled inking lays down a thick, .
uniform layer of resist.

— —_—ad

0 ,t Write for complete information Floor-level view of under-bench wire-
er‘P)e Utilizes a new system RESEARCH AND storing tubes
for high speed drying
DRYER of inks, resists and g SUPPLY COMPANY )
coatings by greatly accelerated evapo- 572 S. Division Avenue METAL tubes hOldlIlg a complete
ration of solvents. | Grand Rapids 3, Michigan

selection of wires needed in Martin
electronic assembly operations are
fastened under the work tables.
They provide a conveniently avail-
able stock of wire for the operators
on both sides of the tables. These
simple aids have saved operators
many useless trips to stock bins.

Pre-Tinning Techniques

for Etched Wiring

By L. J. MARTIN and M. J. VAVRA

Weapon Systems Development
Laboratories
Hughes Aircraft Co.
Culver City, Calif.

precision, deep drawn

KOVAR
PARTS

—from 1/4” dia. and 3/a4”
deep, .025" thickness

Consult the Engineering Company for
quality parts or sub-assemblies of steel,

ONE operation which subjects an
etched wiring board to chemical
contamination is that of plating
the etched circuit. Gold, nickel,
rhodium and solder plating have
been used on etched circuits to fa-
cilitate soldering or improve con-
tacts.

As a test of the effect of plating,
comb test patterns were prepared
on phenolic boards and subjected
machines and micro-precision tools to solder plating in a lead-tin-

o ! - k 4 fluoroborate bath, followed by nor-
- assure highest accuracy. !

= p mal washing. After exposure to hu-

ﬂ \' o f} midity, resistivities were similar to

- . S LS those of unplated control samples,

THE e n gl n e e r| n g CO., 27 WRIGHT ST., NEWARK 5, N. J. | indicating negligible contamination

aluminum, copper, brass, kovar, nickel
and monel. Fast, economical service on
§ long or short runs. The most modern

from plating. It should be pointed

234 Want more information? Use post card on last page. January, 1956 — ELECTRONICS



America’s Most Complete Line

he increased usage of electronics in

the computing machine industry has
resulted in a greater need for accuracy in
electrical testing equipment,” according
to the manager of test equipment mainte-
nance of IBM's Poughkeepsie plant.

“Because our specifications require that
any test equipment shall have twice the
accuracy of the unit being tested, the finest
meters have to be used, and these meters
are constantly calibrated with the help of
the two RFL Model 260B and 262B Cali-
bration Standards in our testing depart-
ment. We’ve used them steadily since 1952
both for inspecting meters and making
up correction data for such test instru-
nrents as polyrangers, laboratory stand-
ards, secondary standards and electric
dynamometers.”

Meets our need
for GREATER

ACCURACY!

FROM ACTUAL EXPERIENCE BY

International Business Machines Corp.

Poughkeepsie, New York

The advantage gained by in-plant cali-
bration of electrical instruments using
these console type Standards, which en-
compass the full range of testing instru-
ments, under controlled laboratory con-
ditions, goes beyond mere convenience.
Their ease of operation, consistent cali-
bration and high accuracy over wide cur-
rent and voltage ranges are impossible to
duplicate using individual testing equip-
ment which must be moved from job to
job throughout a manufacturing plant.

In addition to accuracy, each RFL
Standard has many features which make
rapid calibration procedure possible.
Where many instruments must be tested,
it can be demonstrated that an apprecia-
able cost saving over older calibration
methods will soon result.

Write for technical data and application information.

ELECTRONICS — January, 1956

Radio Frequency

LABORATORIES, INC.
Boonton 3, New Jersey, U.S.A.

DESIGNERS AND MANUFACTURERS OF ELECTRICAL EQUIPMENT SINCE 1922

of Instrument Calibration Standards!

Model 260C

Celibrates DC electrical measuring
instruments to direct reading accu-
racies of 0.5% (0.25% using cali-
bration charts) through voltages
ranging from 1 millivolt to 1500
valts and currents ranging from 1
m:croampere to 150 amperes.

Net price $8,975.00 f.0.b. Boonton.

Model 261B

Calibrates all types of AC meters
to direct reading accuracies of
0.5% (0.25% using calibration
charts) over frequency range of 50
to 1600 cps. Current range from
1.5 milliamperes to 200 amperes;
voltage range from 75 millivolts to
1500 volts, Output of electronic
power oscillator has less than 5%
total harmonic content at 60 cycles.

Net price $9,250.00 f.0.b. Boonton.

Model 262B

Calibrates DC electrical measuring
instruments to direct reading accu-
racies of 0.1% (0.05% using cali-
bration charts) through voltages
ranging from 1 millivolt to 1500
volts and currents ranging from 1
microampere to 150 amperes.

Net price $14,300.00 f.0.b. Boonton,

www.americanradiohistorv com

--------------------- l
- Radio Frequency Laboratories, Inc. :
§ Boonton 3, New Jersey ) . '
1 Please send me complete information on a H
L] lnzfmmen( Calibration Standards. :
L}

] . H
1 Name Title .
’ [ ]
8 Comp Phone. :
' ]
1 Address H
[} ‘ H
8 City State H
I-----------------------,---------
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HYCON EASTERN

a complete facility for

DESIGN e ENCGINEERING  PRODUCTION

CRYSTAL FILTERS

B s A : =y
s Wit "
b

% BT
Vo idev vt o 20

les for ail

- S W oo

FREQUEMCY RANGE: 10 kilocycles to 10 megacyc
types of filters.

BANDWIDTH RAN6E: 0.01% to 14% of center frequency.

APPLICATIONS: Carrier Communication Systems: Telephone Chan-
nel Filters, Pilot Se ection Filters, Teiemetering Channel Filters, Teletype
Channel Filters, Otaer Frequency Multiptexing Systems. Single Side
Band Fidters. High Selectivity Amplifiers. Noise and Sound
Analysers. Carriar Current Systems. Harmonic Selection.

A xxouxcenENT is made of a new technique for
the svnthesis of crystal filters which resolves many of
the problems heretofore associated with their design
and production. High initial cost and long lead time
have been eliminated. System design no longer need
be compromised because of the limited number of
existing filters. Filters can be produced on short notice
in large or small quantities to meet exact perlormance
requirements. Curves shown above suggest the wide
variety of characteristics. Your inquiry is invited.

HYCON EASTERN, INC.

75 Cambridge Parkway, Dept. A, Cambridge 42, Massachusetts

Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES (continued)

out, however, that these boards did
not have holes drilled in them which
might have permitted entry of the
electrolytes. The only machined
surfaces were the outside edges, far
removed from the circuit.

» Dip-Soldering 1sn’t Easy—One
naturally thinks of dip-soldering in
connection with etched wiring as
a means of soldering many con-
nections at once, without depend-
ence upon a girl with an iron, as
an attractive economic prospect.
Reliable dip-soldering, though, is
easier talked about than done. One
can’t just stick component leads
into an etched circuit with partially
oxidized copper conductors, apply a
safe flux, dip it in solder and hope
for 100 percent reliable joints.
Either a dangerously active flux
must be used or other steps to in-
sure wetting the etched conductors
must be taken, such as pretinning
or plating.

Some workers have found a thin
gold plate, a flash, to be adequate
to insure tinning. Others prefer
solder plating at least 0.001 inch
thick. Though it has been shown
that adequate washing avoids
contamination from plating electro-
lytes, plating tends to be objection-
ably expensive, if for no other
reason than the difficulty of inter-
connecting the many isolated con-
ductors on a board.

» FFluxing Problems —Pretinning
with molten solder has obvious
advantages over plating, but fluxes
are required and so must be con-
sidered as possible contaminants.
The important differences between
using fluxes for pretinning or for
soldering components directly to
untinned conductors are: the pre-
tinning may be done with a heated
roller or other similar applicator,
which aids in breaking through the
oxide better than with dipping;
flux residues may be washed away
more effectively after simple tin-
ning than after covering a board
with components.

In general, the more active the
flux the greater is its help in solder-
ing. However, unless the residues
of active fluxes can be removed,
their corrosive effects are intoler-
able. Many so-called noncorrosive
fluxes have been tested. In one set

January, 1956 — ELECTRONICS



M. M. Hubbard, President,
Hycon Eastern, Inc.

Formerly Assistant Director, Lincoln laboratory,
M.LT. Participated in Lincaln 1952 Summer
Study and made preliminary designs for detec-
tion and communication systems for the Distant
Early Warning Lline, vutilizing scattering tech-
niques. Participated in Projects Hartwell,
Charles, Beacon Hill and Llamp Light studies.

A. ). Pote, Vice Pres., Chief Engineer,
Hycon Eastern, Inc.

Formerly Grous leader {Communications), Sys-
tems Engineesing Llinceln Laboratory, M.L.T.
Completed detail system design of long range
scatter commuaications “or experimental Early
Warning Trial; speci‘ied communication system
details for op=rational Distant Early Warning
Line. Participated in Projects Troy, Charles and
Lamp Light studies,

ELECTRONICS — January, 1956

Photoaraph of the earth from 100 mile oltitucz —
Courtesy U. S. Air Force

Not since the end of the 19th century when Mar-
comni signalled a tew miles over a radio circuit has
any development in the field of communications
had the far-reaching significance of ionospheric
and tropospheric “Scatter” transmission . . .
“Bevond the Horizon” circuits. Signals as far as
several hundred miles beyond the horizon exhibit
preperties which make possible in long distance
radio circuits, for the first time, degrees of reli-
ability equal to or better than wire circuits afford.

A NEW FIELD

To successfully exploit this new technique in
practical applications, fundamental knowledge
and experience is imperative, The Communica-
tions Engineering Team at Hycon Eastern, Inc.
has had precisely this experience working with
experimental and operational circuits and in the
plauning of complete communications systems.

Within the areas of Hycon Eastern, Inc. and its
associates, Iycon Manufacturing Company and
Iycon Aerial Surveys, Inc. can be found com-
plete facilities not only to design, engineer and
specify equipment for Beyond the Horizon
Transmission Systems, but to design Central
Offices, Connecting Wire Networks, perform
Communication Traffic Density Surveys, Aerial
Surveys and Mapping to determine the most effi-
cient routes for land lines and for various radio
links such as UHF/SHF line of sight. After the
necessary facts have been gathered there further
exists the experience to evaluate them and to
specify practical equipment with complete inde-
pendence of judgment necessary to create a com-
plete communications system capable of fulfilling
present and projected needs.

A COMPLETE FACILITY FOR DESIGN OF INTEGRATED COMMUNICATIONS SYSTEMS

HYCON

75 CAMBRIDGE PARKWAY ¢ DEPT, A, CAMBRIDGE 42 * MASSACHUSETTS

EASTERN,

Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES (continued)

of experiments these fluxes were
applied to comb pattern test boards,
a dip or roll tinning performed and
the boards subjected to humidity
exposure. Except when these
boards were thoroughly cleaned
after tinning, serious insulation
leakage was measured and visible
corrosion generally was evident.
This indicated, contrary to a gen-
eral belief, that these fluxes are
not completely volatilized or de-
| composed to noncorrosive residues
by the heat of soldering. Acceler-
ated corrosion tests also were made
‘ by applying the fluxes to parallel
windings of bare copper wire on
glass rods and subjecting these to
| direct voltages and humidity.
Corrosion was evidenced by the for-

|  mation of copper salts.
Stearic acid-toluene and rosin-
‘ alcohol were found to be free of
| contaminating residues and there-
fore safe to use without subsequent
cleaning to remove all traces of

subminiature magnetic
storage elements by e L

removed by thorough washing, one
’ is inviting trouble from careless
work. One also should beware of
using these active fluxes with eye-
| lets because of the danger of trap-
ping corrosive residues beneath
their heads.

% small size o low power ¢ rugged o reliable
5 ; Pretinning mayv be performed with

» Roller-Type Soldering Iron—

1

New Epsco Magnetic Storage Elements
Type SR-11 are designed for airborne and
missile applications. Due to their ex-
tremely low power requirement, they
may be driven by either subminiature
tubes or transistors.

Measuring only 34" x 34" x %", these
new subminiature units are entirely suit-
able for mounting on etched wiring
boards. Epsco SR-11 storage elements

also offer the advantages of high ratio of
storage elements to drive tubes. Wide
operating limits and encapsulated pack-
aging insure the ultimate in reliable
performance.

SR-11 clements have an information
rate design center of 10 ke, with a practi-
cal upper information rate of 15 ke. Peak
power per shifted ““one”” at design center
is only 0.5 watts.

a heated solder-coated roller, either
used manually or mechanized for
volume production. The construc-
tion of a hand-roller containing a
regulated heating element is shown.
A thin uniform film of solder is
applied and rolled onto the fluxed
hoards, the conductors picking up

this solder film as they are heated

INPUT
INPUT —}P WYVVT outpuT
Circuit Schematic
DRIVE
_--H———_IOOMS-——:— —_ﬁa—__ = = ~

[
' I
| | \
| L 70

5 ONE ELE

4] 2€R0
kv 1 s 20

Typical Output Voltage Waveform

For full information on Epsco Magnetic . )
1 Storage Elements, write for
! Engineering Data Sheets,
Epsco _ = —— Hand roll tinner. Cord does not kink
| - because soldering iron is locked in fork
of handle: copper roller rotates on and

is heated by heating element of iron

i

INCORPORATED

588 Commonwealth Avenue, Boston 15, Mass.
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FIRE CONTROL RADAR

...adapted hy Admira'®

fo rise above present flight ceilings

When present flight ceilings of military aircraft are again elevated,
the fire control radar apparatus will be ready to rise with the
planes. Admiral’s development work on the basic unit has elimi-
nated the need for pressurization to prevent voltage break-downs
at extremely high altitudes. In solving this central problem, a host
of vexing collateral problems have been eliminated. As developed
and built by Admiral, the unit is compact, lightweight, and needs
no bulky, expensive cooling system to dissipate internal heat.

Here is another example of Admiral’s many contributions to the
science of military electronics. Exceptional facilities are available
for research, development and production of electronic or electro-
mechanical equipment. Address inquiries to:

Admiral Corporation ‘
Government Laboratories Division, Chicago 47, lllinois

NOTE: NEW COLOR SOUND FiLM on Admiral Automation available for showing
to technical or business groups. Address requests to Public Relations Director,
Admiral Corporation, Chicago 47, I,

WwWwW.americanradiohistorv.com

LOOK TO Admiral EOR
RESEARCH * DEVELOPMENT
PRODUCTION

In the fields of:

COMMUNICATIONS, UHF AND VHF, airborne
and ground.

MILITARY TELEVISION, receiving and transmit-
ting, airborne and ground.

RADAR, airborne, ship and ground.

RADIAC « MISSILE GUIDANCE «» TELEMETERING

« DISTANCE MEASURING « TEST EQUIPMENT

« CODERS AND DECODERS

FACILITIES BROCHURE
describing Admiral plants,
equipmert and experience
sent on reguest.

ENGINEERS: The wide scope of work in progress
at Admiral creates chcllenging opportunities in
the field of your choice. Write Director of
Engineering and Research, Admircl Corporation,
Chicago 47, lIl.

Want more information? Use post card on last page. 239
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RELAYS « SOLENOIDS « COILS « TRANSFORMERS « SWITCHES « HERMETIC SEALING

Comar Plug-In Relays simplify
replacement, speed up servicing,
permit faster assembly, eliminate
wiring error. Safety covers protect
against shock and dust. Ideal for
use in vending machines, mobile
communications equipment, elec-
tronic computors, automatic pin-
spotters, testing apparatus, etc.
Maximum standard contact com-
binations up to 3PDT, (up to
DPDT,UL). Also available without
covers. Relays used are standard
Comar components. Our engineers
will show you how these plug-in
types can best be applied to your
requirements. No obligation.

Send for details now!

omar

3349 ADDISON STREET
CHICAGO 18, ILLINOIS

240 Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES {continued)

by the roller. This tinning opera-
tion should be performed as soon
as possible after the boards have
been etched, cleaned and dried, so
as to minimize oxidation prior to
tinning. Subsequently, the tinned
boards may be dipped in stearic
acid, to provide flux for subsequent
dip-soldering and to protect the
tinned conductors from oxidation,
if stored.

For successful dip-soldering, it
is essential that the solder wet the
component leads, as well as the
board conductors. Consequently, it
is desirable to have these leads
tinned with an eutectic solder and
then coated with stearic acid.
Component leads thus treated have
dip-soldered well, even after two
vears of open storage.

Split Induction Coil
Heats Silicon Crystals

By J. Sorep

Signal Corps Engineering Laboratories
Fort Monmouth, New Jerscy

SPLIT induction coils are needed
when the work piece is so shaped
that it cannot be inserted into the
coil. The usual design utilizes sep-
arate water cooling paths for each
half, with a rubber connecting tube
joining them. The halves are hinged
to facilitate opening and closing.
Such a design results, however, in
a heavy assembly.

» Construction Details—The split
induction coil was designed to main-
tain the close coupling and narrow
heating zone of the regular single-
turn coil. A three-piece inner cop-
per ring, silver-soldered to the
split copper tubing, supplies the
current path. A slight bowing out
of the copper tubing at both sides
provides room for sleeve joints,
which take % inch thick, & inch

= LS b ¥ el
Disassembled work coil, with O-ring
seals attached to fixed ends
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location equipment at G.E. began in 1935 when this first system,
with an output of 1% watts, located planes up to five miles away.

IN USE TODAY, this huge nodding height finder was designed and
developed by General Electric to be used with powerful search radar
systems and is a major contribution to long-range aircraft location.

How G.E.’s 20-year antenna background can
help make your radar system more effective

6 examples show experience in all areas of land- and ship-based antenna work

To give you an outstanding source for reliable, precision
radar antenna equipment, General Electric backs modern
facilities with the know-how that comes from many years of
research, engineering, and manufacturing experience.

For example, early research in electronic location equipment
at G.E. began in 1935 and engineering and manufacturing
experience includes these six major areas:

1. Stabilized bases to compensate for ship pitch and roll
were built in large quantity with Navy antennas in World
War I1.

2. Small, portable systems for weather balloon tracking
were developed and produced for the Army and Navy in 1948,
3. Powerful heightfinding antenna, FPS-6XW1, de-
veloped by G.E. for USAF in 1949, was an advancement
in long-range detection.

4. Giant shipboard search antenna, largest in use
today, was G-E developed and produced for Navy early-
warning ships.

5. Long-range search antennas (FPS-7) were designed
and built by G.E. using advanced construction techniques.

6. One of the first combination antennas (allows both
search and elevation detection), the Navy’s SPS-8 was
designed and produced to give a precise beam pattern.

This extensive background enables clearer perception of
special engineering and manufacturing problems. It is the
element that helps give G-E precision antenna equipment the
efficiency and reliability to help make your radar system
more effective. For more information, contact your G-E
Apparatus Sales Office or use coupon below.

Mail to: General Electric Company, Section A223-2

| Schenectady 5, N. Y.

| Please send me these two bulletins:

I GEA-6279, Radar Antennas, Mounts, Components, and Acces-
sories

I GED-2494, G.E.’s Naval Ordnance Department Offers Complete

| Engineering and Manufacturing Services

|

[0 For immediate project. [J] For reference only.

Position. . . . . .. .
Organization. . . .. .. ... ... ...
Address. . . ... ...

B'ogress Is Ovr Most Important Product

GENERAL @3 ELECTRIC

WWW.americanradiohistorv.com
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@ Springs and wireforms take on some pretty queer shapes
at times. They’re designed that way to do unusual jobs.
However, many springs are unnecessarily complex in design
—they may do the job, but they cost too much. Here’s a good
suggestion:

When you have an unusual or ‘“tricky” spring application
let Lewis Engineers work with you. They have a wealth
of experience to offer in helping you find the simplest, lowest
cost answer to your spring problem.

Lewis engineering experience is just one of the many
“extras’ you get when you make Lewis your source for springs.
Whether it’s help in spring design, packaging springs for
efficient assembly line handling, or simply a case of getting
top quality springs at competitive prices—call on Lewis . . .
springs and wireforms are our business.

LEWIS SPRING & MANUFACTURING COMPANY
2656 W. North Avenue, Chicago 47, lllincis

PRECISI ON
SPRINGS
A i 3

LE
The tinest light springs and wireforms of every type and material

242 Want more information? Use post card on last page.
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Coil in operation on f{loating-zone
equipment for growing silicon crystals

outer-diameter rubber O rings for
effective water sealing.

In the floating-zone technique for
growing single crystals of silicen
a necked quartz tube is em-
ployed, around the necked secticn
of which a separate induction ccil
was formed.

Small triangular copper project-
ing ears are gripped by beryllium
copper clips to develop pressure
contact of the inner silver-plated
conducting path. These clips slide
on and off with finger pressure.

The heating characteristics of
the split coil are equal to that of the
original single-turn coils. The prin-

Twisting Insulated Wire

A MECHANICAL wire twister which
can be operated by one worker is
used in Martin’s Baltimore plant.
The device consists of a driving
head powered by a slow-speed mo-
tor, a stationary head with rotating
pins for attaching the wires and a
comb for leading the wires as they
are being twisted.

One end of each wire to be twisted

January, 1956 — ELECTRONICS



Extremely long life . ..with no maintenance
problems, Thousands of voltage/amperage com-
binations available. Sizes from 11/16” square
cells to giant 6” x 10” plates . .. Federal can
provide a power rectifier for almost every type
of industrial and military equipment.

High-Voltage Stacks

250 to 5000 volts/5 to 40 milliamps. Encased

types. Also, hermetically-sealed types. Uses:

tion testers, etc.

in paper, glass, Bakelite, nylon, or metal tubes.
Simple fuse-clip mounting of ferrule terminal

CRT high-voltage supplies, photoflash, insula-

High-Temperature Stacks

For maximum operating life at ambient tem.
peratures up to 150° C. A full range of voltage/
current combinations for medium and high
temperatures. Ideal for aircraft and military
equipment.

Magnetic Amplifier
Rectifiers

Selenium cells and stacks precisely manufac-
tured, tested, and selected to assure a high de-
gree of stability and very low reverse current.
For use with saturable reactors, regulated DC
power supplies, etc,

Federal Telephone and Radio Company
A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION
COMPONENTS DIVISION - 100 KINGSLAND ROAD + CLIFTON, N. J.

In Canada: Standard Telephones and Cables Mfg. Co. (Canada) Ltd., Montreal, P. Q.
Export Distributors: International Standard Electric Corp., 67 Broad S1., New York

ELECTRONICS — January, 1956

Encapsulated Rectifiers

Maximum resistance to impact, acceleration,
and vibration. Complete protection from harm-
ful atmospheric conditicns. Other electronic
components may be encapsulated with recti-
fier to form a rugged, replaceable ‘“potted”
circuit.

Selenium
Contact Protectors

Extend contact life by over 1000 times. Used
in inductive circuits to prevent erosion of
switch contact surfaces ... to suppress arcing
and rf transients. Minimum effect on release
time. Hermetic sealing meets JAN specs. For
relays, electromagnets, and telephone systems.

LET US KNOW your AC-to-DC
conversion problems. For further
information on Federal Industrial
Rectifiers, call NUtley 2-3600,
or write to Dept. F-813

www.americanradiohistorv com

INDUSTRY and DEFENSE

voox 10 [ 2dlera]

FOR THE FINEST IN
SELENIUM RECTIFIERS

Pioneering
Leadership

Federal is the original supplier of
selenium rectifiers in the United
States. .. leading the field in re-
search, development and produc-
tion.

Facilities
and Service

Federal’s facilities can handle the
Jargest and most complex orders
...satisfy the rush requirements of
customer production peaks. Every
order—large or small—is processed
through a skilled engineering staff.

Quality
and Economy

Federal’'s modern fabrication
methods, mass production, inten-
sive quality control, and rigid test-
ing assure a product of highest
quality and greatest economy.
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PRODUCTION TECHNIQUES (continued)

| Custom
Iron Cores
to your
Specifications
INSERT CORE " CEORE - COILFORM  CORE | CORE.

Regardless of your requirement, we can supply a full
line of custom iron cores in a variety cf sizes and shapes
for many applications . . . designed for your needs.
Send us your problems.

Operator holds motor switch in left hand
| and comb in right hand as she walks
ahead of {wists

is attached to the driving head.
The other end is fed through the
comb and attached to the pins on

RADIO CORES, INC.
the stationary head. The operator

starts the mechanism with a re-
as Ve,' /” mote-control switch carried in one
hand and leads the wires with the
comb held in the other hand while
walking ahead of the twists. At the
//7 /’0” o,’es end of the v-ire the motor is turned
off and the twisted group removed

from the machine.
The device has saved 75 percent

of production costs over hand-twist-
ing operations.
i . £ .
| The Original < § , % % Self-Insulating Aluminum
j Engineer = ¢ ) 5
f 9 ed : %> for Transformer Coils
‘ Economy i A v )
i Iron DEVELOPMENT of a method of wind-
“ ing coils with aluminum foil or
Cores We originated the ways and means of providing sheet which is insulated only with
=1 ENGINEERED ECONOMY'IRON CORES at money saving lumi B h b
prices and from stock. Over 14 types are available to aluminum  oxide as een  an-
! ; cover most insert and threaded applications. nounced by Reynolds Metals CO.,

| ZYRADEMARK Louisville, Ky. A special anodizing
process provides excellent insula-
tion, making possible the new sys-
tem of winding coils for use in
power transformers and solenoids.
The coils are wound spirally with

| the anodized aluminum foil or thin
aluminum sheet instead of with
conventional wire. Minimum wind-

: Complete
H Engineering
\

. . . . .
| ing radius recommended is % inch.
I seI'V|Ce We are the world's largest producers of iron cores g d .S €O 3 A
e 4 because we employ the largest, most experienced and Sheet thicknesses currently being
= 9 A
Lx;; ‘\ mos.t efficient engineering department to enable us to considered are 0.008 inch and 0.015
S, :’h'?:'f’:'s"’i?:‘;: ;’:j suggesr o cues BRIH will de inch, with 0.004 inch as a minimum
for anodized insulation.
i Wri .. tell . ips .
d FIeIoHaY »« » €I VOUT AISOIEMS In addition to cost savings,

you'll be glad you did. .
the method offers important ad-

vantages in reduction of size,
! weight and resistance to heat.
i Aluminum can now be used as
a conductor with no increase in
equipment size. Spiral winding of
the coils subjects the conductor in-

LI L]
ASSOCIATION l

9540 Tulley Avenue Oak Lawn, lllinois
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Designed to end the practice of H- h.P RF 0 .II t T 1 d
forcing communications-type oscillator Ig ower sc' a or rlo es
tubes into heavy-duty industrial serv
ice, these new AMPEREX triodes are SPECIFICALLY DESIGNED
engineered from the ground up to the v
specific requirements of RF power | g
oscillator circuitry in industrial induc- as INDUSTRIAL
tion and dielectric heating installations. . 2
Their performance is virtually inde- [
pendent of the wide variations in load POWER osc I LLATORS
impedance encountered in industrial
applications.

Outstanding Electrical Characteristics —
¢ low plate impedance
* low mu

¢ hi ‘h transconductance

™ superior “loadabiliy” FOR OPTIMUM PERFORMANCE WITH FLUCTUATING LOADS

. high efficiency under all
loaded conditions
. greater power into f
hard-to-heat loads
. simpler circuitry eliminating
special grid-current
regulation devices

Type 6756
WATER-COOLED
20 kw dissipation

$435.00

Gs

. . . g §
Outstanding Physical Characteristics— J Accessory: Water Jacket (Type $-15096)

¢ thoriated tungsten filoment . . f
... for maximum life f

¢ exfra-heavy-wall copper anode.. ..
... to absorb short-term overloads 4
of double the maximum ratings f

§ E )
¢ platinum-clad grid . .. / 5 m—-—.—_ . b s
... for stable grid-current operation / ey % 7
e coaxial grid construction and § 8y T .@%,/
Pov;dered-gloss stem ... /4 AMPE REX 'l'ype 6151
... for maximum
mechanical strength o7 59 FORCED-AIR ‘;QOL.ED
¢ permanently bonded, flexible, V’ e 8 15 kw plate dissipation

heat-dissipating

g g 8= . \ $535.00
filament leads / id cludec
... to eliminate failures due to v' {$75.00 allowance for return

contact resistance ¢t terminals / » ol

of radiator with order)

1
4 \

i

TYPICAL OPERATING CONDITIONS
TYPES 6756 and 6757
Oscillator, Class € — Three-Phase,
full-Wave Supply (Per Tube)

ccs ccs ccs
full Load 2A Lead No Load

00 volts DC 3 :
DC Plate Yoltage 12030% 120513 1&23Oampsoc siz Note flat grid

X ) ' current
gg (P;lr?;evgftrarsg 1220 —1380 —1710 volts DC charagteristics,
RF Grid Voltage 2050 2030 volts ad to full
DC Grid Current sk 0210 [1.253?S 0.2593 a“\g)hfn?sc load, withop;
‘ o : ' ‘ ternal gri
B Tl o A0 sioh extenl g :
issipati i i circuitry 5
i I 4
t pad Impedance 1755 312? - (‘)(w
Plate Power Output 30.75 19.

Detailed dato sheets and opplication information
available on request.

'\ Available At Your Local Parts Distributor
AMPEREX ELECTRONIC CORP.
230 Duffy Ave., Hicksville, Long Island, N. Y.

A In Canada: Rogers Majestic Electronics Ltd.
11-19 Brentcliffe Road, Leaside (Toronto) 17

Retube with Amperex



PRODUCTION TECHNIQUES continued)

sulation to turn voltage only. and
accordingly normal layer insula-
tion can be eliminated. This saving
in space, coupled with that derived
from the use of the very thin
anodic films tor insulation and the
lack of voids in the completed wind-
ings, accounts for the compactness
of the coils.

Further spuace savings are af-
forded by the excellent heat trans-
fer characteristics of the coils.
Since every turn of the coil is ex-

| posed to the outside, no hot spots
| are encountered and cooling ducts
‘ can be eliminated.

20
TO
200 D.P.

The anodic coating, consisting

SPURS ® HELICALS ® WORM AND WORM GEARS ®  STRAIGHT BEVELS of aluminum oxide—a chemically

iner ateri: an ex
LEAD SCREWS e RATCHETS » CLUSTER GEARS » RACKS o INTERNALS @ ODD suapgs | \nert material and a cellent
‘ electrical insulator—reduces the

possibility of a coil’s burning out,

since the melting point of the
l anodic coating is higher than that

of aluminum itself.
| Appreciable weight savings also
| are afforded by the new aluminum
| coils. In most cases, the coil weight
| is approximately one-half that of a
| comparable copper unit.

1021 PARMELE STREET, ILLINOIS !

ROCKFORD,

‘ Basing Pencil Triodes
| with Epoxy Resin

unique in design — rugged in construction

GREEN

PANTOGRAPH
ENGRAVERS

THE NEW
HEAVY-DUTY MODEL D-2

By DAvID LICHTMAN

an
ByronN G. WELLS
Applied Physics Staff

dirborne Instruments Laboratory
Mineola. N. Y

FLEXIBLE wire filament leads on
various uhf triode tubes were found
to break easily and required solder-

The three-dimznsion- ing or elaborate terminations in

al bench Model 106

order to connect to them. Leaving

t ts — 3 ;
;t::vesosr;uts m::;- the leads too long resulted in the
els olnd p'mmes possibility of short circuits; on the
giving you exper; other hand, clipping them short

results even by un-
skilled workers.

The Model D-2 heavy-duty two dimensional Pantograph
is a precision machine with a multitude of new features.
Open on three sides, it permits complete freedom for
engraving, milling, profiling large panels (up to 30” in
diameter} or bulky pieces. Single, micrometer adjustment
controls vertical depth of cut, automatically adjust'ng
copy table with pantograph. Range of reduction ratios
from 2-to-1 to infinity! Vertical range over 10 inches!

For complete information, write to

GREEN

246

INSTRUMENT COMPANY

Want more information? Use post card on last page.

caused difficulty in making connec-
tions. For these reasons it was de-
cided that a means of basing these
tubes be devised.

» Use of Sleeving as Mold—The

first attempts consisted merely of

Example of unbased tube

January, 1956 — ELECTRONICS



Relay Headers Ready for Assembly

This newly developed Relay Header Assembly intro-
duces a new high in simplified production techniques
by eliminating these costly steps: buving or producing
square cover plates with studs attached; stamping the
hole in the cover plate for the hermetically seuled
header; attaching and shaping pigtails; soldering or
brazing the mounting bracket to the cover plate;
mounting the seul in the cover pliate,

To the manufacturer, this means a profit increase . . .
to the enginecr, a new horizon in design simplification
...to the purchasing agent, a reduction of orders placed
and attendant paper work . . . to production control, a
reduction of parts inventoried and stocked.

Whatever the problem in mechanical assemblies,
whether it be complex Relay Headers, Multi-Headers
specially shaped to fit enclosures or cans, or Color-
Coded Terminal Plates with studs attached—you’ll find
the most economical solution to your assembly problem
at HERMETIC.

Write for engineering assistance, data, prices and
vour FREE copy of “Encyclopedia Hermetica’”—a handy,
desk-top reference guide.

Hermetic Seal Products Company

ﬂmx
B L™
et

31 South 6th Street, Newark 7, New Jersey

= California Associate: Glass-Solder Engineering, Pasadena

5

h =4
! 5
W
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o o~ - J—

as small as
the tube
it cools...

Y

ACTUAL SIZE

subminiature

CENTRIFUGAL
BLOWER

Here is the most compact centrifugal blower unit

made . . . EAD's high-velocity subminiature centrifugal

blower is only 2%" long, weighs only 6 ounces, yet it can

tmove 13 ¢fm of air at a velocity of 3,000 feet per minute—

and the volume holds up at high static pressures. Itis

f driven by EAD’s new one-inch diameter motor. The metal
blower housing can be rotated to any position desired
for maximum efficiency in cooling radar equipment,
amplifier units, transmitter equipment, oscillators, and in
other applications where high temperatures in confined

§ areas demand miniaturized blowers with the highest
possible performance characteristics. EAD's subminiature
blower units meet all applicable MIL specification, and

. low temperature rise makes them suitable for high altitude
and high ambient temperature operation.

P

13 @ 0" SP 7 @ 0”7 SP
5N 10 @ 1.0” SP 5 @.2”" sp
MAX. SP. 2.5 0.6
RPM 20,000 11,000
AMPS 0.1 0.06
WATTS 10.0 6.0 Modifications of
standard models or
C;::/C\/IT]OR 0.25/220 0.1/220 completely new
QUL designs can be
WEIGHT 6 6 engineered to meet
(OUNCES) youzspsvclal cfoolmg
needs. Write for
MODEL NO. B2GHa-C B2HIY-C complete information.

LUSTERNV A1k J)EVICES, 1ve

SOLVING SPECIAL PROBLEMS IS ROUTINE AT EAD
(B

B ®» @ @ @

SINDUCTION MOTORS CENTRIFUGAL BLOWERS ~ TACHOMETER GENERATORS FANS ALTERNATORS

387 CENTRAL AVENUE © DOVER, NEW HAMPSHIRE
248 Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES (continued)

slipping a piece of Teflon sleeving
over the end of the tube and filling
the sleeving to the proper level
with Araldite No. 502 (CIBA Co.).
After the Araldite had set, the
Teflon sleeving was removed, leav-
ing a plastic base with the two fila-
ment leads projecting beyond it.
Clipping the leads to a suitable
length and tinning added to their
rigidity.

Better rigidity and mechanical
strength were obtained when a pair

. of specially constructed tube pins

were spotwelded to the shortened
filament leads before basing. The
heavier pins were stronger and
looked better.

‘ » Use of Brass Mold—When it was

decided that the overall appearance
and strength would be improved by
the addition of a shoulder on the
base, a new mold was designed. The
new mold, which incorporated the
shoulder design, had to be made of

—

g

Based tube,
alongside

socket

with matching

a flexible material that could be

' slipped over the base once the base

had hardened. The mold material
decided upon was Arcoflex-B (Ap-
plied Resins Co.). A brass mold
was prepared to cast the Arcoflex
mold.

It was found that careful handl-
ing of the Arcoflex was required;
furthermore, to secure a clear,
bubble-free mold, the Arcoflex had
to be subjected to partial vacuum
before it was poured.

»Pouring Precautions--In pour-
ing the liquid from the can to a
suitable container for pumping,
care must be taken to pour it down
one side of the container to avoid
trapping any air. After pumping,
the same care should be exercised
when pouring the liquid into the
mold. A slow, careful curing proc-

| ess will result in a mold that can

be used again and again.
The new Arcoflex mold was set
in place over the filament end of the

January, 1956 — ELECTRONICS



ACTUAL
SIZE

Electro-Snap Switches Can Be Adapted to Almost
Any Job — Quickly, Easily, Economically

Just choose the Electro-Snap Basic Switch that meets your elec-
trical requirements, add the proper actuator — and presto! —
you have a tailor-made precision switch that exactly fits your
application. Electro-Snap makes a wide variety of stock actu-
ators to fit almost any requirement. And our engineering depart-
ment is at your service if a standard combination “won’t fill
the bill.”

For prompt action oa your switching problems, send us a brief
description and rough sketch of the switch you need.

SUB-MINIATURE
SWITCHES
TYPE E-4

S.P.D.T., 1 circvit; S
amps, 125/250 v. AC
Operating force

150 grams max.
Exceptionally
vibration-resistant.
Special model E4-7

is stabilized for

— 65° to - 350°

F. operation.

L]

Tocgle Actuator
(Momentary or
Constant
Contact)

Push Button
Actuator

G )
A T
Extension
Leaf Actuator

Leaf Actuator

Taoblom

Roller Leaf Actuator

Double Toggle

Actuator

‘:3.:—_..-— > f‘
o

Ganged Interlock

TYPE S SWITCHES

Series S1

650

S.P.D.T., 2 circuit; 10 amps, 125/ Roller Lever Roller Actuator ” v
250 v. AC/ 30 v. DC. Ind. Screw Achuaror
or solder terminals on ends or one Push Button Actuat
. . . us vtton ctuvators
s“f’e of switch. Also available {Various button sizes available}
with reset button at bottom of
; . Toggle Actuater
switch or in Type 5-100 Make- (momentary or i
Before-Break Series where switch . constant contact) ’ ﬁ -
completes a new circuit before -~ b
interrupting old one. w ? g -
. Special Push Button
Write for Data Sheet STN-1 Extension IS Actuator designed for
Leaf Actuator . fire control system
B . HERMETICALLY-SEALED
= DOUBLE-POLE SWITCH

Write for

" ELECTRO-SNAP SWITCH & MFG. CO.
MANUFACTURERS OF A COMPLETE LINE OF PRECISION SWITCHES FOR INDUSTRY AND AVIATION

Roller Lever Leaf Actuator

Rell e
ol Boes Actuator

Actuator

DOUBLE-POLE
SIMULTANEOUS ACTION

TYPE D-8

D.P.D.T., 4 Circvit

15 amps, 125/250 v. AC.

10 amps, 30 v. DC Ind.

Eight terminals and four separate cir-
cvits which operate simultaneously per-
mit switch to reverse 3-phase motors,

replace expensive relays, etc. ;
Push Button Actuators

{Various button sizes available)

Extension Leaf

Data Sheet DN-1 Actuator

4220 West Lake Street,

Chicago 24, llinois

Write for
Data Sheet HIN-1

ol

@,m

W 4

g!
:’: °5 i

Type 12-4

€

Toggle Actuator
for J2-4

D.P.D.T., 4 circuit 10 amps, 125/
250 v. AC/30 v. DC.

ﬂ/
L]



COMPLEX

FOR

AUDIO
FILTERS
LIKE

CALL ON

THIS

CHICAGO STANDARD\

250

-equipment.

® Because Chicago Standard design and production
engineers have built so many audio filters . . . of all types
. they can quickly solve your filter problem with a unit

bunlt to meet your exact specifications.
Chicago Audio Filters are known for their sharp discrimi-
nation, low loss, maximum output and unusually compact
construction. They are effectively shielded in drawn steel

cases, hermullcally scaled, or with the famous Chicago
“Scaled-in-Steel™ construction.

Wit oy

a typical unit is
LOW PASS
FILTER LPF-2

A stock unit for aircraft, amateur,
police and other voice communication

outlining the specifications you require.
Your inquiry will receive prompt attention.

Cut-off frequency, 3000 cps;

Input impedance, 50,000 ohms;
Output impedance, 50,000 ohms;
Insertion loss 0.8 db.;

Maxinuun input signal, 10 volts RMS;
Dimensions, 28" x 214" x 1%”
Weight, 614 oz.

Export Sales:

CHICAGO STANDARD

TRANSFORMER CORPORATION
ADDISON & ELSTON + CHICAGO 18, ILLINOIS

Roburn Agencies, Inc.
431 Greenwich St.
New York 13, N. Y.

Want more information? Use post card on last page.

PRODUCTION TECHNIQUES (continued)

Tube in socket

tube. The tube was then mounted,
anode down. The Araldite was
weighed out with 1-percent black
coloring (No. E-340) and allowed
to set at room temperature until
all trapped air bubbles worked
their way to the surface. Then,
10-percent hardener (HN-951) was
added and carefully stirred into
the Araldite mixture, in order not
to induce further bubbling.

The Araldite mixture was then
poured carefully down one side of
the mold (again, to avoid trapping
air) ; when the desired level was
reached, the tube and mold were
baked at 70 C for one-half hour.
The unit was then removed from
the oven and allowed to cool to room
temperature. Gentle probing with
a small scribe helped to determine
the state of hardness.

The Arcoflex mold was gently
separated from the Araldite by
stretching it away with the fingers.
When the mold was completely free
from the Araldite, it was slid care-
fully off the tube and the rough
edge was trimmed off the tube with
a sharp razor blade. The hollow
that remained was then filled with
a few drops of the Araldite mix-
ture, leaving a professional ap-
pearance.

» Socket Molding Technique—
Having manufactured the tube
bases, it was necessary to make a
socket to match.

Special small pins, with a turret-
type soldering connection on one
end and spring contacts on the
other, were made up. These were
silver-plated and rhodium-flashed.

A mold was constructed from
Teflon block and aligning pins were
mounted in one part to support and
align the other. Lead wires of No.
2() plastic-covered wire were sol-
dered to the pins before they were
set in the mold and two small pieces
of Teflon tubing were set over the
contact ends to keep the pins free
from the surrounding Araldite,
The entire mold was greased with
a thin film of Dow Corning No. 7

January, 1956 — ELECTRONICS



It’s a question that’s been asked over and

over again, and usually we’ve answered at once
. . yes, Ampli-Film can. Sometimes, however, we
couldn’t answer until we made tests.

’:.:;‘-'{”:4,;: Then invariably we found that
b"’;/,%:a Ampli-Film could perform under the
f,’a/’o;ﬁv)'? Py specified conditions. We learned, too,

that Ampli-Film has more applications
than we ever imagined!

That’'s why we say

”
M—HLM IS THE ALL-PURPOSE
DIELECTRIC

Ampli-Film is insoluble, incompressible and inert. That is, it is not
affected by acids or organic solvents .. . undergoes no

distortion under high temperatures and pressures . . . can readily be
bonded by adhesives . . . is free from pinholes and flaws . . .

is easy to handle and fabricate.

Write for the Ampli-Film Handbook for further
details on the Dielectric and how it is used in
A-MP'S Capitron® Capacitors, Pulse Forming
Networks, Power Packs and Pulse System
Packages.

AIRCRAFT-MARINE PRODUCTS, INC,.

chemicals and dielectrics division

155 Park Street, Elizabethtown, Pa.

A-MP of Canadaq, Ltd., Toronto, Canoda A-MP—Holland N.V. 's-Hertogenbosch, Holland

Trademark

ELECTRONICS — January, 1956 Want more information? Use post card on last page.

-FILM° do this?”’

Aircroft-Marine Products {G.B.) Ltd., London, England Societe A-MP de France, Courbevoie, Seine, France



Shown with Cover off — approximately ', Size

ALTITUDE POTENTIOMETER

THE TrANs-Sonics® Type 1067 Pressure Operated Potentiometer pro-
vides a linear voltage ratio versus altitude output. Input impedance is
10,000 ohms. Maximum voltages up to 100 volts can be obtained so this
Altitude Potentiometer can be used without amplifiers in applications
such as:

a) Varying servo loop gain as a function of altitude.
b) Modulating the subcarrier oscillator of telemetering systems.
c) Recording and indicating altitude remotely.

Accuracy and interchangeability including eflects of nonlinearity, hys-
teresis, stiction, and friction are within a band +=0.01 VR of the nominal
line. Voltage Ratio is 0.55 at —400 ft. and varies lincarly with altitude to
1.0 at 50,000 ft. This linear-with-altitude rclationship is obtained from the
lincar-with-pressure  mechanism by shaping the clectrical output with
additiona! resistors across tapped scctions of the potentiometer winding.

The Type 1067 Pressure Transmitter is an example of an instrument which
TraNs-Sonics, Inc. designed for a specific application and produces in
quantity and on schedule. Similar instruments, but having a lincar-with-
pressure voltage ratio output, are offered for applications such as telemeter-
ing, recording, and experimental development. These units have potentiom-
cter coils with multiple taps connected through a convenient, accessible
terminal board to a connector.

Write for Multi-Tap Potentiometer Bulletin

“For Transducers See Trans-Sonics”

Trand-Sonicd, Inc.

[ FOREST STREET  BEDFORD, MASSACHUSETTS

Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES {continued)

silicone grease. This permitted re-
moving the base easily when the
Araldite had set.

In using this mold, additional
precautions must be taken to avoid
the formation of air bubbles. While
mixing the Araldite, the mold was
preheated at 70 C for about one-
half hour. The Araldite was then
poured in slowly down one side of
the mold to avoid air pockets.

After the unit was baked at 70 C
for one-half hour, it was allowed
to cool to room temperature.
The mounting screws were removed
from the mold, and the upper por-
tion of the mold was lifted away.
By applying downward pressure
against a hard surface, the align-
ing pins exerted a similar pressure
on the socket pins, causing the tube
base to rise out of the mold. The
aligning pins and the small Teflon
sleeves were then removed and the
remaining kerf (or flash) was re-
moved with a sharp razor blade.

" Because of the design of the
mold, the pins are recessed into
the socket. Thus, when the tube is
plugged into its socket, there is no
exposed metal and complete insula-
tion as well as handsome appear-
ance are achieved. Tubes having
these bases have been used at fre-
quencies up to 1,000 mec with no
deterioration of operation.

Aluminum Hole-Filler

A PUTTY consisting of approx-
imately 80-percent powdered alumi-
num and 20-percent plastic, known
as Devcon F, can be used for fill-
ing undesired holes in aluminum
and steel castings, as well as to
build up worn sections.

Adherence to aluminum, steel,
bronze, brass and cast iron is ex-
cellent. It will bond to a flat sur-
face and can be machined to a
feather edge. It is not necessary
to undercut the metal or treat it
in any special way. No volatile
solvents or thinners are used,
hence there is no shrinking or pull-
ing away during the 2-hour harden-
ing time in air.

The hardener furnished with the
material is simply added and mixed
with a screwdriver or a nail. The
manufacturer is Chemical Develop-
ment Corp., Danvers, Mass.
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with all these measurements

PR
| 2

offers complete versatility

How often have you put together a breadboard setup of a pre-amplifier, post-
amplifier, attenuator, power supply, output indicator, bias control and the rest
of the haywire needed to make the multitude of measurements which require
an intermediate frequency receiver?

All’s engineers did it often enough to force the design of a single package
for their own use. As a result, the type 130 Receiver is an engineer’s design
for engineers’ use.

The AIL Type 130 Precision Test Receiver is a versatile instrument combin-
ing a high-gain, low-noise-figure i-f receiver and a secondary standard of
attenuation. It is designed to operate from the i-f output of a wide variety
of standard microwave mixers. In combination with such mixers and a suitable
local oscillator, the Receiver becomes a sensitive detector of microwave energy.
It can be used wherever accurate measurements of the differences of r-f or i-f
power levels are required.

The complete AIL Type 130 Precision Test Receiver is priced at $1,350.00.
The standard model is available for 30MC use. Prices on models operating
at other frequencies will be provided on request. F.O.B. Mineola, N. Y.

AIRBORNE

SEND FOR
DESCRIPTIVE INSTRUMENTS

LITERATURE LA B(? RNACTO RY

160 OLD COUNTRY ROAUL, MINEOLA, L. I., N. Y,

Want more information? Use post card on last page.
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... Control, Testing and Measuring Equipment Described and

Ilustrated

TRACE CRO

presents multichannel data

SOUTHWESTERN INDUSTRIAL ELEC-
TRONICS Co., 2831 Post Oak Rd,

DELAY LINES

Houston, Texas. Model MO24 trace
cro presents multichannel informa-
tion on a 21-in. picture tube for
direct viewing.

» Method of Presentation—Infor-
mation is presented by intensity
modulation of a 5,000-cps raster.
The raster method results in fre-
quency response useful to 500 cps
on all 24 traces with only a single
electron gun. Each trace may cross
over other traces, and is limited in
amplitude only by the size of the
crt. A position control is provided
for each trace. A special window

. Recent Tubes and Components Are Covered

control permits a portion of the
sweep to be accelerated for careful
examination.

» Auxiliary Unit—The event pre-
selector puts 0.1 and 0.01-sec tim-
ing lines over the scope, and trig-
gers the sweep after an adjustable
delay period following the initial
pulse. This feature is especially
useful when the MO is used as a
monitor for 24-channel magnetic
tape recordings, such as those used
in seismograph work.

» Prices—The oscilloscope, com-
plete with power supply, is $6,000.
The event preselector sells for
$1,500.

are hermetically sealed

PCA ELECTRONICS INC., 2180 Colo-
rado Ave., Santa Monica, Calif., has
released a complete range of stand-
ard single-stick hermetically sealed
delay lines. The units are in round,
0.4 in. o-d, brass tubing with ca-
pacitor end-seals. They are com-
monly mounted in a fuse-clip or
with a cable-clamp.

» Designs—Three general designs
are available in each impedance
level and delay time. One design

DIGITAL UNIT
interval timer

RANSOM RESEARCH, P. O. Box 382,
San Pedro, Calif. The functions
of several digital instruments have
been combined into one portable
instrument in the Digitac model
1500 digital interval timer and
counter.

254

emphasizes maximum delay per cu
in., with a fair rise time. The sec-

ond combines moderate delay per
cu in. with good rise time. The
third emphasizes fast rise time,
with a low delay per cu in.

All designs are miniaturized and
are commonly used for delaying
video pulses, pulse shaping, gating,
storage of information in comput-
ers, time standards in count-down
circuits, synchronization of wave-
forms, time-modulation, generation
of waveforms, and high-impedance
connecting cables.

Prices range from $10 each to
$7.10 each, depending on quantity
ordered.

and counter

The instrument contains 10 plug-
in decade counters arranged in two
banks of five each. It will count
up to 10 billion at a rate not exceed-
ing 100,000 per sec. Timing capac-
ity is 10 psec to 100,000 sec and
timing inecrements may be preset
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Does the work of 1Y/ tubes

—combines phase splitting with other color circuit functions

Here’s a Sylvania tube development
that can make an immediate improve-
ment in your color TV chassis tube
complement and layout. The 6BJ8 has
two diodes and a low mu triode with
three separate cathodes.

=0 +

688 Double-diode

Y/; Double Triode

Thus, with a single miniature package,
you can achieve phase splitting plus

horizontal oscillation, or any other low
mu triode function. Prior to the develop-
ment of the 6BJ8 the need for independ-
ent cathodes in phase splitting called for
at least a double diode with separate
cathodes and half a double triode to
accomplish this same work.

In some circuits the diodes may be
used for phase comparison. For applica-
tions where two diodes and a high mu
triode are needed Sylvania offers the
type 6BN8 which also has the three-

vSYLVANIA

LIGHTING « RADIO -

ELECTRONICS — January, 1956

ELECTRONICS -

Want more information? Use post card on last page.

TELEVISION -

cathode construction of the type 6BJS.
The versatility of these tubes can intro-
duce improvements in new black and
white TV designs as well as color.

Sylvania can supply all your color TV
tube needs with these important types.

BA s s s cass miniature half-wave rectifier
=1 T R gy T-9 half-wave rectifier
SV 3 e eiginn o anwdt full wave vacuum rectifier
6BK4 " gnraannnamusd sharp cutoff beam triode
6CL5. . .......... T-12 Beam power amplifier
6CL6. . ... . miniature pentode video amplifier

Write for complete details

SyLvanNIiA ELEcTRIC PRODUCTS INC.

1740 Broadway, New York 19, N. Y.
In Canada : Sylvania Electric (Canada) Ltd.

University Tower Bldg., Montreal

ATOMIC ENERGY
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at any value in 10 usec steps within
that range.

» Uses—Mocdel 1500 may be used
as a lab instrument to measure

GAGE CONTROLS
employ no

VAcuUM ELECTRONIC ENGINEERING
Co., 86 Denton Ave., New Hyde
Park, N. Y. Types RG-2 and RG-3
ionization gage controls measure
pressures from 1 micron to 2

10" mm Hg. Performance is due
mainly to an ion current amplifier,
employing 100 percent negative
feedback, similar to those used in
electrometer amplifiers. Amplifica-
tion is independent of variations in
tube and component characteristics
and as a result, periodic adjustment
of circuit calibration is entirely un-
necessary. Constant checking of

PULSE TRANSFORMERS

"

CAMERA SWITCHER

time, frequency or events; as a
counting or measuring device in
process control and other types of
automation; as an integral part of
a computer; and as a test instru-

bridge circuits

zero is also eliminated. The feed-
back insures linearity through the

with ferrite cup cores

TECHNITROL ENGINEERING Co., 2751
N. Fourth St., Philadelphia 33, Pa.
The new M series of pulse trans-
formers measure only 0.44 in. in
diameter by 0.56 in. long. They can
be wound to cover a range of pulse
widths from 0.05 usec to 2.0 usec.
The transformers weigh only 4
grams and are completely encap-
sulated for protection.

for industrial tv systems

GENERAL PRECISION LABORATORY,
INC., 63 Bedford Rd., Pleasantville,
N.Y. Model PD-133 camera switch-
ing unit permits operation of four
PD-150 tv cameras from a single
camera control unit. Switching
units may be cascaded to provide
pushbutton selection of any num-
ber of cameras. Price of the PD-
133 is $1,430.

> Automatic Sequential Switching
—With the addition of a motor
driven timer or a series of ther-
mal activated relays, it is possible
to provide automatic sequential
switching of any number of GPL

256

cameras thus providing completely
automatic remote surveillance of
an automated production line.

ment for maintenance of telephone
carrier and other communications
and electronic equipment.

Weight is 25 b, and the unit sells
for $795.

entire pressure range.

» Prices—Catalog RG2-R gage
control (smallest reading 2 x 107
mm Hg) sells for $397; and the
RG21-R (smallest reading 2 x 107"
mm Hg), $447. These prices are
for panel units suitable for mount-
ing in standard racks. The same
units in a cabinet are priced at $28
more. The RG3-R and RG-31-R
circuits are similar to the RG2-R
and RG21-R, respectively, but are
provided with a two-station thermo-
couple gage control, with separate
output meter. Prices for these two
units are $502 and $552. Again,
cabinets are $28 extra.

Specially designed ferrite cup
cores make it possible to wind
transformers of this size covering
a wide range of applications in
transistor and tube circuits.

» Prices—For three winding and
two winding types prices are $8.50
and $8 each, respectively, for quan-
tities of 1 to 8; $7.50 and $7.15 each
for lots of 4 to 10; $6.75 and $5.85
each for 11 to 50; and $6.256 and
$5.45 each for 51 to 100.

Preset control of gain, blanking,
beam, target and focus for each
camera, plus current regulation of
electrical focus and camera heater
circuits, makes reliable pushbutton
or automatic sequential switching
of a multiple camera system pos-
sible.

CAPACITORS

miniature and subminiature

CAPCON, INc., 25 Willett St., New
York 2, N. Y., is now producing a
complete line of miniature and sub-
miniature capacitors of all types.
They are ideal for applications
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WITCHING..

This new Electro Tec Precision
Selector Switch is ideal where
miniature size, low friction torque,
high accuracy, and low electrical
noise at high speeds are
requirements. Simplified circuits
and long service life reconmmend
it for a wide variety of uses

including sampling, pulse

w0t e
! 3

W

generation for precision
measurement, telemetering and
strain gage applications, in aireraft,
missiles, servos, computors, etc.
Switch design incorporates many
exclusive features that have gained
industry-wide acclaim for Electro
Tec precision slip rings.
commutators and brush blocks.

ORI INTRARSRATS B AN (1 O T

CALL OR WRITE
FOR ILLUSTRATED BROCHURE

8 or 10 position switches in
standard size 10 synchro
housings are available for
immediate delivery; other
circuit combinations
supplied to specifications.

/
e

ACTUAL SIZE

YENSACK
P ang PAT. NO. 2.69651 8

Electro Tec
Corp.

S0. HACKENSACK
NEW JERSEY

Tel.: HUbbard 7-4940




Corning Fixed Capacitors are alternate layers of conductor
and dielectric sealed under heat and pressure in a glass case
of same composition as the diclectric. Resuit is a monolithic
struciure. Shown actual size are four standard pigtail types.

CORNING FIXED GLASS CAPACITORS

... stable, rugged, miniaturized

Corning Fixed Capacitors assure cx-
cellent moisturc resistance, high tem-
perature operation, and extremely high
rcliability. Now in mass production,
these capacitors are available at at-
tractive prices.

Check these features of Corning Capacitors—
The Dielectric—A homogencous, scien-
tifically produced continuous ribbon
of g¢lass; no foreign inclusions, no
cracks, no imperfections.
Construction—Only three simple cle-
ments: (1) The glass diclectric and
case of identical composition; (2) ac-
tive metal foil plates; (3) the pigtail
wire leads—bright, clean and ready to
solder. No potting materials, no im-
pregnants, no mechanical slips, no
plastic cases. Corning Fixed Capaci-
tors are fused together into a solid,
strong, monolithic block. To affect or
change their excellent electrical char-
acteristics, you would have to mechan-
ically destroy the capacitor.

Electrical Characteristics—(A) Tem-
perature coefficient is +140+25
ppm/[°C. over the range of —55°C. to
+85°C. Vartation of TC at any given
temperature between individual units
is less than 15 ppm. The TC remains
the same after repeated cycling. The
capacitance drift is less than 0.1%
and usually less than the error of
measurement. This mecans reliable,

predictable circuit control. (B) Dissi-
pation factor is not more than 0.1%
at 1 kilocycle.

Operating Temperature—Standard
temperature range of —55°C. to +
85°C. can be extended to 150°C. with
derating. Units available to Military
Specification MIL-C-11272A.

Miniaturization—The illustration above
shows four standard pigtail types of
Corning Fixed Capacitors actual full
size. We can pack a lot of capacitance
into a small space. The CY 10, for ex-
ample, measuring %16"x%4"x%4" is
available up to 240 uuf at 300VDCW.
The CY30 is available up to .01 uf at
300VDCW.

Tolerances—The standard tolerance
for capacitance is *10%. Units are
also available in 5, 2 and 1% toler-
ance.

We would like to send you addition-
al information, prices, and samples.

We invite discussion of variations
you might neced for custom applica-
tions, and we manufacture many spe-
cial types of capacitors. Write, wire,
or phonc us.

Other Corning Capacitors

Medium Power, Transmitting
Subminiature Tab Lead

High Capacitance, Canned
Special Combinations

CORNING GLASS WORKS » CORNING, N. Y.

Electronic Components Department *» 94-1 Crystal Street

fmz)t/ eans weseatch ww Gless
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NEW PRODUCTS (continued)

where space is severely limited.

» Available—The tiniest capacitor
most suitable for any given applica-
tion can be supplied by the com-
pany. This includes the following
types: paper, metallized paper, elec-
trolytic, mica, ceramic, and all the
film dielectric capacitors such as
Mylar, Teflon and polystyrene.

The capacitors are available in
all capacitances from 0.1 puf to 500
uf, and in capacitance tolerances
from 0.1 percent to 20 percent.
Units are furnished in voltages
from 3 v to 1,000 v. Operating
temperature ranges are available
as specified, from —65 C to +200
C, without derating.

Units can be supplied cased or
uncased, flat or round. Leads can
be positioned radially, axially, for
plug-in or in any other required
position.

Prices are determined by quanti-
ties ordered of a particular rating
and tolerance required.

i o ik &

PARABOLIC ANTENNAS
with multi-element grid

Marxk Propucts Co., 6412 W. Lin-
coln Ave., Morton Grove, Ill, an-
nounces a new series of parabolic
antennas for the 890-960 mc and
450-470 me regions. At 960 mc
three models are available: P-942,
P-972 and P-9120 are 42 in., 6 ft
and 10 ft in diameter and produce
gains of 15, 20 and 25 db respec-
tively over a dipole. At 460 mec two
units are available: P-472 and
P-4120 are 6 ft and 10 ft in dia-
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501: TIME-RATE INDICATOR

Frequency Measurements O cps to 10 me.
Period Measwements 10g sec to

28,000 hours.,

Reccrder Quiput; Fimirg Pulse Output;
Heterodyne Outpu's.

502: FREDETERMINED COUNTER
Input Sensitivity

AC: 127 millivolts rms,

CC: 3.5 volis.
Predetermined Pulse Outout.
Pulse Train Gutpuf.
100 ke Oscillator Cutput

503: DIGITAL MULTITESTER

OC Rongé, = 0V1o 41000 v.

Relative Adgurmey: £U.1587 of full scale.
AC Range: &1 1670 ¥ 2N
Relative Acc@acrt 5t V.c i full seole.
Resistance Rarae: tdionmeo 10 MEG.
Relative Accurncy " 3.2% of full scole.
Measurement Rat=: ¥0 peg sacond,

504: DIGITAL RECOFPIR

Decimal Digim per L ne: Sewen.

Printing Rare: Yasakle wrcm opproximately
4 10 6C per minufz, 3r manual.

Input Requirements: Normelly wired to
accept code voltog= ontputs from (FE
scalers in the following order:

LABORATORY FOR ELECTRONICS, INC.

B

75 PITTS STREET

FTHE ANS
Rs ARE or vouRr FnGE®

e 2

A

£

*+ BOSTON

Here are four late *n;m‘!del precision
instrurbents from LFE taihelp you solve
your probl
test and development.

THe&Model 501 Time-Rale Indicator, a 10°
megacycle digital beq&ency mefer. Also

asures time interval periods, ratio
and totals at the turn of a switch. The
Model 502 Predetermined Counter counts
to a predetermined number of pulse
and gives a control signal output. Use-
ful for automatit packaging, control of
machine*tools, generation of precision
delays <nd so forth. The Model 503
Digifal Multitester, the challenging digi-
tal meter which measures ac and dc
voltages and resistances to néw accu-
sracies. The Model 504 Digital Recorder,
designed  for use with Modelg S0l and
503 and. LFE plug-in scalerd, records
readings continuously —— up6-kiysading

per secpnd, s 5

e

For “more  specifications. -and. .. details
about each of these four: outstanding
performers; “write for our free.informa-
tive bulletins: ard the naime of the LFE
EngineeringéRéprei#j‘tq%i«ve nearest you.

W &

14, MASSACHUSETTS

FOR EXPORT SALES CONTACT ANDREW S. SZUCS, INC., 50 BROAD ST., NEW YORK 4, N.Y
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Measure impedance easily B

on high noise level cirguits |

U
perecion Mk

Sierra 166 Carrier Systems Impedance Meter

New Sicrra Model 166 is specifically de-
signed for measurcments on high noise
level power and telephone lines and cir-
cuits where conventional instruments are
ineffective. Covering all frequencies from
30 ke to 300 ke, it can be used with signal
sources ranging in output from ¥ to 1600
voltamperes.

Model 166 is ideal for determining im-
pedance vs. frequency characteristics, and
its wide impedance range permits use
(through series coupling capacitors) on

ot” lines. On low noise level laboratory
circuits, the instrument measures imped-
ance using a standard vacuum tube volt-
meter as a detector. Under less ideal
conditions, impedance may be¢ measured
conveniently by using a frequency selec-
tive voltmeter (such as Sierra Models
101B, 104 or 108} as the detector.
Brief specifications of new Model 166 are
given here. Please write for complete data
on Impedance Meter and Sierra Carrier
Frequency Selective Voltmeters.

TENTATIVE SPECIFICATIONS — MODEL 166

Frequency Range:
Inductive Reactance Range, XL:

At a given frequency, fi ¢
Capacitive Reactance Range, Xt
At a given frequency, f, :

Resistance Range, R
Accuracy:

Maximum Signal input:
Dimensions:

Weight:
Specifications subject

_ sierra

Manufacturers of Carrier Frequency Voltmeters,
Analyzers,
Wideband RF Transformers, Custom Radio Transmitters,
VHF-UHF Detectors, Variable Impedance Calibrated RF
Loads, Reflection Coefficient Meters, Bi-Directional Power
Monitors, Television Waveform Monitors, Color Television
Picture Monrtors Impedance Meters.

30 ke to 300 ke
30 to 3000 ohms at 100 k¢
(X dial reading) f,,

100
30 to 3000 ohms at 100 kc
100 (X dial reading)

Xc=
fre
0 to 1000 ohms
+50% on impedance magnitude and phase angle
1600 voltamperes, not exceeding 400 volts,
or 4 amperes, whichever is larger.
1114 inches wide, 874 inches high
and 814 inches deep, over all
Approximately 8 Ibs.

XL=

to change without notice.

Sierra Electronic Corporation
San Carlos 2, California, U.S. A.

Sales representative in major cities
Wave

Line Fault Analyzers, Directional Couplers

3385

For additional information on all items on this page, use post card on last page.
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NEW PRODUCTS {continued)

meter and produce gains of 15 and
20 db respectively over a dipole.

» Construction—The multielement
grid construction affords many
economies in production allowing
for lower costs especially in the
larger sizes as compared with spun
or mesh tvpe reflectors. The low
weight and wind loading allow for
great savings in tower and installa-
tion costs as well as the possibility
of utilization of these parabolas on
existing towers where wind loading
caused by conventional spun para-
bolas would be prohibitive. Adjusta-
ble mounts are also available to al-
low for tilt in elevation where
necessary.

SMALL TRANSISTOR
is pnp fused junction type

RAaYTHEON MFG. Co., 55 Chapel St.,
Newton 58, Mass., announces a new
pnp fused junction germanium
transistor for push-pull class B
audio output applications. The
2N13R is sold only in pairs matched
for optimum output and minimum
distortion.

In a typical class B application
using a 4.25-v supply the average
power output is approximately 50
mw with a power gain of 30 db.
The small physical dimensions are
identical to those of the 2N130
series of miniature transistors.

ALL-PURPOSE RELAY
with wide application

OuMITE MFG. Co., 3681 Howard St.,
Skokie, Ill., has announced the Am-
recon model DOS relay. Specially
designed to meet the rigorous
standards for aircraft relays, model
DOS meets industrial needs for a
compact, lightweight relay capable
of handling power loads usually
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DO YOU HA'VE
A PROBLEM

s

Let’us gssist you in its

solution. A fully e-
quipped experimental laboratory
and elaborate test facilities, staffed
by experts, are at your service.
Pilot models can be supplied as-
sembled to specifications.

Send your requirements to

FREED

TRANSFORMER CO., INC.

1718 Weirfield Street
Brooklyn (Ridgewood) 27, New York

Ultrasonic output transformers com-
bining high quality large power
capacity (up to 2 KVA), and small
sizes are available.

Ultrasonic amplifiers and oscillator-
amplifier combinations can be
ordered in kits from stock.

Send for complete Transformer and
Laboratory Test Instrument Catalogs.

FREED TRANSFORMER CO0., INC.

1722 Weirficld Street
Brooklyn (Ridgewood)} 27, N.Y

e

A copy of this quick-read-
ing, 8-page booklet is yours

for the asking. It contains
many facts on the benefits
derived from your business
paper and tips on how to
read more profitably. Write
for the “"WHY and HOW

booklet."

McGraw-Hill Publishing Com-
pany, Room 2710, 330 West
42nd St., New York 36, N. Y.

ELECTRONICS — January, 1956

ALATARASAY

Model 1435
2 KYA Unit

POWER AT PRECISELY
THE FREQUENCY YOU REQUIRE

Any CML Electronic Generator is available with a
total of up to four precision American Time Prod-

@ ucts tuning fork oscillators in the 50-6000 cps range.

The use of these precision oscillators gives a fre-
quency accuracy and stability of I part in 50,000

entirely independent of line voltage or frequency.

CML Electronic Generators are available in single
and three phase units in power output ratings from

50 VA to 80 KVA.

Write for Catalogue “N”’.

COMMUNICATION MEASUREMENTS
LABORATORY,
350 LELAND AVE.,

INC.
PLAINFIELD, N. J.

"TORQUE WRENCH"

UPON REQUEST

Formulas

Applications
Engineering Data
Screw Torque Data
Adapter Problems
General Principles

pa 5 TurTevant /co.
ADDISON JQUALITY/ ILLINOIS

Manufacturers of over 85% of the torque

wrenches used in industry

Want more information? Use post card on last page.

FOR PUBLIC
ADDRESS, RADIO,

and kindred fields,

JONES .:%°

SERIES

PLUGS & SOCKETS

of proven quality!

ontacts

pronze

\oted.

tactshard
1

Socket ¢
\nosP“°

Howaro B. Jones Division

CINCM MANUPACTURING CORPORATION

CHICAGO 24, ILLINOIS
SUBSIDIARY OF UNITED-CARR FASTENER CORP.
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the scientist
or engineer
who has

A limited number of positions of unusual responsibility

IBM, long a leader in the growing field of digital computers for
business, science, and government, offers a limited number of long-
range creative assignments to outstanding men with Master’s or
Doctor’s Degrees in Electrical Engineering, Physics, Mathematics,
Chemistry or Physical Chemistry.

® Research in solid state materials
Investigation of electronic phenomena in solids

Study of ferrite and semi-conductor
characteristics

Study of the role of surface effects in semi-

more to offer. ..

conductor device characteristics

Evaluation of sample semi-conductor or ferrite

components

® Development of new concepts, new approaches
to internal handling of information in

computer systems
Information Theory

Research in Machine Organization
Theory of Control of Digital Devices
Switching Circuit Theory

Digital Data Transmission

o Circuit Design, Systems Design and Analysis

Electronic pulse circuits for accounting and data
processing machines—arithmetic switching and
logical circuitry —pulse amplifiers, shapers, gates,
etc.—magnetic storage—transistor circuitry —in-
put-output device controls.

If you have more to offer, IBM offers you

e Stimulation . . . Satisfaction

At IBM men find the kind of facil-
ities, associates and climate which
stimulate achievement.

e Professional Growth

In Company growth lies personal
opportunity, and IBM has an envi-
able record of steady and consistent
growth, Over the past quarter cen-
tury, IBM’s business has doubled

every five years on the average.

Out of respect for the unusual
man’s talent and promise, IBM en-
courages qualified candidates to visit
its Poughkeepsie, N. Y. laboratory —
at their convenience, and IBM’s ex-
pense. Write, outlining your qualifi-
cations, to: William M. Hoyt,
International Business Machines,
Room 401, 590 Madison Avenue,
New York, N. Y.

®

Producer of electronic

data processing machines,
electric typewriters,

and electronic time equipment.
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NEW PRODUCTS (continued)

demanded of much larger and heav-
ier relays.

» Insulation—The insulation is of
high grade, molded phenolic mater-
ial.

Contact rating is 15 amperes at
115 v a-c or 32 v d-c¢ noninductive
load. The relay is available from
stock in a wide range of coil opera-
ting voltages for either a-c or d-c.
Write for catalog R-26.

TIME DELAY UNIT
features controlled amounts

Kay ELECTRIC Co., 14 Maple Ave.,
Pine Brook, N. J., has announced
the Auto-Vox, a variable time de-
lay instrument designed to intro-
duce controlled amounts of delay
into an audio system. It provides
one output as a reference and a
second output with variable delay
in two ranges. The unit permits
two signals to be developed in two
independent channels with separate
or mixed output. Price is contin-
gent on ranges specified.

SPEED CONTROLS

in 1 and 1V2 h-p ratings

GENERAL RaDpIO Co., 275 Massachu-
setts Ave., Cambridge 39, Mass. A
small, rugged, and inexpensive
drum controller is used in place of
magnetic contactors as the switch-

January, 1956 — ELECTRONICS



A LOW-COST ADJUSTABLE TOROID

B precise, instant adjustment M truly hermetic sealing

inductance variation of 10% B temperature coefficients same as

.. - fixed toroids
B eliminates critical close tolerance

capacitors B no increase in case diameter
M high
G- M developed by Burnell, creators of
M no external power supply the Rotoroid@

Write for Adjusteroid
Technical Brochure A-55

N
LET BURNELL ENGINEERS SHOW HOW USE OF ADJUSTOROIDS REDUCES EQUIPMENT COSTS %: t—
1

%

Many types of Adjustoroids and Rotoroids T— ey

o il ble~ Eromstodle BURNELL & CO., INC.

45 Worburton Avenve
Yonkers 2, New York

Copyright patent applied for Pacific Division: 720 Mission St., $. Pasadeng, Calif.
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| MICRO-VISION
FAIRCHILD

|

manufacture world’s
tiniest production-run\\
|

potentiometer

In a case less than 15" in diameter, 35 sub-min-
iature parts are precision-assembled; hair-thin
springs are welded into fine slots. This tiny
unit, designed and developed by the Guided
Missiles Division of Hughes Aircraft Company, is a sensing and control-
ling element for aircraft and missiles; critical tests must assure highest
mechanical and electrical efficiency.

Fairchild Camera and Instrument Corporation attributes the efficient
mass-production of this unit to the use of Bausch & Lomb Stercomicro-
scopes—in assembly, inspection, and quality control. “Operators have both
hands free and use both eyes to obtain normal, three-dimensional vision
magnified to the required power—with high efliciency and operator
comfort.”

Write for FREE Copy of this Exclusive
3-D Micro-Vision Data Book

® Sce actual stereo views!
® Know how and where to use Stercomicroscopes!

® Fit exact model to job needs with Selector-Chart!

BAUSCH & LOMB

SINCE?IIS:‘

America’s only complete optical source.. . from glass 10 finished product.

WRITE TODAY for Data Book
D-15. Bausch & Lomb Optical Co.,
61401 St.Paul St.,Rochester 2,N.Y.
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NEW PRODUCTS (continued)

ing unit for forward, reverse and
stop operations. The controller and
the speed-adjusting Variac are sep-
arate from the main chassis which
can therefore be mounted in any
out of the way location.

» Protection—A dynamic braking
resistor is included for use where
quick stopping is required. Over-
load protection of the Klixon type
with appropriate time-delay char-
acteristics is incorporated in the
Variac.

» Prices—Type 1704-B 1 h-p con-
trol is priced at $330 complete, and
at $308 without the drum control-
ler; type 1705-B 1%-h-p control is
priced at $380 complete and at $358
less the controller.

D¢ AMBLERIEE -
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D-C AMPLIFIER
uses new chopper circuitry

Kay Las, Box 16, San Diego 12,
Calif., has announced model 110
chopper stabilized broadband d-c
amplifier.

» Performance — Longtime  drift
(40 hr) of ==2uv is assured by the
use of radically new chopper cir-
cuitry. Equivalent input noise is
less than 5uv peak to peak for 3-cy-
cle bandwidth, less than 5xv rms for
750-cycle bandwidth, and less than
12uv rms for 50-ke bandwidth. Vari-
able gains of 0, 20, 30, 50, 70, 200,
300, 700, 1,000 accurate to 1 percent
are provided. Bandwidth is flat
within 3 db from d-c to 30 ke.

A unique output circuit with 4
tubes arranged symmetrically with
multiple feedback loops provides a
damage-proof circuit which recov-
ers rapidly from overloads. Output
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NEW PRODUCTS (continued)

of the amplifier is 25 v with a 1,000-
ohm load. Linearity is better than
0.1 percent.

Modular plug-in construction is
used so that 3 amplifiers can be
housed in a standard 19-in. rack
adapter. The amplifier is extremely
useful for multiple strain gage test-
ing and as a recorder amplifier.

Price, complete with cabinet or
rack adapter, is $550.

F

T X
MILLIAMPERES

<&
(N

et &

MILLIAMMETERS

for industrial panel uses

HoyT ELECTRICAL INSTRUMENT
WORKS, 42 Carleton St., Cambridge
42, Mass. Model 649 d-c milliam-
meter provides a 23-in. scale. Anti-
static treated, virtually dust tight
and with standard mounting dimen-
sions, it is designed to provide ac-
curacy and legibility in modernized
industrial panel installations.
Identical in appearance and
mounting dimensions, the compan-
ion a-c meter, No. 650, has an ac-
curate, air-damped jeweled repul-
sion movement. Both meters are
available in quantity only.

VOLTAGE SOURCE
constant from —55 to 100 C

AVIEN, INC,, 58-15 Northern Blvd.,
Woodside 77, N. Y., has announced

ELECTRONICS — January, 1956

EAGLE
Timere and Counterc

VITAL COMPONENTS IN MODERN AUTOMATION

CYCL-FLEX RESET TIMER

FLEXOPULSE REPEAT

MULTIFLEX RESET TIMER CYCLE TIMER

MULTIPULSE REPEAT
CYCLE TIMER

MICROFLEX RESET COUNTER

Represented above are but a few of the complete line of popular EAGLE
Industrial Timers and Counters.

Models are available in a wide range of modifications to fit your particular
application. Modern compact design and precise construction of these EAGLE"
components has ‘won them an enviable coast-to-coast reputation for accuracy
and long service-free life of operation. Write us about your needs.

MAIL COUPON TODAY!

[ ) - @
EAGLE SIGNAL CORPORATION

Industrial Division, Dept. E-156

MOLINE, ILLINOIS

Please send free Automation' Booklet '‘See What
Timing Can Do For You.”

NAME AND TITLE

COMPANY

ADDRESS

ciTY ZONE STATE

For additional information on all items on this page, use post card on last page.
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Now, in proven production, Union AC
relay with self-contained rectifier has
retained all the best operating charac-
teristics of the type M DC miniature
relay. All parts are precision made—
assembly is quality controlled. The re-
lay is hermetically sealed and meets or
exceeds all requirements of Mil-R-5757.
Note these important features:

NYLON ENCLOSED SELENIUM RECTIFIER of our
own manufacture assures highest reliability . . . permits
operation in 115 volt, 60-400 cycle airborne circvits. Tem-
perature range—55°C. o 85°C.

GOLD ALLOY OR PALLADIUM CONTACTS cleoned
and polished by o special process, assure o degree of
contact reliobility unsurpassed in this field. Relay is especially
fitted for dry-circuitry applications.

BALTIMORE, VAlley 5-3431 °
LONDON, OHIO, London 1555

all the featuresi
of our DC relays -

NEW YORK, IVanhoe 3-2424 (Hempstead)
ST. LOUIS, Jefferson 5-7300 °

.—._.—Q_®l1

Miniature Relays '
designed with

HIGH VIBRATION AND SHOCK RESISTANCE.
Withstands vibration up to 1,000 cycfes at 15 G's and
shock in excess of 50 G's.

HIGH LIFE EXPECTANCY. Tested through 1,000,000
operations.

SMALL SIZE, LIGHTWEIGHT. Measures only %" higher
and weighs approximately 5 oz. All other construction feo-
tures are the same as the DC relay.

TYPES AND MOUNTINGS. Available in either 6 PDT or
4 PDT models, plug-in or solder-lug connections ond all
the usual mountings.

For complete information or test sam-
ples, call our nearest sales representa-
tive listed below or write to our home
office.

¢ BOSTON (Ashland) TRinity 2-4485
CHICAGO, LOngbeach 1-3042
LOS ANGELES, VAndyke 8731

266 For additional information on all items on this page, use past card on last page.
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NEW PRODUCTS {continued)
a new high-stability voltage source
that provides constant d-c output
through ambient temperatures as
low as —55 C and up to 100 C.
Known as the k-volt standard, the
unit is designed to replace the chem-
ical cell and v-r tube as an absolute
reference, constant output working
supply or precision voltage regu-
lator in airborne, lab, and other in-
strumentation requiring extreme
stability over widely varying en-
vironmental and operating condi-
tions.

» Design—The unit utilizes a volt-
age regulating network based upon
special types of double anode silicon
diodes selected for stability of
conduction characteristics. Using
neither tubes nor moving parts, it
is unaffected by position, vibration
or mechanical shock, and conforms
to MIL-E-5272A. Uniformity of
output is maintained through re-
peated on-off switching.

The unit, which measures 1% in.
high and 1} in. diameter, weighs
less than 8 oz. It is available for
operation from 26.5 v d-c, or 117 v
a-c, with d-c output of 6 vor1yv, at
1 ma or 10 ma. Power consumption
is less than 1.8 w. Case is her-
metically sealed and employs a
7-pin miniature plug-in base.

PRECISION CONNECTOR

features 15 contacts

DEJUR-AMsco Corp., 45-01 Nor-
thern Blvd., Long Island City, N. Y.
The plug of the GS series has
twelve 0.040-in. diameter pin con-
tacts and three 0.090-in. diameter
center polarizing contacts molded
into a mineral filled mica phenolic
body. Pin contacts are phosphor
bronze and gold plated. Floating
socket contacts are Beryllium cop-
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NEW PRODUCTS (continued)

per, gold plated 0.0002 in. thick.
Soldering lugs are annealed to pre-
vent breakage.

Technical information, specifica-
tions and diagrams are available
free on request. Write for bulletin
GS.

VIDEO SIGNAL SCOPE
10 test functions in 1 unit

TARC ELECTRONICS, INC., 48 Urban
Ave,, Westbury, N. Y., has devel-
oped Colorscope which combines
the functions of seven bulky test
units in one compact instrument.
The new unit occupies a space of
only 14 in. by 16 in. by 24 in., plus
power supply, and can be set up for
dolly carry or rack mounted.

» Displays—By means of a func-
tion switch, 10 displays are seen in
sequence on the crt face: picture
monitor, pulse cross monitor, two
line horizontal time, two fields at
vertical time, NTSC vectorscope
presentation, external vertical sig-
nal at horizontal or vertical time,
external horizontal and vertical am-
plifier, phase demodulator scope,
and quadrature phase demodulator
scope.

The unit is presently priced at
less than $5,000.

POWER PACK
for transistor operation

ELECTRONIC MEASUREMENTS (o,
Lewis St., Eatontown, N. J. Use
of new circuit techniques in the
212-A transistor power pack results
in a unit 3% in. tall, weighing 14 1b,
to provide 0 to 100 v d-c at 100 mu.
Two approximately calibrated con-

ELECTRONICS — January, 1956

Specially designed
SELENIUM RECTIFIERS

fitted to your application

P

P 7~

‘t'he first metallic rectifier was devel-
oped by Union Switch & Signal engi-
neers back in 1916. Since then, they
have built up an extensive experience
in rectifier applications that can be of
tremendous value to you.

It’s possible that you are working in
rectifier problems that have already
been solved in our research laboratories.
The selenium rectifiers we show here
are just a few of the many varieties that
we are now producing.

Standard UNION selenium rectifier

Our Engineers Can Help You

-

cells, pencil type, range in size from
4” to 14” diameter rated from 2.5 to
40.0 milliamperes per cell and stack
type 1” x 1” to 5” x 6” rated from .180 to
10.0 amperes per cell in a single-phase
full-wave bridge basis. Special combina-
tions can be made to fit practically any
current and voltage conversion require-
ments in various housings or shapes.

Why not tell us what you need, and
our sales engineers will help you de-
termine the best rectifier for your ap-
plication.

GENERAL APPARATUS SALES

UNION SWITCH & SIGNAL

DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY

PITTSBURGH 18 :\: PENNSYLVANIA

NEW YORK, IVanhoe 3-2424 (Hempstead) * BOSTON (Ashland) TRinity 2-4485
BALTIMORE, VAlley 5-3431 * ST. LOUIS, JEfferson 5-7300 * CHICAGO, LOngbeach 1-3042
LONDON, OHIO, LOndon 1555 » LOS ANGELES, Clinton 6-2255
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SHOWN: TYPE BXP, FOR PLUG-
IN. PIN DIAMETER .040”; PIN
LENGTH .238”: PIN SPACING
1927,

PERFEC"“N IN PINT SIZE

Large or small-—consistent quality is a mustcharacteristic
with Bliley BAN7AM crystal units.

Tiny crystals, with polished surfaces parallel within a few
millionths of an inch, get special tweezer handling as they go
through Bliley production. The final assembly, hermetically
sealed, is a precision package with performance equal to its
larger counterparts.

The BANTAM is available for plug-in as well as solder-in
applications. Type BXW for wire leads; type BXP for plug-in.
Fundamental mode supplied 5-20 mc and overtone mode
15-125 mec; z ¢ meets specifications for
military 3 ‘M _ N
types CR-55 CRYSTALS

and CR-56 as proposed
for MIL-C-3098B.

263 For additional information on all items on this page, use post card on last page.
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NEW PRODUCTS

{continued)

[

trols sweep 0 to 100 v and 0 to 10 v
respectively, to permit precise ad-
justment from 0 to 100 v. A modu-
lation unit is provided to permit
measurement of transistor para-
meters by the small-signal method.

» FFeatures—Remote control con-
nector is provided whereby the
unit may be controlled from a dis-
tance by inserting resistance across
a two-terminal line. Voltage is con-
trolled according to £« = KR where
K is a constant and R is the inserted
resistance. A typical application
would be tube testing with automa-
tion.

Other features include 0.1-per-
cent regulation, 0.15-percent sta-
bility, # mv ripple and polarity re-
versal with a switch.

is a well-filtered unit

R 8§ ELECTRONICS CORP., 435 Post-
age Ave., Palo Alto, Calif., has pro-
duced a noise generator designed
to measure i-f amplifier and other
receiver noise figures by providing
a known amount of random noise to
the amplifier under test. It features
diode current indication within 1.0
percent accuracy and BNC con-
nectors for use with single or dou-
ble-ended receiver inputs.

Plug-in precision resistors (=1
percent) permit selection of resist-
ance while adjustable capacitors
permit adjustment of capacitance,
to simulate various types of mixers.
The noise diode operates on rectified

January, 1956 — ELECTRONICS



NEW PRODUCTS (continued)
filament power to eliminate line
voltage ripple and harmonics.

> Shielding—Extremely well fil-
tered, the noise generator has dou-
ble and triple shielding to eliminate
danger of pickup. Under certain
conditions the unit is useful up to
500 mc. Provisions include a remote
control, so that the noise output
may be automatically turned on and
off by the attenuator switch in RS
post amplifier.

POWER SUPPLY
for operating strain gages

PERKIN ENGINEERING CORP., 345
Kansas St., El Segundo, Calif., has
developed a hermetically sealed
strain gage power supply for op-
eration of strain gages and tele-
metering equipment in aircraft sys-
tems.

» Specifications—The d-¢ output
is 5 v at 1 ampere; a-c input, 105 to
125 v, single phase, 380 to 420 cps;
duty eycle, continuous; controls, po-
tentiometer, externally mounted;
dimensions 5 in. by 5 in. by 4 in.;
and weight, 6% 1b.

Bulletin M562 is available on re-
quest describing and illustrating
this unit in detail.

SIGNAL GENERATOR
a multipurpose unit

BYRON JACKSON DIvISION, Borg-
Warner Corp., 492 E. Union, Pasa-
dena, Calif., announces the AN/
USM-16 standard signal generator.
Over its range of 10 to 440 mc it
can be tuned to within less than
1,000 cps of the desired frequency,

ELECTRONICS — January, 1956

‘Where can you use
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(the highly flexible Class B Sleeving and Tubing
that licks Class A in performance — equals it in price)

FREE

® MORE FLEXIBLE — can be

® LONGER LASTING ot high

® MORE STABLE—retains di-
electric value when pulied

¥A

® MORE RESISTANT to water,
alkalis, mild acids, common
solvents, oils and greases.

bent, even tied in knots,
without crocking or crazing.

® INHERENTLY STRONGER —
stands up under vibration,
varnishing, baking. Good
shelf life, too.

temperatures — withstands
hundreds of hours at 300°F.

® WIDER RANGE — available
in 3 NEMA grades, 10 col-
ors, coils, 36" lengths or
shorter pieces.

back during soldering.

Cuts inventory, too!

Superior to Class A insulation in performance — yet on a
par with it in price— Varflo Sleeving and Tubing can be
used economically for all Class A and Class B installations.
This low-cost adaptability of Varflo enables many of our
customers to achieve substantial savings in inventory. Avail-
able in NEMA Grades A-1 and B-1 tubing and Grade C-2
sleeving.

Perhaps Varflo can solve your insulating problems. De-
scribe them in a letter — no cost or obligation for our recom-
mendations.

Maitcovpen /1 VARFLEX CORPORATION !
foryours /1 506 W. Court St., Rome, N. Y. I
i Please send me free folder containing description and test samples 1
[ ] of Varflo Sleeving and Tubing. | am particularly interested in i
1 insulation for
\ )
Name
/ |
‘ Compan
~ | CORPORATION i i
| Mokers of Electricol Street 1
\;Insulating Tubing it z Stat
_and Sleeving City one ate 1
\_ e
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BIG CAPAC
Small

Fansteel

CAP

I'ansteel Tantalum Capacitors
offer practically unlimited

life . . . either in use or on
the shelf. They have a
maximum d-c leakage of only
0.000008 ampere . . . and
their stable charactcristics are
unchanged over a wide
temperature range.

This stability results from the
tantalum oxide film employed
in these Fansteel Capacitors

. . . the most stable dielectric,
chemically and clectrically,
yet discovered.

Only a partial listing of
Fanstcel Tantalum Capacitors
is shown at right.

The 87 sizes and ratings
I'ansteel can supply arc
available from stock.

Send for
bulletin 6.100

FANSTEEL METALLURGICAL CORPORATION

North Chicago, lllinois, U.S.A.

TANTALUM CAPACITORS ... DEPENDABLE SINCE 1930

NEW PRODUCTS (continued)

with reference to a two-stage tem-
perature-controlled crystal calibra-
tor, without charts or auxiliary
equipment.

Stability is assured by automatic
frequency and automatic level con-
trol.

» Outputs—Available outputs are
c-w, a-m, f-m, pulse modulation
(with or without video pulse of
variable rate, width, and delay and
a sync out pulse through separate
connectors), or swept frequency
with marker pip.

The instrument has an output of
0.1 pv to 0.224 v (127 to 0 dbm)
into a 50-ohm load with the selected
output remaining constant over the
full frequency range.

Price of the unit is $5,000.

SERYO AMPLIFIER

with instantaneous response

SERVO CORP. OF AMERICA, 20-20 Jer-
icho Turnpike, New Hyde Park,
L. I, N. Y. Type 1121-A18 reluc-
tance servo amplifier accepts two
a-c inputs and one d-¢ input in any
combination. With instantaneous
response (time lag is negligible
compared to one cycle of supply fre-
quency), it produces proportional
and reversible power circuit output
for most 115-v 400-cycle servo mo-
tors rated at 18 w or less.

» Features — Operating  directly
from the power line, total power
consumption is low for small input
signals and less than half plate dis-
sipation is required at no load.
Featuring built-in power supply
and built-in preamplifier, the am-
plifier is compact—the factor of
output vs weight is over 5 w per
1b.

The unit has no tuned elements.
Supply voltage variations will nat-
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NEW PRODUCTS (continuved)

urally affect peak power output
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